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NATURE mn 1 


PROVISIONS FOR UNIVERSITY EXPANSION IN BRITAIN 


HE major pre-occupetion of the general survey with 

which the University Grants Committee prepares its 
comparative statistics for 1960-61 * is, as might have been 
forecast, finance. In the main, the Committee is content 
to present the facts rather than comment on the implioe- 
tions of the Government's refusal to accept the Commit- 
tee’s recommendations for the next quinquennium designed 
to provide places for some 150,000 students in four years 
time. Returns for existing universities indicated that 
they could increase their student numbers to 144,500 by 
1966-67, dependent on the recruitment of staff and pro- 
vision of adequate recurrent granta, and if the new 
universities, for the development of which the Committee 
had earmarked capital sums up to, and including, 1965, can 
provide 7,000 places by 1966—67 a total of about 151,000 
should then be available, an increase of 86 per cent over 1961.~ 
The Committee is satisfied that there is no shortage of 
applicanta of the requisite ability, nor is it particularly 
disturbed at the rate of failures revealed by further 
inquiries on first-degree students. Of the 82-8 per cent 
admitted in October 1957 who obtained their first degree, 
76-9 per oent did so in the normal period, and of the 
14-2 per cent of ‘failures’, 11-8 per cent left for academic 
reasons and œl per cent for disciplinary reasons. In 
medicine, dentistry and veterinary science, however, 29-9 
per cent of the students required more than the normal 
time to achieve success. 

Leaving for the moment the question of student 
numbers and quality with the rider that this evidente 
underlmes all that the University Granta Committee 
emphasizes about the importance of academic staff of 
the highest quality, it should be noted that the steady 
rise in net expenditure on existing commitments iteelf 
limits the provision which the universities oen make for 
expansion of the undergraduate population. Furthermore, 
the University Grants Committee has already earmarked 
sume totalling in the region of £2,000,000 by the end of 
the quinquennrum to meet special needs in research and 
teaching, m the main at the Government’s own request. 
The Committee recognizes that there is little money 
available in the new quinquennium for any other develop- 
ments than those concerned with student expansion, and 
in the early years of that quinquennium the Treasury 
grants announced scarcely cover the increasing costs of 
existing commitments. 

It is obvious that the University Grants Committee is 
relying on the indication in the debate in the House of 
Commons on April 5, 1962, that a fresh review of the 
universities’ financial situation in two years time may 
lead to a further offer from the Government; however, the 
critical factor in expansion is not finance, at least not 
directly, but staff. It is this that gives such pertinence to 
the Committee’s discussion of academic salaries, for 
obvioualy the ability to recruit a sufficiency of academic 
staff of high quality depends a good deal on the salaries 
offered. At the time of writing the report, the University 
Grants Committee was frankly concerned with the effects 


ment of university staff. The Committee of Vice- 
MN ae eG Returns from UnrrersiGes and 


in reoetpi of Tommy rie ical Year 1000-01. "Gand. 
1855.) Pp. xxtv +48. Office, 1062.) če. 
[See also p. 24 of this of Natwre.] 


Chancellors and Principals described this increase as 
entirely unrealistic and inadequate to enable universities 
to retain and recruit the academio staff required for the 
proposed expansion. However, in this context it remains 
to be seen how effective will prove the Government's 
present recommendations to the National Incomes Com- 
mission. 

The University Grants Commities devoted consider- 
able time during the year to the question of the ratio of 
academic staff to studente, and it notes too that the 
increasing importance of research makes higher demands 
of staff time per student through the supervision involved. 
The present overall ratio, excluding Oxford and Cam- 
bridge, is estimated at 10-4, compared with 9-2 in 1954-55 
and 11-7 in 1988-39; but ij is pointed out that over the 
whole period the ratio in science and applied science has 
become worse: if staffmg was in balance in 1938-39, 
these faculties were about 80-40 per cent understaffed 
in 1961-62, and a sample survey of academic poete vacant 
in June 1901 showed that 5-6 per cent of the posts were 
vacant. In the pure and applied sciences the figure was 
6-5 per cent. 

These figures, in fact, represent little more than the 
normal turnover in such posta, but at least they indicate 
the extent to which the universities have to compete with 
salary ‘changes elsewhere in maintaining as well as 
recruiting staff. Moreover, although the Government's 
yollineness tomos by Mpo pu a a r 
academio salaries (about 44 per cent of the total) has 
made it poesible to maintain the quinquennium system, 
this does nothing to cover the creetión of new and higher 
posts or the reorganization that is often needed in antici- 
pation as well as part of expansion. Furthermore, there 
have been increases of 98 per oent in national insurance, 
$7 per cent in pensions, 29-9 per cent in non-academic 
salaries and wages, 28 per cent in rates and taxes, and 
24 per cent in the cost of books, periodicals and bindings 
between June 1956 and June 1961, the dates on which 
the universities framed their estimates for the 1957-62 
and 1962-67 quinquenniums. 

This representa an increase of some £4-7 million 
towards which the Government in 1959 made a supple- 
mentary grant of rather leas than £1 million. The univer- 
sities’ i on rates (about 2-2 per oent of the 
total in 1961—62) is indeed to be made the subject of eer- 
marked grants during the coming quinquennium, in view 
of the changes made by the Rating and Valuation Aot, 
1961; this means that about 46 per cent of university 
inoome can now be augmented by supplementary grants 
to meet ciroumstances which are beyond university con- 
trol. Nevertheless, the pressure remains particularly acute 
at precisely the point which is most critical for the expan- 
sion of the universities. Whatever may be possible in the 
way of providing new and lesa-expensive types of socom- 
modation for studente or making more effective use of 
existing accommodation and equipment, whether for 
teaching or research, the question of staff remains. 
Discount as we may the complainte that communication 
between staff and students is at present inadequate or 
non-existent, to raise it to the level of the past practice 
at present calls for some improvement in the ratio of 
staff to students. The expansion of postgraduate teaching 
as well as of research in itself calls for higher ratios, and 
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the prosent’avidence is shat in many subjecta the univer- 
sities are already failing to retain their staff. 

This question of student-staff relations is one of the 
most important points brought out by Prof. H. Butter- 
field in his Lindsay Memorial Lectures f. Universities, ho 
maintains, ought primarily to be regarded as the arena 
in which oocurs the electric contact between teacher and 
pupil. This should be the supreme object of the ednoe- 
tional arrangements. It is the more important as the 
proportion increases of students who come from homes 
_ With no tradition of books or learning and who tend to 
‘regard the university ‘as a mere production line. If 
arrangements so discourage this vital contact between 
teacher and student that the student never really experi- 
ences the university atmosphere st all, the university fails 
in its purpose, and this oan result equally from the 
. admission of too many undergraduates as from failure to 
provide the conditions of work or salary which attract 
and retain teachers of the requisite quality. 

We are in danger, continues Prof. Butterfield, if we 
allow any pressure to train students for examination to 
lead us to overlook the urgent need to elicit the maximum 
intellectual power at every level. It is of the utmost 
importance for Britain as a whole—for her economio life, 
< her intellectual development, the work of Government— 
that the universities should foster in their students 
: imagination and flexibility of mind. The universities, 
moreover, have a creative work to perform both in 
handling young people and in the development of science, 
scholarship and thought, and it is at this point that Prof. 
Butterfield streases the danger of allowing teaching and 
research to be divorced from one another. The place of 
research in the life of the university has become inuch 
more important in the past two decades, and he recog- 
nixe, too, that young men even in Oxford and 
no longer have the same informal contacta with the dons, 
but he believes that it is far better to accept the existing 
tensions and heavy double programme of work than to 
admit the division between research and teaching which 
some have urged. 

It is from this point of view that, in his second lecture, 
Prof. Butterfleld discusses the academio profession. Hoe 
emphasizes first the creative possibilities of teaching, the 
un oe of the teachers in the progress of society and 
‘oul and the advantage that accrues when teachers 
perform their task in an atmosphere and mood of intel- 
lectual exhilaration. He is not uncritical of the present 
position and of some of the problems which arise in the 
administration or government of universities, but in this 
lecture he directs attention to what is commonly over- 
looked in discussions on academic salaries and university 
finanos:, It should be a first consideration of Government 
policy to promote just the conditions which he desiderates. 
Measures which are directed primarily ab the expansion 
of student members to the detriment.of those conditions 
aré as unsound as they are wasteful. 

Behind this, however, as ho fully recognizes, Hea the 
question of the relations between the university and 
society, and here again he has some wise words. With 
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eutomony is merely the requisite condition for falling 

@ university’s responsibilities to society. There probably 

should always be & tension between universities and 

a ab the an Callas cf ents, senar No. 2. By Prof. 
O, 

Ebert Eiti Pp. viti 1-110. (London: Routledge and Kegan Paul, 
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either society or Government, and it may be the duty of 
the university to maintain its side of the tension, if it is 
not to abdicate ita responsibility for leaderahip. Prof. 
Butterfleld believes that universities exist to serve society, 
but that it is a part of their service to conduct a search 
for truth which, if necessary, shall be independent of any 
immediate ‘utilitarian end. He sees tham as existing to 
produce ‘good citizens, wise sbateamen and able indus- 
trialista rather than first and foremost seeking to provide 
more dons and teaghers. 

Unless & university is able to perform these functions it 
will not render ita most vital and characteristic service to 
the community, and Prof. Butterfield is well aware that 
Coe a T ee 


universities from becoming mere factories for the pro- 
duction of examimation candidates, Prof. Bubterfleld rests 
his main hope for the preservation of the academic ideal 
on the teachers themselves in contact with the young. 
The prime pre-oocupstion must be with that ideal, with 
maintenance of standards and the vindication of liberty, 
not with the development of particular branches of 
In his last lecture Prof. Bütterfleld refers again to the 
opportunities of the new universities, streasing in this 
context the extent to which the problems of the world 
are essentially humanist problems requiring insight and 
experiance in respect of human personality, human issues 
and human relations. The notion of liberty of men and 
women in Britain, their democratic systems, their urban- 
ities and tolerances and love of liberal-mindednees repre- 
sent the late flowering of a humanist civilization which 
century after century has directed so much attention to 
men and problems of human relations. The transmission 
of these imponderables of tolerance and self-discipline is 
far more difficult than the tranamiasion of science and 
technology, and in this transmission of our cultural heritage 
extra-curriculum activities play an important part. The 
preparation for responsibility in society, in fact, devolves 
more and more on\such ‘activities, and that once again 
indicates the vital importance of effective communioation. 
Until December 27, there had been no real indication 
that the Government appreciated the importance of this 
central issue which once again turns on the quality and 
‘the numbers of the academic staff. By putting first the 
expansion of the student population and failing to provide 
the resources which the universities themselves consider 
they need to deal effectively with that expansion, it is in 
danger of defeating its own purpose. Even if the univer- 
sities are able to retain sufficient staff and increase the 
load on them, the most brilliant improvisation will 
scarcely ensure that more than a proportion of tho 
students really receive a university education. If the 
Government is convinced that the nation can, in fact, not 
afford a public expenditure of more than £116 million in 
-1961—62 and £140 million in 1966-87, it would be sounder 
policy to consider diverting, for the time being, a larger 
proportion of the school-leavers to the colleges of tech- 
nology and other institutions of higher education. Desir- 
able as it may be to increase Britain's output of graduates, 
it is even more important that their quality should be 
maintained. It is obvious from the lively discussions 
already proceeding and from evidence ‘tendered to the 
Robbins Committee that the efficiency of the universities 
oould be improved in some respects and that there may 
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be ways of reducing the cosb per student. What is equally 
clear is that the financial preasure on the universities 
is already such as to raise serious concern as to their 
ability to deal adequately with their present responsi- 
bilities fot teaching and research if the conditions that 
they are to offer their academic staff are not quickly 
improved. 

That the Government has now decided to refer the 
question of university salaries to the National Incomes 
Committee shows that ib has at last accepted the advice 
of the University Grants Committee as to the need for 
immediate increases in university salaries. The announce- 
ment on December 27 of an actual salary increase of £8-5 
million & year from April 1, 1963, sufficient to provide an 
overall increase of 10 per cent, provides the universities 
with an important salary basis for recruitment. However, 
in the present circumstances, it is unlikely by itself to 
remove the existing dissatisfaction in view of the claims 
previously advanced by the Association of University 
Teachers, which has already protested to the chairman 
of the University Grants Committee. 


INFORMATION U.S.S.R. 


Information U.S.S.R. 

An Authoritative Encycl about the Union of 
Soviet Socialist Republics. Edited and by 
Robert Maxwell. Pp. xii+ 082 (illustrated). (Oxford, 
London, New York and Paris: Pergamon Press, 1902.) 
£10 net. 


HIS is far more than a book—and one that ought to 
be in every library worth the name thro ut the 
I Great 


any country, and what Mr. Robert Maxwell and 
Pergamon Preas have done is to translate into English 
Volume 50 of the Soviet Fnoyclopadia—the volume which 
deals with the Soviet Union itself. What therefore is 
presented to the English-speaking world is the Russian 
world as seen and described by its own leading experta 
and as presented to ite own people. It occupies 762 
large quarto pages in double oolumn, or much more than 
& million words, and, as if that were not enough, there 
follow 150 pages of statistice—the “U.8.8.R. in Figures, 
1960", which is translated directly from the Russian 
handbook with the same title. Two exhaustive indexes 
of names and topics occupy nearly a further hundred 


pages, and so complete a monumental tome of approx- - 


imately & thousand pages. 

Robert Maxwell is a remarkable young man—astill 
under forty—of Cxech origin, who speaks and reads 
fluently at least nine languages, including Russian. After 
, & distinguished war ogereer, un 
missioned and decorated in the d, he was with the 
British Foreign Office until in 1047 he set up the scientific 
publi house, Pergamon Preas, now one of the largest 
o izations of ite kind in the world. Holding that know- 
1 is the key to better world understanding, he regards 
Information U.S.S.R. as the first of a series of reference 
books, each to be written by the leading experts of their 
a aaa which will eventually cover the whole 
‘wor 

Information U.S.S.R. has been produced with the 
cordial collaboration of the Government Scientific Pub- 
sid iireuty th cas bod A Soviet Enoyolopoxdia, 
and it has been discussed in principle that com- 

works, Information Great Britain and Information 

J.A., might be published simultansously in Russian 
, and i Mr. Maxwell is already alive to the major 
problem of encyolopexiias—that they quickly get out of 
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date, and he plans annual or periodic supplements to 
keep them up to date. — ———" 

Buch & ject staggers the imagination by - 

I JM what de B Prem has already” 
achieved in a dozeh years of life leads one to believe that 
if anyone can see it through to fruition, that person 18 
Mr. Maxwell. So much is at stake in a world rent by 'oold 
wars’ that surely the effort deserves the fulleat support: 
let every reader of this notice for a start make certain 
that his institution secures its oopy of Information 
USER. 

To review the contents is an impossible task. If one 
dips into those sections covering one's own fields of study 
one is struck by the excellence and smoothness of the 
translation. Russian names which are 80 frequently 
mangled in English are given their correct tranaliteration 
and discritioal marks; for example, what ru 
appears in English as the Tian Shan are given as Tyan'- 

> and Lwow as L'vov. One may object to anti- 
olinoriums, but where rises and falls in the surface of the 
Paleozoic platform are designated anticlines and syn- 
i this is the usage of the original. 
references to the original literature, the 
works bemg given in Roman lettering, so that as with 
place-names one has a standard transliteration. Good 
tests of the adequacy of translation are afforded by the 
sections on soils and vegetation. Both are well done and 
it would be & severe critic who found serious fault. It is 
recognized that ‘takyr’, ‘solonets’ and ‘solonchak’ are not 
to be translated, and one ia introduced to ‘takyrixation’ 

‘x’ ja used in preference to 
). We are also given 


; it is 
scarcely ible to find other than a Russian name 
menti Jt is thus a record of Soviet scientific achieve- 
ment as seen by themselves: the Western reader must 
be left to see where the whole fita into the world pattern. 
But this is what is given to the students in Russian 
universities and to the intelligent reading publio: it is 
right that readers in English should see for themselves 
exactly what is bemg disseminated entirely without 
editorial comment or alteration. L. DUDLEY STAMP 


A DRIFT BETWEEN CONTINENTS 


Animal Geography 
By Wilma Pp. vi+ 142. (London, Melbourne 
and Toronto: Heinemann Educational Books, Ltd., 1962.) 
215. 
| b pee ore are too few, too specialized or 
too i le for a welcome to be withheld for one 
that “provides an introduction to the study of the 
distribution of animals . . . for those who are starting 
zoology at school and for those whose knowledge has 
progressed further but who require a brief survey of the 
subject”. This latest book, excellent in so many ways, 
meet the needs of the second category of reader but 
might fail for the beginner since it demands almost 
specialist knowledge for easy reading or ready under- 
standing. 
Only the vertebrates are dealt with, and among these 
the mammals are used predominantly to illustrate the 
principles. The text is divided into four parte: “Present”, 
‘Past’, “Past to Present", and ''Islands". In the first, 
we are introduced to the use of maps and to the classi- 
floation of mammals, down to families, and to the 'thumb- 
nail’ pictures of mammals used as symbols throughout 
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the book. The six zoogeographioal ions’ are then 
explained, the methods of dispersal as as the barriers 


to it, the outlines of evolution in mammals, and the three 
theories on the probable distribution of the land-maasee 
in the past. The fourth part is devoted to the inter- 
pretation of island faunas. 

Its.author has the unenviable task of trying to simplify 
a tangled fleld of knowledge in which explanations must 
be attempted although so many unknowns and variables 
need to be reconciled. There is a pleasing reluctance to 
be dogmatic, and a commendable readiness to keep the 
reader reminded continually that so much that is said 
on this subject is based on theory. The style is straight- 
forward and the diagrams clear, indicating the author's 
pioneering in the use of economy of wo linked with 
visual aids (obviously with “those who are starting 
zoology at school” in mind). It is with reluctance, there- 
fore, that one ventures to direct attention to what may 
po shortecmsings, but this may be of help in a future 

on. 

It was with some slight surprise that, on finishing the 
book, one turned back to the title-page to be reminded 
that the author is “Fellow and Tutor in Zoology . . . [at] 
Oxford", instead of at Harvard. There is something 
non-British (and highly commendably so) in the remark 

. 83) that “. . . Darwin and Wallace announced the 

of natural selection . . ." (Wallace is usually 
dismissed in a single line.) There is an American flavour 
in other respects also. Instead of the familiar Palsorzoic 
and ntology we have paleozoic and paleontology, 
and oroio becomes cenoxoic. The loss of the diphthong 
may be & matter of taste, but the dropping of the capitals 
impedes one's reading whenever'it occurs, perhaps only 
because the eye is not used to it. It may be that with the 
increasing interchange óf American and English editions 
the time is already here when uniformity should be 
sought in such matters or imposed by pioneers like 
Wilma George. 

Even so, the use of conies for hyraxes, with no 
iad pacis at all, seems unjustifled. The word originally 

erred to ounioubus. It is true that we have 

tedly standardized the name for a young oony (that 
is, the rabbit) by applying it to adulte as well, and admit- 
tedly the conies of the Bible refer to hyraxes. Yeb even 
in the United States, where same authors tend to use it 
alone when they mean hyraxes, the best-mformed mam- 
malogista render it as hyraxes or ‘conics’. 

The otherwise commendable brevity in style of this 
book can at times go too far. It is, for example, doubtful 
whether many Fellows of the Royal Society even, much 
leas beginners in schools, would know offhand what a degu 
is, or a bleamol, even if they knew that Rhyzomyidae 
(p. 28) should be Rhizomyidae ; and a ‘‘Dalliid blackfish” 
is, to say the least, unfamiliar and should be given a 
brief amplification, unless the aim is to compel the 
beginner zoologist to go rooting around among specialist 
books or the best encyclopedias. Maurice BURTON : 


ORGANIC MICROANALYSIS 


Methods of Organic Elemental Microanalysis 
By G. Ingram. Pp. xvi+511. (London: pman and 
Hall Ltd., 1962.) 75s. net. 

H.E periodical literature on organic microanalysis 

has now reached vast proportions, and the newoomer 
in this fleld—and, indeed, the m experienced 
technical analyst—needs some sort of ‘filter’ which will 
offer to him the critically asseased best of what have been 
proposed in the way of methods. To act as such a ‘filter’ 
has been the aim of Mr. Ingram, and he has achieved this 
very well indeed. Previous text-books on organic elemen- 
tary analysis have tended to be the products of ‘achoola’— 
where sometimes one might suspect & certain amount of 
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special pleadmg. Mr. Ingram is not a member of any 
school or, in & sense, perhaps he is his own school. Out of 
a severely critical approach and a vast experience he has 
presented the best of the published methods, and has 
argued his choice competently. ` 

He has elected to take a quite unusually wide inter- 
pretation of 'organio elemente’. Instead of ioti 
himself to the usual ten, or at most about sixteen elements 
usually dealt with under this heading, he has recognized 
that more than fifty elemente may be required to be 
determined in organio materials; he has widened his net 
accordingly. 

He has also taken note of the remarkable advances in 
the ultra-micro range m the few years, and has 
included a section dealing with the elementary analysis 
of samples of the order of 50 pg. 

Mr. comments on one interesting anomaly: that 
although the techniques of organic analysis 
have altered vastly in the fifty years that have passed 
since they were first devised by Fritz the funda- 
mental basis for the determination of some of the elements, 
for example, carbon and hydrogen, is still that evolved 
more than a hundred years ago. He suggests, with some 
justification, that more thought could be given to thia by 
organic microanalysta than has been done in the past. 

This book is a valuable contribution to the literature. It 
rarest ne Hop Ee o an on etie edi Malina 
attention to the fleld which here he has iberately 
exoluded—organio functional analysis. 

O. L, Woson 


BIOLOGY IN AMERICAN HIGH 
SCHOOLS 


High School Biology 

Revised edition. American Institute of Biological Sciences. 
Biological Sciences Curriculum Study Committee on 
Innovation in Laboratory Instruction for Experimental 
Use During the School Year 1901/62. 

A. (1) Blue Version. (2) Yellow Version. (8) Green 
Version (each version consisting of Text, m three parta, 
The Laboratory, in three parts, and The Laboratory 
(Teachers') Guide, in three perte). 

B. Laboratory Blocks of: (1) Microbes : Their Growth, . 
Nutrition and Interaction, by Alfred S. Sussman ; (2) 
Animal Growth and Development, by Florence Moog ; 
(8) The Ecology of Land Planta and Animals, by Edwin A. 
Philips; (4) Interdependence of Structure and Function, 
by A. Glenn Richards ; (5) Animal Behavior, by Harper 
Follansbee ; (6) Plant Growth and Development, by 
Addison E. Lee ; (7) Regulation in Plants by Hormones, 
by William P. Jacobs and Olifford E. LaMotte. 

O. The Teacher's Handbook (all-Text Version, parts 1, 
2 and 8). 

D. Biological Investigations for Secondary School 
Btudente, in two parta. 

(The series are nob in fact classified A, B,O...1. 2, 3; 
this is done here purely for simplisity.) 

(Washi D.O.: American Institute of Biological 
Sciences, 1961 and 1963.) 

URRICULUM reform in American education has been 

carried out on a truly large scale in recent years at & 
cost of four million dollars furnished by the National 
Science Foundation. Starting in 1959, seventy teachers 
in schools and universities, together with other scientista, 
seb about a comprehensive re-orientation of school biology. 
A first writing conference produced three different 
of high school courses which were used in 1960-61 by 118 
teachers and their 14,000 pupils in seventeen States. A 
second writing conference produced revised versions of 
the three courses which have been used in 1961-62 by 
541 teachers and their 56,000 pupils in thirty-five States, 
while a final version is to be made available on the Ameri- 
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can market in September, 1968, following a third definitive 
writing conference. It is the seoond revision which is the 
subject of this review. ES 

To appreciate the significance of this remarkable tour de 
Jores both for British and American education it is essen- 
tial to understand routes by which British gohool biology 
has reached its present scope and acquired its t 
character. At least 80,000 boys and girls enter for biology 
each year at the Ordinary Level of the General Certificate 
of Education in England and Wales, and thus exceed the 
entries for any other single science by some 18,000; and 
three-quarters of these entrants are girla. The ratio of 
degrees awarded each year in biological subjects to passes 
each year at Advanced Level and Ordinary Level is 
po ecce d 1 to 7-6 and 1 to 04 respectively. Thus the 

of school biology is not concerned with either entry 
mto university or university type of work, & fact which has 
to be balanced against the currently fashionable idea that 
mathematics, physics and chemistry is the only proper 
intellectual diet for science sixth formers. Another 
striking fact is the extent to which Advanced Level 
examination questions are predominanty descriptive and 
out of phase with contemporary biological thought and 

this situation the moves afoot to realign school 
biology are nationally important, vigorous and extensive 
as a study of the publications of the past three or four years 
shows well. - Britain’s ‘gadgetry’ is excellent, several 
stimulating schemes for reform are in existence, and 
nationally important bodies provide several types of 
facilities to teachers. The needs are to raise the standard 
of intellectual rigour of biology by modernization, shift of 
emphasis and reduction of study of too much dead 
material. In the long run new forms of training for 
teachers will be necessary, a far closer oo-operation between 
school and university called for and a big inoreese in the 
supply of laboratory technicians in the schools at a far 
greater cost than now. Yet no real change is le 
until the examination boards alter their policies and 
syllabuses and type of examination. 

The American problem is easentially like Britain’s, and 
has been stressed in urgency by reaction in the 1950's 
to Soviet performances. This is why the publication 
under review, running as it does mto thirty-eight volumes, 
is bound to have & world-wide i . 

The American panels first set out nine basio biological 
conoepts all of current research interest: 

Evolution, diversity of animal and plant life in relation 
to unity of phylogenetical patterns, genetic continuity, 


relation of organism to environment, relation of structure . 


to function, biological roota of behaviour, homocostasis, 
and science as inquiry. Intellectual history of biological 
concepts is woven into the treatment. 

From this three courses were prepared, each comprising 
three text-books to cover a yearly course and containing 
8 greater volume of material than the pupil is expected to 
remember. Hach course also has three tory manuals, 
one for each text-book and forming the main course to 
which the reading in the texts is a background. There 
are also three teacher’s handbooks with each course. 

The ‘Green’ course starte with ecology and relationships 
and works up to biochemistry; the ‘Blue’ course empha- 
sixes biochemistry and works by stages towards ecology, 
while the ‘Yellow’ course begins with cytology and works in 
two directions from it, one towards biochemistry and 
the other towards ecology via various levels like physiology 
and systematic biology. 70 per cent of the matter is 
common to all three courses. The level of presentation 
is directed at the 16—18-year-old pupil. 

In assessing the extent to which these works achieve 
their aims it is necessary to realize the com ess and 
the revivifying effects of tbe break with traditional 
methods and thoughts. The practical work impels the 
course on ite way and is not didactically presented but is 
introduced as a form of research. The ingenuity of the 
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practical methods is excellent. In addition, supporting 
volumes set up two new themes. One 1s the laboratory 
block by which single or small teams of pupils are given & 
stretch of aix weeks full-time laboratory work. “During 
the next six weeks we want you to work like a scientist 
is the opening sentence of the block. The second new 
theme is the provision of volumes written by research 
biologista stating 150 research problems within the 
CERA Fhe papii and to which the answers are aa yet 

Throughout, the style of writing is exciting 
and I myself have tested the effects of it on my own pupils 
and am oonvinoed of ita adequacy for ita avowed pur- 
poss. The quality of the illustrations is not high; but 
ib has to be remembered that one is seeing an interim 
version, not a final commercial production. 

The success of this splendid experiment will be measured 
in proportion to ita effectiveness in stimulating and 
shifting opinion outaide the United States. [Meo also 
Nature, 194, 242; 1902.] L. M. J. KEAMES 


PHYSICO-CHEMICAL TECHNIQUES 
IN PHYSIOLOGY 


Physical Techniques In Blological Research 
Edited by William L. Nastuk. Vol. 4: Special Methods. 


Pp. xiii+410. (New York: Academic Press, Ino.; 
London: Academio Press, Inc. (London), Ltd., 1962.) 
13 dollars. : 


Ts previous volumes of this series were concerned 
with optical techniques (1055), Pru ee 
techniques (1956), physical methods of obesrvation of 
cells and tissues (1956). . J 
Now, after an interval of six years, & new volume with 
a new editor, dealing with “Special Methode”, has 
appeared. This is oonoerned with various specialized 
physico-chemical techniques with applications in physi- 
ology. S. Ohien and M. I. Gregersen have written a oom- 
prehensive on the determmation of the 
volumes of body fluids which will be invaluable to all 
who are concerned with this. E. M. Renkin writes on the 
techniques of vascular perfusioa—a method which has 
_ extensive -uses in studying the functions of different 
tissues or A more physico-chemical parameter, 
which is of considerable interest in connexion with tissue 
metabolism and has importance in radiotherapy, is the 
oxygen tension. P. W. Davies discusses the use of oxygen 
cathodes of various types in these determinations. It 
appears that successful determinations oan be made by 
using the ability of oxygen to depolarize cathodes, the 
extent of ixati ing on the diffusion of 
oxygen in the medium. A. B. Otis deecribes physical 
techniques used in the examination of respiration— 
i analysis of the gases involved. M. 


greatly refined by the more exact control of temperature. 
Finally, W. T. Fry and F. Dunn contribute a lengthy 
monograph on ultrasound, which deals very oompre- 
hensively with the methods of producing ultrasound and 
ita physical i This section contains much more 
information than most biological users of ultrasounds 
could be expected to require. Certain biological applica- 
tions are rather briefly described. 

The articles differ considerably in their comprehensive- 
ness, and m several cases much beyond the declared 
aim of the series—to vido critical and useful informa- 
tion for graduate svadauta and also investigators needing 
to use & particular type of technique. : 

Two more volumes of this useful series are promised, 
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INTERNATIONAL GEOPHYSICAL CALENDAR 1963 


fe International Geophysical Calendar designates 
selected days and intervals for special attention for 
geophysical I ta and analysis, and is thus a frame- 
uA TUE -wide oo-ordination. The Calendar serves 
5 branches of geophysics dealing with the 
Earth’s atmosphere in which many phenomena vary 
tly during the course of & year. In some experi- 

mente, such as the routine recording of variations of the 
Earth’s magnetic field, the o ing and analysis pro- 
grammes at observatories are no carried out at a 
uniform level throughout the year; in these cases the 
Calendar is not needed. However, in many other experi- 
menta (for example, rocket experimenta), it is not practical 
or meaningful to carry out the same programme on each 
' and every day. Here the Calendar can provide a useful 
mechanism for co-ordination; experimenters will know 
that their colleagues in other countries, in other labora- 
tories, and in other disciplines will tend also to carry out 
e imente on the days or intervals marked on the 


endar. In this way, results of experiments may later ` 


be more easily and usefully compared. 

In some scientific fields, international scientific organ- 
izations have made specific recommendations for pro- 
grammes to be done on days or intervals marked on the 
Oalendar. In othera, the arrangements are informal or 
self-evident. Some examples are given here. 


Regular World Days (RWD) 


These are intended for observations or analyses or 
special experiments which as a practical matter can be 
ais for only about 10 per cent of days and should 

in groups of three consecutive days and spaced through- 
out the year. One day of each group of three is designated 
as the RWD with highest priority and may be used for 
similar work which can be undertaken for only one day 
each month. Examples of suitable programmes in iono- 
spheric physics are: oblique incidence pulse transmission 


and reception; absorption measurement by pulse reflexion - 


technique; extended observing schedule for whistlers and 
very-low-frequency emissions; analysis of vertical sound- 
Ing ionograms by f-plot, A'-plot, eto.; hourly reduction 
from ionograms of F-region true Se eet yarn ho and 
go. It is recommended that exchange of copies of original 
e in ionoepherio vertical sounding work be made 
for RWD with highest priority. ims 


: World Geophysical Intervals (WGN 


These are intended for experimente which for practical 
reasons cannot be carried on continuously, but for which 
statistics of seasonal variations are especially needed. 
The choice of intervals has been heavily influenced by 
the needs of the meteorology discipline. The intervals 
m 1963 are placed about a month after tho equinoxes and 
solstices which are times of marked seasonal change in 
certain upper-air meteorological phenomena. The oo- 
ordinated international programmes for meteorology call 
for extra effort in synoptic rocket sounding and balloon 
sounding during the WGI. Other programmes such as 


10noepherio drift and high-& here wind measurements 
are other examples of suitable programmes for such 
intervals. 


Other Special Days 
Other gpecial days marked an the Oelendars inolude 
rocket-winds days, the days of solar eclipses, and days of 
unusual meteor shower activity. The rocket-winds da; 
(February 24, 25, 26) have been selected by the Committee 


D 


on Research (here referred to as COSPAR) for 
& series of simultaneous rocket measurements of winds 
in the lower ionosphere (up to about 200 km) by techniques 
CORO ee end ae grenade paws: 
OOSP. further recommends that simultaneous ground- 
based measurements by radio methods also be made on 
these dates. The solar eclipses (January 25, July 20, 
1903; January 14, 1964) are ocoasions when i 

a ee 
priate parts of the world to study the Sun and any eclipse 
effects on the Earth-atmosphere. The à 

discipline has directed special attention to these eclipses. 
Ionospheric stations customarily increase their observing 
programmes even if the magnitude of eclipse at their 
location is small. Many solar activity observatories take 
extra observations and issue specially detailed reports to 
assist the interpretation of the geophysical effects. The 
days with unusual meteor shower activity include some of 
the important visual meteor showers and also unusual 
showers observable mainly by radio and radar techniques. 
Attention is directed to these days in case ionization 
produced by meteors may &ooount for unusual effects 
in other geophysical experiments. The annual World 
Motearologioal Day, selected by the World Meteorological 


Organization (WMO) as March 28 (not marked on the 
Calendar), was first celebrated in 1961. Ita p is to 
make the services which national meteorological services 


can render to the various branches of economic develop- 
ment, as well as the activities of WMO better known and 
appreciated by the publio of all countries. 


World Days for the International Years of the. 
Quiet Sun, 1964-65 (IQSY) 


This present Oalendar also shows January 1964, which 


_1s the first month of IQSY. This month therefore shows 


& pattern of world days which is somewhat different from 
19638, but which will be followed in the International 
Geophysical Oalendars for the IQSY period. The Regular 
Meteorological Days are each Wednesday (U.T.), on which 
it is recommended that particular efforts be made to obtain 
the maximum quantity of data, moluding rocket ascents 
and ozone radiation sonde ascents, as well as maximum 
altitude balloon ascents &b 0000 and 1200 v.r. The 
World i cia Intervals for IQSY have been extended 
to cover l ys. 


Special Intervals not appearing on Calendar 

Periods of great magnetic, auroral and ionospheric 
disturbance are also of considerable hysical interest. 
World-wide oo-ordination of observation is especially 
useful for stations nob near the auroral zones, that is, 
places where the beginning of a major disturbance may 
not be immediately apparent from local observations. 
Notices of the Geophysical Alerts and Special World 
Intervals (SWI) are distributed by or radio 
broadcast on & current basis by the solar-geophysical 
Roponal Warning Centres of the IU WDS, the telegraphic 

of which are as follows: 

Aarwann Washisaton (U.8.A.); Dawea KOXUBUNJI 
(Japan); Noms Moscow (U.8.8.R.); LONOSPHARB DARM- 
BTADT (G.F.R.) or GENTmLABO Panis (France) or AGI 
NEDEEHORSTDENEERG (Netherlands). The meteorological 
telecommunications network co-ordinated by WMO 
carries such information once daily soon after 1600 v.T. 
Many geophysical stations increase their programmes or 
carry on special experiments during disturbed periods. 
Prompt notifloation of immediately significant geophysi- 
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Issued October 1962 by the Internatlonal Ursigram and World Days Service, 
under the auspices of U.R.S.I. 
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cal observations and of major solar flare events which have 
important and sometimes long lasting gbophysical effecta, 
are also undertaken through the ional Warning 


The International Ursigram and World Days 
Service (IUWDS) 
This is & permanent service of the International Scienti- 
fle Radio Union (URSI) adhering to the Federation of 
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Astronomical and Geophysical Services of the Inter- 
national Council of Scientific Unions (ICSU). This Calen- 
dar has been drawn up by A. H. Shapley and J. V. Lincoln 
An consultation with interested I unions and com- 
mittees, and representatives of the WMO. A fuller 
description of such Calendars has appeared in the URSI 
Information Bulletin and various widely available scientific 
publications. Further copies of the Calendar oan be 
obtained from the Secretary-General, URSI, 7 Place 
Danco, Brussels, 18. 


EDUCATION AND THE HUMANIST REVOLUTION" 


By Sr JULIAN 


Maxx people have made pronouncements about 
education: T. H. Huxley drew a memorable picture 
of a liberally educated man, and Dorothy Parker has 
maliciously described it as “casting sham pearls before 
real swine". But I want to define education as a social 
process. I see education as an organ of man in society, 
whose basio function is to ensure the continuity and 


further advance of the evolutionary process on Earth - 


by the transmission and transformation of tradition. 

To look at education in the perspective of evolution 
shakes us out of over-preoocupation with our immediate 
difficulties. It provides æ corrective to the tendency of 
our neoteohnio industrial civilization to think in terms 
of quantity rather than quality, and it gives new dignity 
and importance to the whole educational process. 

Education helps to transmit experience and its resulta 
across the gap between generations. There are three stages 
of its evolution. In the first, tranamission bridges only 
one generation-gap, as in carnivores like fox or lion, where 
ihe young ani after a period of self-education by 
play, learns to hunt by accompanying ita parents. 

The second is marked by the beginnings of tradition, a 
set of social habita which endures through a number of 
generations. The most striking example is the Japanese 
mo Here each social group has its own traditional 
food-habita, but -these are occasionally modifed by 
adventurous innovations, which take two or three years 
to spread through the little community. This is a big 
advance, but it involves no real educational system. 

The third, found only in man, is that of cumulative 
tradition, based on conceptual thought and communicated 
mainly by artificial symbols that must be learnt. As 
the tradition grows more complex and the system of 
communication more elaborate, organized education 
becomes a necessary part of the machinery for their trans- 
mission. 

Cumulative tradition provides man with a second 
mechanism of inheritance and evolution superimposed 
on the primary genetic-evolutionary mechanism of his 
chromosomes, and often overriding it. This has pushed 
man across & critical threshold, from the biological to the 
psychosocial phase of the universal evolutionary process. 
In this new phase, evolution is manifested primarily 
and moet strikingly in culturel change, only secondarily 
in change in genetic constitution. 

Not only is cultural evolution much faster than bio- 
logical: it also shows acceleration. In the lower pelmo- 
lithic & major cultural change took perhape 100,000 years; 
in early civilization a few hundred; and now barely a 
decade—with all sorte of implications for education. 

Yet, in spite of all his achievements, we must remember 
that man is an extremely recent phenomenon. He cannot 
be much more than a million years old, and that, in the 


* Substance of the Ninth Fawley Foundation Lecture deltvered ai the 
Untversity of Southampton on November 27. 


HUXLEY, F.R.S. 


ive of life’s evolution, is a bare half-minute out 
of a twenty-four-hour day; while the whole of civilization 
is compressed within one tick of the cosmic olock. What 
is more, he is sadly incomplete, an unfinished type, need- 
ing & great deal of improvement before he can do his 
evolutionary job properly. Human individuals, too, are 


: obviously unfinished when first thrust into the world, 


and need a great deal of improvement before they can 
qualify as satisfactory social beings: and their improve- 
ment as individuals, as well as the eventual improvement 
of man as a type, depends largely on the improvement of 
education. 

Improvement during biological evolution is manifested 
in the improved construction, working, and behaviour 
of animals and plants. As Darwin pointed out, it is the 
inevitable result of the blind and non-purpoeeful agency 
of natural selection, operating via the genetic mechanism 
of transmission and variation—the gene-oomplex. 

Improvement during human evolution, on the other 
hand, is manifested in the organization, working and 
achievements of human societies and cultures. It is 
primarily the result of the collective action of psychological 
and social forces, operating via the psychosocial mechan- 
isms of transmission and transformation, of course, includ- 
ing cumulative tradition. 

We are only beginning the detailed exploration of the 
agencies of psychosocial evolution, but some important 
points are emerging. First, it is the general i 
the pattern of knowledge and belief, which essentially 
characterizes human cultures, and indeed is the prime 
determmer of their social organization, their material 
sub-structure, and their achievements. 

Seodndly, everything in human -history which deserves 
the title of advance or progress, every improvement or 
hope of improvement of the human lot and man’s hard 
destiny, has sprung from the discovery and dissemination 
of new knowledge and new ideas. But new ideas, and the 

-knowledge of which they are the vehicles, must opérate 
within the contemporary 1dea-Bystem, and will also modify 
it. Education should help in ensuring that they do so 
effectively. 

Major advance in evolution takes place in & series of 
steps, by & succession of dominant types, each new one 
with an improved organization, while the older types 
persist in an inferior ition and in reduced numbers. 
During bidlogical evolution, what is improved is bodily 
organization. But im human evolution, what is improved is 

chosocial organization—the organization of knowledge, 
ideas and beliefs and the cultures and social systems 
related to them. The industrial national type of organiza- 
tion is higher than the literate barbario, that in turn higher 
than the illiterate tribal type. Magic, myth, monotheism, 
scholasticiam, science succeed and replace each other as 
dominant patterns of human thought; though here, too, 
the older organizations persist in a subordinate position. 
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The knowledge explosion of the past hundred years has 
given us a new vision of human destiny—of the world, of 
man, and of man’s place and role in the world. It is 
evolutionary and monistic, showing us all reality as a 
gelf-transforming continuous process, with no dualistic 
cleavage between soul and body, matter and mind, life 
and not-life, natural and tural. ATi phenomena, 
from worms to women, from radiation to religion, are 
natural. - » - 

It leads inevitably to a new dominant organization of 
thought and belief, and, after centuries of ideological 
fragmentation, to e new and comprehensive idea-system, 
which I call ‘evolutionary humanism’. 

Its upshot is clear.. Man is not merely the latest 
dominant type produced by evolution, but its sole active 
agent on Earth. He is le for the future of the 
evolutionary on this planet. Whatever he does, 


he will affect it. He must try to understand it and its - 


mechanisms, and to steer it in the right direction. 

In carrying out this operation, he must not sit back and 
expect supernatural aid. Its overridmg aim must be 
defined in itive terms, like fulfilment and achievement 
—reater (and less frustration and misery) for 


- more human individuals, interlocking with fuller achieve- 


ment (and lees muddle and failure) by more human 
societies. This must be secured by a fuller realization of 
human possibilities. 

To realize this aim man must learn to live in harmonious 
symbiosis with his planetary environment—a responsible 

. partner instead of an irresponsible exploiter. He must 
abandon the heuristic idea of conquering Nature; he 
must co-operate and conserve. $ 

If this view of our destiny is correct, clearly our educa- 
tional system must oome to terms with it. 

Most educational systems are highly ohange-reeistant 
because they are controlled by rhe iiam religious or State 
organixationg, because they aro li with the established 
social order, or just because of inherent conservatism. 
But our new system must iteelf be evolutionary, not 
change-resistant but change-promoting; it must trans- 
form as well as transmit. In part, this oan be achieved by 
making giris and boys understand the moral duty of 
helping and guiding the evolutionary process in & desirable 
direction. Be ee 
If our aim be greater t, the next step in psycho- 
social evolution must be from the Welfare State towards a 


‘Fulfilment Society’. A humanist educational will 
put the idea of a fulfihment society before and 
will provide them with op ities for actual personal 


fulfiment—through know 
Ruseell once ex 

through disciplined 
travel; through painti 


(I remember Bertrand 
ing: ‘“How nice it is to know things 1"); 
venture; through expeditions and 

and acting and making musio; 
through beauty; study projects and discussions; 
through le participation in group activities. It 
will have a curriculum of experience as well as a curriculum 
of subjecta. > 

In adapting our old educational system to our new 
vision, much cargo will have to be jettisoned—once-noble 
but now mouldering myths, shiny but useless aphorisms, 
Utopian but unfounded speculations, nasty projections of 
"our prejudices and repressions. 

. Thus, man was not created in his present form a few 
thousand years ago. Mankind is not descended from a 
single couple. Children are not born with a load of original 
am derived from a “Fall”, nor with a tabula rasa of a 
mind. There never was a Golden Age, nor a Noble Savage. 
There are no pure races, nor any Superior or Master Races. 
There are no Absolutes of Truth or Virtue, only possibili- 
ties of greater knowledge and fuller perfection. 

On the contrary, mankind originated from a population 
of ancestral arnthropoids about a million years ago. His 
subsequent evolution has been marked by the i i 
compleity end improvement of his material, social end 

logical organization, but also by the imoreasing 
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with several 


on racers of knowledge; the 
learning of skills and soci habita; the tranamission of 
traditions and beliefs; the formation of character and 

ity; and the crucial passage from childhood to 
adult life. 

In tribal societies, children gain the knowledge they 
need by imitating the adults and participating in their 
activities. Punishment is rare. Their theoretical instruc- 
tion, in tribal myth, morality and forms of adult bebavi- _ 
our is imparted by selected elders, usually with the aid 
of esoteric ceremonies and painful ordeals. There is no 
examination to test their knowledge, only an ordeal to 
prove their adulthood ; no certificate to frame and cherish, 
only the fact of their acceptance as full tribal members. 

We still inflict painful ordeals on our children, in the 
shape of a whole series of examinations; we still celebrate 
their successful survival of these ordeals by ceremonial 
activities, most elaborately by the -solemn ea res 
university commencementa and degree days. 
psychiatrists will agree that one reason for the stiffneas 
of examinations is psychological—the subconscious desire 
of the adult to revenge himself for past ordeals by sub- 
jecting the y to similar trials; and assuredly the 
gorgeous robes of the academic procession are worn not 
only to impress the community gathered for the occasion 
but also as a permitted outlet for donnish egos. Yet it 
is still true that & tribal boy's education may be & better 
preparation for life in a tribal society than is ours for life 
in our vaunted technological society. 

Education must come to terms with humanism over 
its curriculum, - over its relations with society, and 
over its methods of fostering the development of pórson- 
ality. 


As regards curriculum, the ‘solution is, in principle, 
simple. The advance of knowledge has at last given us a 
unitary picture of phenomenal reality: the curriculum 
must ect this unity and itself become unified instead 
of consisting of a number of unrelated fragments called ' 
‘subjecta’. : 

Simple in principle, but not so simple in practice! 
The first di is quantitative—the mere bulk of 
knowledge is too great. However, the prime funotion of 
education is not to impart the maximum amount of factual 
information, but to provide ion: and for this 
we need what we ean broadly call ‘ideas’, together with 
the necessary modicum tf facta. 

Some ideas are better than othere—they can handle 
more apparently disparate phenomena, bridge larger gape, 
planets move around the Bun in ellipses, at one stroke 
simplified for us the whole working of the solar system. 

Evolution is the most powerful and the most comprehen- 
give idea that man has ever had. It helps us to understand 
our own nature, and our relations with the reet of Nature. 
It shows us the major trends of evolution in the past 
and indicates a direction for the future. It gives us & 
new senke of excitement and wonder, & new view of our 
relations with our planetary habitat and ite resources, & 
new perspective in time, and & new sense of universal 
interrelatedness. We are made of the same matter, we 
operate by the same energy as the reet of the coamos; we 
maintain and reproduce ourselves by the game mechan- 
isms as the rest of life, unique only in having reached 
us the evolutionary idea must provide the main 
unifying approach for a humanist educational system, and 
evolutionary biology should become s central or key 
subject in its curriculum. Another unifying idee of great 
importance is the ecological. Ecology is scientiflc natural 
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their environment, and of isms with each other. 
It deals with the dynamic balance .of- Nature. Ite 
- central concept is the ecological community—an” assem- 
, blage of different types of organism, inter-adjusted to give 
o um utilization of the resources of the habitat. If 
balanced pattern of relations is interfered with, the 
whole habitet may be damaged, together with the whole 

community inhabiting it. 

From earliest times, man has been interfering ignorantly 
with more and more natural habitats and has exploited 
_ their resources more and more pitileasly: He has converted 
vast areas of onoe-fertile land into arid semi-deeerta. Now 
that his exploding population is subjecting more aroas to 
more technologically efficient exploitation, he is in danger 
of becoming the cancer of the planet instead of ite 


_In the educational systems of under-developed ter- 
ritories, children should be introduced to science by the 
biological way of ecology and physiology and their applica- 
tions in conservation and health, not by way of physics. 
and*chemistry and their applications in technology and 
industry; and in all countries, ecology is sasanbial & 
baais for good land-use and productive development. 

Man lives in a triple tier of environmente—material, 
social and psychological. Ecology in the customary sense 
deals with man’s relations with the forces and resources of 
external nature. Social ecology deals with man’s social 
probama within and between human societies. Psycho- 
ogical ecology deals with man's relations with the foroes 
and resources of his inner nature, and the environment 
d and beliefs with which he has surrounded him- 
gelf. : 

How should our evolutionary-humanist approach take 
effect in education? We must end the fragmentation of 
the present system. Education must be comprehensive, 
reflecting all aspeots of life; it must have a unitary pattern, 
reflecting the unity of knowledge and the wholeness of 
experience; and it must give growing minds a coherent 
picture of Nature and themselves. 

For this, we need an integrated curriculum, in which 
separate subjects can link up with each other—physiology 
with chemistry and heredity, ecology with geography, 
soil science with agriculture and meteorology: reproduc- 
tion leads on to biological evolution, evolution links back 
with geology and cosmology, and on to and 
human history: history links up with economice and social 
studies. Art and architecture, law and morality, science 
and technology are best treated as functions of evolving 
social man: they too evolve, and accordingly profit by 
being treated historically, not merely as separate packages 
of facts and principles. 

Just how to plan and mtroduce such a curriculum is 
‘a matter for the educational profeasion. It will-not be 
easy, in face of the competitive olaims of traditional 
sybjecta and established higiene: and of the porten- 
tous growth of factual knowledge and theoretical scaffold- 
ing. It wil meen scrapping & great deal of dead wood 
and dead weight, and some sacrifice of specialists’ amour 
propre. But I am dure that it can be done. 

There are already sporadio beginnings. Medicine is 
throwing overboárd a mass of unnecessary anatomical 
and‘ other detail: universities are introducing courses of 
general studies: gixth forms are taking steps to correct 
earlier over-specialization. The American Institute òf 
Biological Sciences has worked out a remarkable integrated 
curriculum for high-school biology, complete with new 
text-books, new prospects, new laboratory and field 
methods [see p. 4 of this issue]; and the Gulbenkian 
Foundation is following suit in Great Britain. But these 
ere isolated sporadio measures. The task will only 
Teach a satisfactory oonclumon when we realize that, 
here as elsewhere, unity brings strength: in & unifled 
curriculum, subjecta need not compete for 
prestige. and e but oan reinforce each other. 

L 
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This could give a new dynamic to the educational 
process. ` Children have & natural interest and curiosity; 
they want to know about this strange world, about 
human life and how to live it, to find out what it all means. 
If their education helps them in this instead of clans 
up a number of hurdles in their way, they will enjoy it, an 
will become willing oo-operators instead of reluctant or 
obstructive victims. From being merely a preparation 
for a job or & career, education could become an integral 


. part of life, an instrument of social evolution. 


- A humanist education should also help children to 
realize their capacities and to develop into well-in ted 
personalities. For this, besides the integration gub- 
jects, we need an integration of activities. The educa- 
tional system must set iteelf, not merely to by-pass 
frustration and overcome apathy, but also to provide - 
opportunitiee—for active living, for satisfying achieve- 
ment, for feeling significant. , : ' 
This again wil not be easy. Apart from difficulties 
of staff and facilities, and of linking school life, home life. 
and social life, there is the difficulby of time. Once more, 
however, i$ not only can but must be done. - "S 
Here again, unification can lead to mutual reinforce- 
ment. So-called extra-curricular activities can be^made 
to serve curricular ends, and vice versa. Children have 
a natural desire to achieve, to exercise their capacities, . 
to count for something in life. If they find that their ~ 
education helps them in this instead of treating them as 
tem: inmates to be dealt with by a combination of 
bribes and penalties, they will become willing participants; ,, 
Then the educator must be reminded that the mind- 
bodies he has to deal with are extremely ‘diverse—they 
exhibit a high degree of variance, both genetic and 
non-genetic. f : 
Unfortunately, ideological warfare between the environ- 
mentalista and the hereditarians is still rampant in the 
social sciences. The biologist must point out that their 
eee ee ee De eens and Little- 
endi in Gullévor's Travels. Neither environment nor 


"n 


' heredity is the more important. Both are necessary: 


-all characters of all organisms are the result of their joint 
effect—though the share of either in the combined 
operation may differ greatly. Thus the share of genetic 
determination is high in mammalian hair- and eye-colour, 
in human colour-blindness and various forms of mental 
defect, while that of environmental modification is high 
in size of flowering plante, or health and physique in . 
human beings. E 

If a diversifled population is made genetically uniform, 
as when man makes pure strains of di or wheat, more 
&nd more of ita visible variation will modificational, 
due to differences in environment. Conversely, if its 
environment is made uniform, as when an unselected 
strain of plante is grown in controlled conditions, more : 
and more of its visible variation will be genetic in origin. 

A surprising recent modificational change in man is tho 
trend towards earlier maturity, which has been going on 
in Western countries for more than a century. e onset 
of puberty has been advanced by some four months every 
decade, from above seventeén in 1850 to about thirteen 
to-day. This is correlated with an acceleration of growth: 
during every decade of the past seventy years, Western 
adolescents have become bigger by about an inch in 
height and four pounds in weight. -Whatever ite cause, 
this trend has had various interesting consequences. 
Boys’ schools are faced with a shortage of trebles for their 
choirs; and an average boy of fifteen is quite likely to be 
bigger than his woman teacher, and is fairly certain to 
Mavo Ser or gee afua] unen. sno Mo average giel of Ateen 
is now psycho-physiologically a woman. e adolescent 
crisis has been shifted to an earlier : our educational 
systems must adjust themselves to this fact. 

Then there are various kinds of genetio difference for 
education to cope with. There are large quantitative ' 


differences in general intelligence, and also in the rate of 
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mental development, notably between rapid developers 


Pee maturers: clearly the educatiónal'system must 1 


account of such. facta. y 

There are also qualitative differences in what I may 
call the psychometabolism of children—the way their 
minds handle the raw materials of experience, notably 
between visualixers, auditory types, concrete manipula- 
tors, and abstract verbalizers. The traditional verbal type 
of education is not very, good for visualizers or manipu- 

There are genetic differences in credtivity and in the 
capacity for abeorbing and regurgitating academic know- 
ledge: the two are not by any means always strongly 
oorrelated—indeed, a recent American study has come-out 
with the ion that the U.8. educational system may 
` actually be eliminating some of the best creative talent. 

- Moreover, there are psychosomatic differences, of body- 
. build and temperament. We cannot expect that & skinny 
ectomorph will react to the educational proceas in the 
same way as a comfortable endomorph with double the 
-ratio of gute to muscle and a radically different pattern 
- of hormones in his bloodstream. 
` In this field, as elsewhere, the abnormal may shed light 

' ‘on the normal. Let me give two examples. Myopia— 
severe short-sightedness—is a genetio abnormality found 
jn more than one per oent of children. It was probably 
‘+ of selective value during those stages of man’s history 
when' fine craftsmanship was needed and craftamen 
were kept out of the fighting; but in the modern world 
it oan be a severe handicap. However, the modern world 
has found a way to circumvent the genetic handicap, 

- - by correcting the defect with spectacles. 

. My second example concerns schizophrenia. This dis- 
ordered. condition of mind, which all too often leads to 
certifiable insanity, affects nearly one in every ten of all 
human beings. It almost certainly has g genetic basis 

- and is due to a metabolic error which produces an 
abnormal chemical compound related to adrenaline. This 
interferes with the working of the brain’s mechanisms for 
building up the chaog of our sensations into an orderly 
system of peroeptions. , 

The echizoprone child begins to manifest overt echizo- 
phrenia when the disorderlinees of his perceptual world 
throws him thoroughly -out of gear with the ordered 
‘normal’ world of his fellows. This usually happens 
during the adolescent crisis. . Psychiatrists are busy 
devising chemical tests for the schizophrenia-provoking 
compound in the blood and urine and psychological teste 
for ita effecta on perception. These could be carried out 
in school: and then the schizoprones could be given 
treatment to correct their defect. This possibility, of 
rui ee eee Heron ne shad hrenia 
from the shoulders of humanity, is a notable enge to 
the educations! profession. 

The general of human diversity remains. 
Man is the most variable of all organisma—anatomically 
and physiologically, intellectualy and temperamentally. 
Furthermore, a large degree of diversity is & source of 
strength to human societies, especially to high civiliza- 
tions 


It would be a good thing if the numbers of the too 
abnormal and the defective could be reduced, those of 
, the more intelligent and more gifted increased; and 
perhaps one day eugenics will get busy on this. Mean- 
while, the problem is how to utilize the existing diversity 
to thé best advantage. oo 

Prof. Roger Williams has proposed “Free but Unequal” 
ås the motto of a modern society. Freedom in inequality 
is a good basis for an educational system to work on: but 
as a goal for it to work towards, I would suggest ‘Varied 
Excellence’. . 

' Educationista must struggle against conformism and 
resist the imposition of all tiams. They will remem- 
ber that cultural and individuel diversity is precious in 
iteelf, and will strive against monotonous mediocrity. 
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They willtry to ensure that the more gifted children are 
not bored and frustrated by being kept back, the leee- 
- gifted, not.made to suffer by being pushed beyond their 

capacities. They will hold fast to the humanist vision of 

The increasing complexity of modern societies demands 
an inoréesing number of men and womer of great ability 
to run them. To meet this demand, applied genetics and 
education must join hands. We need a comprehensive 
selection system to catch as many potential geniuses and 
top people as possible, and an educational system designed 
tote them realize their capacities fully. Rae 

In doing justice to human variety, educationists will 
be accused of encouraging an élite, and of promoting new 
class differences. That must be faced. Nature is not 
egalitarian; societies must always be stratified in some 
way; and, whether you call them an dies or anything 
else, outstanding people are needed at the top. 

A proper understanding of the developmental prooegs 
is important both for educators and for their political 
masters. Development must be studied as & natural 

rocess, not iá the abstract or scholastic terms of some 
intrinsio vital principle or ideal purpose, nor in the reduo- 

tionist terms of elements and origins. In regard to human . 

(and animal) behaviour, the reductionista are still very 
` vocal; orthodox payohoanalyste spend moet of their time 

searching for origins, over-zealous behaviouriste proolaim 

that mind is merely an epiphenomenal resultant of matter, 
the Skinnerian school asserts that nothing but learning is 

of much importance in behaviour. X 

We must beware of all such *nothing-buttery'. When- 
ever anybody states that ing is 'nothing but' 

ing else, or is explicable ‘merely’ in terms of ita 
ori we can be sure he is wrong. In opposition to 
te dantiondsr" I suggest 'eduotionism' as a rallying ory 
to constructive thought in this field. It medns that in 
considering any developmental process, we must begin 
with ita operative function—how ite end-result works. 

Then we can analyse it into its elementary componenta 

and search for ita origins. Fi , we must examine the 

proceas itself to find out how it educes ite results out of 

Human di pment is not a mere unfolding of a 
miniatgre model; the developing human being poe 

a series of radically different stages, each of them 
demanding different educational treatment. Yet many 
educational systems have insisted on treating the child aa 

& miniature man, and others as 60 much blank or plastic 

material, to be written on or moulded at the educator’s 

will. : 

The development of all organisms is a cybernetic pro- 
ceas full of feed-back mechanisms, and produces both 
complexity and emergent novelty. 

We are beginning to explore the mechanisms by which 
the etic code inscribed in the chromosomes of the 
fertilized egg is tranalated into bodily and mental organ- 
ixation. An important one is what Waddington calls the 
canalization of development into a number of channels, 
each leading towards a specific kind of end-result, while 
any departure from their ‘right’ or normal course is 
automatically corrected. ` 

Some more plastic canalization systems may permit the 
organism to wander off in various directions over the 
developmental landscape. This applies especially to the 
behaviour-syBtemns of higher vertebrates, whose learning 
capacities permit them to adjust their activities to their 


experience. 

The canalization system concerned with human be- 
haviour is so plastic that it not only provides for an’ 
extensive wandering in later stages of development but 
also can be markedly influenced at-its roota and in the 
main trunk of its growth. : $ 

It has to in te competing and' even conflicting 
drives and Gesires into some sort of wholeness. Integration 
can be prevented by depriving: the child-of some basic 
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ingredient for proper development, as Bowlby has shown 
with maternal deprivation. It can be traumatically dis- 
torted by internal conflict culminating in repression, 
which then leads to the projection of one’s own repressed 
aggression outwards on to others, or inwards on to oneself. 
An excess load of infantile guilt may produce anything 
from a cruel super-ego and a harsh morality to an 
inferiority complex and an over-meticulous conscience. 
A load of guilt at adolescence coupled with failure 
to achieve social adjustment may lead to amoral and 
asocial indifference, to retreat into neurotic depression, or 
to assertion of the ego’s significance by violent and anti- 
social actions: méeningleesnese is the patent of delin- 
quency. 

Clearly educational systema cannot supply peycho- 
analytic treatment, nor take over from parenta the job 
of looking after babies. But they could do much to 
correct infantile distortions, to by-pass adolescent frus- 
trations, and to replace meaninglesaness with significance. 
They could do so by providing varied opportunities for 
fulfilment and satisfaction, especially through activities 
which make boys and girls feel that they mean something, 
to themselves and other people. 

In general, educators should try to provide children 
with effective of canalizing their own develop- 
ment: but how to achieve this is & matter for much 
research ‘and experiment. Thus, group-projects can 
obviously help in giving a sense of significance; but we 
want to know what sort of project and what type and 
sizo of group gives what degree of significance to what 
kinds of boys and girls. 

Meanwhile, ethology is giving a useful lead, by investi- 
gating the formation of behavioural bonds in animals. 
In higher vertebrates such bonds involve emotions: so 
iiy don ourselves, but im Ourselves’ they: oan. be fo. 
inforeed by empathy. They include the t—offspring 
bond, the pair-bond tying mated birds together the 

ious bond in bird flooks or caribou herds, the 
social bond in wolf-packs or rookeries. 

Some important pointa are emerging. First, all behav- 
ioural bonds have a genetic built-in basis, but only develop 
to full effectiveness through some sort of learning by 
experience. Thus, the basis of the ring—parent bond in 
monkeys is merely the experience of something soft and 
furry: but to make it into an operationally effective bond 
between a mother and her offspring, a long further chain 
of reciprocal experiences is needed. 

Again, close and intimate relations between individuals 
often involve elementa of hostility and fear as well aa of 
attraction. Thus, in bird courtship, the attitudes of the 
mates as they approach each other are the resultant of a 
mixture of drives—attraction, attack, escape. These 
attitudes have then been seized on by natural selection 
and turned into formal displays serving as moves in the 
reproductive game. Or to take an example from a mammal 
which (like man) is both social and fleroe, if a younger and 
weaker wolf is in during & fight, he crouches and 
presenta the back of his head to his more powerful enemy; 
and this automatically inhibits the enamy's aggressive 
urges. ‘The basis for this valuable bit of behaviour is 
built in to the genetical equipment of wolves. 

All such behaviour has been largely ritualixed— turned 
into formal activities of functional value; in the prooeeg, 
the element of aggreasion is made to serve some useful 
purpose, whether by re-directing it against other objecta 
or by utilizing ita energy in the performance of tho bonding 
ceremony. Rituals are thus methods for transforming 
frustrating conflict situations into biologically significant 
activities. Clearly, something similar could be achieved 
im education. 

All primitive societies cope with the adolescent crisis by 
elaborate rites de passage, laden with significance. Can 
our over-intelleotual and over-technological societies not 
devise so ing similar? Oould not one age-group 
undertake a series of challenging individual exploits, 
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another embark on group adventures and projects, and 
yet another to engage in some sort of community service ? 
Could not the end of school life be celebrated in a more 
significant way than now? Could not the passage to 
adult life be linked with the larger community of the 
nation and the world in something which would really 
deserve the title of national, or even international. 
service ? The beginnings are there, in organizations like 
the Peace Corps and the Youth Conservation Corpa, in 
exploration societies and social study-projecte. We 
should try to link them all up into some flexible and 
imaginative scheme which would give outleta for many 
types, would provide some sense of direction to many 
chaotic lives, and would become an important part of the 
educational system. ~ 

In this, as in other ways, education could be made & 
more integral proceas, and the split between ite two 
functions of intellectual instruction and professional 
training on one hand, and moral education and character- 
formation on the other, which began two thousand 
years ago with the rise of the Sophists in Greece, could be 


ired and bri 

ucation still an.unfortunately low status in our 
competitive technological world. Yet it has a crucial 
role in helping the ological world through ita present 


crisis. To-day, the overall evolutionary process, in the 

person of post-Darwinian man, is at last ing oon- 

scious of itself; it is time that the educational process, in 

the person of the educational profession, should become 

conscious of itself as the easential peychoeooial organ for 
itting and transforming human culture. 

A first step might be the establishment of an Education 
Council, on & par with the Arta Council,’ the Medical and 
Agricultural Research Councils and the Department of 
Scientific and Industrial Research. The overriding 
question for such a body to consider would be this: 
Howo an education help in beasts coherence, significance, 
and direction mto our ted, bewildered and 
frustrated world ? It could do so in two in enb 
ways: one primarily ooncerned with knowledge and the 
handling of outer experienoe, the other with personality 
and the handling of inner experienoe. 

An obvious task is to hammer out the details of a general 
curriculum which would reflect the unitary vision provided 
by modern science and learning, and would by-pass the 
split between the so-called ‘two cultures’; ite very unity 
would give it a new dynamism, with sciences and humani- 
ties remforcing each other instead of being driven into 
mutual hostility. 

I believe that it is perfectly possible to give everybody 
a general understanding of what science and history and 
literature and industry are about, by the age of fifteen or 
sixteen, though it would be much easier if secondary 
education were extended to Beventeen-or eighteen: and 
the first year of college or university life should en: 
neoessary specialization with some reasonably advanced 
Study of complementary fields. 

One sub-group might study examination systems, with - 
perticular referenoe to methods of testing understanding 
as well as knowledge, and assessing creativity as well as 
academic performance; while another might look into 
ways of preventing the growth of anti-rational ideas and 
superstitions. 

The second major study would be concerned with inner 
development—how to promote the growth of integrated 
personalities and so by-pass the split between intellectual 
and moral education. For this, the educational process 
must be designed to help children resolve their conflicts, 
and must provide them with opportunities not only for 
enjoyment but for fulfilment of many kinds. 

Such & study will be difficult. It will need help from a 
whole range of ‘ol peti sgt te , othology, cho- 
logy, physiology, peN y a few. It will involve 
facing the problem of evil and what theologians call 
origmal sin, and reconciling some violently opposed 


' 


Nc. 4862 January 5, 1963 


pointes of view. But it could lead to new conceptions of 
the functions of education and a revolutionary overhaul 
of ita methods. It could also enable education to affirm 
its importance as a transformer of society as well as a 
transmitter of culture; for the producta of such & person- 
ally fulfilling education would undoubtedly pres for the 
establishment of a Fulfilment Sooiety. 

Then there is the exciting territory of non-verbal 
education to be explored. There is the problem of educa- 
tion’s link with the arte: the educational system is being 
-called on to supply large numbers of scientists and tech- 
nicians ; Should tt be required to furnish & similar quote of 
artista, architects, decorators and designers? There is 
the question of giving schoolmasters (and, of course, 
schoolmistreases) opportunities for research and creative 
work. There is the tricky problem of. teste—intelligence 
testa. There is the problem of how far meditation could 
replace or supplement formal religious services. 

Then there is the world problem. The world has become 
one de facto: it must achieve some unifloation of thought 
if it is to avoid disaster, and this can only come about 
through more and better education. Yet more than half 
the world’s total population is still illiterate, and ite pro- 
vision for education at all levels is grossly inadequate. The 
under-developed countries are all ing more and 
better education. Britain, as an ex-coloni country 
and the senior partner in tha Commonwealth, has a special 
responsibility for meeting these demands. 
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In the bac und there looms the great question-mark 
of so-called adult education. With the combination of 
more automation, more compulsory leisure and greater 
spending power, we shall soon have to extend our educa- 
tional system to meet the continuing needs of the entire 
adult population: perhaps we should envisage & National 
Education Service. . 

Obviously, our university departments of education 
will be required to enlarge their functions, and will 
become the academic of the educational system. 
By fully establishing ths claims of education to equal 
rank with other subjects in the university curriculum, 
both as & field of research and as a course of study, at 
well as training for a job or a career, they could do much 
to improve ite public image. 

* * * * 


It is a strange and rather disturbing fact that in the 
one-volume abridgement of Toynbee’s monumental 
Study of History there is only one short section on educe- 
tion. If the educational profession is successful in meeting 
the challenge of the new knowledge and the new vision 
which it reveals, later histories of mankind will not only 
devote-much more attention to education as & major 
social function but will also single out our age as the 
historical moment when education was reorganised as 
an integral part of the psychosocial process, and became 
pre ninen among all the agencies oonoerned with 

uman destiny. 


CONCENTRATES FROM PETROLEUM 


By A. CHAMPAGNAT, C. VERNET, B. LAINÉ and J. FILOSA 
Société Francaise des Pétroles BP, Paris 


D 1957, & microbiological research organization was 
founded at Lavera with the aim of studying the 
possibility of using micro-organisms for the treatment of 
petroleum fractions. These investigations soon showed 
that a large variety of microbes were able to live and 
reproduce themselves actively at the expense of hydro- 
carbon mixtures, not only in laboratory cultures but also at 
the bottom of storage tanks, in refinery settling beds, in 
soils saturated with oil and even under bituminous road 
surfacings. These micro-organisms have a high protein 
content. k 

On May 22, 1959;8t a meeting of l'Association Nationale 
de la Recherche Technique, which was held for the purpose 
of ing broad themes of fundamental research to the 
Comité Consultatif de la Recherche Scientifique, one of 


the present authors (A. O.) Ire. “Microbiology with 
to the Conversion ot Petroleum into Proteins". 
. The microbiological research of the Société Française 
BP was directed to this blem and for two years the 
laboratory at Lavera has producing small quantities 
of protein concentrates analogous to animal proteins and 
rich in growth vitamins. It has been found that the 
fractions used as a substrate for the cultivation 
of the chosen micro-organisms are extensively dewaxed by 
these micro-o isms. -There are thus new ilities 
from the point of view of the petroleum refiner, in addition 
to the production of protein-vitamin concentrates in 
place of waxes since wax is sometimes undesirable because 
of its tendency to crystallize out in cold weather. The 
transformation of the ic hydrocarbons metabol- 
ized into protein-vitamin concentrates may reach a 100 
per cent yield ag a result of the fixation of atmospheric 
oxygen by the hydrocarbons/from biosyntheses which 
elaborate cellular material. Ni phosphorus, potas- 
sium, and trace elements, all of which are indispensable, 
are supplied by fertilizers and by low-priced chemical 
products in an aqueous nutritive medium. E 


Proteins are present in appreciable amounts in eereals 
such as wheat, maize, rice, eto., which are the basic and: 
often the only foodstuffs for the majority of the world’s 
populations, either because of poverty or through 
ignorance of nutritional requirements. But the amount of 
amino-acids easential for life (that is, those which the 
human organism is cou Hes] of synthesizing) which theese 
proteins contain is very low. Only in animal proteins are 
these amino-acids found in sufficient quantity, and in the 
requisite proportions. However, it has been found that 
the majority of micro are capable of performing 
this same synthesis, with a product distribution approach- 
ing that found in animal proteins. 

Table 1 gives the composition of a typical protein- 
vitamin concentrate prepared at Lavera and examined at 
length. Table 2 gives details of the distribution of , 
the eesential amino-acids preeent in this concentrate and, 
for comparative purposes, in various basio foodstuffs. 
Table 3 gives the vitamins contained in the concentrate, 
in comparison with those of various foodstuffs. 

Although the carbohydrates and the fats present are - 
also of interest nutritionally, it is the essential proteins 
and the water-soluble vitamins which give the new 
foodstuff its value. 

Table 2 shows first of all that the wheat proteins, are 
gravely deficient in lysine. This amino-acid is found in 
requisite proportion only in animal proteins: meat, fish, 


Table 1. BP PROTNIN-YITAMIN OOXONNTRATA 


(per oent by wi.) 
keen, d 
902-97 

nitrogen 6-02 
Proteins ae 
Oarbohy trates (starch) R 21-0 
Ash 443 
Oaletum 0-211 
Phosphorus 1-250 
Potassium 0-500 , 
Bodtum 0-060 


BP 
Noor mik? Toras hieni trate 
Protein (dry bests) 
(per cent 13:3 50-4 $331 444 43-6 
acids (per cont wt.) 
Leunctne 7-0 80 110 76 TO 
Isoleucine 41 60 T8 55 3-05 
Valine 41 55 1-08 6-0 8-40 
Threonine 2-7 50 47 5-4 910 
Methionine 15 3-2 3-2 0-8 1-20 
Cystine 1-9 12 10 10 0-10 
Lysine 19 100 8-7 68 114 
Arginine 42 7 41 «1 80 
Le ire 08 14 15 16 117 
Table 3. "WATRR-MOLUMLE VITANINS 
Thi- Ribo-  Nleotmnio Panto- Pyr- Cobak 
mine flavine acid thenio dario amine 
Bl B2 PP aoad B6 B12 
ae Oxt- Fale 
ydrate dative syn- Tram Purine 
Functicn Motab- dehydro- ihesis of amha- syn 
olm  gemation adds tion tharis 
for ad (mg) 2 3 15 3 2 0-01 
Perni- 
Hiffeci of Derfbei Arrested Pellegra Arrested Derma- clous 
neuritis growth growth diis anemia 
Foods 
Beef 1-3 1 40300 7-81 14 
Beef livrer 5-10 16 75-275 | 30-60 6 8 
Milk 0 1-8 1-5 14 1-3 
Cereals 0-5-7 10-1:5 10-30 5-20 3-4 
pie HELM 3-10 10-250 12-50 
BE DIEM 90-00 200—500 80-100 4050 
concentrato 3-16* 76 011 


milk, and also in yeasts. "'Lysine in particular is the 
limiting factor for the of animals. Oereel proteins 
, are lamentably poor in lysine"! with the exception of soya. 
Thus a cereal without any supplementary material is not 
& good foodstuff for cattle!, or for human beings. Addi- 
tion of lysine to cereal foodstuffs is now normal practice’. 
The proteins of the new concentrate are related to animal 
proteins and mare closely to those of yeast, the nutritive 
quality of which is already well established. The concen- 
trate is, in fact, produced by a variety of yeast which has 
E eae iteelf to petroleum. '’ 

e composition of the protein-vitamin concentrate 
shows that it oan supply the essential proteins and the 
growth vitamins at one and the same time to mixed food- 
stuffs. Ita richneas in riboflavine (vitamin B2) and in 
pantothenic acid gives it an exceptional value from this 
point of view. 
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Nutritional teste are in progress on populations of rate 
and chickens. The growth of these animals is being 
compared with that of control animals which are receiving 
conventional protem rations. 

The daily human requiremente for animal protein are 
80 g for adulta, 70-100 g for pregnant women, nursing 

era, and children‘. order to satisfy these require- 
ments in full, it would be necessary to make up an annual 
world deficit in animal protein of the order of 3 million 
tons’. This would correspond to 15 million tons of lean 
meat. It is not very likely that the cultivation of new 
land followed by the raising of selected strains of cattle 
could realize this production within a iod of (say) 40 
years. In 40 years time, however, ass reeent world 
population of 3 thousand million may well have doubled. 

From a ton of normal paraffins, which do not need to 
be separated from the leum fraction which contains 
them, it should be possible to obtain a ton of the protein- 
vitamin concentrate containing 45—50 per cent protein. 
At the same time, the corresponding petroleum fractions 
are dewaxed and in certain oases their value is increased. 

For an annual production of 1,000 million tons of crude 
petroleum, it may be assumed that 700 million tons are 
paraffinic. The production of 7 million tons of protein- 
vitamin concentrate (equivalent to 8 million tons of 
proteins) would consume only 1 per oent of these 700 
million tons of crude. An ample supply of raw material is 
therefore available. The time i or the construction 
of petroleum fermentation unite would be about 1—2 years. 

The rate of production of proteins by the new process 
may be compared with that for proteins produced naturally 
in the conventional manner: one 500-kg cow suitably fed 
by graxing synthesized 0-5 kg protein in 24 h*. 500 kg of 
living micro-o i in 8 continuous fermentation unit, 
suitably fed with hydrocarbons, nitrogen, phosphorus, 
potassium and air, should produce, ing to our 
experience, 2,500 kg micro-organisms m 24 h, which may 
be 1,250 kg protein. Industrial production may thus be 
2,500 times as fast as the natural method. 

We thank Dr. Jacques Senez of the Centre National de 
la Recherche Scientifique for his contribution to the funda- 
mentals of this work. 
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“NOTIONS OF NICHE AND COMPETITION AMONG ANIMALS, 
WITH SPECIAL REFERENCE TO FRESHWATER FISH 


By Dr. A. H. WEATHERLEY ^ 
Zoology Department, School of General Studles, Australlan National University, Canberra 


ONORETE definitiong wil be offered here of the 

terms ‘niche’ and ‘competition’. Both notions have 
been fruitful ‘operational concepts’ in ecology for many 
years; but for lasting usefulness their scope should be 
delineated more clearly, even though this will inevitably 
be a somewhat arbitrary undertaking. The terms may 
then continue to gerve, smoe their more felicitous applica- 
tion will become possible, even if their use is more limited, 
because more strictly prescribed. 

Elton!, probably the first to popularize the use of the 
term ‘niche’ in animal ecology, certainly appears pre- 
eminent in applying it mainly to an anmnal’s nutritional 
status in ite He also included, in the meaning 
of the niche, the animal’s relations to other animals, and 


its general space occupancy. It has long been common 
to use the word in some very broad sense, and in my 
view it is this rehensiveness or inclusiveness of 
meaning that threatens the usefulnees of the term because 
it reduces its precision of application. Thus, other 
authors* besides Elton have considered the niche mainly 
as the complex of environmental conditions under which 
the organism lives—conditions among which it may, 
indeed, be obliged to live through having become adapted 
to them—and the manner in which it lives among them. 
It is thought that by thus living under these ‘niche’ 
conditions- the organism may continue to exploit the 
environment in varjous ways that permit the survival 
of it and ita progeny. 
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Dice‘ departed from a formal point of view so far that 
he failed to regtrict, or specify with any adequacy, the 
meaning he attached to the niche. However, he did 
olaim that "The term does not include, except indirectly, 
any consideration of the function the species serves m 
the community", whereas, as Odum’ pointe out, Elion 
pioneered the use of the “term ‘niche’ m the sense of the 
functional status of an organism in ite community’. 

Sometimes the meaning of niche has been cast in such 
broad terms as to make it almost useless to the ecologist. 
As Bodenheimer' wrote: “It is erroneous to expand it to a 


" meaning synonymous with ecoworld...”. After all, this 
is virtually to make niche substitute for ecology. iteelf, 
or anyway a large part of ecology. 


Ib 18 proposed that if the niche be retained as a valid 
in ecology ite value as a tag or label be borne in 

mind. Elton! used the term to label an animal’s character- 
istio role in the especially with respect to the 
foods it ate and the i of this for other organisms 
of the ecosystem. Elton pointed out that in ecosystems 
widely separated from each other—a continent, even a 
hemisphere, apart—remarkable in niche ocou- 
pency oould occur among animal forms that were widely 
different in the systematic sense. He wrote that there is 
a “rabbit niche . . . filled by rabbits and hares in the 
peleerctio region and in North America, by the agouti 
and viscacha in South America, by wallabies in Australia 
and by ... the hyrax, the gpringbok, and the mouse deer 
in Africa". A conception of the niche as powerful as this 


or diversity between the niches occupied in the different 
ecosystems would go far towards revealing basic similarity 
or divergence of ecological constitution. If restricted to 
an organiam’s feeding relations the niche oonoept will be 
of most value, as it is on a common fabric of available 
food that all patterns of animal activities are worked out. 


Modern studies on the ecology of production can benefit if- 


the niches of the various organisms of the ecosystem are 

well known. Furthermore, the completeness with which 

two or more species oocupy the same niche is of great 

i rtance in evaluating competition between them. 
following definition of the niche is proposed: The 

niche is the nutritional role of the animal in its 

that is, its relations to all the foods available to ib. : 

Since we are concerned especially with the relevance 
of the niche for freshwater fish, it is important to show 
that at least some of them actually oocupy niches. 

Des and Moitra^'! described alimentary systems of 
various tropical species from the Uttar Pradesh, India. 
There were many omnivores, and also strongly carnivor- 
ous and herbivorous species. The findings are briefly seb 
out as follows: 

(a) Herbivorous fish lack teeth, but possess fine gill- 
rakers that can sieve microscopic plante from the water; 
they lack a true stomach, but have a long,-thin-walled 
intestine. 

(b) Carnivorous fish have teeth well developed to seize, 
hold and tear; gill-rakers are modified to grasp, retam, 
rasp and crush prey; there is a true, flask-like stomach 
for trituration and storage of food, and the intestine is 
short and elastic with thick walls. 

(0) Omntvorous fish have alimentary systems more or 
lees intermediate in form between the herbivorous and 
carnivorous extremes. 

These authors also found that, relative to body-length, 
the alimentary canal was much longer among herbivorous 
than carnivorous fish, with the omnivores again occupying 
an intermediate position. ‘ 

Many fish species of Lake Nyasa have remarkable 
adaptations of mouth structure to feeding habita. Per- 
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alimentary canals of two temperate species 
Per eee owing edapiaton to dietary babita 
haps moet striking of these, Genyochromis mento, lives on 
soales and fin-rays of other fish, thus occupying an 
extremely narrow niche. 

It is easy to find similar adaptations of the alimentary 
system among freahwater fish of temperate regions. Thus 
the brown trout is strongly carnivorous, while the crucian 
carp feeds heavily on algae and detritus of largely veget- 
able origin (Fig. 1). In these forms, as with the tropical 
Indian fish, morphological differences clearly reflect 

Another sort of evidence m support of the niche can 
be found by examining date on biomasees of flah in many 
reservoirs in the mid-western United Btates*. It was found 
that total biomass tended to increase with number of 
species t in a community. This: that ihe 
tendency for different species to occupy di + niches 
permite several or many species to utilize more completely 
the total food resources of the environment, than can one 
or a few species, resulting in higher total biomasses. 

Notwithstanding the evidence that many freshwater 
fish oocupy fairly definite niches, there are many others 
ihe wide, variable food habite and unspecialized alimentary 
systems of which practically preclude their having olear- 
cub niches. Several investigations have indicated’-" that 

ispecific fish communities oen exist stably. Fish 
species in communities of this sort, though most of them 
are drawing on one general supply of food, may engage in 
sporadic and unpredictable changes of diet and can 
scarcely be thought of as oocupying definite and discrete 
niches. Thus while many fish species may be firmly 

i to a niche, others cannot be so treated. 

is article is concerned with competition for food 
among fish, and with the relations between competition 
and the niche. Before considering this latter. topic, & 
definition of competition must be decided on, and evidence 
advanced of ita existence among freshwater fish.- 

Recently, the canceptual confusion that surrounds 

ition was clearly shown!*. Furthermore, there 
has been a tendenéy to infuse definitions of competi- 
tion with a flavour of ‘conflict’. Thus Odum’ has sug- 
gested that competition is an interaction between species 
“in which each population adversely affects the other in 
the struggle for food, nutrients, living space, or other 
common need”. Key words here are ‘adversely’ and 
‘struggle’. has been quoted! as proposing that 
“Competition is the endeavour of two (or more) animals 
to gain the same particular thing, or to gain the measure _ 
each wants from the supply of & thing when that supply is 
not sufficient for both (or all)”. Apart from the highly 
questionable use of such words as ‘endeavour’ and ‘wants’ 
in the second definition, there resides in both an implica- 
tion that competition will result in advantage or eufficianoy 
for ono species, with the opposite resulte for others. This 
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Objection can be avoided”; “Oompetition is the demand, 
typically at the same time, of more than one organiam, 
for the same resources of the environment +n excess of 
smwnedéaie supply". This is not a perfeot definition, 
being somewhat marred by the ambiguousness of the 
final olause (italicized) ; but, if this is deleted, it is satisfac- 
tory in telling what competition is about, without the 

. Objectionable feature of Eoing on to prediot what ite 
results may be. This sort of thing is & weakness in any 
definition, since the more inclusive a definition is made 
the greater will be the likelihood that exceptions to its 
application will arise. 

The idea of deleterious effects arising from competition 
for food among fish must, in general, be set aside. This 
is mainly because fish have such flexible growth rates. 
The growth of fish in Nature is largely dependent on. 
density of population. This is well shown for pond fish 
and Beokman's work!" elegantly shows the stimulus 
to growth of lake fish communities, of several species, 
that followed massive field mortalities. 
has been olear evidence of 


greatly inareased growth of 
perch in Windermere i 


resulting from drastic lowering of 


for food, so that intensity of competition is also d b. 
on density. The further inference follows that growth 
Tate may be increased, without lowering population 
density, by artificially stimulating the production of. 
organisms on which flah feed. This has, in fact, been 
accomplished for both pond and wild populations of fish 
on a number of occasions",  - 
and Birch" emphasized the scarcity of 

‘direct’ evidence of competition in Nature; but as with 
many ecological realities, the kind of interaction which 
oan be called on is usually recognizable mainly 
through ite effects. Ib is not the leas real for this. 

The actual nature of competition will.yary. Sometimes 
competitive interaction may be of that very direct kind 


it must oon- 
sume in ite search for food. At a critical level of popula- 
tion density varying with the species involved, fish will 
begin to interact signifloantly with each other, so that 
their feeding habite are interfered with, and the distance 
they must travel to find food will, on the average, be 
increased. This will result in a change in the balance 
between catabolism and anabolism, and assimilation will 
decrease, and will continue to decrease with increasing 
population density (that is, intensity of competition). 
These principles will operate whenever fish are 
for the same food, and will therefore operate at both the 
intra- and inter-speciflo levels. The moet complete form 
of competition for food will obviously take place between 
species oocupying much the same niche, that is, eating 
much the same food in the one environment. 

Many modern ideas about the niche and competition 
stem from highly artificial laboratory experiments, such . 
as the famous studies of Gause“ on protozoans. Thus. 


Reoently!! there . 
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Fig. 2 Dependence of seatmilation of food by freshwater fish on 
population density 


Odum* provides several examples of natural 


ons 
of organiams where the ‘Gaussian’ principle, that more 
than one species cannot continue to occupy the one niche, 


can be used to explain or interpret differences in distribu- 
tion between species. Now the fact that in this article 
the niche has been defined somewhat strictly, and haa a - 
more restricted scope for application than is usual, does 
not permit us to beg the question implied by the investi 
tions mentioned above. This question is, essenti y: 
Where two (or more) species are eating exactly the samo 
kind of food in the same ecosystem, occupying the same 
general space at the same time, and exploiting the samo 
habitet conditions, will one species eventually i 
the other(s)? Fryer*! has, indeed, asserted that 
herbivotous fish of Lake Nyasa: “Several alli 
species co-exist in the same micro-habitat and take tho 
same food". His explanation is that: ‘Such co-existence 
is at variance with the so-called Gaussian hypothesis 
and seems possible because of a superabundance of the 
algal food on which the species feed”. This is a possible 
interpretation; but perhaps Fryer rather overlooks the 
fact that the essential consequences of competition for 
food among fish, whether at the intra- or inter i 


. -gpeoiflo 
level, are lowered growth rate rather than density -depend- 


ent mortality effects. Even if two fish species occupy 
the same general space and habitat (as Fryer believes 
his fish to do) eventual extinction of one of the species 
need not follow. If some females were impaired in their 

'wning through overcrowding, this might lower recruit- 
inert thers to dudo oui Ro thi eae se 
population densities that would eventually result would 
be serious for either competing species. 

Of course, for the multi-specifio fish communities of 
no fixed feeding habits, which have already been men- 
tioned, competition would probably never be more than 
a fleeting problem. These fish change their diete so readily 
and can grow satisfactorily on such a wide range of items 
that they are scarcely likely to suffer prolonged disadvan- 
tage from campetition-induced food shortage. In addi- 
tion, in these communities, through differences im 


‘behaviour, general habitat preference, activity patterns 


(which may or may not include seasonal migrations), 
oviposition sites, eto., few species indeed will be likely to 
occupy persistently the same space as others. 
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OBITUARIES 


Dr. G. H. Cunningham, C.B.E., F.R.S. 
Gonpow Hxmuuipr CUNNINGHAM, pioneer in plant 
logy and taxonomic mycology in New and 


ormeriy director of the Plant Diseases Division, Depart- 
ment of Scientific and Industrial Research, died at 
Auckland on July 18, 1962. 

Born at Moa Flat, a high country sheep station in 
Central Otego, New Zeeland, he spent his childhood in 
the wide spaces of the tussock lands, which induced in 
him a lastmg love of outdoor life. He received his early 
education at the local Dunrobin school and at Tapanui 


Bohool. 

a young man he gained wide practical experience 
in farming, fruit growing and forestry work m both 
Now and Australia. During the First Warld 


War ho served with the New Zealand Expeditionary 
Forces, but, after wounded during the Gallipoli 
campaign, he was invalided home. 

Debarred by his injuries from rejoining the Armed 
Forces and being keenly interested in fruit he 


growing, he 
joined the New Zealand Department of Agriculture as an 


orchard instructor in 1917, the year in which he met 
Madge Leslie MoGregor, whom he married the following 
February. Cunningham's knowledge of, and interest in, 
the diseases of fruit trees Bo much im the director 
of his Division that he was transferred (in 1918) to the 
Department’s Biological Laboratory at Weraroa, near 
ee Taaa E Sas 
need for academic training, he requested permission to 
attend university and moved to Wellington early in 1920. 
This was the beginning of an extraordinarily active 
career in plant pethology and systematic mycology. 
vus um Ala PM Ri Maras 
while fulfilling his normal duties as plant pathologist, he 
passed his university entrance examinations and 
the degrees of B.Sc. (1924), M.So. (1925) and Ph.D. (1927). 
He published his first book, Fungous Diseases of Frint 
Trees in Now Zealand (1925), wrote thirty papers on plant 
pathology and thirty-two on taxonomic mycology, made 
disease surveys throughout the country and many exour- 
sions into the fleld to collect specimens for the establish- 
ment of a herbarium of New Zealand fungi. His taxonomic 
research, which included systematics and developmental 
studies of the Ustilaginales, Uredinales, Gasteromyoetes 
in ro portesan, ast a pattern nr his lates wore within 
the iomyoetes. During the winters he visited the 
main fruit-growing areas to lecture to orchardists on the 
diseases of fruit trees. In 1924, on the recommendation 
of Dr. E. J. Butler, director of the Imperial Mycological 
Institute, etna who had visited New Zealand the 


and the Plant Research Station was formed with head- 
quarters at Palmerston North, Cunningham was placed in 
charge of the Mycological Laboratory of the new institu- 
tion. In the followmg year he attended the second 
Imperial Mycological Conference in London, 
research institutions in Britain, on the Continent 

North America. This enabled him to meet most of the 


. was to the linen flax industry, whi 


world’s leading plant pathologists and fungous taxonom- 
ie OOR AA AO BO cien DAO a us 
During the eight years thab he was in charge of the 
Mycological Laboratory he i a team of plant 
oe eee of economic mycology, 
logy, virology, plant physiology and plant peo- 
tection. He continued his systematic alae ot ied in 
addition to writing many taxonomic 
his book, The Rust Fungs of New Zealand (1982), pum un 
he was awarded the degree of D.So. At the same time, 
he maintained a keen interest in plant-pathology and 
published articles dealing with chemicals used for the 
control of plant diseases and . This work culminated 
in 1985 in the publication of a book, Plant Protection by 
the Aid of Therapeutanis. In the samo year he was awarded 
the Hutton Memorial Medal for research in mycological 
botany. 

A further re-organization was made in 1936 when plant 
research was transferred from the t of Agri- 
culture to the Department of Scientifio and Industrial 
Research. A Plant Diseases Division, responsible for 
plant pathology, entomology and pomological aspects of 
fruit growing, was formed, Cunningham its 
director. His first task, apart from choosing a suitable 
site in Auckland, was to plan buildings for the new 
Division. A modern laboratory block on the slopes of 
Mt. Albert was ready for occupation in January 1938. 
Although much of his time was taken up in p and 
organizing during this period, he still continued his 
research, producing a steady flow of scientiflo papers and 


With the formation of the Plant Diseases Division, the 
acquisition of land and erection of laboratories, Cunning- 
ham, for the first time in his career, had adequate facilities 
to pursue his ideal of creating lant protection service 
siete t Mis Denia He introduced, in 
1988, & voluntary therapeutant certification schame which 
revolutionized chemical control of diseases and pests in 
New Zealand. It was also his encouragement 
and assistance that the New d F 
Federation, Ltd., established a Fruit Tree Nursery at 
Levin, from which, for the past twenty years, orchardiste 
Pees os OUR 

rootstooks. 


spite of the difficulties in a plant pro- 
tection service, he still found time for taxonomic 
studies and began to prepare the man of a book 
on the Gasteromyoetes of Australia and New Zealand. 


The development of the Division, ee suffered a 
severe setback with the outbreak of the Second World 
War. As a veteran of the First World War, he viewed 
sympathetically his staff’s desire to join the Armed 
Services. As soon as permission could be secured, there- 
fore, more than half his trained professional staff volun- 
teered for active service. His own icular contribution 
operated at that time 
in the Dominian. 

bea: Oe eo ee omens na ay 


overseas, he set about rebuilding his Plant protection 
organization. He also again took his taxonomio 
studies, his book, The Gasteromycetes of Australia and New 
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Zealand, appearing in 1944. In 1948 he was awarded the 
Hector Medal, and in 1949 the O.B.E. In,1950 he was 
elected a Fellow of the Royal Society. 

During the ten years before his retirement in 1957 at 
the ago of mxty-five he devoted much time to the study 
of systemstios. Although he died when he was sixty-nine, 
m those four years he prepared the manuscripts of one 
book on the Thelephoraceae and another on the Poly- 
poraceae of Australia and New Zealand. The former is 
due-to appear early in 1963, while arrangements have 
been made to publish the latter. 

Dr. i was a man of great physical and 
mental energy. In his youth he earned & reputation both 
as a boxer and as a racing motor-oyolist, and in later life 
became a keen mountaineer. An indefatigable collector, 
until his last illness he much time in the field 

ing material for the t Diseases Division Myoo- 
logical Herbarium which, begun by him more than forty 
years ago, is now one of the finest in the southern hemi- 
sphere. His work was characterized by a remarkable 


presen 

exceptional merit. In addition to 220 soientiflo papers, 
including six books, he wrote a bi hy on the life of 
Squadron Leader MoGregor—Mao's Memoirs. Ho had an 
absorbing interest in farming with a keen desire to assist 
the man on the land. A delightful companion, he will be 
greatly missed by his many colleagues and friends through- 
out the world. To science his death is a very serious loss, 
but his huge output of work is a monument in itself. 
He is survived by & wife and married daughter. 

E. E. OHAWBERLAIN 


Prof. E. J. King 


EaAnn Junson Kina, professor of chemical pathology 
in the University of London at the Postgraduate Medical 
School, died suddenly at his home in London on October 
31, at the age of sixty-one years. 

Prof. King was born m Toronto in 1901, the son of the 
Rev. C. W. King. He was a student at Brandon Oollege 
and then attended MoMaster University, where he 
graduated with honours in chemistry and biology. He 
then proceeded to the master’s degree in chemistry and, 
having been awarded a National Research Council 
bursary, went to work with Prof. F. B. Allan in the 
University of Toronto, where he obtained his Ph.D. in 1926. 
During the following year he was research associate in tho 
Department of Medical Research at Toronto and then 
entered the Banting Institute in 1927. While here he spent 
two periods of leave of &beenoe—one at the Lister Instrtute 
in London and the other at the Kaiser Wilhelm Institut 
in Munich. He returned to Toronto as assistant professor 
of medical research and director of the Biochemical 
Section. of the Banting Institute. In 1934 he was invited 
to become reader in pathological chemistry and head of 
the Chemical Pathology Department at the newly founded 
Postgraduate Medical School of London. He took up 
these duties in 1935 and was appointed professor of 
chemical pathology in 1944. He was admitted to the 
fellowship of the Royal Institute of Chemistry m 1948 
and appomted an examiner in 1952. He eventually 
obtained the degree of D.Bo. of the Univeratty of London. 

Prof. King's two major scientific intereste were con- 
cerned with reeearoh on silicosis and the phosphatase 
enzymes. In each of these fields he gained world-wide 

ition. The work on phosphatase was commenced 
at the Lister Institute with Robison in 1020 and later in 
Toronto with A. R. Armstrong he devised the well-known 
method for estimating alkalme phosphatase in blood. 
The King-Armstrong unit has become & household name 
in all laboratories oonoerned with clinical chemistry. 
In this respect, it is interesting that Prof. King was the 
main originator of proposals to define enzyme units on a 
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more rational basis, which would mean that the unit with 
The work on phosphatase could justly be regarded as the 
forerunner. of the general use of enzymology in clinical 
practice as well as in clinical research. 

During his period at the Postgraduate Medical School, 
Prof. King developed many of the micro-chemical methods 
now in use in clinical chemistry and did much to introduce 
hoto-electrio equipment concerned with oolorimetry, 
llano photometry and automatic analysis. He was a 


“constant inspiration to those who worked with him; 


a notable number of people who worked in his Department 
have achieved senior status. One of the most admirable 
aspecta of Prof. King’s character was the great trouble 
to which he went to help promote the interests of the 
junior members of his staff as well as the encouragement 
he gave them. ' ` 

Prof. King served with distinction on a remarkably 
large number of committees and held many administrative 
appointments. He was one of the founders and the first 
secretary of the Canadian Biochemical Society. He was 
appointed sub-dean of the Postgraduate Medical School in 
1944. He was of the Board of Studies in Bio- 
chemistry in the University of London durmg 1943-46 
and served as chairman from 1951 until 1955. He also 
served as chairman of the Committee on Clinical Chemistry 
of the International Union of Pure and Applied Chemistry 
and was president of the Biological Section. He was 
chairman of the International Federation of Clinical 
Chemistry during 1952-60 and chairman of the -Central 
Academic Council of the British Postgraduate Medical 
Federation from 1952 until 1955. He was president of the 
British Occupational Hygiene Society (1954-85) and 
chairman of the Editorial Board of the Biochemical Journal 
from 1946 until 1952. In 1957 he became chairman and 
director of the Postgraduate Medical School’s combined 
Departments of Bacteriology, Biophysica, Chemical 
Pathology, Hematology and Morbid Anatomy and 
Histology. 

He played a great part in the formation of the Associa- 
tion of Clinical Biochemiste; he was chairman during 
1953—55 and president in 1956. 

In addition to numerous scientific papers, Prof. King 
published Chronic Pulmonary Disease in South Wales 
Coalmines: III—Ecperimental Studies (M.R.O. special 
report) and was the original author of Mtoro-Analysis in 
Medical Biochemistry and oo-editor (with R. H. B. 
Thompson) of Biochemical Disorders in Human Disease. 

During the Second World War he was sector chemical 
pathologist in the Emergency Medical Service and con- 
sultant m pathology to the R.A.M.O. In 1945 he went 
to India with the rank of brigadier to act as adviser on 
chemical pathology. 

Among numerous honours that he received were life 
membership of the American Association of Clinical 
Chemists, the Queen's Coronation Medal, honorary 

ip of the Canadian Physiological Society, and 
the Canadian Society for Clinical Chemistry. He was the 
recipient of a number of honorary degrees, inoluding an 
honorary M.D. by both the University of Oslo and the 
University of Iceland. These latter were more than 
appropriate, since Prof. King had contributed so much 
to medicine. 

Earl Judson King was typically colonial in his manner. 
He was always very forthright and direct, but, neverthe- 
leas, the kindliest of men, who made friends throughout 
the world.- He was an extraordinarily good host and it was 
in this role that many obtained their first glimpse of the: 
remarkable breadth of his culture. 

Although during the last years of his life he suffered 
from serious illness, this was only allowed to interfere 
with his activities as little as possible. 

In 1927 he married Harel Kerth, a former class-mate at 
Brandon College. He is survived by his wife and bwo 
daughters. A. L. Lamur 
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Dr. F. U. Klaehn ` 


De. Frrprnron U. KLAMHN, associate esgor of 

piis at the State University College of Forestry at 

University, died suddenly of a heart attack in 
Orouse-Irving Hoepital on October 21, aged forty-six. 

An international authority on forest tree etics and 
efforta to improve forest tree species, Dr. was born 
and educated in Germany. He was a native of Essen- 
Steele, Ruhr, where he was born on October 27, 1915. 
He was & holder.of forestry and Ph.D. degrees from the 
University of Göttingen, Góttingen, West Germany. 
His two drgrees were earned in 1949 and 1950, respec- 
tively. Iie went to Syracuse on his appointment to the 
Oollege of Forestry faculty on October 1, 1955. He was a 
member of the faculty and research staff of the Depart- 
mersit of Silviculture. 

He is survived by his widow, the former Miss Ingrid H. 
Schrader, two children and his parents. 


Dr. Carl R. Eklund 


Dr. Cant R. EXLUND, noted Antarctic explorer and 
chief of Polar.and Arctio research for the United States 
Army, died suddenly on November 4, 1962, in Phila- 
delphia, where he had been lecturing at the Museum of 
Natural Science. He was fifty-three years old. 

A native of Tomahawk, Wisconsin, he was given the 
key to the city last year as an “honoured son”, during its 
Diamond Jubilee celebration. Dr. Eklund graduated 
from Carleton College in Minnesota, in 1932, and began 
his twenty-nine years of Government service as a forestry 
foreman in Virginia’s Shenandoah National Park. In 
1936, he transferred to the Fish and Wildlife Service as a 
research biologist and ornithologist, i i 
locations, including Michigan, 
Washington. i Oregon. 
State College in 1936. During the Second World War, 
he served as a major in the Arctio section of the Arctic 
Desert Tropio Information Center of the Army Air Foroes 
and was assigned to missions in Greenland and Canada. 
His last post with the Fish and Wildlife Service before his 
resignation in 1957 was as assistant regional director in 
Atlanta, Georgia. During the International Geophysical 
year; 1957-58, Eklund served for eighteen months as 


for his Ph.D. degree at the University of in 
1959 was based on his work at Wilkes, where he solved the 
mystery concerning the penguin egg's incubation tempers- 
ture by ‘borrowing’ an egg from the Adelie i 
implanting a tiny teraparatore sensor and radio transmitter, 

replacing the egg in the nest. He then monitored ita 
average temperature, which he found to be 92-7 degrees, 
only 11:1 degrees lower than the body teniperature of the 
bird which was incubatmg them, despite the surround- 
ing sub-zero temperatures. In 1958, on his return from 
the Antarctic, he was appointed chief of the Polar and 
Arotio Branch of the Army Research Office. 

Dr. Eklund made his first trip to the South Polar 
continent during 1989-41 as a member of the late Rear- 
Admiral Richard E. Byrd’s expedition, durmg which he 
and Finn Ronne made one of history’s major Antarctic 
treks. They travelled 1,264 miles by dog-aled in 84 days, 
charting and mapping more than 350 miles of the Antarctio 
coast, and discovered a group of islands in King George 


VI Bound, which has since been named the Eklund - 


Islands. He and Ronne also determined that Alexander 1 
“Land is an island, linked to the mainland only by floating 
ice in & more than three times the length of Long 
Talang 

Dr. Eklund reoeived international recognition for his 
work as an explorer and scientist. Recently he had 
returned from Paris, where he was an official = 
tative of the Committee on Polar Research of the United 
States National Academy of Sciences. He was a member 
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of the Explorers Club and was founder and first president 
of the Antarctican Booiety in Washington, D.C. 

Dr. Eklund will be missed by his many friends and 
colleagues. He was one of the rare men who had no 
enemies; he had a great sense of humour and a kind 
attitude to his fellow man which made him a valued 
companion. 

He is survived by his widow, Harriet, and two daughters, 
Linda and Signe. KAARH RODAKHL 


i Mr. N. M. H. Lightfoot 


NicHonAS MORPETH HuroHiNSON LIGHTFOOT, principal 
of the Chelsea College of Science and Technology, died 
November 20 at the age of sixty. Lightfoot was educated 
at Jarrow Grammar School, Oo. Durham, proceeding 
from there by scholarship to Jesus College, Cambridge, 
to read mathematics. During 1929-48 he served on the 
mathematics staff of the Heriot-Watt College, Edinburgh, 
first as lecturer and later as head of the Department. In 
1943 he was appointed principal of the South-East Essex 
Technical Oo He moved to Chelsea in 
1950, where he was principal until his death. 

At the inning of his career he published pe 
the mathematical of oooling steel, but later 
primarily a teacher and then administrator. 

During his long service as principal, first ab Dagenham 
and later at Chelsea, he played an active part in matters 
concerning technical education and was elected president 
of the Association of Principals of Technical Institutions 
in 1955-56. He also served on the National Council for 
Technological Awards, the Parliamentary and Boientifio 
Committee and the ional Advisory Council. 

His period as principal at Chelsea was marked by rapid 
developments in the as the result of the 
of status to a Oo of Advanced Technology, by which 
the old Chelsea Polytechnic became the Chelsea College 
of Science and Technology. This change ired impor- 
tant decisions as to the direction for the fature of 
the College. Up to the time of designation as & college 
of advanced technology, the Oollege been providi 
courses mainly for internal degrees of the University o 
London in science and pharmacy. Unlike all the other 
colleges of advanced technology, there was no school of 
engineering. It was chiefly as a result of Lightfoot’s 
’ deliberations that the College continued to provide courses 
suchas were traditional, but to develop research and 
postgraduate courses of an applied nature. Because of 
this decision, Ohelsea College a higher percentage of 
postgraduate work than any other college of advanced 
technology despite limitations of space. In this 
way, Lightfoot felt the Oollege would play & proper 
part in its new capacity. 

As a man, Lightfoot was quiet and retirmg in his 

extremely 


on 


behaviour. In all that he did he was oon- 
Boientious with a eye for detail. He came to a 
decision only after mature thought, but once he had 
made up his mind he went ahead with determination. He 
was a man of the highest integrity and because of this 
his staff knew that he could always be trusted. Likewise, 
he never interfered with his heads of Departments, 
leaving it to them, as experts in their own particular 
flelds, to run their departments in their own way. In his 
unobtrusive way he haa left his mark on the College and 
he will be sadly missed. 

Lightfoot's death came tragically soon after that of his 
wife in December 1961, and our sympathies go out to his 
only daughter in losing both her parents in so short a 
time. : O. O. HuwrecHWuL 


Mr. E. C. Stubbens 


Enxmer CHARLAS STUBBESNS, who died on November 16 
at his home in Shelford, was born in Cambridge on May 3, 
1899. He began a lifetime devoted to the scientific 


20 


Instrument Vidnstey with an apprenticeship to the 
Cambridge Instrument Oo., which he entered in 1913. 
After two years in the armed forces in the First World 
War, Mr. Stubbens spent four years with British Thomson- 
Houston Ltd. in Rugby but took an early opportunity of 
returning to his native city when he was appointed chief 
inspector with Pye Radio Ltd. in 1928. 

In August 1984 Mr. Stubbens jomed Unicam Instru- 
menta, the n5w en: ise started a few months earlier by 
his brothers, the late Mr. Sidney Stubbens and Mr. John 
Stubbens, who is the present head of the model shop at 
Unicam. Pioneer conditions made it possible—easential 
even—for “E. C. 8." to show his many talenta, and he 
served his new company in several capacities before 


finding his true métier when, during the Second World .: 


War, he took charge of produotion at the London Instru- 


‘ 
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Ni 
ment Co., seconded to Unicam for the duration. At the 
end of hoetilities he returned. to the main Unicam factory 
as works manager and began the happy association with 
up D ML iR 
en 
He held strongly to the belief that efficiency is closely 
related to congenial working conditions and set himself 
to create both, as much by his personal example as by his 
executive activities. His success contributed to the 
major expansion of Unicam in recent years. lively 
interest in the welfare of his staff found expression 
in his work as chairman of the Company’s Sports and Social 
Club, to which he devoted his time and energies in full 
meesure. - 
Mr. Stubbens leaves a widow to whom his many friends 


extend thejr profound sympathy. 


NEWS and VIEWS 


Soll Mechan!cs at Manchester: Prof. P. W. Rowe 
Ds. Warme Rowa, at present reader in soil 
mechanics in the University of Manchester, has béen 
granted the status of professor of soil mechanics at that 
University. Dr. Rowe went with & Merchant Venturer 
from Bristol Grammar School to the Univer- 

sity of Bristol, where he graduated with first class honours 
in civil engineering in 1942. After three years as a junior 
scientific officer at the Royal Aircraft Establishment, 
Farnborough, he joined Bir Robert McAlpme and Bon, 
Ltd. In 1947 he was appointed lecturer in oivil engineering 
at University College, Dundee, where he conducted 
research on anchored sheet pile bulkheads, for which he 
was awarded the of Ph.D. Dr. Rowe went to 
Manchester in 1952 as a lecturer in engineering and was 
promoted to a senior lectureship in 1954. He was awarded 
the degree of D.80. in 1956 and was appointed reader in 


soil mechanics in 1958. He has organized in Manchester . 


short postgraduate courses in soil mechanics which have 
attracted senior workers from many parte of the Unrted 

and abroad. He has lectured widely in the 
United States and at international conferences. 


Genetics at Liverpool: Prof. P. M. Sheppard 


Dz. P. M. SHHPPARD, reader im genetics at the Univer- 
sity of Liverpool, has been appointed to the newly estab- 
lished chair of genetics at that University. Dr. 
who is forty-one years of age, was educated at Marl- 

College and at Worcester College, Oxford, where 
he graduated with honours in zoology in 1948, and was 
awarded the degree of Ph.D. in 1951. From 1951 until 
1956 he served as a research afficer in the b of 
Geology and Comparative Anatomy at the University of 
Oxford. During 1954—55 he held a Rockefeller fellowship 
and worked at Columbia University, New York. He was 


inted a senior lecturer in ios at the University 
Gf Liverpool i in 1956 and a in 1959. Dr. Sheppard 


has served on the Committee of the Genetical Society of 
Great Britain and has worked extensively in the fleld of 
natural selection and heredity. He is especially interested 
in the genetics of butterflies and moths. 


. Signals Research and Development Establishment, 
Christchurch, Hants: Mr. R. J. Lees 
Mr. R. J. Luma has been appointed director of the 

Signals Research and Development Establishment at 

Christchurch, Hants, in succession to Mr. R. V. Whelpton. 

Mr. Lees, who is at present head of the Instrumenta and 

Air Photography Division of the Royal Aircraft Estab- 

lishment, was born in 1917. He joined the T'elecommuni- 

cations Research Establishment, Malvern (now the Royal 

Radar Establishment), in 1989, where he remained until 

moving to his present poet at tho Royal Aircraft Estab- 


anne in 1959. While at Malvern he was Neti oon- 
cerned with work on guided missiles, being superintendent 
of the guided weapons section in 1951. In 1953 he was 
appointed superintendent, experimental physice, in 1955 
director of scientific research (guided weapons), and in 
1956 head of airborne radar at the Royal Radar Estab- 
lishment. 

Ministry of Aviation Sdence Officers In Industry 


Iw a written answer in the House of Commons on 
December 10, the Minister of Aviation, Mr. J. Amery. 
stated that in the past ten years applications to take up poete 
with mdustrial firms had been approved from one senior 
principal scientiflo offloer, one principal scientific onon 
four senior scientific offloers, three senior experimental 
officers, two chemists and nine engineers. Mr. Amery 


potential value to industry, and that it had been the 
object of successive Ministers to ensure that, while 
industry. was not denied the services of some very able 
people, nor they themselves the chance to make a new 
career, this fruitful exchange should not be allowed to 
influence the placing of contracta or to lead to favours 


being sought or given, 
Grants for Education Research In Great Britain 


In a written answer in the House of Commons on 
December 11, the Minister of Education, Sir Edward 
Boyle, listed grants totalling £188,000 for the financial 
year 1962-68 made or approved under the Eduoational 
Services and Résearch Regulatiohs, 1946. Besides £58,000 
over five years to the National Foundation for Educational 
Research for a study of the effects of streaming in primary 
schools and £21,000 over three years to the same Founda- 
tion, as well as £20, aids for & four-year study of the merita 
of block- and da include: £20,000 to the 
Brunel Oollege of ecb Technology for a five-year study of the 
learning of intellectually complex material; £18,000 to 
the Department of Education, Sheffield, for a three-year 
project on programmed ing; £15,000 to the Educa- 
tional Foundation for Visual Aids for the audio-visual 
aids tal development’ unit; £10,000 to the 

t of Bociol Manchester, for & four-year 
study of the effects di hom life on school performance ; 
£6,000 to the Department of Education, Birmingham (in 
association with the Department of English, Leeds), for a 
three-year project of oral English testa in the Certificate 
of Secondary. tion; £5,000 to the Department of 
Education, Swansea, for a three-year study of teaching 
educationally sub-normal children. Granta totalling 
£46,800 for special education services inalude £14,500 to 
the Oentral Bureau for Educational Visita and Exchange, 
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£14,000 to the National Council for Diplomas in Aft and 
Design, £6,500 to the National Council for Technological 
Awards, and £4,000 to the Field Studies Council. 


British Space Research In 1961-62 

Barren activities in space ‘research in the year ending 
in May, 1962, are described in the Untied Kingdom Report 
for 1961 to the I.0.8.U. Committee on Space Research sub- 
mitted by the British National Committee on Space 
Research to the fifth meeting of the Committee on Bpace 
Research in Washington during April 30-May 9 (Pp. 23. 
London: The Royal Society, 1962). The report gives & 
good summary of the varied investigations m progress, 
which are claserfled under the following headings: tracking 
and date recovery; atmospheric structure and composi- 


tion; ee eee and the ionosphere; geomagnet- 
ism; orbi analysis; micrometecrite studies; coamic 
radiation ; ic radiation and astronomy. 


electromagneti 

There is also a selected list of more than seventy British 
papers published in late 1960 or 1961 on these and related 
subjects. The most striking event of the year under 
review, however, came at tbe very end, with the launching 
` of the first Anglo-American satellite, Ariel 1, on April 26, 
and the booklet includes a photograph and cutaway 
drawings of Ariel. An appendix gives details of the 
experiments to be flown in the second Anglo-American 
satellite, which is to measure galactio noise, atmospheric 
ozone and the flux of micrometeorites. 


Uniform Time and Constant Frequency for the Year 1963 
ForrowriNG the decision of the International Committee 
of Time at Berkeley, in August 1961, and the general 
assembly of the Union Radio Scientifique Internationale 
at London, in September 1960, and the Study Group VIT 
of the Comité Consultatif International "Télégrephique in 
Geneva, during May 1962, the International Bureau 
of Time consulted the observatories which have cesium 
atomio resonators with the view of comparing their 
astronomical observations. It has now calculated the 
nominal value of the frequency to transmit during the 
year 1968 as — 180 x 10-1* with regard to the soale of time 
such that the frequency of cæsium has the value: (Cs) = 
9,102,081,770 c/s. The value indicated will not 
during the course of 1968. It is the same aa the 1962 value. 
The International Committee of Time, the Union Radio 
Scientifique Internationdle and Study Group VII of the 
Oomité Consultatif International TAldégraphique recom- 
mend, that the value of the indicated by the 
International Bureau of Time be utilized by the organ- 
izations desiring to transmit uniform time and constant 
frequency. t 


Personnel Management ] 

Ax important development in the activities of the 
Institute of Personnel Management as shown in its 
annual report for 1961-62 is the increasing attention ii is 
now giving to overseas contacts (Pp. 28. London: In- 
"stitute of Personnel Management, 1962). Among the 
projects the Institute will undertake durmg 1968 to 
celebrate ite jubilee is the foundation of a senior lecture- 

in industrial relations at University College, Ibadan, 
in Nigeria. The Institute already has about 600 overseas 
members, and during the past year the Institute’s officers 
have visited several countries including India, Cyprus and 
been strengthened durmg the year, these having been 
stimulated by Britam’s possible entry into the European 
Eoonomio Community. European salary structures 
featured at the Institute's Conference in May, and labour 
relations in the European Economic Community were 
discussed at the South-West Regional Conference in 
April. At the end of June, & two-day meeting of chief 
personnel managers from West Germany and Britain was 
held in London and it is to hold a similar meeting 
in Germany in 1968. Te june cung no paled by 
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the Organiza’ tion for European Co-operation and Develop- 
ment to discuss the formation of a Europeen Personnel 


Careers in Blochemistry 
Tra Biochemicél Society has ublished a revised ver- 
sion of the booklet Careers in Brochemasiry. Tt starta by 


be very 


This booklet should 
i ing up bio- 


girls considering taking 


o6 2s. post free, from the Administrative 
Secretary, the Biochemical Society, 20 Park Crescent, 
London, W.1 


National Museum of Wales 

For the first time in thirty years, extensions are being 
built for the National Museum of Wales, and a public 
appeal for at least £150,000 towards the oost has been 
launched. The Museum at Cardiff is lees than half com- 
plete, and the present collections have outgrown the 
space available in which to exhibit them. Congestion is 
especially severo at the Welsh Folk Museum at Bt. Fagan’s, 
and in the Welsh Museum's School Service. The building 
of the new wing has been authorized by the Government 
and the Treasury will meet 90 per cant of the cost. It is 
hoped that the appeal to the public will be successful— 
£91,697 was received before launching it. 


original 
gener of fhe Museum of -Appiod rui ne 
Sydney, for the year ended 31, 1901, is & 
: Museum of 


; &nd secondly, that during the 
special efforts were made to attract 
more organized ies from secondary schools. Ib was 
also in 1961 that Royal Assent was given to an Act 
which altered the name of the institution from Museum 
of Technology and Applied Science to Museum of Appli 

Arts and Sciences. ization of the tition 
staff has permitted & greater degree of specialization 
according to special qualifications and talents. This has 
resulted in the formation of the nucleus of a design 
section, charged with the task of design in general as it 
affecta museum activities of any kind and of co-ordinating 
the various contributory skills, for example, artist, ticket- 
writer, carpenter or painter. The chief event of the year 
in the exhibition galleries has bean the re-display of the 
arms and armour collection. 


Assoclated Electrical Industries’ Electron Microscopy 
Assooratap Electrical Industries’ first scientiflc film, 
Electron Mioroscopy, which received four awards at tho 
second International Industrial Film Festival in Turin in 
1961, has now received the Nikola Tesler gold medal. 
This was the premier award at the third International 
Festival of Saientiflo and Technological Films in Belgrade, 
Yugoslavia. Electron Microscopy shows the principles, 
construction and operation of the electron microscope and 
the techniques of preparing specimens. A number of uses 
of the machine in research and industry.is demonstrated, 
ing the application of the image intensifler. Tho 
latest scientific film to be made by Associated Electrical 
Industries, Analysis by Mass, has been selected for show- 
ing at the annual meeting of the American Association for 
the Advancement of Science in Philadelphia at the end 
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U.S. Television ‘Journal’ for Sdence and Engineering 
Soienss 


fio Information Notes for October-No mber 
1962 (4, No. 5), issued by the National Soiance Foundetion, 
notes that tho Foundation is supporting an experiment in 
the use of television as a medium for communication from 
scientists to scientists. The experiment is being adminis- 
pei Ein by tbe American Association for the Advancement 

*aienoe, and, with the co-operation of several scientiflo 
societies, is being developed as a television series to funo- 


fessional level. The Foundation is rting & 
PRI IEEE 
of use of scientists. or ae 


Twentleth Anniversary of the First Nuclear Reactor 


Tum International Atomic En Agency has issued a 

ae ET un d. thsi (oue Qo twentieth 
o nuclear i iti 

Rk Desa 2 1945 reactor critical 
gen of the Agency, Dr. A. S. Eklund, is fo 
articles by L. Meitner on roads to the disco Ss Mord 
energy ; Dr. O. Hahn, on E. Fermi and uranium fleaion ; 
B. K. Allison, on initiation of the chain reaction; G. T. 
Seaborg, on the first nuclear reactor, the production and 
chemical extraction of plutonium ; Sir John Cockoroft, 
on the early days of the Canadian and British atomic 
energy projects; B. Goldschmidt, on France’s contribu- 
tion to the discovery of the chain reaction; V. B. 
Emelyanov, on the first atomio reactor in the U.8.8.R.; 
H. DeWolf Smyth, on the publication of the Smyth 
Report; E. P. Wigner, on the &nniversary of the flrst 
reactor; J. A. Wheeler, on ‘Fission Then and Now”; 
G. de Hevesy, on the reactor and tho production of 
ipotopes ; L. Fermi, on some personal reminiscences; O. 
Allerdic and E. R. Tragenell, on the first atomic pile. 


Wilitam Dampler 


Eee account an piod of Dampier as explorer, 
and scientist prepared by J. O. Shipman, 
of the University of Kansas (University of Kansas Pub- 
ri ux a pM No. 15: 7 pier : 
oarhan-Soianiist. - 68. Lawrence, Kansas: University 
of Kansas Libraries, 1902. 1.50 dollars). Shipman 
describes Dampier's voyages around the world, the many 
plante and animals attributed to him, as well as his many 
observations in Oceanography. The book provides a 
valuable supplement to the larger existing works. 


Antl-knock Efficiency of Methylcyclopentadlethy| Man- 
ganese Tricarbonyl 


A. Girelli and O: Orlandi have studied the knock rating 
of _ Methyloyclopentadiethyl manganese tricarbonyl (1), 
using that compound alone or in conjunction with tetra- 
ethyl lead (2), in eight normal uction oil fuels from 
Italian refineries, each being of different chemical oom- 
position. The resulte of their investigations were given at 
the ninth National Congress of Chemistry, held in çon- 
junction with the Swiss Chemical Society, at. Naples, 
during May 27—Jume 2, 1962, and summarized in La 
Rivista det Combustibili (10, 9; September 1962). Their 
findings are significant. With straight-run, paraffin-bage 
es Se qur ae inareasos more with addition of 

than o » giving same concentration of grammes 
of metal per litre. Much the same is found in petrols 
produced by ‘cracking’ processes: for the same metal 
content the octane number rises more with (1) than (2). 
With increase of aromatic content in the distillates, how- 


ever, the effect of additive (1) becomes leas progressively ` 


compared with the more commonly used tetraethyl lead. 
Carrying the research a stage further, the authors tested 
the anti-knock behaviour of both (1) and (2) in com- 
bination added to the same series of petrols. They found 
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that the synergic effect of this procedure was groatest in 
the paraffin-base petrols and decreased in proportion to 
rise in aromatic content. The chain of chemical reactions 
involved in these i is complex, but it is 
believed that the behaviour of (1) in the preeenoe of (2) 
in the varying types of petrol used is due to the retarded 
action of (2) compared with (1). This can be explamed 
by assuming that the reactive compound (1) in the form 
of manganese oxide precedes the influence of the lead 
oxide in (2) in the course of the combustion process. It 
is argued that, in consequence of this preference, the role 
of compound (1) is such that it breaks the chain of 
reactions “. . . which, in the presence of (2) alone, would 
appearance of the active form". These results apparently 
are in agreement with those of other workers on this 
problem and would seem to establish the fact that the 
anti-detonating efficiency of the manganese compound in 
light petroleum distillates, compared with tetraethyl lead, 
must now be reckoned with in modern refinery projects. 


Gerontology In the United States 


Tenn brochures reviewing different aspects of research 
programmes in ageing conducted and supported by the 
National Institutes of Health during 1961 have been 
issued by the U.S. Publio Health Service. The publics- 
tions are prepared annually by the Centre for Ageing 
Research. Research Highlights in Ageing prosents a 
review of a selected number of scientific papers on research 
in ageing, ranging from fundamental studies in the 
biology of ageing to studies concerned with the physical, 
psychological and social problems of agemg people 
(Publication No. 921. Pp. v+29. Washington, D.C.: 
Government Printing Office, 1962. 20 cents). Actwitres 
of the National Institutes of Health in the Field of Geron- 
tology lista research and training grants either primarily 
or secondarily related to ageing (Publication No. 935. 
Pp. vii--47. Washington, D.O.: Government Printing 
Office, 1962. 35 oente). In each category the grants are 
classified under general headings and under such special 
groupings as physiological and biochemical aspects in 
ageing, psychological aspecta, social 
processes. The third brochure, 
Ageing, briefly summarizes the research programmes at 
the National Institutes of Health in this field as well-as 

rogrammes at other institutions where the National 
Tnstitu tes of Health grants are sponsoring research in 
tho i ing medical, social, economic, physiological 
and psychological problems associated with the ageing 

(Publication No. 939. Pp. v+17. Washington. 

.0.: Government Printing Office, 1962. 15 oenta). 
Single copies of the pamphlets are available from the 
Centre for Ageing Research, National Institutes of Health. 
Bethesda 14, Maryland. 


Animal Health Yearbook 


Tue Animal Health Yearbook is issued jointly by the 
Food and iculture Organization, United Nations, the 
World Organization and the International Epiroo- 
tios Office, Paris. The 1961 issue provides tabulated 
statistical information concerning farm animals, including 
birds, in the countries which fall within the activities of 
these international bodies, this bemg the major portion 
of the text (Pp. 315. Rome: Food and Agriculture 
Organization, 1962. 15s.). There are brief accounts of 
five important laboratories which deal with matters that 
concern the disease problems of these countries in so far as 
they have, to that extent, application to their own 
countries (the Republic of South Africa, the United States 
and Britam). In addition, there is a brief account of 
the operations of the Inter-African Bureau of Animal 
Health in Kenya. This is a publication for the senior 
administrative office of a veterinary service, for veterinary 
libraries and other organizations interested in animal 


NAT 
health, as well as for general workers in the interests 
covered by ita contents. There is a mass of information 
about present-day affairs not available elsewhere as & 
whole within one book. In such a compendium the 
accuracy of figures may vary from country to country. 
The figures given could not be obtained elsewhere, except 
by laborious inquiry or search from a number, a very 
large number, of sources. To provide such a mass of 
information within & reasonable space, a very elaborate 
system of notation is used, this in itself requiring to be 
used when gleaning the data provided. There is an 
elaborate and useful mdex. The whole of the book is 
printed in three languages—English, French and Spanish. 
Fertilization In Farm Animals 


J. L. Hanooox, of the Animal Breeding Organization, 
Edinburgh, has reviewed fertilization in farm animals 
(Animal Breeding Abstracts, 80, 285; 1062), and dealt with 
some 200 references of recent years. The text covers 
“Physiological Aspects of Fertilization’? (duration of 
œstrus, time of ovulation, site of fertilization, time taken 
for to reach site of fertilixation, numbers of 
spermatozoa at aite of fertilization, functional life-span of 
spermatozoa in the female tract, functional life-span of 
the ovum, penetration of ova, morphological changes pre- 
ceding and following fertilization, changes in unfertilized 
ova, criteria of fertilization, anomalies of fertilization), 
“Failure of Fertilization” (failure of pam transport, 
defective gametes)'and ‘Fertilization in Hormone-treated 
Females” (fertilization $^ vitro after ovum transfer, 
selective fertilization). Hancock emphasizes that basic 
information on the physiology of fertilization in animals 
is derived largely from studies of small laboratory 
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Courses In Research and Development 

Taa Comperative Administration Trust is organizing 
practical courses on ‘Administration and Management of 
Research and Development” in collaboration with Brook- 
lands Technical College, Weybridge (January 14-February 
8), Gonville and Caius Co Cambridge (July 14— 
August 9), Queen's College, ord (September 1—28), and 
Sundridge Park Management Centre, Bromley (November 
lO-Deoember 7). The courses will be open to those with 
science or engineering degrees or equivalent qualifications, 
and are aimed at improving the practical effectiveness of 
those engaged in administration and management of 
technical work in industry, in industrial research aseocia- 
tions or publicly sponsored research establishments. Forms 
of application and further information can be obtained 
from the ve Administration Trust, 80 St. 
George Street, over Square, London, W.1. 


Nato Advanced Study Institute on Palgoclimates 


AN Advanced Study Institute on Palsoclimates will be 
held under the auspices of the Northern Atlantic Treaty 
Organixation’s Science Office at King's Oollege, Newoastle 
upon Tyne, during January 7-12.. The programme has 
been divided into eleven sessions dealing with: the 
rere significance of coal; Cretaceous and 

ertiary aarp ; paleontology and logy; 
palæontology; glaciation; Ho-Oambrian iation and 
Devonian climate; deserta and i aspects; 
evaporites; Permian climate; soils; meteorological as- 
pecte. The director of the Institute is Prof. 8. K. 
Runcorn, head of the Physics Department, King's 
College. Further information can be obtained from the 
organizing , Dr. A. E. M. Nairn, Nato Advanced 
Study Institute on Paleoclimates, King’s College, New- 
castle upon Tyne. 


The British Society of Acoustic Technology 


Unpae the directions of committee of representatives 
from universities, local government, industry and the 


` of 
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Royal College of Advanced Technology st Salford, and 
o 
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be formed. A programme has been which includes 
both lectures and visits; topics which the Society will 
consider in the first half-seesion in January) 


excessive or particularly , m 
of noise-levels and the ign of lightweight partitions 
interided to reduce noise. The-inaugural meeting of the 
Society will bə held on January 17 at the Royal Co 
of Advanced Technology, Salford, when Prof. E. J. 
Richards, of the University of Southam will give an 
address on “Future Problems in Noise tement”. The 
joint honorary secretaries of the Society are Dr. P. Lord, 
the t of Pure and Applied Physics, 
Royal Oollego of Advanced Technology, Salford, and 
Dr. H. D. Parbrook, of the Sub-department „of 
Acoustics, University of Liverpool. Further information 
ing the inaugural meeting can be obtained from 
Dr. Lord. 


Announcements 


Sra Jom WorrENDHN, vioe-chanoellor of the Uni i 
of Reading, has been appointed to succeed Bir 
Murray as chairman of the University Grante Com- 
mittee. Sir Keith Murray will relmquish tbe poston 
Septamber 30, by which time he will have served for ten 
years. 


Dr. R. FaAxxLYN Morais, of tho Federal Department 
of Forestry, Fredericton, New -Brunswiok, has been 
awarded the first Gold Medal of the Entomological Society 
of Canada for his work in the field of insect population 

i a DR Morea Nu as provided. ac siendo 
basis for attempting the control of budworm. 


M. S. Moes has been appointed to take charge of the 
Animal Health Trust’s forensio laboratory at the Equine 
, Research Station, Newmarket. Mr. Moss has been & 
member of the Metropolitan Police Laboratory, New 
Scotland Yard, where he has investigated the techniques 
of extraction and identification of The forensic 
laboratory at the Equine Research Station has been estab- 


. lished to implement some of the recommendations con- 


tamed in the report of the committee, under the chair- 
manship of the Duke of Norfolk, which inquired into 
the question of ‘doping’ of racehorses. 


Tun British Association for Commercial and Industrial 
Education is o: ixing & special conference to consider 
the White Papér (Cmnd. 1892) Industrial Training : 
Government Proposals, which will be held at the Grand 
Council Chamber, Federation of British Industries, 21 
Tothill Street, London, 8.W.1, on January 15. Further 
information can be obtained from the Conference Secre- 
tary, BACIE, 26a Buckingham Palace Road, London. 
8.W.1. ^ ; 


A wuHrING of the Systematics Association on ‘Tho 
Place of Taxonomy in the Teaching of Biology" will be 
held in the Department of Botany, University of Birming- | 
ham, on January 26. Further information can be obtained 
from the Honorary Botanical Secretary, the Systematics 
Association, o/o British Museum (Natural History), Crom- 
well Road, London, 8.W.7. 


“Tua Role of Ohamioal Engineering in the Space Age" 
is the title of a lecture to be given by Prof. Ju Chin Chu, 
eesor of chemical i I at» thə Polytechnic 
i of Brooklyn, at the Geological Society, Burling- 
ton House, London, W.1, on January 28. The lecture is 


being organized by the Institute of Chemical Engineers, 
and information can be obtained from the General 

of the Institute, 16 Belgrave Square, London, 
8.W.1. : 
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GOVERNMENT SUPPORT FOR UNIVERSITIES AND COLLEGES IN 
GREAT BRITAIN 


OLLOWING last year’s precedent, the University 

Grants Committee again prefaces ita annual returns 
from universities and colleges in Great Britain in receipt of 
Treasury grants for the academic year 1960-61*, now 
covering 22 universities and 8 colleges, with an introduo- 
tion which in effect amounts to an interim report. This 
note refers to the establishment of an ad hoc advisory 
panel to deal with proposals for the development in the 
universities of studies in teaching English as a second or 
foreign language. Four universities have already initiated 
such studies and other universities have put forward 
proposals, but the rate of expansion is severely limited by 
the shortage of trained teachers and for the first years of 
in the four universities where the studies are already 
established. Financial provision of £10,000 in 1962-68 
rising to £70,000 in 1966-67 has been earmarked for these 
developmenta, 7 

The University Granta Committee has also earmarked 
' agum of £560,000 in 1962-68, rising to £640,000 in 1966-67, 
for support of research projects from which the Research 
Councils are withdrawing support at the end df the current 
quinquennium but which the universities consider impor- 
tant enough to be given priority with, or immediately after, 
existing commitments ahead of any new developments. 
Following acceptance of the recommendations of the 
Hayter Committee on the further development of Oriental, 
Slavonic, East E and African Stadice, involving 
expenditure rising from £120,000 in 1962—63 to £290,000 
in 1966-67, an interim scheme for the award of special 
postgraduate scholarships to commence in October 1962 
has already been adopted. Discussions are already pro- 
ceeding with the universities on the further allocation of 
these funds and nine centres for area studies have already 
been selected. Fourthly, the Committee has earmarked 
special funds, rising from £185,000 in 1962-68 to £750,000 
in 1966-67, for the development of dental schools, both for 
teaching and research. Whia will permit the dates ef 
dental students being raised, as requested by the Govern- 
ment, from 620 to 940 a year. 

The University Granta Committee is also een] 
with the universities the meeting of two other natio 
neede brought to ite notioc. First, the Government 
requested the Committee to consider the possibility of 
increasing the intake of the medical schools by 10 per oent 
above the level recommended by the Willink Committee 
and in the initial discussions it was assumed that the 
recurrent grants for 1962—67 would allow for a reasonable 
development of the medical schools. Following the 
Government's rejection in March of the Oommittee’s 
recommendations for recurrent grants during that 

inquennium, further advice was submitted to the 

vernment in July. The new recommendations were 
acoepted by the Government, and, in addition to capital 
grants of about £100,000, recurrent granta for thia purpose, 
Mec ton £185,000 in 1962-68 to £245,000 in 1966-87, 
provided. 

The second matter was raised by the Foreign Office 
late in the year and relates to the further development of 
Latm-American studies, and a committee, with Dr. J. H. 
Parry as chairman, has been set to review develop- 
ments in the universities in the fleld of Latin-American 
studies and to consider and advise on proposals for future 
developments. The University Granta Committee also 


* Untversity Grants Committees. Returns from Untveratties and Unt 
et Pus ary Granis Academic Year 1960-61. 
1855.) Pp. xxlv--48. : ILM. Stationery Office, 1002.) 5e. 6d. neb. 


notes that, while the Bw aay originally put forward 
by the universities provi for the 500 additional places 
in University Departments of Education requested by the 
Ministry of Education for the next quinquennium, the 
funds made available under the Government's announce- 
ment last March fall ahort of the universities’ and the 
Oommittee's estimates of their needs. While the Oom- 
mittee makes no direct comment on this decision, it does 
not conceal ita concern at the probable consequences of 
the decision on standards of teaching and research in the 
universities or on the ability of the universities to provide 
the number of student places desired by the Government. 
There will clearly be little money available for other 
developments during the quinquennium and, small aa are 
the earmarked grante already mentioned, against this 
background the risk of distortion is greater. 

Assessment of the universities’ recurrent financial needs 
during the coming quinquennium was indeed the Commit- 
tee’s main concern during the year. In this connexion it 
points out that net expenditure on existing commitments 
is bound to increase, particularly in respect of salaries and 
building programmes, and it concludes that to meet 

isting commitments the universities as a whole would 
need a 3-5 per cent increase in grante over 1961-62 in 
1962-68 and 15-9 per cent in 1966-67. ` The Oommjttee's 
proposals contemplate provision of places for 151,000 
studente by the end of the quinquennium, an increase of 
$6 per cent over 1961. The calculations on which the 
Oommittee's report to the Chancellor of the Exchequer on 
the 1962-65 building e was based showed that 
if standards of mius dU dabei. raised, by 1966—67 at 
least, 180,000 if not 200,000 places migh 
those academically qualifled. Of the 80 pe 
to 144,500 students (compared with 111,100 in 1961-62) 
about two-thirds will take place in the pure and applied 
sciences. The respective percentages are: pure science, 
41-7; applied science, 60-4; medicine, 8:4; dentistry, 85:2; 
agriculture and forestry, 20-0; veterinary science, 19-7. 

For the rest, this general survey notes the establishment 
of a small ad hoc group to consider in principle and advise 
on the advantages which can be secured from a proposed 
grouping of postgraduate institutes and hospitals and 
their joint use of facilities. Furthermore, in view of the 
National Ooal Board's intention to reduce considerably 
ite demand for graduates in coal-mining and to oonoen- 
trate its assistance to university mining departments on 
five instead of nine, the University Granta Committee is 
participating in relevant discussions to effect this oon- 
centration without hardship to academic staff or studente 
concerned. The Board wishes to concentrate ita help 
in the mining departmenta of King's College, Newoastle 

Tyne, the University College of South Wales and 
Monmoathahiro, the University of Nottingham, either 
the University of Leeds or the University of Sheffield, 
and in one centre in Scotland. The question of academic 
salaries is discussed at some length (this and other finan- 
cial matters are considered on p. 1 of this issue of Nature). 

The number of full-time students in British universities 
increased to 107,699, compared with 104,009 in 1959-60, 
and of these 17,025 were in the Universities of Oxford and 
Cambridge, 21,995 in the University of London, 42,819 
in other ish universities, 6,431 in the University of 
Wales, and 18,529 in Scottish universities. There were 
11,608 students from overseas, 6,982 of whom were from 
within the Commonwealth, and 5,242 of whom were poet- 
graduate. Of the full-time students 27-4 per cent were in 
colleges or halls of residence, 50-7 per cert in lodgings 
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and 21-0 per cent at home; these figures compare with 
28-1, 40-9 and 31-0 per cent, respectively, in 1953-54; 
these proportions varied widely in different universities 
and for men and women. In Scotland only 9-6 cent 
of men and 20-0 per cent of women were in colleges or 
halls of residence, while 50-7 per cent of men and 45-4 per 
cent of women were at home. 

Of full-time men studente 25-4 per cent were in arta 
and 11-5 per cent in social studies; 25-5 per cent in science, 
19-5 per cent in technology and 11:5 per cent in medicine; 
for women the oo ding are: 52.7; 9-4; 
21:7; 1-8; and 11:2. Of those that were ‘full-time’, and 
apart from students engaged in research or other advanced 
work, 27,702 were m arta, 10,115 in social studies, 21,895 
in pure science, 18,597 in technology and 11,199 in medi- 
cme, the 17,886 advanced studente, 3,551 (2,198 
men) were i ie courses in teacher training ; 


8,826 of the others were in arte, 1,002 in social studies, 


5,058 in pure science, 2,628 in technology, and 1,077 in 
medicme. Of full-time students 84,999 were reading for & 
first degree, 3,958 for a first diploma and 908 attending 
courses not leading to & degree or diploma; the proportion 
of men (75-5 per cent) and women (24:5 per cent) was 
again little from 1938—39 (76-7 and 23-3 per cent, 
respectively). the 29,510 full-time studente admitted 
for the first time in 1960-61, 32-7 per cent were in arta, 
12-0 per cent in social studies, 20-4 per cent in pure science, 
15:1 per cent in technology and 8:8 per cent in medicine, 
and over the past four years inoreases in pure science 
2nd venhapleiyr baye beon aboni twice as great as in 
The proportion of assisted students was 82-4 per cent, 
as in 1959-60, which compared with 71-9 per cent in 
1958-54, ranging from 92-6 per cent in Wales, 89-2 in 
universities excluding those at Oxford, Cambridge 

and London, to 72:8 per cent for Scotland. There were 
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17,831 part-time students, 4,860 from overseas, and of 
theeo 13,478 were in English and 4,182 in Scottish institu- 
tions; 6,284 were in reeearoh or other advanoed 
work. Full-time ing and research staff, excluding 
Oxford and Cambridge, increased to 12,105 (11,474 in 
1959-60) and 25-7 per cent are now in science, 148 per 
oent in technology and 17-4 per cant in medicine. The 
of professors was 12-0, readers and independent 
ener 2f senior lecturers 12-8, and leoturers 47-7. 
Including Oxford and Cambridge the grand total was 
12,417. E ] 
Of the recurrent increase of £68,706,388 (£59,800,002 in 
1959-60), £48,899,076 (70-4 per cent) waa from Treasury 
ta, and £1,224,802 from grants from Government 
fepartmenta; £8,317,803 from foes (9-2 per cent), £1,963,347 
(2-8 per cent) from endowments, £1,577,564 (2-8 per oent) 
from local authority grants, £506,806 from donations and 
subscriptions, and £6,215,400 (9-1 per cent) from payments 
for research. It is expected that thé increase in students 
fees will provide & further £1-3 million or 1-7 per oent of 
total income in 1962-63. For English, Welsh and Scottish 
Institutions the totals are £55,506,780, £3,487,275 and 
£9,762,883, respectively. Non-recurrent Treasury grants 
amounted to £22,199,128, an increase of £2,346,881 over 
the previous year, and of this £14,576,504 was t on 
building work, £2,212,152 on professional fees, £4,123,907 
on furniture and equipment and £1,286,565 on site and 
property . Of the recurrent expenditure of 
£67,822,088—an increase of £9,317,916 on 1959—80—9-7 
per cent was spent on administration, 44:1 per cent on 
salaries and superannuation of teaching staff, 11:2 per 
cent on departmental wages, 14-1 per cent on departmental 
and laboratory maintenance, 8:3 per cent on repairs and 
maintenanoe-of buildings and 9-8 per cent on rates, 
insurance, heat, light, eto. diture on libraries, at 
£2.624.635. fell slightly to 3-0 per cent of the total. 


SCIENTIFIC RESEARCH IN NEW ZEALAND 


a Gece of the Department of Scientific and Indus- 
trial New Zealand, for the year ended 
March 81, 1962, includes the Minister's Statement, the 
report of the Council and the Searetery's report, as well 
as reports from the various Divisions of the Department, 
the ‘incorporated Research Associations and on 
aided research in the Oawthron Institute, Lincoln College, 
Massey College and the Industrial Development Depart- 
ment of the University of Canterbury*. Lista of pub- 
lications during the year are appended to these reports 
and to the whole is appended the fourth annual report of 
the Roes Dependency Research Committee. Tho latter 
records reconnaissance geological and mapping surveys 
of 27,000 miles in the Beardmore Glacier region, a 
unique of temperature gradients in Lake Vanda in 
the Wright valley, and a new study of ing, seals and 
marine biological problems in the MoM Bound area. 
The Council’s records the adoption by the 
Government of the ’s proposals for changes in the 
basis of support by State Departments of research ip the 
~ universities. Under these, State Departments will sponsor 
and provide funds for research unita in the univeraities in 
flelds of study deemed essential i the national interest 
and in which -an ing man is available in the 
university, enter into research contracts with the universities 


for specific research projects, and provide studentahips in 
flelds of science of special mterest to the oon- 
cerned. Meanwhile, the Department of Scientific and 


Industrial Research will provide funds for the establish- 


Reseaten for the Se St Mare gee us siticgton Govern- 
ment Printer, 1083.) (H.34.) QUSE i 


ment in 1962 of research units in agricultural economics 
at Lincoln Co and m molecular biology at the 
University of Au The Council has also considered 


the Auckland Industrial Development 
Laboratories and re-equipping the workshope of the 
Dominion Physical Laboratory and is negotiatmg with 
the University of Canterbury on tho future work of 
ita Industrial Devel Department. 

Of the total vote of.£2,192,000 in 1961-62, £225,000 
was spent on grants to other organizations. The total 
compares with an average of £1,895,000 over the three 
years 1958-61, which 0-149 per cant of the 
grow national product, compared with 0-134 per cent in 
1955-58 and 0-154 per cent in 1949-52. The total staff 
on March 81, 1961, of 1,148, including 422 scientific 
officers, increased to 1,170 by the end of the year, in- 
cluding 442 scientific officers. The Oouncil comments on 
the inadequacy -of the amount of capital available for 
renewal and purchase of scientific equipment and on the 
demand for research into an over-i ing number of 
fields. Grants to research associations in 1961-62 totalled 
£147,850, and to Canterbury and Massey Agricultural 
Colleges and the Industrial Development Department, 
University of Canterbury, £24,149, while the Common- 
wealth Agricultural Bureaux received £18,680 and the 
Oewthron Institute £12,400. ° 

Commenting on the economic value of the Department's 
research work, the Secretary in his report refers to the 
importante of the work done on the control of bloat in 
dairy oattle for which a cheap and efficient method has 


‘been found by spraying peanut oil and tallow on the 


pasture. The discovery by the Entomology Division that 


2 : 


small amounts of DDT give effective control of the 
grass grub has resulted in it being kept well under control 
in most parts of the country; as & pest, the grass grub 
has previously cost New Zealand some £6 million a year. 
Damage done by the white and the diamond 
black moth has been reduced to a low level by the intro- 
duction of their natural predators, and a safe and effective 
hormone— ide spray has been developed for control 
of grey mo or botrytis on tomatoes, while acceptable 
methods of spray application of diphenylamine have been 
developed which are expected to reduce soald of apples 
preti oi n uidi alm Bavings in thinning 

es, estimated at £20,000 a year, 
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called on to examine fossil pollen samples from ooal- 
bearing strata penetrated by the drills. Field trials have 
shown that the high-tem: Geiger tubes developed 
within the Institute of Nuclear Sciences can operate for 
long periods in the geothermal bores at Wairakei and that 
the counters can detect small differences in the radio- 
activity of the rooks and aid the correlation of the geo- 
logical strata from hole to hole. A design procedure that 
permits an estimate of the safety of any proposed building 
and its occupants if subjected to earthquake has now 
been devel: to an intermediate stage and resulta of 
the study of a number of standard buildmgs have been 
issued in a handbook. A method has been devised to 
assist the diagnosis of heart defects consisting of an 
abnormal connexion between the chambers of the right 
and lefb sides of the heart in which a sample of dye is 
rapidly injected into the blood stream at æ selected site 
and afterwards detected downstream from the injection. 
A detailed study of olay fractions from different horizons 
of 54 soils has been made with the electron microscope 
and by chemical and mineralogical analysis. Reported 
to be 
confined to soils with a very low absor sulphate 
content and a low absorption capacity, Bo that added 
sulphate is not retained in ition with phosphate, 
and when the two anions are together, as in super- 
piombata, the sulphate is rapidly leached from the soil. 
ork on cestrogenio substances in red and subterranean 
clover has confirmed that the activity of red clover can 
affect the reproductivity of grazing cows and has provided a 
basis for investigating the heritability of osstrogens in clover 
progenies. Bitter pit in Oox’s Orange and Golden Delicious 
apples has been reduced by calcium nitrate sprays. 


NOMENCLATURE OF ISOLATES OF VIRUS FROM TRACHOMA 


! 


JN ee ane Slows she (New York 
Academy of Sciences symposium on “Biology of 
the Trachoma Agent" in May 1961, an ad hoo committee 
was formed to try to establish a uniform system of 
nomenclature for trachoma virus isolations. The various 
institutions represented by the committee members are: 
Prof. .J. H. B. Gear, the South African Institute for 
Medical Research, Johannesburg; Dr. F. B. Gordon, 
Naval Medical Research Institute, Bethesda 14, Mary- 
land; B. R. Jones, Institute of Ophthalmology, London, 
W.O.1; Dr. B. D. Bell, jun., Harvard University School 
of Publis Health, Boston 15, Massachusetta (chairman of 
the committee). : 

At the eighth International Congrees of Microbiology, 
held during August 1962, the committee presented the 
views of Inajority of persons interested enough to 
communicate their thoughts on the subject. The final 
recommendations which were voted by those t at 
Montreal followed the system proposed by Dr. Lealie 
Collier in almost all respects The elemertts are as follows: 


(a) @) () - @ (9 

T. RIC[antigenio group/oountry or State/number/origin 

(a) The term TRIO refers to the trachoma-inclusion 
conjunctivitis group of viruses. $ 

(5) This spa would be lef blank or can be`filled in 
when this information is available. 

(c) The country or state from which this specimen was 
obtained is to be designated by the internationally re- 
cognized automobile plate letters, with such further 
geo hio designation as is necessary for clarity. 

( IER sete cad OEE L by 6 comical 


agency such as tho World Health ization, sequential 


AND INCLUSION BLENNORRHEA 


numbering following the country of origin is favoured. 
If no central agency is available, it was thought best to 
insert & designation before the number. 

(e) The origin of the clmical material would be inserted 
here as followa with the O or G optionally followed by a 
T, O or N:0 = from the eye, G = from the genrtal 
tract, T = diagnosis of trachoma, O = diagnosis of oon- 
junctivitis, N = diagnosis of ophthalmis neonatorum. 

The full designation of the G—1 strain! therefore would 
be: TRIO] /WAG/MRO-1/0T. WAG = West Africa 
Gambia, MRO = Medical Research Council. 

Similarly the nomenclature for fhe SA-2 strain’ 
ing acceptance of the immunological groups 
posed at present would be: TRIO/2/SAU/HAR-2/OT, 
SAU = Saudi Arabia, HAR = Harvard, and the strain 
of inclusion conjunctivitis? now called [0—Cal-1 would 

be: TRIO/ {OS A—Cal/Cal-1/ON. 

Whether or not strains already isolated should be im- 
corporated into this system is left to the individual 
laboratories concerned, but the ad hoo committees feels 
that in the mteresta of uniformity and ease of com- 
munication, it is desirable that all new isolates should be 

i designated by the above system ‘as from January 
1, 1863, onward. 


J. H. 8. Gaan 
\ F. B. GORDON 

B. R. JONES 
8. D. Barr, son 

1 Collier, L. H., and Sowa, J., Lanos, 1, 093 (1068). 

? Bell, jun., B. D., Snyder, J. O., and Murray, Xi. B., Sotenos, 130, 026 (1959). 

* Hanna, L., J., Jawetz, H., Vaughn, jun, D. G., and Th: 

P.. Solence, 1888, 1660 (1960) 
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INFORMATION IN BIOLOGY 


of the seminar on genetio 


results of the two laboratories. The genetic code, however, 
is nob yeb completely solved; many questions and some 
difficulties remain. M. Bretecher directed the attention 
to two sources of error: in many of the experiments from 
which the tentative code was derived the com- 
position of the synthetic polynucleotide was assumed to 
be the same as that of the mixture of nucleoside diphoe- 

used to make them. According to M. Bretecher 


rest on this that most 
of the polynucleotide added to the H. colt preparation is 
destroyed within a fow minutes; a small part only, which 
is bound to the ribosomes, remains and aote as the tem- 


have 


coding 
expect, for no known nucleic acid is as ricoh in U or T 
as would be & template ing to the propoeed 
oode, According to the O&mbridge-Paris group, poly- 
A-O, free of U, does stimulate the in tion of three 
amino-acids, indicating the existence of codons (a word 
proposed by Crick for coding sequences) which do not 
contain any uracil. The proper interaction of polynucleo- 
tides with the ribosomes may on the solubility 


of ammo- 


provided to it, is shown by experiments 

Conrat’s . Isolated tobaooo mosaic virus RNA 
added to Nirenberg’s system stimulates the Incorporation 
of amino-acids into protein material which oan be pre- 
cipitated with an antivirus serum. A fraction of this 
material closely resembles the coat protein of tobacco 
mosaic virus; by hydrolysis, it gives apparently the same 
peptides. This fraction, however, is not perfect coat 


rods as does the 
ly because the 


synthesis of other polypeptides besides that which 
resembles the coat protein, for the RNA stimulates the 
inoorporation into protein material of two amino-acids 
which are not found in the coat i It is indeed 


EAS infection. 


flistion; within each group, 
triplet is related to three others by a one-step mutation 

obtainable by de-amination. 
Tt is striking that all the transitions so far observed 
fall into three of the eight possible filiation groups. 
transitions is 


Unlees some restriction to the observable 


group (NH, or OH), either in position 2 or in position 6 of 
the io 


since in the member which codes according to ita posttion 
6, U is i to G and O to A, and in the member 
which i 


have the same ing as G and in another member U 
would be equivalent to C. Woese’s code fits rather well 
with the coding assignments of the E. coli system, and with 

isting replacement data. In an excellent discussion, 
F. Crick analysed the present state of the coding problem, 
concluding that the genetic code is bably universal, 
partly degenerate, that there is little, if any, overlapping of 
the codons, and that the codons may indeed be made of 
three nucleotides. 

The information coded in the template is read by 
transfer RNA. This is clearly proved by works done by 
F. Chapeville in F. Lipmann’s d ino bound 
to ita specific transfer RNA was ically changed into 
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either alanine or oysteio acid and the resulting product 
sseayed for ita transfer properties in & B. éol$ system 
programmed by poly-UG which normally stimulates 
cysteme Incorporation. The modified amino-acids when 
bound to oystein transfer RNA behaved like cysteine, 
showing that the positioning of an amino-acid on the 
template does not depend on the amino-acid itself, and 
that it is determined exclusively by the pripenas of the 
transfer RNA to which it is bound. By fractionating 
transfer RNA’s from E. coh, Bueoka showed the existence 
of more than one transfer RNA for certain amino-acids, 
for gxample, two each for Leu, Ser, Try, Asp, Glu, three 
for le. Moreover, resulta from S. Benzer’s laboratory show 
that the two separable transfer RNA’s specific for Leu must 
carry different reading sequences since one of them 
transfers Leu to UC polymers only, the other one to UG, 
not to UC; therefore, the two transfer RNA’s which read 
leucine are not interchangeable. The concept of degener- 
&oy will have to be reconsidered in the light of such experi- 
mente: the code is in this sense that one 
amino-acid can be coded by more than one codon, but 
if these different codons are nevertheless recognized as 
april bee ge system, the oode is not degenerate 
in the same sense as Woese’s code. Plurality, rather than 
degeneracy, is indicated by these resulta. It wil be 
interesting to know whether the different leucine residues 
of the same protein are coded by the same word or 
whether certain positions are coded in one language and 
others in the other. 

Certain mutanta oan be restored to an almost wild 
phenotype by mutations occurring far from the structural 
gene in which the original mutation occurred. Genetic 
studies on these ‘suppressor’ mutations provide extremely 
interesting data on the reading mechaniam. An example 
was presented by A. Garen, who studied mutants of the 
alkaline phosphatase cistron, which do not produce any 
cross-reacting material, and therefore do not 
pee any protein in place of the phosphatase in the 
ocus of which mutations occurred. It is assumed that 
the mutation in the phosphatase locus changes & codon 
into & nonsense triplet, with the result of blocking the 
synthesis of the phosphatase polypeptide. The synthesis 
of active enzyme with normal immunological properties 
can be restored by a ‘suppreasor’ mutation. This second 
mutation probably changes the structure of a transfer 
RNA in such & way that this RNA now reads the nonsense 
triplet as if it was a good codon. The function of the 
normal trangfer RNA which was changed by the mutation 
cannot be lost, otherwise the mutation would be lethal; 
on the other hand, the change in reading specificity 
should not cause too much damage to the other proteins; 
there aro several escapes to these difficulties. A misread- 
ing, anyway, is better than no reading at all, and this 
might justify the existence of several codons for the same 
amino-acid: the more there are of meaningful codons, the 
smaller are the cbances for a mutation to produce a non- 
sense triplet (of. Benzer). 

As an introduction to the next section of the discussion, 
F. Jacob briefly outlined the problem of transfer of 
information from the gene to the machine which makes 
proteins; he summarized his theory of mformation 
transfer and regulation and emphasized the support it 
receives from current works on short-lived RNA’s and on 
the Ni system. Jacob then raised a few questions 
which introduced the next papers: Do rapidly labelled 
RNA’s carry genetic information? What are the bio- 
chemical and physical properties of messenger RNA? 
At what level does regulation operate ? 

Rapidly labelled RNA now appears very heterogeneous 
in size. It is quite reasonable to assume that large 
messengers carry the message for long polypeptides. By 
combining chromatography and density gradient centri- 
fugation, R. Monier was able to resolve rapidly labelled 
RNA into several componente. Certain fractions have a 
sedimentation constant as high as 308; this corresponds 
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to rather big RNA molecules, than those of ribo- 
somal RNA, and large enough to code for several proteins. 
One wonders whether messages for several proteins can 
be delivered as & unit to the ribosomal machme, whether 
some RNA’s contain the information of a oom- 
plete operon. F. Gros showed that the activity of various 
RNA fractions when assayed in Nirenberg’s system 
depends essentially on their content in rapidly labelled 
RNA. Free ribosomal RNA is inert; it is not even attached 
to ribosomes. Another question is whether each molecule 
of messenger RNA is able to direct the synthesis of only 
COP COPY OE uet ea > Denes ab ae over ead 
over again. e differential effects of inhibitors on the 
synthesis of proteins and of measenger RNA in bacteria 
indicate that each molecule of messenger RNA oan function 
several times, perhaps 10 or 20 times before losing ita 

Evidence that the different genes of T, bacteriophage 
send their messages at different times after infection was 
pen ae t groups (R. Heasin and S. 

piegelman). Short of tracer were given at various 
times after infection, the labelled complementary RNA 
was isolated by hybridization with phage DNA; the 
RNA’s which are produced at various times after infection 
do not for the DNA, indicating that they corre- 
spond to di t regions of the DNA molecule. 

Another investigation by 8. Spiegelman concerns the 
fate of the infectmg RNA of & small RNA bacterio- 
phage. Phage RNA binds to the 80S particles and stays 
there for a long time without being degraded. The 
association between this RNA and the ribosomes is very 
stable even at low pe a um concentration. This is in 
sharp contrast with what happens when the same virus 
RNA and ribosomes are noted i vitro; association 
depends on high magnesium concentration, a large part of 
the RNA is destroyed durmg incubation and lowering 
the magnesium concentration resulte both in the separa- 
tion of virus RNA from ribosomes and in the dissociation 
of the ribosomes themselves. fpi also reported 
that this phage RNA causes the labelling of two proteins 
in the Æ. coli system. One of them is the coat protein; 
the function of the other one is not known. 

Tho series of lectures on information in protein synthesis 
was closed by a report by M. Beljanaki. In & soluble pre- 
paration from A. faecalis amino-acids bind to RNA’s 
isolated from ribosomes; the binding depends on the 
presence of nucleoside triphosphates; analogues of purines 
or pyrimidines interfere with this flxation. Under certain 
conditions, rather large free peptides are formed. 

M. Cohn very clearly summarized basic facte of immuno- 
logical response, the intricate problems they raise and the 
current theories, of which he considered only the genetic 
models. The specificity is assumed to reside in the 
genetic material, the antigen regulating the production of 
& specific antibody or selecting the antibody producmg 
system among the many existing potentialities. M. Cohn 
then summarized present knowledge on the structure of 
y-globulin as deduced from immunological, chemical and 
genetic studies. The structural basis of antibody activity 
was discussed by R. Porter; his approach may answer the’ 
fundamental question as to whether the specificity of 
antibodies reste on differances in amino-acid ence. 
Rabbit y-globulins appear to be made of two identical A 
chains, flanked by two smaller B chains. Papain splite 
the antibody into three fragments: one of them, which was 

i is made of a rather large piece of the double A 
chain; it does not carry iflo combming sites. The 
other two are probably identical to each other, each 
contaming one of the two combining sites; they are 
formed of a B chain associated with the remnant of an 
A chain. The B chain was isolated; by itself ib does not 
posseas binding . The fragment of A associated 
with B could not be studied easily because of a tendency to 
aggregate at neutral pH but such activity as survived the 
separation was always in the A chain. Comperable 
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studies by G. Edelman and B. Benacerraf on guinea pig 
antibodies indicate differences in electrophoretic mobility 
between the B chains of differant antibodies ; it would seem 
that B may take part in the specificity although it does 
not bind antigen when xi from A. The combining 
eee Ce ae ren dad 
f by the association of B with part of A. 

The amount of work presented and discussed at Royau- 
mont was so great that when the programme was half 
way through, it was realized that there was not enough 
time left for the second half. It was agreed that the 
discussion on information in embryology would be re- 
placed by two brief talks meant to state the problems 
and b perspectives. Thus O. H. Waddington 
essential problems of embryonic differentiation 
in terms of the mechanisms which control the synthesis 
of specific proteins. Experiments on nuclear transplanta- 
tion and other lese-direct evidence indicate that differen- 
‘tiation does not necessarily depend on permanent genetic 
changes; differentiation must involve switching on or off 
whole batteries of genes. Obvious questions occur: how 
are genes co-ordinated ? How rigid is this co-ordination ? 
What is the nature of ‘genotropic substances’, that is, 
of cytoplasmic substances which must control the activity 
of the genes? For if the cytoplasm in bacterial systems 
a ae ely adhe oe aan 

ogists view the cells and embryos as a much 

more involved system in which the cytoplasm exerts a 


this period of nsdn param 

protem and RNA synthesis are non-existent. Ribosomes 
isolated from eggs at this stage nevertheless incorporate 
amino-acids 9^ vitro; the inactivity of ribosomes 9^ vivo 
at that stage thus raises a clear problem of regulation. 
Hybrids between different species offer a means of study- 
ing the specific interactions between a genome and a 
foreign tytoplaam. Thus hybrids between frog and toad 
show a normal cleavage but are blocked precisely at the 
RNA metabolism in many nuclei of such hybrids is 
disturbed. 

After this glimpse over challenging problems facing the 
molecular biologist of to-morrow, the symposium turned 
to considerations on 16 structure and function, which 
were introduced by a brief report by R. Wurmser. The 
information content of an enzyme oan be looked at from 
different points of view. Considering only the specificity 
of enzymes toward substrates, one obtains a small amount 
of information; but if one considers the actual support of 
enxyme aotivity, the protein itself, and calculates the 
amount of information from the negentropy of such a 
structure as estimated from the possible permutations of 
the amino-acids, figures of the order of several thousand 
bite are obtained. The reporte and discussions which 
followed showed indeed that many structural features of 
the are i for enzymatio activity. 

B. Keil raised question as to whether the arrange- 
ments of amino-acids in protein obains obey certain 
rules. Common themes in amino-acid vicinity are 
obviously gonnected with function: thus the presence of 
aspartic acid close to the regctive serine is a common 
feature of esterases. Analogies of sequences between 
enzymes of similar function can also be recognized in the 
rest of the molecule, ‘although this requires much more 
faith or enthusiasm. The notion of an active centre 
comprised of a few chemical groups is too narrow and 
altogether madequate; the catalytic properties of an 
enzyme indeed depend on the rest of the protein as well 
ey ee ee 
paria of the protein. Activation i and of 
chymotrypsinogen are good examples. the active- 
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centre is created by a transition of the secondary and 
tertiary structures made possible by the rupture of one 
peptide bond. P. Deanuelle gave another example: 
lipases which are active on insoluble substrates only, as 
if adsorption at the interface would cause 4 

change noocesary for enzymatic activity to appear. J. Yon 
discussed factors fram which the activity o trypein may 
depend. A fragment of the trypsin molécule oontaining 
leas than one-third of the polypeptide chain can be 
isolated by pepsin treatment. It is enzymatically active, 
but its specificity is not as restricted as that of intact 


trypsin; it oan hydrolyse substrates of ch ypei 
beside those of trypsin. ptt eds ra 
“of trypsin becomes narrower in the presence of copper 
ions : activity on lysyl linkages is increased, whereas 
hydrolysis of arginyl linkages is inhibited. 


: the 
does not have the same affinity for a campetitive inhibitor, 
D-lactate, as the native enzyme. A very striking type of 
enzyme modification was discussed by G. Tomkins. A 
glutamio dehydrogenase wi & molecular weight in the 
into four molecules which have lost the ability of oxydixing 
giutamic acid, but which now possess all jhe properties 
of an alanine dehydrogenase. The type of chemical 
reaction catalysed is the same; but the substrate city 
of the enzyme depends on ita state of aggregation. 
of HeLa cells contain alanine deh’ , but no 

i P causea the 


aggregation of alanine deh n ON. 


i are also illustrated 


dicus nre e ies 
involved in the metabolism of camphor, the co-operation 
of two enzymes in a of Jactonization and the 


particular chain probably resta on effects of a comparable 
type. G. Cohen gave a few examples of feed-back regula- 
tory processes, with hasis on branched metabolic 
chains. The kinetios of inhibition of the controlled 
enzymes is not quite of the competitive type; the structure 
of the inhibitor is indeed very different from that of the 
substrate of the enzyme, hence the suggestion to name 
this type of. process ‘allosteric inhibition’. The sensitivity 
of enzymes to allosteric inhibition is often a very labile 
feature of thé enzyme protein; ib can be abolished without 
impairment of the catalytic activity of the enzyme. 
Beaide the catalytic site, there must be an allosteric site 
specific for the controlling metabolite. 

On the basis of these facts, J. Monod proposed a general- 
ization according to which induction and repression of 
enzyme. synthesis as well as feed-back inhibition of 
enzyme activity operate by allosteric action. A regulated 
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enzyme haa two sites: the enzymatic site and the allosteric 
site. Fixation of the regulating metabolite on the allosteric 
site alightly changes the shape of the protein and thus 
abolishes the activity of the enzyme. In the case of 
repreasion and induotion of protein synthesis, the repressor 
produced under the control of the regulator gene is now 
assumed to be a protein (the evidence in favour of its not 
being & protein was not very good, and in the case of a 
lysogenic system thero is now evidence that the repressor 
is probably a protein). The repreasor-protein is believed 
to possess two sites: one of them recognizes the operator 
and interacta with it, thus looking the operon; the other 
site can bind the inducer metabolite. When the inducer 
metabolite is bound, the repressor protein is slightly 
changed, it loses affinity for the operator and the operon 
unlocks; a repressor metabolite, on the contrary, Increases 
the affinity of the repreesor protein for the operator. 
This new hypothesis affords a simple model of action of 
the inducing or repreasmg metabolite and thus removes 
one of the greatest difficulties of the previous models of 
enzyme induction. It also introduces more unity since 
the regulator gene is now regarded as a structural gene 
which specifies the repreasor protein. The last day of the 
colloquium was devoted to a completely different fleld, 
namely, information in neurophysiology. A. Fessard 
gave & fascinating course on the mechanisms of brain, the 
nature of the messages, how they are processed and stored. 
He first outlined the several levels of organization: 
wiring diagram of neurones, neurone populations, cellular 
organization, syna membranes, macromolecular struo- 
tures. Hoe described the activity of the nerve fibre as 
revealed by the action potentials, and discussed how 
modulation of the time sequence of successive signals 
carry information. Depolarization, hyperpolariration 
and other processes occurring in the dendrite, and the 
role of the trigger rone in transmitting the messages were 
described. Then came the spatial aspect of impulse 
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reception in the brain, the interconnexions between 
neurones, the filtration of aignals and the increase of oon- 
trast. Great emphasis was laid on the fact that the 
signals arriving to the brain are not restricted to a small 
primary area, that they go to many other parta where 
signals from other types of excitations also arrive. The 
code in which a certain excitation is translated is assumed 
to be in terms of patterns. 

Finally, the problem of memory was outlined. Fessard 
described striking experimenta on short-term and long- 
term memory, insisted om the absence of localization of 
the stored information, and indicated present interpreta- 
tions. When hearing this lecture after those on enzyme 
structure and regulation one was led inescapably to think 
of memory as & regulation process, and to imagine a model 
in terms of allostemc effects on some synaptio structure. 
The conclusion of Foesard's lecture was that many of tho 
elaborate properties of the nervous system can be explained 
by randofn connexion between neurones, regulated by 
external actions. A similar conclusion applies to the 
evolution of the highly organized structure of proteins 
and nucleic acids. The high information content of the 
genes, the ‘antihasard’ which is 80 obvious m the structure 
of & protein like hemoglobin or & double-headed enzyme 
can have their origin in known random events corrected 
by the purely deterministic challenge of the external 
medium. Teleological features of living matter are thus 
already accounted for in terms of causality. 

The participants in this symposium are grateful to their 
French colleagues, especially Prof. E. Aubel, 
of the iri committee, and to the Délégation 
générale à la Recherche scientifique et technique which 

- provided financial support. The Abbey of Royaumont, 
the gardens, the musical evenings, and supper by oandle- 
light are delightful memories for those who were privileged 
to take part in this most successful colloquium. 

H. CHANTRENNE 


THE INTERNATIONAL ATOMIC ENERGY AGENCY 


N outline of the programme for 1968 of the Inter- 
national Atomic Hnergy Agency is given in the 
October issue of the Agency's Bulletin (4, No. 4, 11; 1902). 
A total budget of 9,562,100 dollars has been proposed, 
representing an. increase of approximately 7-5 per cant on 
the budget for 1962. Estimated expenditure under the 
heading of the ‘Regular Budget", financed out of aasesasbd 
contributions by member states of the Agency, amounts to 
7,337,500 dollars. The remainder of the total budget is 
asecased under the heading of the “‘Operational Bu ie 
and is financed out of voluntary contributions by: member 
States and other resources, such as funds made available 
under the United Nations Expanded Programme of 
Technical Asssistance. 
The Agency’s technical asaistance programriie is to be 
. During 1962 requests for assistance involving 
the services of 40 experts, and equipment worth nearly 
230,000 dollars were & ved. This was in addition to 
some 86 experts y serving durmg 1962 under pre- 
viously sanctioned projecta. During 1963 the need will 
arise for the services of some 90 fleld experta, in addition 
to those whose assignments oontinue from previous 
years. Requests for équipment are expected to exceed 
the value of 250,000 dollars. 

The Agenoy'8 training programme includes the award 
of fellowships and research grants. The number of 
applications for fellowships has increabed -steadily, but 
there has not been a corresponding increase in the funds 
available for the purpose. Hence during 1963 more 
extensive use is to be made of cost-free fellowships mado 
available by member States, but even then it is anticipated 


that not all deserving requests will be able to be met. For 
use in training on the spot the Agency provides two mobile 
laboratories. Approximately 750 trainees in the Far Kast, 
Latin America and Europe have used these laboratories 
in the past years, and it is that one of the 
laboratories will move to Africa late m 1962 or early 
in 1963. 

A number of conferences and symposia aré planned for 
1963. A panel of experta is to meet to discuss the Ágency's 
report on the results of an mvestigation into the oost of 
nuclear power in an integrated system and its comparison 
with the cost of conventional power production, and 
another group of experta will discuss the physice of heavy- 
water lattices. 8 ia are to be held on materials for 
reactor control, including their metallurgical and physical 
properties and their design and fabrication ; on new nuclear 
materials technology, with special reference to the use of 
such materials in the fabrication of non-metallic fuel 
elements; on the use of radioisotopes and radiation 
sources for the control of plant peste; on the use of 
isotopes in hydrology; on the biological effects of neutron 
irradiation and on the effecta of radiation on the endocrine 
systems and on radiological health and safoty in the 

ining and milling of nuclear materials; and the Agency’s 
Scientific Advisory Committee has recommended that a 
seminar be held on some aspect of nuclear, solid-state 
or plasma physics. x 

contracts in tropical medicine are to be 
awarded with the view of promoting the application of 
established radioisotope techniques to the study of 
diseases affecting large groups of people in the lees- 
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devel countries in tropical regions. A review is to 
be of the results of the Agency sponsored research on 
calcium-47, and work on the calibration and standardiza- 
tion of measurements of uptake of radioiodine by the 
thyroid gland is to continue. The distribution of calibrated 
radionuclide samples will be extended during 1963 and 
new calibration methods will be developed. Participation 
in the international intercomparison measurements of 
radionuclides organized by the GEA Buresu of 
Weights and Measures will continue. The comparative 
study of methods used in different laboratories for the 
chemical analysis of nuclear materials; the determination 
oru is E EE and in mass 


of the a lication of stable 
ry did 


the programme 
Mop US a E dations on method, and 
analysis by the mass spectrograph of trace 
elements in sea-water and nuclear materials, are some of 
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the investigations to continue or be commenced during 
ihe yeer. 

There are indications that during 1963 a number of 
nuolear faoilities will be subject to Agency safeguards, 
and plans are being made to buy the essential minimum of 
portable equipment needed for the inspeotions. The 
general problema of emergency conditions in the event: of 
a serious accident in nuclear installations are to be reviewed 
and the Agency's plans for the provision of international 
emergency assistance to member states are to be extended. 
Increased attention is to be directed to the development 
of techniques to deal with the disposal and management 
of radioactive waste, atmospheric and the 

and distribution of ive material. 
In this connexion, any necessary revision to the Agency's 
regulations for the safe transport of radioactive materiale 
- will be considered. B. WHINTROUB 


FOREST RESEARCH 


HE on forest research for the year ended 
March 1961* shows the wide range of work being 
carried out by the Forestry Commission Research Staff 
and for the Forestry Commission, with assistance by 
workers at universities and other institutions. 


Much more attention is now being paid to the forest : 


soil. Drainage is often a great problem. Wet soils may 
have a severe effoob on tree roots by inhibiting growth 
and also by making the trees vulnerable to windblow. With 
the machines now available, the initial drainage system 
for a aro aroa may not bs a very dificul teak but è 
groet deal more informstion is required jesi ja 
eaen Ba bs a eres Cade 
xou Da ispased in adr to provide rosa ible Garin 
for afforestation purposes. The subsequent prob 
adda Wa maitionatos of dis deai ea Ay. 
there is a lot of evidence in Britam of neglected 
drains. owever, ways and means for ensuring the pro- 
vision of good in forest areas are being investi- 
gated. Nutritional work is also being undertaken. The 
analysis of foliar lea from fertilizer trials is providing 
data on nutrient de Another series of experi- 
ments is attempting to elucidate the role of mites in the 
breakdown of forest litter. 

For the first time a report on work study is included. 
The activities of the section dealing ~with this cover 
investigations on tools, equipment, machinery, pieoework 
and other matters affecting production operations at all 
levels. 

A prototype direct-reading calliper has been devel 
and trials of this instrament have demonstrated 
dinüdedun “ech ban bet acecded mu Gad EO ele e 
reduced. As the measurements are transferred directly 
on to & tape by a punch system, errors in recording oan 


Year ended 


on Forest Research for the Y. 
(London: H.M.8.0O., 1002.) 14r. net. 


* Forestry Comm!aslon, Report 
March 1961. Pp. ix 4- 200 -- 12 plates. 


ASPERGILLUS FLAVUS AND 


I5 1860, large numbers-of young turkeys in Britain died 
(and, later, other domestic birds and farm animals 
were shown to be affected) for a reason that was at 
first unknown and was caled ‘turkey X. disease’. This 
was later shown to be due to the presence of a toxic 
batch of groundnut meal in their "^. As & result 
of this, a number of Government and other research 
laboratories studied this toxicity as a matter of urgency. 
Real progress became possible -with the demonstra- 


be avoided. Two plates show some details of this 
but no details are given of its weight. At least two 


types of self- are in use in Scandinavia. 
Inthe of the New Zealand Forest Service's Forest 
Research for 1901 f, mention is made of the new 


that although offloers out with the Research 

Division are still encouraged to conduct their own research. 
jects, these must be approved by the Director of 
This is a wise ruli The individual is not 
thwarted, co-ordination is and one of the great 
drawbacks to individual research in forestry will be 
avoided, namely, the discontinuance of an experiment 
through the transfer of an officer to another territorial 


charge. 

It is good to read that one of the developments 
is in physiology and the reason given is ‘‘because it is 
basic to an understanding of many problems in the fields 
of silviculture, forest-tree improvement and forest patho- 
Ic '. Another development is the appointment of a 

vicultural economics” team with the object of con- 
structing- financial yield tables for exotio species. This 
shows & realistic approach to land-use evaluation and 
will form a proper basis for the assessment of the relative 
merits of agriculture and forestry whenever such is 
required and it is expected to be more needed in the 
future. In addition, it is felt in New Zealand that a new 
approach is required in forest economics which, for so 
long, has been conditioned by practice. 


that forest research in New Zealand is well plarined and 

vigorous, and that, in addition to trying to solve present- 

a blems, it is also forward-looking in a very com- 
ble way. O. J. TAYLOR 


pcr C RR Forest Research Institute, Rotorua. 
TR alma dia Pp. 75. (Wellington, N.E.: Governmens Printer, 


GROUNDNUT TOXICITY 


tion that the toxin was not intrinsic to the - 
nuts themselves but was the product of a mould (a 
strain of Aspergillus flavus) growing on them. This 
toxin-producing mould is widespread, and ib was not 
surprising, therefore, tHat the toxin was identifiable on 
some samples of groundnuts or meal from all the main 
producing areas. 

Because the problems posed over the responsi- 
bilities of & number of ee cuti qul 
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Interdepartmental Working Party was set up to review 
and co-ordinate research relevant to groundnut toxicity. 
In August 1962 the report * of this Working Party was cir- 
culated to overseas Governments and to the Pree, and was 
made available to those in Britain and overseas known to 
-be concerned in the production and utilization of ground- 
nuts. 


v yemotty Asooiaisd With Certain Growndnets. Report of the 


. Batches of 
Interdepartmental bugs on Groundnnt T Research (1061). 
Pp. 16. foren) O sina Om Mie Departmen of Beinn and 
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Tho report provides an account; in general terms of the 
nature of the problem and means of identifying affected 
batches of nuts or meal. Suggestions are made as to how 
peu. growth can be minimized and toxin-lovels be kept 
own. 

The report should prove of value to those who produce, 
market, process or use groundnuta, and should also 
stimulate necessary ~further research on groundnut 
toxicity, especially in the producing areas themselves. 

` P. O. Beuwgrav 


POLARIZATION AND CLASSIFICATION OF RADIO SOURCES 


By Da. R. D. DAVIES and G. L. VERSCHUUR 
Nuffield Radio Astronomy Laboratories, University of Manchester, Jodrell Bank, Macclesfield 


HE detection of polarized radio emission from the 
radio sources Cygnus 4 (ref. 1) and Centaurus 4 
(refs. 2 and 3), and a group of weaker sources‘, opened a 
new phase on the investigation of these objects. As well 
as the angular structure and spectrum, the percentage 
and position angle of polarization of radio sources are now 
available. This article gives the results of an examination 
of ten further radio sources of small angular diameter 
and relates the t polarization data and that obtained 
by Gardner and Whiteoak* to other known properties of 
radio sources. E 
The receiver used was basically that utilized for the 
. Zeeman experiment’, but was modified to measure the 
difference of intensity between two orthogonal planes of 
linear polarization. The frequency was 1,410 Mo/s and 
the bend-width 5 Mo/s. Using a 20-seo time-constant, it 
was i to detect differences in polarization of 
2 x 10" Wm- (o/s)-1 in the weaker radio sources studied. 
Measurements were taken by allowing the beam of the 
250-ft. radio telescope to drift across the source at one 
Pee ee adeptes d ma 
at a position angle 45° different. Sources were 
at several different hour angles. The system gave a 
spurious response of several per cent of the source flux 
which was constant and was allowed for. The measure- 
menie were made in the first week of October 1962. 
This was confined to a group of 30 sources 
which had a galactic latitude (b^) greater than 12° and 
inaluded representatives of the classes of radio objects 
identified with stars, double sources and sources with a 
core and halo. They also showed a wide range of spectral 
brightness temperature and redshift. The new 
oria ion date obtamed at Jodrell Bank are shown in 
l. 


The optical results quoted in Table 1 are those given by 
Maltby, Matthews and Moffet* and by Burbidge’, and 
the radio information about the structure of the sources 
comes from published measurements at 160 Mo/s (refs. 
8 and 9), 960 Mo/s (ref. 10) and 1,420 Mo/s (ref. 11). The 
results agree with the Sydney data for the sources common 
to both lists, namely, $0848 and 308358. In addition, it 


Table 1. 


was found that Cassiopeia 4 was leas than 0-3 per cent 
polarized and Taurus A was 1-0 + 0-2 per cent polarized 
at ition angle 82° + 8°. 

data can be oombined with that obtained in 
Sydney, aleo taken at 1,400 Mo/s. However, in order to 
make the measurements on the extended objects Cen- 
taurus A and Fornax A uniform with the present measure- 
ments the integrated polarization of the entire object 
was calculated. In Centaurus A the central double core 
is 7 per cent polarized and the large double halo was 
estimated to be 11-5 per cent polarized at most. The 
integrated emission from Fornax A was 7:4 per cant 


-polarized. The combined data included 11 sources which 


are double systems at radio frequencies, 3 which consist 
of a bright central oore and an extended halo of lower 
luminosity and 3 which have been tentatively identified 
with stars’. 

Cygnus A will be included in the following discussion 
although it lies only 6° above the plane and ite polarization 
is effected by Faraday rotation in the which 
amounts to about 10 rotations at 1,400 Mo/s, corresponding 
to an emission measure of ~ 200 in the ing areas of 
Cygnus X which envelop Cygnus A. A variation of 10 
per cent in the Faraday rotation across the source will be 
sufficient to cause complete depolarization at this fre- 
quency. At 3-cm wave- the total rotation would 
amount to ~ 100° and depolarization would be 
expected to be negligible. Thus the observed! polarization 
of 8 per cent found at 3 am will be adopted as the polariza- 
tion of the signal leaving Cygnus A. "rods nicus 
by the observations of Centaurus A at b" = + , which 
show the same polarization of the bright central compon- 
ent from 1,400 Mc/s to 10,000 Mo/s and also by the manner 
Cygnus A fite into the picture of double radio sources 
in the followi i ion. 

Theo position angle of the received signal from 
the sources in Table 1 show no correlation with the axes of 
symmetry of the associated optical objects. This is in 
agreement with the Sydney* and N.R.L.! findings and 
is the result of different amounta of Faraday rotation 
between the source and the receiver for different sources. 


PXRONNTAGE POLARIZATION AND POSTION ANGLE OF THE HLECTRIO VBOTOR FOR TEX SOURCES WEASURND AT 1,410 Moje at JODENLL BANK 


Sources “Polarteation (per cent) Position angle ` Identification Distance (Mpo) Comments 
8048 lock 70° + 10* Star — Diameter less than 1” at 160 Mos. 

3084 B+1 36° + 10° AGO 1275 58 Appears to be a core and halo at radio frequencies. 
$0123 4 454 155 8* + 10° Two components 19-5; ark LW, Component 
i wir Btar Diamat n i 

$01 100 + 05 t — ~ 5", d 
EA ETT — o NGO 4485 12 Oore and halo at radiofrequenoles associated with 
sore“ d elliptica] galaxy and jet, 
12 115 v1" + 2° Star — Diameter ~ 1". a 

$0296 6-0 t 10 162° + 4° 20-9 m galery 1,380 TWO ee ta 4” apart. Component size 
30348 2+0 7 et r6 19 m galaxy 400 Two somponents 1-96" apart. Component size 

ereules A ~ ` 
iie 64605 T + 10° 16-8 m galaxy (250) ae 1a] components. 25’ apart. Component 
$0406 « 03 — 15-3 m galaxy 170 Two components 1:58’ apart. Component sire 
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Polarisation and spectral characteristics. The relation- 


,200 Mo/s was found 


She observer fux üb 8,200 Mone pode 


between P and p; the limtts of the range are represented 
by 80278 for which P < 1 per cent and p = 0-05, and 
by 80270 for which P = 8 per cent and p = 1-82. The 
stars and single sources with halos show a scatter on Fig. 1. 
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"m The symbols are as for 


pine quon asa oci ES 
Polarisation and brighiness temperature. A plot of P 
against T's, the brightness temperature, of the sources 
studied is shown in Fig. 2. The correlation between P 
and T's is small. If the sources identified with stars are 
REN EUN eK tenus due Mio Sens Soe 
fall with However, 


inareasing brightness temperature. 
the scatter is 80 great that this tendency is unlikely to be 


significant. 
Polarisation and redshift. The redshift of extragalactic 
objects in the combined list of sources which have been 


indicates that there is no depolarization in the inter- 
unt medium. Complete depolarization would occur 
an increase of a factor of two in distance where 
differential rotation increases from 45° to 90°, say, and 
this would appear aa a rapid fall in P with redahift in 


. 8. 
af different classes of object. The radio proper- 
ties of the 17 observed sources in three classes are summar- 
ized in Table 2. It is tentatively from these 
resulta that the three types of object may be di 

by their radio properties alone. Two of the three so-called 
stars have a polarization of 10 cent or more and it 


polarization and high brightness temperature. The three 
objects consisting of a bright core and a halo show low 


The one object in this 
polarization is Perseus A 


on 3083.1, so it is not ab le to tell whether 
this double system fits the other data for doubles 
here or whether it is a halo object like Virgo 
The double sources show a strong correlation 
polarization P and p which is a measure of the curvature 


of the high-frequency part of the 
The classifloation of radio objects using the 


(30274), 
the 


. outlined above may bo important in assessing nature 
Table 2. RADIO PEOPERTIES, ‘Stans’, HALO BOUROES AND DOUBLE SOURCES 
1,400 Mejs Spectral Brightness 

temperature ruotare 
(4$) ~ a P (Tz CE» 
Stars ~ 10 ~ 05 ~ 1:8 > 10° Single 
sources zs ~08 = ^10 «5x10 Core and halo 
sources 0-8 0-4—1-0 10-107 Double 


& 
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of the unresolved radio objects at large distances and 
those for which optical identifications cannot easily be 
made or are in question. Further observations are needed 
to verify this classification. 

Double radio sources. The close correlation between 
P and p for the double sources 1s of particular Interest as 
xt throws light on the nature of these objects. One 
picture of these objects which will give rise to this correla- 
tion Wil be presented. It is proposed that these are 
expanding objecta of various ages in which synchrotron 
radiation is emitted by relativistic electrons generated 
in the system which spiral around the lmes of a magnetic 
fleld also generated in the system. Thus at an early stage 
the proportion of high-energy electrons will be greater 
and the spectrum will be enhanced at medium and high 
frequencies. However, these high-energy electrons radiate 
more quickly than low-energy electrons and there will 
be a sharp drop in the spectrum at the high frequenoioe. 
As the object ages the contribution from the high-energy 
electrons disappears and the spectrum reduces to & 
constant slope over most of the frequancy- In the 
early stages the proportional rate of increase of volume is 
greatest and the field lines are being rapidly expanded to 
give a more uniform field through the object than at a 
later epoch when the rate of expansion is slower. The 
percentage polarization observed in synchrotron emission 
increases with the uniformity of the field and will thus 
be greatest for a young object. Accordingly, both P and 
p will be mdicators of the age of double systems on this 
model. Tho duplicity of the systems may be the result of 
enhanced radiation at the two mirror points in the enclosed 
magnetio fleld of the expanding object. 

If this picture is correct the spectrum of the young 
objects will be flatter than that of older objects and 
accordingly there should be a negative correlation between 
P and a, the mean slope of the spectra. Such a tendency 
has already been in a previous paragraph. ~ 

At first sight it might be expected that the brightness 
temperature should be high m young sources with & high 
energy relativistic electron component. However, it 
must be remembered that T's is also a function of the 
number denarty of relativistic electrons and of the magnetic 
fleld and variations from source to source in the latter 
quantities may remove any oorrelation between P and 
Tp. Indeed, this lack of correlation is evident in Fig. 2, 
and it was also found that for the sources studied there 
was no close correlation between T's and p. 

Cosmological implications. Since 30295 shows tho 
expected amount of polarization for its value of p then 
the amount of depolarization it has undergone in the 
Milky Way halo, in the intracluster medium of our own 
system of galaxies, in the intracluster medium of the 
system of galaxies to which 80295 belongs and in the 
in io medium must be leas than ~ 80 per cent. 
This would be caused by differential rotation between the 
two components of the source of leas than 80° or 0-08 
rotation. Such a difference of rotation would oocur 
betwoen two paths which leave $0295 27 kpo apart, 
the se tion of the components of 30295, then pass 
thro our local cluster at a mean distanoe of 0-5 Mpo 
at 10 po apart and enter the halo of the Milky Way 0-2 pe 
apart. g 

In the case of the interglactio medium the differential 
rotation will occur owing to variations of magnetic fleld or 
electron density or both between the two paths. If the 
i io medium has sub-unite 2 Mpo in diameter 30 
Mpo apart which eventually form olusters of galaxies with 
density variations of 10 : 1 about the mean over this dis- 
tance then the density variation is 10 per oent of the mean 
density for 10 kpo, the mean separation of the two paths. 
A variation in the direction and magnitude of the inter- 

io magnetic field alone would give a Faraday rotation 
variation of the same order for each sub-unit. If there 
are about 20 sub-unita ~ 50 Mpo apart lying between our 
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and a total differential Faraday rotation of ~ 100 cent 
on the peths to the two oomponents of 80205. Aven if 
only 3 : 1 variations in density and field were assumed the 
differential rotation would still be 30 cant of the whole 
and thus the total rotation to avoid depolarization would 
need to be much less than 0-25 rotations. At 1,410 Mc/s 
the number of rotations = 6 x 10? Ne H L where Ne is 
the number of electrons per om?, H is the fleld in gauss 
and the path length L is in parseos. Thus the mean value 
of Ne is < 3 x 10 for the intergalactic medium 
between the Milky Way and 30295. 

A similar calculation for the intracluster case assuming 
density and field variations of 3:1 over 300 kpo (the 
distance apart of galaxies) in & cluster with a diameter of 
2 Mpo shows that the mean rotation need only be 0-08 
rotation. The corresponding value of Ne H for the 
30295 cluster is < 1:3 x 1071. 

Both these resulta appear to be in conflict with the hot 
version of the steady-state universe proposed by Gold 
and Hoyle in which the intergalactic and intracluster 
gas is ionized hydrogen having densities of 2 x 10- and 
10 om-* respectively. With an intergalactio magnetio 
field of 10-" gauss" the density is < 3 x 10-’, which is 
more than an order of magnitude lees than that proposed. 
With an intracluster fleld of 3 x 10-' gauss the correspond- 
ing density is < 4 x 10+, again an order of magnitude 
lesa than the predicted value. In & more recent discus- 
sion" the intergalactic magnetio field strength 18 suggested . 
to be 10 gauss, which would result in an upper limit of 
the intergalactio density 600 times lees than required in 
the steady-state theory and an intracluster density more 
than a factor of 100 times leas than required. 

This result for the cluster medium also has a bearing 
on the discuseion!:1^1t of the origin of the Faraday rotation 
between Centaurus A and the Earth. If the density 
derived here for the cluster with which 80295 is associ- 
ated is ical of the local cluster then for a fleld of 10“ 
gauss Ne H L « 10+ for a depth of 1 Mpo, whereas tho 
value required is ~ 10+. Thus the cluster medium cannot 
give the rotation ired and it is likely that the nearer 
parte of the Milky ay provide the rotation as argued by 
Dooper and Prioe!*. A region which can provide the 
required rotation is the galactic spur if it is considered as a 
typical old supernova remnant!'. It extends into the 
vicinity of Centaurus A. The expanding shell will have a 
hydromagnetio shock region which compresses both 
the io fleld and the gas which will be ionized. A 
model of the spur objectt gives densities in the brighter 
regions of ~ 10 cm~ and a magnetio field of ~ 10> and 
a shell thickness. of ~ 5 po when observed at the edge. 
The corresponding value of Ne H Lis 5 x 10+, which is 
sufficient to give the rotation. 


fie T. P., and Sloanaker, R. ML, Astrophys. J., 
Y. O., and Price, B. AL, Netwrs, 195, 1084 (1062). 
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SIMULTANEOUS RADAR AND REFRACTOMETER SOUNDINGS OF 
THE TROPOSPHERE 


By J. A. LANE and R. W. MEADOWS 
Radlo Research. Station, Department of Scientific and Industrial Research, Ditton Park, Slough 


E research on tropospheric wave propagation, the i 


lanation of the transmission of very-high-frequency 
senda to pointa well beyond the horizon has been a sub- 
ject of considerable interest for many years. Several 
workers! have suggested that, in the absence of super- 
refraction, the propagation mechanism is one of ‘forward 
scatter’ from random irregularities in refractive index 
which are always present, to some extent, throughout the 
troposphere. However, the validity of these theories, 
which are based on the statistical analysis of atmospheric 
turbulence, is still uncertain. Recently, other models 
of the troposphere have been proposed which, while 
retaining the concept of scattering as the operative 
mechaniam in certain conditions, emphasize the impor- 
tance of extended ‘layer-type’ irregularities’. These 
features are thought to exist in their moet pronounced 
form in the stable air of temperature inversions. 

Experimental inveetigations of 
refractive index irregularities in 
the troposphere are of funda- 
mental importance in clarifying 
these problems, and it is the pur- 
pose of this article to summarize 
some recent work in this field at 
this Radio Research Station. The 
objective in the experiments was 
to compare the data provided by 
soundings of the troposphere by 
radar, as m the early 
work of Friend‘, and by airborne 
microwave refractometers. The 
latter instruments were flown in 
aircraft of the Meteorological Re- 
search Flight, Farnborough, and 
spiral ascenta and descents near 
the vertical beam of a radar 
transmitter were made whenever 
possible during the period July- 
November 1961 over a site at 
Bramshil Park in Hampshire. 
Bpecial efforts were made to carry 
out joint soundings in  oleer 
weether oonditions to avoid any 
confusion due to echoes from aloud 
and precipitation. 

The airborne refractometers 
used for measuring the atmo- 
spherio ‘refractive index were of 
the type developed by Birnbaum‘, 
and some details of their construc- 
tion and of the procedure followed 
. in airborne measurements have 
been given elsewhere*.. With this 
type of refractometer the air 
passes continuously through & sub- 
stantually open-ended microwave 
cavity resonating (in this case) 
near 10 Go/s. The exact resonant 

is inversely propor- 
tional to the instantaneous value 
of refractive index to be determ- 
med, and is measured automatic- 





recorded on photographic paper, and height markers 
were inserted manually on the record as i The 
soundings were afterwards re-plotted in profile form 
showing refractive index as a function of height. The 
rate of ascent or descent was y 5 m/aeo. 

The vertically pointing equipment used in the 
testa operated with a single paraboloid aerial 8 m in 
diameter having a gain of 34 db at 3 Gejs. The peak 
power of the transmitter was 500 kW and the pulses were 
0-1 psec wide repeated 500 times per sec. With a receiver 
band-width of 30 Mo/s and a noise-factor of 8 db a signal 
of strength 121 db w 1 W produced & root mean 
square signal/noise ratio of unity. The echoes were 
displayed on a vertical time-base by brilliance-modulation 
adjusted to produce limiting brightness at a signal-level 
just above that; of the majority of the thermal noise peaks. 
This vertical line was moved horizontally at & steady slow 
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rate to cover a photographio plate m about 1:5 min, and 
ced the pictures illustrated in Figs. 1 and 2, where 
ight-markers 1 km apart are also shown. A useful 
amount of ‘integration’ was introduced ‘by the photo- 
phic process, and enabled signals to be detected at a 
vel of 134 db below 1 W oo ding to an amplitudo 
reflexion coefficient of about 8 x 10-5 at a layer at a 
ight of 1 km. 

e resulta of the experiments may be summarized as 
follows. The characteristic, layer-type echo somstimes 
observed by radar’ was generally found to correlate with a 
sharp gradient in the refractive mdex profile, at the 
i On the other hand, the refracto- 
meter sometimes recorded a marked irregularity which was 
not observed by radar. These different characteristics 
reflected not only the effect of the overall sensitivity of the 
equipment, but also the degree of coherence in the 
scattered radiation together with the detailed structure 
and orientation of the layera. When the refractometer 
sounding showed a well-mixed atmosphere with no pro- 
nounced irregularities in the profile, no layer-type radar 
echoes were detected. Figs. 1 and 2 illustrate some of 
the results obtained in joint soundi made during anti- 
cyclonic conditions, at 15.10 h and 17.55 h a.w.r. on 
August 29, 1901. In Fig. 1, both techniques reveal a 
major i ity in the refractive index profile at a 
height of about 0-8 km, the radar echo indicating the 

oe of an extended, slightly undulating layer. 
round-clutter extending to a range of about 0-3 km is 
also visible in Fig. 1, together with a curved trace showing 
the variation of aircraft as it flew the 
aerial gide-lobes. At 15.10 h, no definite echo could be 
detected from the refractive index irregularity et 1-8 km, 
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the height of the main subsidence inversion. By 17.55 b, 
however, the lower layer had disappeared. from both 
records and the joint soundi in Fig. 2 show a single 


- major irregularity at a height of 1-4km. Detailed inspec- 


tion of the original refractometer data shows that in the 
lowest portion of the irregularity illustrated in Fig. 2 the 
refractive index apparently changes by 80 parta in 10*, in 
a vertical interval of a few metres. These i and 
others made on the same afternoon, indicate that the main 
irregularity or-layer shown in Fig. 2 was ing at a 
rate of about 100 m/h. ~ ns SUE 

The resulta confirm the presence of extended layers in 
the refractive index structure -of the troposphere and 
emphasize the value of combined radar and refractometer 
soundings in the investigation of the distribution of 
refractive-index irregularities and their scattering proper- 
ties. A full acoount of this work is in the course of prepara- 
tion. 

This work has involved the participation of many of 
our colleagues and members other organizations, in 
particular, the Meteorological Office and the Royal 
Aircraft Establishment. It is part of the programme of 
the Radio Research Board, and is published by permiasion 
of the Director of Radio Research of the Department of 
Scientific and Industrial Research. 

1 Megaw, H. O. B., Nature, 166, 1100 (1950). 
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HELIUM ION BELT IN THE UPPER ATMOSPHERE 
By Da. S. J. BAUER 


Space Sclences Division, National Aeronautics and Space Administration, 


Goddard Space Filght Center, Greenbelt, Maryland 


| Dic ae evidence for the presence of helium 
ions in the atmosphere in accordance with 
Nicolet’s? ion isnow available from ion- and electron- 
density profiles"*, iorf probe retarding potential experi- 
mentat, and direct measurements with radiofrequency 
ion spectrometer*. Hanson’, who first inferred the presence 
of Het from an experimental ion-density profile obtained 
by Hale’, concluded that the thickness of the belt of 
helium ions is of the order of 2,000 km, extending from 
1,200 km to about 3,400 km. 

Because of the presence of Het, the upper ionosphere has 
to be considered a ternary ion mixture (O+, Het and H+). 
Although the diffusive equilibrium distribution of a minor 
ion species in an ion mixture is influenced by the others 
(unlike neutral constituenta) because of the electric field 
resulting from the slight charge separation between 
electrons and positive fons**, the relative concentrations 
of ionic species behave like neutral constituents. The 
boundaries of a region where an ionic species predominates 
oan be defined by the transition or equal-concentration 
levels, that is, the levels where the concentration of this 


species is to that of the neighbouring ionic species. 
The -concentration level (Ay) can be expressed in 
terms of the geopotential height parameter’: 
£u = Hy ln ny (1) 


where ry = k'y — h’, is the geopotential distance between 
the equal-cancentration level and the reference-level À', 
at which [X;*]/[X,*] = ny, and Hy= ETl(mi — m) ge 
with k the Boltzmann constant, T' the absolute tempera- 


ture, m; and m, the masses of the ionic species X,t and 
X,+ and g, the acceleration of gravity at the Earth's 
surface. The geopotential altitude A’ is related to the 
h 
geometric altitude A by A’ = f @)/g.)ah. In this dis- 
cussion the subscripts 1, 2 and 3 refer to O+, Het and Ht, - 
ly. - 

The actual situation is complicated by the fact that the 
relative ion concentrations at the reference-level ( ty) are 
also a function of tem ture. Thin apar oala trae! 
for the ratio ùs, since the neutral hydrogen concentration 
at & constant altitude depends on the rate at which it 
escapes from the upper seal deh Since this escape rate 
Increases with temperature, concentration of hydrogen 
at a constant level increases with decreasing temperature. 
The ratio [H]/[O] at an altitude of 500 km, which we shall 
adopt as reference-level A, increases by a factor of 100 for 
a temperature decrease from 2,000? K to 1,000° K11.12, If 
the proton concentration is governed by the charge 
exchange equilibrium condition" the ratio 7,, varies with 
temperature in the same proportion as the ratio of the 
neutral constituents. The same argument applies if 
photo-ionization rather than charge exchange is respon- 
sible for the protons. Similarly, a proportional variation of 
[He]/[O] and 7,, with temperature oan be assumed. The 
helium concentration at 500 km varies only slightly with 
temperature" so that the ratio 73; will nob vary as strongly 
with temperature 88 7. 

The following values have bean adopted for the present 
model: The concentration ratio [H.*]/[O*] at 500 km varies 


"i ` — 
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from ys, = 10-* at 1,000? K to ya = 10-* at 600° K, while 
the ratio [He*]/[O*] at 500 km varies from s. = 5 x 10> 
at 1,600° K tons, = 5 x 10-*at 600° K. The 
range to the extremes for the present level of 
solar activity. The chosen variation with temperature of 
711 is in good agreement with Bates and Patterson", and 
dias foe n te cralatenit with the variation of the Dallari 
concentration of Nicolet and Kookarta!*. 

Fig. 1 shows the transition-levels À;, ([He*] = [O*]) and 
Ay, ([H*] = [He*]) as a function of atmospheric 
ture for the assumed variation of ny, at the reference level 
A, = 500 km. The altitude difference (Ay, — Ms) between 
the two equal-concentration levels may be called the 
thickness + of the helium ion belt. It is obvious that this 
thickness is drastically reduced as the temperature 
decreases. 

If the thickness « is less than the local scale height for 
helium ions (t<H(Het)), that is, if the two equal-con- 


centration levels À,, and A,,; occur within one scale height, 
no distinct slope corresponding to Het will be disti - 
able in an ion or electron density . This is the case 


for temperatures of the order of 1,000? K or leas. Fig. 2 
shows normalized particle density profiles based 
on a ternary ion mixture” for 800° K, 1,000? K and 1,300° 
K and corresponding yy versus geopotential distance z^ 
above the reference-level, illustrating the fact that 
identification of helium ions ee, propio is virtually 
impossible for low temperatures. recent night-time 
slestecn. daraity proftisU failed to Bhow-evidanco for ths 
pea u adi In the light of the foregoing discussion, 

ure to detect He* from a does not prove the 
&beonoe of Het but can be by the fact that the 
thickness of the helium ion belt at that time was oom- 


parable in magnitude to the scele height of Het. 
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In fact, from another recent night-time ion-density 
profile measured by a National Aeronautics and Space 
Administration rocket, the presence of helium ions is also 
not obvious’. However, & preliminary retarding potential 
analysis of the same data indicates the presenoe of all 
three ionic constituents (O*, Het and H+). The combined 
ion density and composition data are thus consistent with 
the concept of a thin helium ion belt at low atmospheric 
temperatures. 

Further refinements of the model presented here can be 

as the result of the ion-composition measure- 
menta on the Aris] satellite!*. 

esed From the final analysis of a recent 
ion density pro it appears that the i api 
tion levels at the ture of 800° K 
ocho 00 Ei ewe i f 1, while the 
thickness of the helium ion belt is in good agreement 
with the present model. This fact seems to imply an even 
ERE of the ion concentration. 


ratios ni than was assumed here 
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METEORITE IMPACTS, LUNAR MARIA, LOPOLITHS AND OCEAN BASINS 


the assumption that one giant meteorite has 
fallen about every 10,000 years on our planet, R. 
Diets estimates that some 50,000 of such missiles may have 
struck during the past 500 million years, or since the 
beginning of Cambrian times!. 

It is not very clear what is meant by “giant meteorites”. 
If we refer to the data given by astronomy, the masses 
of the coamic bodies indicated by Dietz may roughly be 
evaluated at 10,000 metric tons each*. Following the 
calculations made by M. Innes*, such meteorites would 
produce craters of about 750 metres in diameter at an 
impaoting speed of 20 km/sec. 

As the question of the mass of striking bodies is still 
subject to controversial discussion, it would appear 
better to define a "giant meteorite” by the dimension of 
the crater it produces and to admit conventionally that 
those words refer to & missile able to produce a crater of 
at least 1 km in diameter at the impacting 
20 km/sec. In this case, the Barringer Crater (Ari ) 
representa the scar of a giant meteorite of about 5 x 104 
metric tons, as calculatéd by Innes’. 

Rudaux and de Vaucouleurs mention that a meteorite 
of 5 x 104 metric tons—or more—strikes the Earth 
about every 100,000 years. They emphasize that this 
estimate is very conservative as most of theee im 
must have escaped direct observation’. There is 
good t between the evaluations given by geo- 
physicists and those accepted by astronomers. i 

As there is no doubt that cosmic bodies have fallen at 
all times on our planet‘ may conclude that some 
80,000 giant meteorites can have reached it since the 
Earth seems to be 4-5 thousand million years old, although 
‘geological time’, that is, the record of the rocks, 
only about 8 thousand million years since the ol 
rocks known were implaced in the continental nuclei, or 
in the past 8 x 10° years or so. This supposes that the 
overall rate of fall was practically the same during this 
period as that assumed for 500 million years. Ifwo admit 
& uniform distribution for the impacts of giant meteorites 
on the Earth’s surface (about 5 x 10* km‘), there may 
have bean one impact about every 17,000 km’, or, lineally, 
a cr&ter-oentre roughly every 130 km. Of course, uniform 
distribution is illusory, and one must expect that the 
cratera would group in clusters with many consequent 
overlappings. 

Geologista argue strongly against such a wealth of 
meteoritio features on the ground that well-established 
cosmig scars are rare. The answer to this is that at least 
70 cent of the missiles may have fallen in the oceans 
and that the majority of the remaming 30 per cent may 
lié buried under younger geological strata, or have been 
eradicated by erosion and tectonic movements, or dis- 
torted by overlappi and foldings. In addition, the 
oriteria used to identify meteoritic structures have not the 
absolute character that is attributed to them, with the 
result that many features, actually ascribed to volcanic 
activity, may well be of meteoritic origin. 

Meteoritics is a young science. Only since around 1945 
has extensive been undertaken. The results 
of fleld research have been . More and more 
geological features of possible or probable meteoritio origin 
have been found with diameters ranging from 10 to 20, 
200 and even to 450 km (ref. 5). It is true that many 
conclusions arrived at are still controversial, but we are 

at the ‘beginning’ : 
s discovery of possible or probable meteoritic struc- 
tures of huge diameter raises the question of possible 
cosmic catastrophes. Can the Earth's movements have 
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been disturbed by impacts of giant meteorites ? If so, 
in which conditions and to what extent? Beveral geo- 
physicists have lately drected attention to this problem, 
but, to my knowledge, no satisfactory mathematical 
study on this subjeot seems ever to havo beon published. 
Indisputebly, there exista a cosmic body of given mass 
which, on impact at a known spedd, is able to shift tho 
polar axis. This is explicitly recognized by Laplace in his 
Exposition du Systàme du Monde, in which he describes 
vividly the devastating results of such an encounter. 
If m is the mass of a ooemio body, V ita speed on 
mnpact, M the mass of the Earth (= 6 x 10 g), R tho 
equatorial radius (= 6,370 km) and w the Earth's angular 
velooitv (R 40,000 D 
ooity ( :9 = 36 409 ™/8e0), tho angle a of shifting 
of the polar axis is given by the equation: 


Z ok ay 2 ee aE 
Doe ^ gt om ee 





(Be)! x sin* = (ergs) (1) 

c 
Joo TePresents the percentage of the total kinetio energy 
(produced by the meteorite on impact) used for the shift- 
ing. Only the balance of energy is considered hare and tt 18 
supposed that, after impact, the angular velocity of the 
Earth has not been altered (OM = OM") (Fig. 1). 


Y! 


Y 
Tw. 1 
XY and X'Y' give the positions of the polar axis before 
and after impact. i 
The vector MM’ represente the difference between OM 
and OM’ and ita value is: 
. 2 x OM x sing or 2.o.8in- 
The quantity of energy used for the shift therefore is: 
iam x “4.08 sint or L6 x -M x (Bo)! x gin’ 
Innes has calculated the energy necessary for crater 
formation’: 
B. = 8-44 x 104% x D x d (ergs) 
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in which D — 
density of impacted rock. If, 


1. 
E. 9 ox -m p°: 


i00 "2 o 


and if V = 20 km/sec and d = 8, the value of a is easily E 


obtained from (1) and (2): 


sin 211x102 x, [7 x D" 

2 y 
The great difficulty 1s to asees acceptable values for « 
and y. > : 

Innes gives y = 47 (ref. 8), adopting the results obtained 
in nuclear explosions‘. For Öpik, y = 8 
(ref. T), but this value is too low in comparison with the 
results obtained by Johnson, Higgins and Violet*. It 
may be objected that Innee's figure is too high, for in 
meteoritic impacts the explosions do not occur in enclosed 


able to shift the polar axis, one must expect that the - 


energy required for such a ahift is obtained mainly ab the - 
expense of that for crater forming and elastic effects. It 
may be assumed that the amount of energy used for 
ifti same magnitude as that spent in 
i I LI here- 
4 : : C 
y and, in view of simplifying calculations in this work, I 
adopt: 
. omy = 30 


Then the following simple expreasions may be used: 


D = 0-28 x dnm 22 DE 


sing = 11 x 1075 x J^ 


Further investigations will show to what extent the 
values of œ and y must be modified. 

Among the geological features accepted as of 
probable meteoritio origin, the ‘Vredefort Ring Structure’ 
of South Africe, is outstanding. The ion of ite real 
diameter has not been settled. and Dieta!” 
rate ib at about 50 But Dietz streases the point that 
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diameter of crater in metres and d= having disturbed our planet’s movements, have already 
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beer found and that others are in progreas of identifloation. 
I thank Dr. D. Beloriaky, of the Observatory of Mar- 
sailles, who helped me with astronomical aspects of this 
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May I compliment Colonel Gallant on his interesting 
mnpeote ate oapablii oE dishes bing thee Poe 
rotation may well be correct. , I would like to 
take this opportunity to comment on some other subjeocte 

I differ from most other geologists in igning an 
i . Based on the shook 


marine geologist I cannot believe that ocean basin 
features bear any close resemblance to those on the Moon 
as Chenoweth" has written. Neither can I accept the 
view that ocean basins are simply giant meteorite craters 
as Gilvarry*, Harrison‘ and now Gallant suggest. 

I have indulged in this ion myself", but with the 
more conservative approach that large impacts might 
have fractured the Earth’s primeval malic crust in ‘pre- 
geological’ time (that is, pre-rock record but post-Harth, 
or between 3-0 and 4:5 thousand million years ago). I 

that the shattered fragments then may have 
completely rearranged themselves in what we now observe 
as the continents and the ocean basins. Under this 


the entire deformation reaches a diameter of 210 km _ scheme, the early impacts would only sooount for the 
(180 miles). Gilvarry!* gives & diameter of 130 km. The discontinuity of the sialic crust and not the present shape 
central granitic core of the stricture may well be the _or morphology of ocean basins. (Nearly all geologiste, 
eroded root of an ancient dome, in which case, the origina! imoluding myself, will dismiss out of hand the suggestion 
Vredefort feature could have been similar to the peculiar that continental slopes are crater walls, that the marginal 


lunar craters with central uplift. 

If we adopt 130 km, the structure.may be the scar of 
an impacting body of 9-2 x 101* metrio tons (V = 20 km/ 
sec) shifting the polar axis by about 22”. If the diameter 
is 210 km, the mass of the missile was 3-9 x 104 metric 


mountains are explosion debris, eto. Geological evidence 
pointa quite clearly to the development of ocean basins 
-by slow evolution rather than catastrophic birth.) This 
idea still eeans to me to have as much merit aa, for 
example, another better-known catastrophic hypothesis— 
the ing up of an initial t by the Fishər-Darwi 


produce a crater, of about 8,300 km im diameter. 
19 consistent with Gilvarry’s hypothesis on the meteoritic some early time. But now I am inclined to acoept a 
origin of the oceanic basins’. i cold accretion model for the Earth-under whioh proto- 

It should be borne in mind that the above considerations Earth had no sialio crust at all as we now know it. The 
do not take into account the possible ing’ of the water, the air and the crust probably are all secondary, 
i and the upper mantle on the underlying squeezed out of the mantle by processes related to thermal 


‘plastio layer’, on meteoritio impact. This phenomenon convection circulation as evidenced by sea-floor spreading’. 
would combine with the shifting of the axis and Accordingly, early Earth impacts would have encountered 
the energy for it would i have to be no orust to 


The diameter of tho hypothetical Vredefort Ring* orater 
is more definable than Colonel Gelant The 


deducted from that used for the shifting. There are 


good reasons for believing that this ‘slipping’ may well 
reach i values 


To conclude, I realixe that my working hypothesis oen 
only be the starting point of further investigations and 


Suggests. 
40 km across central plug of Old Granite must define 
the crater’s true diameter (that is, diameter below original 
-level). Using Beldwin's (in the preas) scaling 


that it involves many important geological and geophymi- . for the original apparent diameter (from the top 
oal with far-reaching resulte. In the light of of one rubble rim to the oppoatte rubble rim), the crater 
the actual known facta and the fleld research in progress, would have been 48 km across. My figure of 210 km 
I feel confident that features of probable mebeoritio origin, for the limit of deformation refers to folding far outaide : 
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of the orator por s. This figure was taken from Bishopp', 
but he recently* indicated that he now considers this figure 
as extra b. 

Gallant suggests that, in the absence of erosion, the 
Earth's surface would look like the Moon’s crater-pooked 
face. I believe that geologiste oan state almost cate- 
gorically that our ogical maps do not permit this 
interpretation even m the shield regions where the base- 
“ment complex is not obscured by i strata. 
Structures that can be interpreted by any stretch of the 
imagination as eroded impact craters are rather unoom- 
mon. Doubtless, we will find many more impact sites 
than aro now recognized; but nothing comparable to the 
Moon. 

Let us turn now to the question of the lunar maria or 
‘seas’. These do bear some resemblance to ocean basins 
in that they are regions lined with dark rook; 
and although even Imbrium is only the size of Texas, 
maria are, like ocean basins, dominating structures. 
Among those of us who consider maria as simply giant 
lunar impeot craters, ib might seam that we would extend 
this impact rationale to ocean basins; but I do not think 
it can be. 

My reasoning concerning why the Earth's surface 
structures are fundamentally different from those of the 
Moon, without going into detail, is as follows. The 

i iastronhio fame, dnnludinue tha origin of. oaan 

i is the thermal convection circulation in the 
Earth’s mantle. Similar convection seems to be absent 
Ee ee ee ee 
size. This I conolude from the simple o tion that 
the lunar craters and maria, although mostly extremely 
old, do not reveal any tectonio distortion. On 
the Earth, they would have been compressed and thrust 
beyond all recognition. 

Se Gh cee Le eee 
Moon is a primeval body resembling the early Earth 
and with a composition like that of a stony meteorite. 
The composition of tektites have a bearmg on this subject 
since they may come from the Moon. Those who deny 
this origin rely as a main argument on the high silica 
and alkali content of tektites which is unlike that of stony 
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meteorites. Here I would like to insert a caveat: magmatic 
differentiation well may have oocurred in connexion 


with the evident outpourings of on the lunar 
surface. A welded tuff surface differentiate of this 
megmatiam would likely be of rhyolitio composition which 


o ely reeemble that of tektites. 

lunar maria appear to be filled with large sauoer- 
Shapod bodlion calido TAEMA TAA thea aes Ge 
thin lava flows. The rills and serpentine ridges suggest 
this, as they can be most easily explained by the oon- 
tractional and compressional movements of a thick cooling 
magma. ur M erre po 
Most geologists consider lopoliths’ as intrusive ies, 
but some of us believe that many of them are extrusive 
(for example, Hamilton’). 

It seems to me that we might look to lopoliths as 
possible terrestrial analogues of lunar maria. I have 
recently attempted this mterpretation for the 
lopolith and surrounding structure in Ontario’. JT 
believe it to be an astrobleme involving an impact enérgy 
of about 8 x 10* erga, or twice the size of the Vredefort 
event. The Sudbury structure is my candidate for a maria- 
like feature on tho Earth, rather than the ocean basins. 

In conclusion, I believe that geologists are indeed 
guilty of looking down all of the time, when sometimes 
we should be looking up. On the other hand, the geological 
position of relying on conventional tectonic, plutonic 
and volanio explanations is not arbitrary but well 
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RATE OF FLOTATION IN A HALLIMOND TUBE 


By Da. C. W. NUTT, Dr. M. KEMP and J. WESTON 
Department of Chemical Engineering, University of Birmingham 


HE flotation behaviour of small quantities of a mineral 
s can be determined in the laboratory by means of the 
Hallimond technique!-*. It is usual to design the experi- 
ment so that the results can be expressed as a 
of the origmal mineral which is recovered by flotation 
after an arbitrary time interval. The time selected is 
Listes ioe aaa el para e cc fan Gt ary ra 
tion to ensure that all the floatable material of the 
sample has been recovered. 
ver, if it is deaired to investigate ee 
the relation between flotation and variables such as 
collector concentration or parameters such as degree of 
Sram Uae e K e ay tah Whe: oe 
the i tal ure BO b 
oan be expressed as a rato of flotation. Thus a flotation 
time shorter than that required for complete recovery 


ing variables such as gas flow rate, sire of mineral, 
bed and flotation time, and to know their effects on the 
observed flotation rate. No investigations of these 
aspects of the Hallimond technique are recorded in the 


literature, although Hallimond* noted that 

rate should be enough to stir the bed, and such 
bubbles followed one another up the tabe at intervals 
0-75 in. However, Fuerstenau’ has shown that for 


& 


oomplete, &nd that the recovery rate during this i 
of time is proportional to gas flow rate. objeot of 
the experiments here was therefore to investigate 
these problems the conventional Hallimond tech- 
nique is used for the measurement of flotation rates. 

The mineral used was beryl, crushed and dry sieved to 
a sizb range between 100 and 300 B.8.8. mesh size. It 
was pre-treated by standing in 1 per cent cold aqueous 
hydrofluoric acid (10 ml./mineral) for 0-5 h with occasional 
stirring, then washed with distilled water until the 
oonductvity of the ing water was unchanged by 
contact with the mimeral, and fimally dried at 70° O 
overnight. 

The desired weight of mineral (0-85—0-65 g) was then 
contacted with 65 ml. of & solution of the collector reagent 
for 80 min, with occasional shaking. The collector used 


Flotation rate (g/min) 





Fig. 1. Influence of gas flow rate on the rate of flotation 


Flotation rate (g/min) 





. Wffeok of mineral bed weight on rate of flotation 
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| difficult to reproduce because of the difficulty of regulating 
and ing the bubble rate in these final stages. The 
resulta, ced in Fig. 1, show that within experi- 


mental error, the rate of flotation was directly proportional 
to the bubble rate. 

In & second series of measurements, various bed weights 
(0-35—0-65 g) were used with bubble rates controlled within 
the range 80-100 bubbles/min. The observed rates of. 

- flotation were multiplied by (80/actual bubble rate) to 
give the flotation rate corresponding to a gas rate of 80 
bubbles/min. Results for two series of measurements ab. 
different pH's are shown in Fig. 2 and indicate that the 
flotation rates are independent of bed size, over the range 





* 
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used. Similar results were obtained in several other series 
of experimenta using beryl pre-treated and conditioned 
in different ways. ` 

In another series of measurementa the influence of 
mineral siro distribution was investigated. The 
sample was ted by dry sieving to obtain the +300 
—200, 4-200—170, +170—150, +150—100 fractions. 
Flotation rates, using the preceding technique, were the 
same for all les, within experimental error. 

Thus, for these systems, flotation rate can be compered 
by this modification of.Hallimond procedure, providing 
the gas flow rate is accurately recorded; close control of 
the initial size of the mineral bed is not necessary. It is 
concluded that, for a given system, the mineral load carried 
by each bubble is the same, regardless of the rate of forma- 
tion of the bubbles or depth of the bed. Measurement 
of the rate of flotation of a mineral by this thus 
provides a quantitative measure of the floatability of the 
mineral, and the method has been su used in an 
extensive study of the flotation of beryl, which will be 
described elsewhere. - 

However, for the most readily floatable samples, some 
discrepancies were obeerved. Systems with flotation rates 
larger than 0-15 g/min at 80 bubblea/min gave resulta which 
were not accurately reproducible. Oareful obeervation of 
these systems revealed the presence of two p eas 
during flotatign. In addrtion to the normal size, partly 
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loaded bubbles (Fig. 3) were observed in all systems, and 
there were also a variable proportion of smaller bubbles 
(Fig. 4). These bubbles were always released from the 
bed immediately before or immediately after a normal 
bubble. Since their rtion was variable and could 
not be controlled, consi ble variation resulted in the 
measured rate of flotation. Though the cause of the 
phenomena can only be a matter of speculation, it is 
suggested that the normal size bubble may be formed at 
the upper end of & continuous channel or void extending 
from the sintered disk to the upper boundary. of the 
mineral bed. It is likely that such channels are leas stable 
in beds of easily floatable mineral, and their collapse may 
lead to small pockets of air being trapped within the bed. 
The disturbance associated with the formation of a new 
channel would cause release of the pockot of air as a 
small bubble, at & point of time close to the moment of 
formation of the next normal bubble. 

We thank the United Kingdom Atomic Energy Authority 
for financial support for the investigations and for the 
provision of mineral samples. 
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PROTEINS AND AMINES WITH 


. CHLORANIL | 


- . By Dx. J. B. BIRKS and Ds. M. A. SLIFKIN 


The Physical Laboratories, University of Manchester 


eee been speculation about the 
possible role of charge-transfer oomplexing.in different 
biological systems! x charge-transfer complexes, 
where the donated electron forming the complex is & 
r-eleotron, have been mainly considered. Lees attention 
has been giver to the possibility of n—7 charge-transfer 
complexes being formed, although many biological 
materials contain suitable lone-pair electrons. 

One common acceptor which readily forms charge- 
transfer complexes is chloranil (tetrachloroquinone). 


v-r complexes of the polycyclic aromatic hydrocarbons 
n-r complexes involving chloranil have also been 
obeerved*-", Although chloranil does not occur in natural 
systems, ita behaviour may be considered 
indicative of that of other quinones, such as 05 
ubiquinone, which are of biological interest. | 
In the present work the absorption spectra 

of mi solutions of amino-acids and dd 
chloranil and of proteins and chloranil have i 
been studied. It 18 observed that, on HL 
adding an amino-acid to &'103—10-* M solu- : 
tion of chloranil in 50 per cent aqueous os t 
ethanol buffered to a suitable pH, & change 
oocurs in the solution . The absorp- 
tion band A of chloranil at 205 nm is de- 
creased and a new band, B, appears at longer 
wave-lengths. This behaviour is shown m 
Fig. 1. The position of band B is dependent 
on pH, varying between 880 nm and 330 nm 
as the pH of the solutions is varied between 
pH 4 and pH 12, but it to be inde- 

dent of the nature of the amino-acid. 
Sacre absorption spectra of amino-acid- 
chloranil mixtures at various pH are shown 
in Fig. 2. Table 1 lista the amino-acids 
studied and the wave-lengths of maximum 
absorption of the new bands. 
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Absorption spectra of: 4,4, Pheny 
1073) - 3 mime of @ and 6 
B, chloranil (8 x10 


The effect is reversible. Increase in temperature causes 
the band B at 870 nm to decrease in intensity and tho 
chloranil absorption band A at 295 nm to increase in 
intensity as shown in Fig. 3. ! 

In alkah solution a small fraction of the chloranil is 
changed, probably to chloranilic acid. Fig. 4 shows 
some spectra of new and old solutions of chloranil at 
different pH and some aqueous solutions of chloranilio 
acid at different pH. It is seen that the fraction of 
chloranil degraded is very small, the positions of the 
chloranilic acid abeorption band at 880 nm are scarcely 
affected by the changes in pH. It is clear that ohlorahilio 
acid is not responsible for the effecta observed in chloranil— 
amino-acid solutions. - " 
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plotted against the ihverse optical density of bend B. 
Àn approximately linear relation is found 
corresponding +o the Benoesi-Hildebrand 
equation for 1:1 oomplexos'*, namely: 


5, » ee) GD " e for [a] > [b] 


where [a] and [b] are the molar concentra- 
tions of the two components. K is the equili- 
brium constant of the complex given by: 
[ab] 

[a — ab] [b — ab] 

where [ab] is the molar concentration of the 
complex, i is the optical path length and t, 
is the molar extinction coefficient of the 
complex i The values of the equili- 
brium constant K evaluated from the inter- 





K= 
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300 850 400 
4 (nm) 
Fig, 3. Differonce spectre between OLOR BÓ per cent ethanol 
of ohloranil and about 10-* in 50 omi 


buffered to pH 7 at 20° O (- — — and at 40° O (— —) 


studied. Typical resulte are shown in Fig. 0. Table 3 
lists the positions of the new bands o The spectra 
of chloranil-protein mixtures are very similar to the 

of chloranil-amino-acid mixtures except that, for 
& given pH, the position of the band B lies at shorter 
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cept and are listed in Table 2. K 800 i. No eo w 400 500 600 
WU sowing E n a i 
1 are own in . 
= * 4 spectra of: A, chloranil (2-3 x 10-* M) in 50 cent ethanol buffered 
The E rption ee of ca ne POTE peor a"i x10 Nia 6 per oent abana! Por to pil 7 C -j 
tions of proteins an oranil in 50 per ` dioan (rin 60 per ceni ethanol beur weaks after preparation (—-—). B,ebloranilio 
oont aqueous ethanol have also been : MR HP beled te git Ce T pee PET C) 


in about 10-* M solutions of chloranil give comparable 
optical changes. On adding alkali to solutions of 
ri and chloranil, a purphsh precipitate is formed. 
e precipitates from a bovine-serum albumin- 
chloranil solution and a flbrinogen—chloranil solution 
are found to exhibit semi-conductor behaviour and 
a d.o. conductivity of 101* Q am. This 1s in reason- 
able agreament with the data of Eloy e£ al, who 
also showed that a bovine-serum albumin complex 
behaved like a semi-conductor with a conductivity 
of about 10!* Q am. 
Absorption spectra of mixed solutions of chloranil 
and amino-acid analogues have also been studied. 
ical spectra are shown in Fig. 7. The spectrum 
of chloranil in ascetic acid is similar to the 
of chloranil in different inert solvents". On the other 
hand, the spectra of the various chloranil amino-com- 
pound mixtures are similar to those of the amino-acids 
and proteins. The new bands observed in these 
mixtures are also reversible, decreasing in intensity 
with inorease in temperature. Solutions of these 
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10 j mixtures in 50 per cent &queous ethanol 
A c exhibit only a new sharp band in the region 
3 of 350—420 nm (ref. 11), but in solutions in 
carbon tetrachloride an additional broad 
^ band, probably corresponding to the oon- 
$ ventional charge-transfer band, is often 
observed at rather longer wüvo-lengths!*. 
4 Anthranilio acid in carbon tetraohloride turns 
i m a bronze colour on adding chloranil, but the 
other amino-benzoio acids do not give any 
A L visible coloration in the presence of chloranil. 
3 3 The positions of these new absorption peaks 
PER es ue og Per CMS and the pH of the solutions aro tabulated 
3 deo D m Table 4. 
The absorption spectra of chloranil— 
8 B amino-acid and chloranil in mixtures 
are very similar to those of chloranil-amine 
e 80 mixtures. It is concluded’ that the amino- 
groups in the amino-acids and proteins form 
4 20 n-r charge-transfer complexes with chlora- 
nil The new band B has already been inter- 
2 10 preted as being due to a red-shift of the 
f chloranil band on complexing". The studies 
0 reported here support this mterpretation. 
0 100 200 300 400 800 1,200 "The complex is probably formed by a lone- 
~ Inverse concentration h-~) pair electron from the nitrogen in the amino 
5. Plots of in optical density against Inverse concentration of amino-aeid. group being donated to the chloranil. 
i with obloranfl Pi H $ 
£ with obloranil (0510 M) Dy One ent eee sel lots Although the normal charge-transfer band 
O, tryptophan with chloranil(4 x 10~ Md) in 50 per cent ethanol buffered to pH 12 at 355 nm: has not been observed in these amino-acid 
D, with (1 x 107 M) in 50 per cent ethanol buffered to pH 8 at 850 nm systems, it has been shown that some ali 
tio amines show such a charge-transfer band 
Table 2, BAUIAERIUX OONFTANTS OF AXIKO-AOID-CHLORAXIL CONPLXR m carbon tetrachloride but not in 50 per cent aqueous 
ieee ethanol. 
Aminc-eald x A D 1 rH , 
Glyeine 398 1x10 — 48x10- 144x103 890 " Booth and Boyland'* found that various hydrocarbons 
Glyetne n = x [42x 1036x104 350 Ê form 1 : 1 complexes with purines m 50 per cent aqueous 
x x * 
Se in 178 $4x104 19110355190 $00 4 ethanol. It was later shown!’ that the infra-red spectra 
Tryptophan ~O  4x102 LS57x10-9-4x109 — 355 11 and orystel structure of these complexes are very similar 
Leucine Ef "eim Mot m 7 to those exhibited by transfer complexes. Booth 
Alanino i and Boyland concluded, however, that those hydrocarbon— 
X, equilibrium constant 1./mols at 20° O; A, concentration of chloranfl purine complexes oould not be -transfer complexes 
ee as ee of amino-acki m molem/L; 1, wave- because of the be of them 1 f band. 
Present work suggests t charge-transfer complexes 
dna Paa CELINE ETUM MONDE ‘cure pih z . may be formed without the appearance of a typical 
Protein "Wave-length (nm) »H ^ oharge-transfer absorption band. - 
Fibrinogen 300° 5 Although the amino-acids exist as dipolar ions in neutral 
Mo EY solution, in the presence of chlorani| they behave as 
though they still possess an un-ionized amino p. 
lobalin e 5 f : 
T uo» 7 This raises the question as to whether the equilibrium 
350 s constants given in Table 2 are correct. Ifthe amino-acids 
oie serum ae : exist in both ionized and un-ionized form in the presence 
Tope! uo” 5 of chloranil, then the concentration of the amino-acid 
346 8 used to evaluate the equilibrium constant should be that 
* Poorly resolved. of the un-ionized amino-acid. 
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Table 4. WATELERGTH OF MAXIMUM ABSORPTION OF BANDE OOOUREIEG 
IN ÀAXMINE-OBLORANIL 


Donor Solvent À (nn) 3H 
yiamine 50 t othanol 345 12 
De igi. Er t E 2 
i carbon ticae 520, AS (ref 10) 
Triethylamtne (ref. trethylamtne’ 315 i 12 
S IE pss $58 (ref. 10) 
Anthranilie acid 50 pec oent ethanol 425 38 
2 B) carbon tetrachloride — 500 
i "oon nS $ 
s a on 385 
p-Amino-benzow sold 50 pex oeni ethanol 329 as 
Wi. uis i ide as " ir T 
Dimethyl aniline (ref. butyl ether 845, 025 
Memeo) ; m » $80, 600 


Increasing the pH of the solutions causes the band B 
io gute ducem wave mie If this band is the 
original chloranil band ghi to longer wave-l on 
complexing, this would indicate that at higher p the 

are weaker. Amino-groups are to be 

bettor electron donors in acid solution than in alkali 

solution. Table 2 also shows & decrease in the equilibrium 

constants of the complexes on increasing pH. The 

observation that comparable weights of in and amino- 

acids produce similar changes in the spectrum of chloranil 

that many of the amino-groupe in the protem 

- We thank Dr. F. J. W. Teale for helpful discussions. 

We also thank Mr. N. J. Dunning for the semi-conduo- 
tivity measurements. 

One of us (M. A. B.) wishes to acknowledge tenure of 
a D.8.LR. research studentahip and of & 
D.8.LR. research fellowship. 
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ABSORPTION SPECTRA IN IRRADIATED WATER AND SOME SOLUTIONS 


Absorption Spectra of ‘Hydrated’ Electron 


E studying the absorption spectra of various aqueous 
solutions after exposure to a pulse of 1:8-MoV electrons, 
we have discovered a broad transient absorption band 
extending from wave-lengths below 5000 A to beyond the 
limit of the emulsion sensitivity at 8800 A, and having a 
peak near 7000 A. We believe that this band is due to the 
hydrated electron, the existence and properties of which 
were by Platzman!. It was first observed 
(Fig. 1) in a de-aerated 0-5 molar solution of sodium carb- 
onate, bub has since been found with somewhat lower 
intensity in pure de-aerated water (Hig. 2). It is strong 
in solutions containing sodium sulphate, hydroxide or 
chloride, but is absent in sodium bicarbonate or formate. 
Solutions of lithium and potassium carbonate and chlorides 
also give some degree of enhancement. In each of the 
solutions referred to, and in pure water, essentially the 


same band appears, with small differenoos of detail which 
are probably not significant. We have found the band in 
neutral and in alkaline solutions, but if it is present 
at all in strongly acid solutions it is very weak. A low 
concentration of dissolved oxygen reduces the absorption. 
‘Fhe i tal arrangement consisted of a 6-cm 
long all-quartz cell with a thin window on one side through 
which the electron beam entered. A dose of same 4-10 
k.rads was given in a 2-800 pulse. The absorption gpeo- 
trum was taken on & intermediate quarts gpeotro- 
graph (E.480) using K IIL scientiflo plates and a 
light source with a time duration of some 4 psec 

(ref. 2). When the spark was triggered simultaneously 
with the electron pulse the absorption band illustrated in 
Fig. 1 was present. More than half this absorption had 
vanished in a delayed taken 10 psec after 
the pulse, but traces were still detectable for more than 


20 psec. 
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À(X100À) 





Fig. 1. Transient absorption in 0 5 M 
onata. a, Denutometer trace of part d spectrogram taken through 
Mon], b. annta ae er ates, LUS fo fhe senettizera m the emul- 
comly with a 2 aseo electron palse (9. 4 krada): o, difference curve 


i 


The presence of solvated electrons in solutions of the 
alkali metals in liquid ammonia, in methylamine or in 
ethylamine has been recognized for many years’. Evidence 
for the existence of trapped electrons in these liquids is 
provided by the form of their optical absorption spectra‘ 
aa well as by their high conductance’, paramagnetic 
susceptibility* and electron spin resonance spectrum"). 
The optical absorption spectrum of the solvated electron 
in liquid ammonia is & broad band with a peak at 14,500 A 
(ref. 3) and in pure methylamine it is a broad band with a 
poak at 7000 A (ref. 8). In mixtures of methylamine 
with ammonis the peak ab 7000 A appears when tho 
percentage of methylamine in the mixture exceeds 70 
per oent’. 


We prepared aqueous solutions of ammonia of various. 


concentrations, and observed the absorption spectra 
when these were exposed to a pulse of some 10 k.rads of 
1-8 MeV electrons. For ammonia concentrations of 1-2 
molar or lower we found the absorption band characteris- 
tic of water, but in a 12 molar solution the absorption 
increased continuously to the limit of the emulsion sensi- 
tivity at 8800 A, without showing a peek (Fig. 3). It 


resembled closely the tail of the abeorption spectrum of ^ 


solvated electrons in liquid ammonia, although the pro- 
portion of ammonia to water molecules in our solution 
waa only about 1 : 4. 

Bince the transient spectrum we have observed is 
produced by the irradiation of pure de-aerated water, is 
affected in intensity but not in character by the presence 
of various alkali metel ions and various anions, is sup- 
pressed by oxygen, is of short life, and is a broad band 
resembling the spectrum of the solvated electron m 
liquid ammonia, methylamine and ethylamime, we 
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believe that it is due to the electron trapped in a similar 
manner in water, as predicted by Platrman!. 

The difference curves in Figs. 1-3 were obtained after 
bringing the two densitometer traces arbitrarily into 
coincidence at 5000 A, where the emulsion sensitivity haa 
& minimum. This expedient was adopted in order to 


(a) 





50, 60 70 80 00 
` A(x 100 A) 
2. Tranaleni absorption in pure de-aerated water. a, unirradle 
mee è, simultaneous with ¥-xseo electron pulse (6. 10 k.rads); nis 
erenoe curve 





(a) 





02 
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01 


50 60 70 

A (x 100 A) 

Fig. 3. Transient absorption in 12 M solution of ammonia In wator. 

a, untrradrated solution; b, umultansous with 2-mec elecirom pulse 
(e. 10 'k.rada); e, differenee curve 
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eliminate: front the comparisons small variations in total 
light output between successive sparks. The absorption 
band has, however, a long tail which extends throughout 
the visible region of the 


We thank Dr. L. H. Gray, Dr. G. E. Adams and Dr. R. L. 


Platzman for criticiams and suggestions. 
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Optical Absorptions in Irradiated Water 
Boag and Harb communication) have 
observed a short-lived optical absorption band in water 
and various aqueous solutions irradiated with : 
2 usec pulses of fast electron radiation. The 
attribute this bend, which has a peak at ~ 7000 A, 
to the presence of ‘hydrated’ electrons. In their 
experiments a light flash and spectrograph were 
used to produce a photograph of the absorption E 
spectrum. I have used the complementary 
technique with a steady light source and photo- ; 
oell to obtain a cathode-ray oscill trace | 


lifetimes of short-lived. species but 
spectra can be mvestigated only by repeated 
Measurements at a series of wave-lengths. The 
apparatus has already been described and refer- 
ence made to the existence of optical a ion 
in water’, ; [ 
present communication describes some of 
my observations with water in more detail. The 
resulta obtained were the same in distilled water 
and in water redistilled from alkaline permangan- 
ate in silica. Also, the irtadiation vessel was 
long enough to prevent irradiation of the optical `H 99 
end-plates by scattered electrons from the beam. 
It is believed, therefore, that the resulte can 
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but the slower component was 
and was absent in de-aerated samples. At 5430 A tho 
Cerenkov radiation was much weaker and with aerated 
water a rapid drop in ical tranamission to 95-8 per 
cent (after correction for ov light) occurred at the 
beginning of the pulse followed by recovery to 100 per 
cent immediately after the pulse. This is shown in Fig. 2. 
In de-serated water at this wave-length the drop in 
transmission wes five times greater and had a slower rise 
and fall (Fig. 3). Ino water using increased 


eels paii if wea PD to be five times amaller and 


the same flat base as in the aerated samples. The 





Bwoep speed (1 ama]l dtviston per sec) 


of aerated water at E100 A before, durmg and after a 
during the pulse and a small optical 





—— 


Sweep speed (1 small division per ssec) 


only be due to radiation effects in water and their 2. Lower trace: optical transmission of aerated water at $430 A before, durng 
modification by the presence of dissolved gases. MEUM em reed shoving Gerenbey omiman only TEMA 


De-aerated water was produced by bubbling 
argon for 24 h in the irradiation apparatus 
mmediately before the The dose per 
pulse was’~ 5,000 rads and the optical path in 
the irradiated volume ~ 2 cm. 

During the 2-useo pulse Gerenkov light was a 
produced in the water and under some conditions d 
increased the apparent transmission above 100 E 
per cent. This is shown in Fig. 1 for aerated 
water at 3100 A. In general, the deflexion | 


100 


during the pulse is a combination of loss in light 
due to absorbing substances produced by the 
radiation and gain in light from the Cerenkov 
effect. The true drop in transmission can 
then be obtained by comparing traces obtained, 
with the lamp shutter open and closéd, the 
latter giving the amplitude of the Ov 
hight alone. In the case of Fig. 1 identical 
deflexions were obtained, thus showing the 





-= 


Sweep speed (1 small division per aseo) 


3. transmiesion of de-serated water at 5430 A 
Fig. Optical e before, during and after & 
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A(À) 


Fig. 4. Absorption spectrum of de-aerated water immediately before the 
- end of a 2 xseo electron pulse 


B &beorption spectrum was independent of diasolved oxygen 
(apart from amplitude) and is shown in Fig. 4 for de- 
aerated water. The vertical lines are equivalent to 1 mm 
on the oscilloscope screen. They do not inolude errors 
due to variation of dose from pulse to pulse but those 
were usually small as was shown by separate measure- 
ments on individual pulses with an integrating secondary 
emission chamber. The spectrum is not inconsistent with 
the band observed by Boag and Hart and may therefore 
be due to the same absorbing substance. Lack of photo- 
cell sensitivity made observations difficult beyond 6000 A 
and the position of the absorption maximum could not 
therefore be established. E 
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These results suggest that an absorbing substance with 
the spectrum of Fig. 4 is produced at a rate proportional 
to the initial slope of Fig. 3 (— 18 per cent per useo) when 
water is irradiated with an ~5,000 rads pulse of fast 
electrons. If this substance does not react with dissolved 
carbon dioxide or nitrogen then it presumably reacts with 
oxygen to reach equilibrium concentrations oo i 
to the 4-2 per cent drop in transmission shown in Fig. 2 - 
in the case of air saturated water (0-3 x 10-* molar 
oxygen) and the five times smaller drop observed in the 
case of oxygen saturated water (1-4 x 10 molar oxygen). 
From these figures the rate constant for the oxygen 
reaction can be caloulated to be 1-5 x 101° 1. mol-! geo-!. 
In de-serated solution the recovery to 100 per cent after 
the pulse fita neither an inverse concentration plot nor an 
exponential. Thus removal of the substance in rero or 
very low oxygen concentration may occur by mare than 
one reaction. Irradiation of 5 x 10> molar ‘ferrous 
sulphate in 0-8 N sulphuric acid under the same conditions 
produced a drop in transmission at 3100 A from 100 per 
oent to a steady value of 49 per cent after allowing 80 sec 
for the hydrogen peroxide reaction to go to completion. 
Comparison of this result with the initial alope of Fig. 3 
gives a product of G value and extinction coefficient of 
18,700 for the substance produced in water, takmg G 
(Fe***) as 15-6, extinction coefficient (Fet++) as 2.100, 
and 2 yseo for the pulse-length. 

: J. P. Kemm 
Paterson Research Laboratories, 3 
Ohristie Hospital and-Holt Radium Institute, 
Manchester. 20. 
1 Keone, J. P., Nature, 188, 848 (1960). 
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DISULPHIDE—SULPHYDRYL EXCHANGE IN DOUGH 


By Dr. C. A. M. MAURITZEN and P. STEWART 
Russell Grimwade School of Blochemistry, University of Melbourne 


[T has long been recognized that the protein complex, 
A gluten, is the principal component responsible for the 
viBoo-elastio properties of doughs made from wheat flour. 
Sullivan ei al.1 suggestéd that bromate or persulphate, the 
mild oxidizing agents used as dough ‘improvers’ by the 
baking industry, exert their aotion by causing the forma- 
tion of additional protein disulphide bonds. More 
recently, Goldstein? examined the effect of oxidizing and 
sulphydryl blocking reagents on the rheological properties 
of dough and ted an interchange of disulphide and 
sulphydryl groupe which would account for the relaxation 
with time of induced strains in doughs and the failure 
of these strains to relax when dough had been treated 
with such reagents. Frater ei al.*4 and Mecham’ have 
elaborated this theory and have postulated that the 
strength of a is related to the number of inter- 
‘molecular disulphide bonds in gluten and that relaxation 
of strains in dough is & function of the rato at which 
‘available’ or ‘acceasible’ sulphydryl groups exchange 
with disulphide bonds. i 
| Thé experimental evidence for such sulphydryl-disul- 
phide interchange in dough was Iscking until recently, 
when MaDerthott and Pace’ made use of the hydroxy- 
proline-oontent of thiolated gelatin to demonstrate that, 
on mixing, thiolated gelatin becomes bound to gluten 

teins. : s 

In order to examine the chemical interactions which 
have taken place it is useful to separate the components 
of dough after mixing. It was felt undesirable, for several 
reasons, to use exhaustive solvent extractions for this 
purpose, and therefore a technique of dough fractionation 
which involved no extractants or diluents was developed. 


The dough, after mixmg and restmg, was subjected to 
preparative ultracentrifugation for 1 h at 80,000 r.p.m. 
(Spmco model L, head 30) and 80° O. This process was 
found to resolve dough into 5-7 distinct layers depending 
on the previous dough treatment. The mam layers are, 
in ascending order of sedimentation rate, a lipid layer, a 
viscous, amber, dough liquor, a damaged-starch layer, a 
main gluten layer and a granular starch layer. The 
chemical composition of the principal layers is to be 


ed elsewhere. 

t should be pointed out that only one of these layers, 
namely, dough liquor, which contains thg componenta of 
dough soluble in dilute salt-aolution, can be directly 
obtained uncontaminated by other layers. The remaining 
layers all contain do liquor to & varying extent. 

An examination of the incorporation of “8-cysteine and 
MC-leucine into the proteins of dough has been made by 
following the recovery of labelled compound in dough 
liquor, and the results are summarized in Table 1. 

50 g-of wheat flour were mixed with 31-7 ml. of salt 
solution containing the appropriate concentration of 


Table 1. PERORYTAGE OF ADDED CoUNTS In FRACTIOXS 
Dough Dough liquor, 
Expert- Dough treatment Dough liquor dips Għten 
ment Mirng Restmg liquor non PTA PTA 
time time dialymable sol.  insol. 
I 8 65 min.* 60 min. 96 0 86 10 4 
It 3.5 : 60 76 11 35 30 24 
In 25 200 68 1* 31 25 33 
- IV 601 60 60 4 27 *9 40- 
v 35mm. 60 71 21 43 7 19 
(under N,)t = 


* 1 umole “0-1-DL leueme. tO 5 kmole *B-eysteine. 
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labelled compound. After resting the dough quor was 
ted by ultracentrifugation. 


established that the isotope was present in dialysable 
form in the dough liquor in almost the expected 
tion, indicating that only 4 per cent of “O-leucine had 
become bound to the non-dialysable components of dough 
(Table 1, Exp. I). : z 

When 0-5 umole of *B-cysteine (52 mo./m.mole) was 
added to dough during mixing, 24 per cent of the added 
isotope was bound to gluten and 11 per cent to the soluble 
proteins of dough liquor (Exp. II). : 

Dialysis of a suspension of the gluten or soluble proteins 
against 8 M urea containing 0:5 M sodium chloride, did 
not remove the i . lt was removed, however, by 
dialysis against 8 urea 0-25 M sodium 
sulphite, or by performic acid oxidation, suggesting that 
the “8 ine was bound to protein through disulphide— 
Ruben yy) DHernenge aooorde Oe Ior (amr 
oxidation to cystine) by 2, or by oxidation via reaction 8: 


Protein S-8-protein + CySHe Protein S-SCy + 


Protein SH ` (1) 
Protein SH + Cy880y = Protein $-8-Oy + CySH 
(Hird and Frater’) (2) 


Protein SH + CySH + 40, > Protein 8 -8Cy + H,O (8) 
Half the dialysable radioactivity of dough liquor was 
present as phosphotungstic acid-precipitable material 
and appeared to be either cystine or other low molecular 
weight disulphides, suggesting that some oxidation of 
cysteine to cystine does occur. 

The disulphide content of 50 g of flour was found by 
amperometric titration with methyl mercuric nitrate to 


NATURE 


concentra- 


-to be far from 


49 


be 480 pmoles, the total sulphydryl 63 pmoles, and the 
ous and that 


(calculated for reaction (1)) was found to increase linearly 
with i i cysteine-levela. Furthermore, increased. 


to protein under these conditions (Exp. V). 
tive incorporation remains a possibility, disulphide- 
sulphydryl mterchange appears to play the major part. 
The relative importance of reactions 2 and 3 cannot easily 
be determined, but **8-cystine is incorporated to a lesser 
extent-than cysteine. 
We thank the Wheet Industry Research Council for 
financial assistance. , - " 
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UNEQUAL BILATERAL SODIUM EXCRETION IN SHEEP WITH AN 
i EXTERIORIZED URETER 


d By B. D. STACY and A. H. BROOK 
: lan Clunles Ross Animal Research Laboratory, C.S..R.O., Prospect, New South Wales 


METHOD of chronic unilateral urinary diversion in 
the sheep by means of a cutaneous ureterostomy is 
being developed in this . The nine animals so 
far studied all showed the odd characteristic of excreting 


more sodium through the operated than the intact ureter, . 


the magnitude of the effect being illustrated in Table 1. 
The excretion values m Table 1 were calculated from 
24-h urme samples with the animals on & low sodium 
intake (about 20 m.equiv./day). Urine from the fistulated 
ureter (U) consistently contamed more sodium than urine 
from the intact ureter and bladder (B); the ratio of 
excretion on the two sides (U/B) varied widely both within 

With the exception of two sheep (1780 and 1784) in 
Table 1, farther observations on renal excretion were 


Table L BILATNRAL BODIUM HXORETION. UROS FROM TAA HXTERIORIIED 
Rice? URETER(U) cOMPARED WITH SAMPLES FROM THE IETACT BLADDER (B) 


No.of  &odtum exeretion calonlated Bodtum exeredon 

daily from 24-h samples ratio ` 
Hheep bilateral (xoqutr./min) (ureter/bladder) 
No. urine U - B 

collections Tangs range Range Average 

1784* 40 0-40-22 4 008- 2-0 1 748-0 10-5 
1780*. 18 91-121 16-239 4$ 
1782 17 81 -58 6 07 82-6 1-5-128 2 
1171 13 OO - 63 01-13 33-237-0 125 
1776 12 2-3 -125 02 - 2-0 * 101 
1194 12 O5 -194 007- 2-1 2-3—70-5 B1 
1773 5 11-145 002- 07 10 0-103 199 
oe A B5 —11 06 -25 3-4-18-5 11-0 


i 
: 


` urea 


cut shorb by the intervention of permanent ureteral 
stricture. The two animals referred to were examined 
for several months after exteriorization of the ureter and 
the U/B ratio for sodium excretion in the late post-opera- 
tive periods is shown in Fig. 1. Urine specimens (24 h) 
from the ureter and bladder were compared for sodium 
content. The pointa on the graph represent the average 
U/B ratio for the number of collections made during 
10-day intervals. Fig. l shows that there was a distinct 
change in the U/B ratio with tho lapse of time after the 
operation. Fluctuations in daily values were not so 
marked in the later periods, and the kidneys began to 
show & more equal excretion of sodium 3—4 months after 
ureteral surgery. ing the sodium intake by 200 
m.equiv./day did not, as Fig. 1 shows, affect the U/B ratio 
The cause of the divergent handling of sodium by the 
two kidneys is unknown and is not to be found in the more 
obvious processes that might feasibly affect the appearance 
of sodium in urine. During the time the were 
gxhibiting the effect shown in Fig. 1, there was nothing to 
suggest from other observations that the kidneys were 
pay different. Functional oomparison of the separate 
idneys showed that they were similar with respect to 
glomerular filtration (creatinine clearance), effective renal 
plasma flow, tubular secretión of p-aminohippurio acid, 
clearance, i and hydrogen ion excretion 
and the ability to elaborate hypertonic urine. The dis- 
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Ratio of sodium exereton (U/B) 
= 
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Intake tnoreesed from 20 to 200 
m.equtv./day at the pomnta indicated 
proportionate excretion of sodium occurred when the 
urine was sterile and freo of protein. 
In the first few days after the operation, all the animals 
except one experienced occasions when urine-flow fram 
the fistulated ureter was temporarily obstructed, often 


x tio 
dally urine 


by small blood clota, for an hour or more. The effect of 


such obstruction on electrolyte exaretion in the sheep is 
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Ta. 2. Postprandial decrease in sodrum exoretion 
samples collected from the extenorimzed ureter and ; 
sodium intake 200 m.equiv./d&y (sheep 1780). O, Bladder; 6, ureter 


unknown. ‘Tranment ureteral occlusion in the dog does 
not cause an increase in sodium on the obstructed side’, 
although olinical studies in man? have revealed abnormal 
renal losses of sodium and water following the relief of 
complete obstruction of the urinary tract. 

Despite the chronic nature of the effect, the kidney on 
the side of the exposed ureter did not show the renal 
abnormalities characteristic of salt-losing conditions such 
as adrenocortical insufficiency or salt-losing nephritis. 
Total renal excretion did not exceed dietary intake so 
that the development of sodium deficiency was unlikely. 
Furthermore, in some circumstances the suspect kidney 
was remarkably efficient at conserving sodium, clearly 
demonstrating that it did not continuously exorete salt 
entirely regardless of. physiological needs. Tho aot of 
feedmg waa found to elicit numerous changes in renal - 
behaviour, one of which was a post-prandial fall in 
sodium excretion. Fig. 2 shows that the kidney with the 
exteriorized ureter was readily able to respond to this 
normal stimulus to conserve sodium. 

From these observations on the sheep it is concluded 
that chronic unilateral ureteral fistulation, accompanied 
by early temporary obstruction, may disturb the ratio 
of sodium excretion in the two kidneys without obviously 
affecting other aspects of renal funotion. 


! Jaenike, J. R., and Bray, G. A., Amer. J. Physiol., 199, 1219 (1060). 


* Bricker, N. 8., Shwayri, B. I. J. B., Kellog, D., Merrill, J. P., 
and Holmes, J. H., Amer. J. Med. 34, 554 (1957). 


INTERACTION OF MECHANISMS CAUSING EYE AND EYELID 
MOVEMENT 


By Dr. D. W. KENNARD and G. L, SMYTH 
Medical Psychology Laboratory, Department of Medicine, University of Cambridge 


HE eyelids may be considered to be an auxiliary visual 
apparatus. Vision requires that the eyelids be kept 
open; conversely, it is interrupted when the eyelids are 
as in blinking, voluntary eye closure and closure 
at the onset of sleep. Also the eyelids tend to follow the 
vertical movements of the eyes. Thus, there are two 
modes of interaction between the eyes and the eyelids; 
one associated with closure, the other with eye ‘following’. 
Past work has shown that different mechanisms sub- 
serve these two functions. The mechanism of blinking 
described by Gordon! and Bjork and Kugelberg* consists 
~of & brief activation of the palpebral orbicularis oculi 
with simultaneous inhibition of the levator palpebrae 
superioris. Visual following differs in that no active 
mechaniam has been found to cause a lowering of the 
upper eyelid. The only muscular change detectable is a 
‘gradual decrease of levator palpebrae activity as the lid 
moves down. 3 


The two funotions, blinking and visual searoh, have 
been shown to be mutually inhibitory. Thus, during a 
demanding visual task, blinking is reduced in frequency‘, 
and, conversely, blinking occurs when the task is inter- 
rupted or oeases*. In the oourse of experimenta on eyelid 
reaction during simple visual tasks (fixation of a spot of 
light), Glaser and Kennard* observed that blinking 
occurred at points of relaxation of attention. 

We describe here an interaction between blinking and 
vertical folowing movements of the eyes and lids. Such an 
interaction has not been described previously. Movements 
of the visual apparatus in the vertical plane influence the 
frequency and form of blinking. Conversely, blinki 
is integrated into the normal movements of eyes an 
lids. 

These two patterns of movement—lid closure (blinking) 
and vertical lid following—interact and provide interesting 
but complex examples of nervous integration. 
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the positon of the eye determined 
the olectromyogram (HMG) of the upper 
colt arsed T 
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with a downward lid saccade. On the movement a miniature 
blink us zimultaneous with a hesitation in the Hd record 


The subject was required to fixate a spot of light moving 
in the vertical plane and following a variety of wave-forms 
—equare step, sinusoidal and triangular. The eyelid 
movements were recorded with a photo-clectric transducer’ 


tromyogram of the upper palpebral orbicu- 
laris oculi was recorded. 

The simpiest form of interaction observed 
waa that between overt blinking and vertical 
tracking movements. Occasionally, during 
a ing tracking tesk, blinks may not 
be completely inhibited, and fully formed, 
but partial blinks ocour during both the 
up and down movements. In common with 
other workers we have found the majority 
of blinks te be Incomplete or partial, as the 
upper lid may stop considerably short of 
apposition with the lower lid. Such 
overt blinkmg may possibly be due to 


NATURE 


51 


some source of irritation. In such circumstances evid- 
ence of facilitation is present in that the frequency of 
blinking is greater durmg downward movement than 
upward. We have measured such records and found the 
differences to be statistically significant. Sometimes 
simple inspection of tracking records alone suggeete this 
fact. 

. However, as described here, when the visual task such 
as tracking is sufficiently demanding, overt blinks may 
be totally or very largely mhibited. Nevertheless, under 
such conditions evidence of blinking activity may still be 
present. Those may be termed samall or miniature blinks. 

The' eyelids perform the two types of movement that 
have been described for the-eye, a amooth tracking motion, 
and a rapid step-like saccadic adjustment of position’. 
In executing these two types of movement the eyelids 
and the eye are found móet often to act in unison. Thus 
saccades of the eye and lid occur simultaneously, though 
not always so. This is not the only pattern of interaction, 
as frequently lid saccades invoke & blink mechanism. It 
is understandable for this to occur durmg downward 
movement, since & downward saccade of the lid closely. 
resembles in direction and velocity the active phase of 
blinking. Our records show some saccades to be associ- 
ated with the typical blink movements of the eye. Thus, 
Fig. 1 shows that during a blink the eye moves up as the 
upper lid comes down. Fig. 2 shows that during downward 
tracking, downward lid saccades occur at the same time 
as upward eye rotation of 100-800 mseo duration. The 
association with the blink is further supported by the 
electromyogram of the orbicularis oculi, which shows the 
characteristio activation of the initial phase of & blink. 
All grades of such blinking may be found during tracking, 
few the barely perosptible fo tho fully egolved lnk. 

In the course of upward tracking, such miniature blinks 
are algo seen, but their effect on the lid is slight. They 
merely cause a hesitation or small notch in the record of 
lid movement (Fig. 3). Thus, there is mutual facilitation 
between the two similar functions in downward move- 
ment, although not in upward movement, and this may 
be considered & useful function. 

Passing now to easier tasks, requiring lesser d of 
attention, & simpler pattern of interaction is found which 
probably represents the most elementary form of mtegra- 
tion of these two mechanisms. Fig. 8 shows the record 
of the upper lid and eye obtained during upward and 
downward tracking of a spot of light moving slowly 
(3°/sec). The eye and lid follow the general motion of 
the target, but mspection of the record reveals super- 
i miror fluctuations, which have a reciprocal 
relationship to each other. They can scarcely be termed 
blink-like or saccadic. During downward tracking, up- 
ward movements of the eye occur simultaneously with 
small downward lid movements. These may perhaps 
be considered the reverse of a blink. The record demon- 
strates a reciprocity between the movements of the two 
structures: a characteristic feature of the blink or closing 
action. 

The central nervous mechanisms are worth discussing. 
The integration of the two movements probably takes 





lid movement during alow vertical visual tracking of & mo 
& xnl relationship between the movements of the 
opposite direction STE displacemen 
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place at higher levels than the motor nuclei of the effector 
muscles, probably at the superior colliculus, which has 
been shown to be the nervous centre of integration of 
visual information and sensory data from the extra- 
ocular muscles. The eyelid muscles are probably to be 
included as extra-ocular. 
We have shown that the graded mutual inhibition 
. between the mechanisms of attention and blinking is 
modified by movements of the visual apparatus. Blink- 
ing is subject to phasic influence from the movementa of 
the eyes and lids, downward movement being facilitatory 
and upward probably inhibitory., This interaction occurs 
at & centre such as the collicus, where the neuronal fields 
overlap. The nervous excitatory state for blinking may 
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be insufficient to bring about overt action, but activity 
of the same sign, such as downward movement, summates 
with it and then leads to the greater development of 
blinking both in amplitude and frequency. Future 
study of the nervous mechanisms in the responsible 
brain centres should provide interesting information 
about the performance of complex integration in the brain. 
! Gordon, G., Brit. J. Ophihal., 35, 359 (1050). 

* Bjork, A., and Kugelberg, H., NEG Cha. Neurophysiol., b, 505 (1058). 

* Drew, G. 0.,-Quart. J. Exp. Pryokol., à, 73 (1051). 
‘Poulton, E, O., and Gregory, B. O., Quart. J. Kap. Prychol., 8, 57 (1052). 
* Hall, À., Brit. J. Ophthal., 89, 445 (1945). 


* Glaser, G. H., and Kennard, D. W., Nature, 198, 1110 (1903). 
! Kennard, D. W., Smyth, G. L., and Humphrey, B. J. E. (to be published). 
* Rashbess, O., J. Pkyriol., 159, 826 (1061). 


THYMUS-LYMPHATIC.NODES INTERRELATIONS FOLLOWING 
INJECTION OF FREUND'S ADJUVANT 


By Dr. GEORGE J. SVET-MOLDAVSKY and L. 


I. RAFFKINA 


L A. Tarasevich State Control Institute of Sera and Vaccines, Moscow, and institute for Pollomyelitis Research, A.M.S., U.S.S.R. 


reoenily ib has been pud ted! thab 
the thymus lacks plasma antibodies. How- 
ever, Ross and Korenchovaky* described plagma cells in 
the thymus of rats treated with sex hormones. Marshall 
and White® have recently reported about the formation of 
antibodies, plasma cells and lymphoid follicles in the 
thymus of guinea pigs followmg direct administration of 
and Burnet et al. have discovered lymphoid 

follicles in the thymus of mice of a strain with a leceditiry 

and &uto-immunological disease. 

We have observed formation of numerous plasma cells 
and of lymphoid follicles along with epithelial glandular 
structures in the thymus of albino rata treated with 
Freund's adjuvant. 

The adjuvant, prepared. as described elsewhere’, was 
administerod to non-inbred rate at a rate of 0-1 ml. into 
each of four paws and 0:2 ml. twice beneath the akin of 
the abdomen. 5-15 rats were killed after 2-42 days and 
the lymphatic nodes, the thymus and spleen examined 
histologically (total, 100 rata). 48 h after administration 
of the adjuvant in half the casea conventional accidental 
mvolution was noted, varying in degree in the thymus 
and lymphatic nodes as characteristic of any stress’. 
Afterwards, hyperplasia and mass production of plasma 

“calls progreeeod in the lymphatic nodes, at first in the 
regional and then in the distant ones, as previously 
described’. During the twentieth to thirtieth days epi- 
thelioid tubercules were also formed. 

The thymus likewise increased in size, and durmg the 
fifteenth to twentieth days ite average weight exceeded 
1-5 times that of intact rate. The correlation between the 
cortical and medullary substance was normal or the. 
thymocyte-rich cortical substance somewhat predomin- 
ated. In most thymuses ioularly during the thirtieth 
to fortieth days) typical dular structures were noted, 
such as epithelial tubes or cavities lined with epithelium 
(Fig. 1). These were localized mostly on the surface of 
the cortical layer or passed throughout the cortical layer 
to the medullary one. Less frequently they occupied 1-2 
amall lobes or were located in the interlobar connective 
tissue. They are usually connected with opithelial strands 
emerging from the surface of the lobe. In the lumen of 
these tubes homogeneous secretion can be noted. 
Drops of such secretion stained intensely with pyronine 
were noted in the oells of the epithelium of the tube 
walla themselves. Close to these structures gro of 
mature, transitional and immature p ined ap P 
cells are located (Fig. 2). The plasma form large 


groupe sometimes in the cortical, particularly in the 
medullary substance. Moreover, in the medullary sub- 
stance clusters of baal al Ae can be seen in the form 
of follicles, sometimes with light germinal centres and 
transitional cell varieties. In rete the germinal centres 





Fig. L Map IR ular structures (tubes) tn the thymus of rat on 
the forty-second day cy Par isicing ig adjuvant. (8tamed 
XO 
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are of very rare occasion, but we have observed typical 
germinal centres in the thymus of monkeys treated with 
a mixture of the brain with the adjuvant (Fig. 3). In the 
cortical substance of the rat thymus groups of eosinophils 
occur, and in the connective tissue, numerous mast cells. 

In the thymuses of guinea pigs we have detected’, 
beginning with the seventh to tenth day after injection of 
the adjuvant, giant Haseal bodies infiltrated with poly- 
morphonuclear and later on, increased develop- 
ment of the lymphoid cortical substance. This pattern is 
somewhat opposite to accidental involution. 
` Epithelial tubular structures have previously been found 
in the thymus of infantile rate’, and in adults—during 
&ociden involution’, after administration of testo- 
sterone’, fat’, or DOCA along with accidental involution 
of the thymus but with hyperplasia of lymph nodee!*. 

.  Aooording to our resulta the increase of the thymus, of 
ita lymphoid follicles, epithelial tubes and plasma cells 
invariably follows intensive plasma cell formation of many 
io nodes. A similar pattern was recorded in the 
thymus of pregnant non-inbred rate. In ‘normal’ rate 
with 1 hatio nodes containing, if at all, but a few 
plasma cells no such changes wore recorded in the thymus 
or there occurred single tubes without secretion as well 
as single pyroninophilio cells. i 

Large numbers of plasma oells in the thymus were 
always associated with secretion containing epithelial 
structures. There existe a definite functional interrelation 
between them. The secretion might possibly contain the 
hormone of cell maturation, of plasma cells in particular. 

The extract of activated thymuses inhibited the develop- 
ment of epithelial structures in the rat thymus. Neither 
in intact nor in adrenalectomized rate did the extract 
signifloantly affect the production of Vi-typhoid antibodies. 

In adrenaloctomixzed rata administration of the adjuvant 
stimulated the appearance of plasma cells in the lymphatic 
nodes. Experiments on the role of adrenals in the activa- 
tion of thymus are being carried out. 

A quite opposite suggestion might also be made, namely, 
maturation of plasma cells might be attended by the 
formation of a substance which induces the development 
of epithelial structures and of the lymphoid elements of 
the cortex (according to the feed-back principle: lymph- 
atio nodesthymus). This suggestion has been tested 


e y. 

It waa found that the extract of lymphatic nodes 
abundant in plasma cells contains & substance (apparently 
of polynucleotide nature) which within 48-72 h stimulates 
in adrenalectomized rats increased reproduction of 
reticular cells in 1 tic nodes and the spleen and a 
drastio inhibition of reproduction and maturation of 
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e Cee adjuvant 


louco- 
following infection of 


lymphoid and plasma cells in the lymphatic nodes and 
the thymus (there remain small nuclei 


_almost without cytoplasm). It will be noted that in the 


thymus not only do no glandular tubes appear but also 
ite entire epithelial stroma is inhibited. 

We suggest that in the thymus-lymphatio nodes 
system as well as in the system of all mesenchyme deriva- 
tives there undoubtedly exist manifold mutual hormonal 
interactions. In particular, maturation of some oells 
should be combined with release of substances which 
stimulate either directly or indirectly the reproduction : 
of immature forms and inhibition of maturation. The 
study of these interrelationships is now being undertaken. - 

If the secretion of epitholial structures of the thymus 
stimulates maturation of plasma cells, mass formation of 
plasma cells should be associated with the formation of 
a substance which stimulates reproduction of reticular 
cells and inhibits uction and maturation of lympho- 
cytes of plasma and the thymic epithelium. 

‘All these tentative schemes are extremely simplified. 
In the-light of modern evidence as to the primary role 
of thymus in the development of immunologically com- 
petent cells and their repopulation into lymphatic nodes 
aa well as the evidence given here, the question may be 
raised whether or not there might also occur a reverse 
repopulation of oells from 
thymus.  Fontalin's experimen’ 

repopulation of immunologically competent 


from regional nodes into distant ones on conventional 


It might be suggested that in the thymus there fumo- 
tions one of the general forms of information transmission 
from epithelial structures to the mesenchyme ones which 


- resulta in the maturation of the latter. 
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COMPARATIVE QUANTITATIVE MORPHOLOGY OF THE MAMMALIAN 
í LUNG: DIFFUSING AREA 


By Pror. S. M. TENNEY and J. E, REMMERS 
Department of Physlology, Dartmouth Medical School, Hanover, New Hampshire 


HE relationship between structure and function 

remains & central problem for all studenta of Nature. 
Classical comparative anatomy is rich with examples of 
form uniquely adapted to some circumstance of life; but 
quantitative morphology from a comparative point of 
view has bean iub slightly exploited’. The lung iş par- 
ticularly well suited for quantitative study because from 
only a few elementary considerations of ita function there 
es hypotheses about structure which can be tested 

y- 

Briefly, the lung's function is to exchange gas, and to 
this 1b must meet certain conditions of ventilation 
and diffusion. Further, the volume of blood-flow thro 
the lungs must be appropriately related, both to these 
conditions and' to the systemic needs of the organism. In 
the following discussion we shall assume that cardiac 
output between species is roughly proportional to whole- 
body oxygen consumption and that the pulmonary 
capillaries oocupy almost the entire surface area of the 
alveolar wall’, 

Among mammals there is a well-known relationship 
between body-size and metetolism*. Tho larger the 
animal, the greater is, in general, ita total oxygen requiro- 
ment; but when oxygen consumption is computed per 
unit of body-weight, the smaller the animal, the higher is 
the value. 

The availability of oxygen to the organism is dependent 
on, the quantity brought into the lungs per unit of time 
(ventilation) and, since oxygen is limited by diffusion, on 
the internal surface of the lungs. Ventilation need not be 
a function of the lung volume; but rt is more 
reasonsble to expect that it will be. Theoretio- 


ther internal parirtionmg. The latter choice would mdi- 
cate an increase in the number of alveoli per unit of lung 
volume in animals with a high metabolio rate. Therefore, 
the alveoli m such animals would be smaller than in those 
animals with a lower metabolic rate. On the other hand, 
if the firat-named alternative were elected, small animals 
would require lung volumes disproportionately large for 
their body-size. Lung volume then would not be directly 
proportional to body mass but rather to body oxygen 
consumption, which is proportional to body-weight to 
the 0-74 power‘. 

Except for alveolar measurements on a few species** 
there are only limited data with which those propositions 
can be examined. In the pregent work 26 representative 
mammals were examined in a search for general rules. The 
choice of animals included the extremes of body-aize, those 
characterized by sluggish or vigorous locomotion; aquatic 
and terrestrial forms, and some that walk, swim or fly. 

Met&bolio data were either taken from the literature’, 
or measured on resting unansebthetized animals by stan- 
dard techniques. Immediately after death the lungs were 
removed from the body and kept continuously mflated 
from & oompreesed-air source maintained ab a constant 
pressure of 20 om of water until dry fixation ocourred!*. 
Volume was then measured by a displacement method. 
Thin sections (about 1001) of the surface of the lung were 
photographed under low-power magnification, enlarged 
printes made, and the internal surface aree computed by 
the method of Campbell and Tomkeieff"'. It was assumed 
for all species that 30 per cent of the area so measured . 









ally, it ia possible to achieve any ventilation, in 
any sized lung, by changing the respiratory 
frequency, but this is moet unlikely. Even 
moderately high frequencies are uneconomical 
because too large & volume is only washed in 
and out of the respiratory dead space. On the 
other hand, very low frequencies will demand a 19 
large tidal volume to achieve a given minute 
volume of ventilation, but in this case there is to 

be expected an optmal relationship between 
tidal volume and lung volume. If the tıdal 
volume is too large a fraction of tho lung volume, 
the elastio work which must be performed will be 
very costly, and furthermore, virtually complete 
replacement of lung air by fresh air with each 
breath will cause wide cyolio swings in the 
gaseous composition of alveolar air and the arte- 
rial blood. Conversely, if the tidal volume is too 
small a fraction of the lung volume, intrapul- 
monary mixing will be incomplete with each 
breath. Hence, same relationship between lung 
volume and tidal volume of ventilation is antici- 
pated. 

Intimately related to the lung volume is the 
consideration of ita diffuamg surface area. If the 
internal surface area of the lung is to be a function 
of the oxygen requirements there are two ways 
by which animals with different metabolic needs ^ 
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could achieve this relationship. When a larger 
diffusing surface area is called for, either the lung 
volume could be increased, or there could be fur- 


Fig. 1. 
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porpoise have a larger diffusing surface 
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was alveolar duct area, a fact known for sertainty only 
in the human lung”. = 

Fig. 1 illustrates tho inter-specific relationship of the 
lung volume to body-weight. On a log-log plot the pointe 
approximate a straight line, and the slope is 1-02: Between 
species then the lung volume is proportional to the body- 
weight, and this has also been ahown intrespecifically for 
the dog, cat and rat. Since metabolic rate correlates with 
body-weight to the 0-74 power it is clear that the lung 
volume is determined neither by metabolic rate nor body 
surface area, but is & constant fraction of body mass. 
But total ventilation is proportional to metabolic rate‘, 
and respiratory frequency correlates inversely with body 
mass to the 0-28 13, Henoe the tidal volume, which 
1$ the quotient of ventilation and respiratory frequency, 
is directly proportional to the body-weight and is thus a 
constant fraction of the lung volume. 

The speculation about the relationship of the pulmonary 
diffusing surface area to the metabolio rate of the animal 
is confirmed to a striking degree (Fig. 2). The internal 
surface area of the lung correlates linearly and directly 
with the resting oxygen consumption over the entire range 
of mammalian size. A correlate of greater evolutionary 
significance would be maximal metabolic rate not resting ; 
however, there is probably a proportionality between 
these two values‘. 

It is important to note some exceptions to the general 
relationship between body-sixe and metabolic activity. 
The manatee, for example, has about the same body mass 
as the porpoise, but its metabolio rate per unit of body- 
weight is much smaller.- The lung volumes of these 
animals are roughly comparable, but the lungs of the 


Table 1. VARIATIOX OF MEAN ALYBOLAR WITHIN SHYERAL 
BPEOUM. NUMBERS IN P. REFER TO NUMBER OF ANIMALS 
HXAMIXED. DUETE OTTWD +1 SD. 

Species Alveolar diameter 
Oat (£1) 116-0 + 14-4 
ig Dg 9191141 
(14) 65-4+ 8&5 
Monze O) 460r t4 
Rat 702+ 66 
Wi (5) 88-3+ 67 





area. By contrast, a 170-kg manatee and 
an 80-kg man have about the same resting 
oxygen consumption and the internal sur- 
face areas of their lungs are of the same 
i . However, the lung volume of 
the manatee is more than twice that of 
man. The mouse is than both the 
shrew and the bat, and rte lung volume is 
portionately larger. The resting oxygen 
asuma of the mouse is slightly lees. 
than the shrew and greater than the bat; 
and the mtrapulmonary surface area 18. 
i correlated. ex 


then in animals with the highest metabolic: 
rates there must be increased internal 
partitioning of the lungs, an arrangement 
which obviously demands decreasing alve- 
olar dimensions. ‘Table 1 indicates tho 
intraspecific variability of alveolar dimen- 
sions in those cases where several animals 
were available for study. These values 
differ in no imstance by more than two 
standard deviations from those of any 
published report, in spite of considerable 
differences of technique. By selecting 
appropriate examples from Tablo 1, alveo- 
lar size appears to be & function of animal 
size although the cat is clearly out of line. 
The general relationship emerges when 
alveolar diameter is plotted as a function of 
- oxygen consumption reduced to unit of 
body-weight (Fig. 8). The slope of the best-fit regres- 
sion line is 0-71 for this . Inspection indicates 
that alveolar uiro is nob always related to body-sixe. Tho 
mean diameters of alveoli in whale, porpoise and man are 
of the same order of itude. Those of the racoon are 
than in the cow. e smallest alveoli are seen in 

the bat and the shrew, while the are seen. in the dug- 
ong and manates—asluggish ani of low metabolic rate 
but by no means the largeeb in the animal kingdom. The 
sloth lung contains the next largest alveolus. bub ite body- 
weight approximates that of a racoon. Those animals the 
metabolic activity of which is an exception to the body 
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Fig. 3. Logarithms plot of mean alveolar diameter in microns as a 
function of metabole rate per untt of body-weight 
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surface area law remain consistent with the prediction of 
8 i ; bwo animals of equal body-size will have 
lungs of the same volume, but if one has a higher rate of 
metabolism ite alveoli will be smaller. Stated otherwise, 
the number of alveoli unit of lung volume will be 
greater, the higher is the rate of metabolism. Or, two 
animals with the same oxygen consumption will have the 
same pulmonary diffusing surface area; but the (usually) 
smaller animal, with tho higher rate of metabolism 
‘unit of body-weight, will have a amaller lung and er 
alveoli. The absolute number of alveoli in the lung is 
clearly not a constant for all mammals, nor is alveolar 
ene Proportional to body-weight as recently pre- 

The analogy between tho respiratory and circulatory 
“systems is of interest. Heart-weight is in general pro- 
portional to body-weight*; but capillary density in the 
diffusion is important, is better related to 
metabolio activity". 

Although these features aro consistent with predictions 
based on optimal design for functional needs, the mech- 
aniam through which they are brought about is not clear. 
Whether or not changes can be induced in the lung’s 
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alveoli by environmental stress or whether the morpho- 
pp dimensions are fixed genetically and other functional 
ptations meot changing physiological needs is a subject 
of considerable interest. 
- This work was supported in part by grant H-2888 (O4) 
from the National Heart Institute, U.S. National Institutes 
of Health. 
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A BLOOD-BORNE FACTOR INFLUENCING. THE ACTIVITY OF THE 
CENTRAL NERVOUS SYSTEM OF THE DESERT LOCUST 


By Dn. P. T. HASKELL and J. E. MOORHOUSE 
Anti-Locust Research Centre, London 


ques recent reviews by Kennedy!:! have outlined the 
data available on the differences between tho gre- 
garious and solitary phases of locusta and show that until 
recently little work has been done on the nervous and 
sensory mechanisms underlying these differences. We 
have sought to investigate the role of the central nervous 
system in this contexb by examining ite function in 
relation to phase differences in reproductive ability and 
locomotor behaviour. This work has led one of us 
(P. T. H.) to formulate the hypothesis that the main 
difference between locust phases is to be found in the 
manner in which information is utilized by the central 
nervous system}. 

It is suggested that there is, in fact, no great difference 
between the sensory reoeptors of locusta of different 
phases, that in any given stimulus situation to which 
both solitary and gregarious locusta are exposed the same 
mformation reaches the higher centres of the nervous 
system and that the observable differences in behaviour 
between phases results from the different utilization by 
them of this information. It is further postulated that 
this utilization is dependent on the influence of a hormone 
balance on the integrative and other centres in tho 
nervous system; and a corollary of this is that such a 
hormone balance must be itself at least partially con- 
trolled by the sensory receptors and nervous system. For 
example, the appropriate hormone balance relating to tie 
maintenance of the gregarious phase must depend at least 
in part on the continuous, quantitatively (and perhaps 
qualitatively) sufficient inflow of stimuli to the nervous 
system of an individual locust from its fellows and/or the 
environment; when such inflow is reduced or terminated 
by a reduction in looust density, as oan happen in the 
fleld and can bo artifloially produoed in the laboratory, it 
may be supposed that the hormone balance changes and 
i$ is curtainly true that a phase change occurs. 

There is now some slight evidence of such a quantitative 
effect which has been discussed elsewhere*. But to sub- 


stantiate such a hypothesis it is first necessary to demon- 
strate that hormones capable of influencing the operation 
of the central nervous system in the expected manner and 
direction do exist in locusts, and secondly, that inter- 
ference with the hormone balance alone of a locust of a 
given phase produces behavioural or other manifestations 
associated with the opposite phase. 

It has already been explained elsewhere? why only 
behavioural and reproductive criteria are utilized in the 
investigations reported here as phase indicators; one 
reason is that behavioural differences between phases are 
most striking, and this particularly relates to the greater 
locomotor activity and enhanced sensitivity to a variety 
of stimuli of gregarious as opposed to solitary locusts. 
Such differences tend to disappear or to become minimal 
a few days prior to moulting, and sinoe this is a time of 
great hormonal activity it seamed an appropriate point at 
which to commence investigations. the preliminary 
work described here, all of which was carried out on tho 
desert locust, Schistocerca gregaria, a crude estimation of 
the activity of the central nervous systam was made by 
recording the electrical activity at various points through 
platinum or silver/silver chloride electrodes and a con- 
ventional a.o. amplifier and counting the impulse traffic 
on a ‘Dekatron’ counter or an impulse ratemeter. 

It is oasy to demonstrate*. that the spontaneous loco- 
motor activity of a mid-5th instar locust is higher than 
that of a 5th instar hopper 12 h before moulting; on 
the other hand, we found that the electrical activity in 
the nerve cord of the former is very much less than the 
latter, both as regards the number of fibrea firing and the 
frequency of the impulses, both for intact animals and for 
excised nerve cords. To overcome this change of elec- 
trical activity near the moult, which, from other experi- 
ments, appeared to increase pro ively for a few days 
prior +0 moulting, mature male Bchiotoceroa reared at hi 
density, approximately 4 weeks after their final moult, 


were used as experimental animals. The insects were 
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opened ventrally and recordings made froin various pointe 
on the cord, which was not de-sheathed, while the systam 
was irrigated with hsmolymph from locusts and with 
other tions. Locusts were also dissected under 
Hoyle’s locust saline* and the excised nerve cord pinned 
in a shallow trough in & paraffin wax block and irrigated 
with the various solutions; the resulta described here 
were obtamed with both types of preparation. 
On applying the hemolymph taken from a 5th instar 
Ropper See ety 12 h from the moult to the nerve 
of the experimental insect, and recording at the 
commissure bebween the first and second thoracic ganglia, 
after a delay of between 30 and 90 seo there was a great 
increase in activiby due to several large fibres firing fre- 
quently (Fig. 14 and B); the same result was obtained 
with at least twelve different animals. Furthermore, this 
reaction was observed when blood from a moulting 5th 
instar hopper of Loousta migratoria migratoricides was 
used. On the other hand, when the nerve cord was treated 
with tho blood of a mid-5th instar hopper there was no 
marked increase in aotiviby or ab most a few fibres fired 
ically. In all cases frequent washing with locust 
saline restored activity to the pre-treatment-level and the 
experiment could then bo repeated. The factors in the 
hemolymph of the moulting hoppers le for 
increasing nervous activity were found to act preferentially 
on the brain and on all thoracic ganglia; there was some 
suggestion that different sete of fibres were activated by 
treatment of these centres. However, no increase in 
activity could be induced in the ventral cord by treating 
the sub-asophageal i š 
How oen the increased activiby in the nerve 
cord found in locusts near the moulb be reconciled with 
their greatly reduced locomotor activity at that time? 
Hoyle has demonstrated’ that the extensor tibialis 
muscles in the metathoracio leg of Locusta are mainly 
controlled by fast motor neurones in 3Nv5; if the activity 
in this nerve is monitored a certain level of activity is 
- observed (Fig. 10). On bathing the metatHoracic ganglion 
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inhibiting effect was noted when the supra- 
260) ganglion was treated with moulting blood, but 
no were produced by treatment of other ganglia 
in the cord. As a control, blood from a mid-5th instar 
was used to bathe the motethoracic ganglion but produced 
no effect. Treatment of the central nervous system of 
' Sobistocerca with the blood of a moulting locust therefore 


occasion this 


These findings musb be considered in relation to other 
observations. Carlisle!* has pointed. oub that in locusts, 
unlike other arthropods such as Crustacea, there is no 
sharply defined 'inter-moulb period’, bu’ tha’ much of 
the time between moults may be occupied with physio- 
logical processes related to mouHing. For example, in 
locusts, according to Malek", half-way through tho instar 
& new pigmented layer has already appeared and has 
age Laat ae gag ape ne and if this activity 
MUN by prothoracic gland hormone it suggests a 
b up of concentration of the latter from mid-instar 
onwards. It is therefore interesting that Edney in his 
actograph e on. eous locomotor move- 
ment in fifth hoppers of Loousta‘ found that activity 
reached a peak half-way through the instar followed by & 
steep fall, and 24—36 h before the moult it had practically 
stopped. Hoyle showed in both Locusta and Schistocerca 
hoppers that jumping ability declined progressively from 
the fourth day after moulting and attributed this to a 
partial neuromuscular block uoed by the changes in 
ionic concentrations, parti ly of potasstum, in the 
hsmolymph which occur in relation to moulsing; such 
changes would accentuate any synaptic block produced . 
by the blood-borne factor. The effecta of this factor on 
-motor neurone activity clearly relate to the fall-off in 
locomotor activity in the later stages of the instar; on 
the other hand, the increased activity produced in ihe 
central nervous system, itself may well be related to the 
intensification of certain physiological and growth pro- 
cesses also necessary at this time, when metaboliam needs 
to be stepped up*to cope with tho laying down of the new 
cuticle and other processes involved. in the moult. The 
volleys of impulses in the cord may, for example, be 
related to the intensification of respiration which normally 
attends a moult. 

The foregoing suggests that in Schistocerca the prothor- 
acic gland hormone is at least involved in processes which 
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lead to differential effecta on tho activity of the central and 
motor nervous system; and the question may now be 
asked how this is related to phase differences. The link is 
provided by the finding of Carliale and Ellis“ that the 
prothorasio gland during nymphal life is larger in isolated 
than in crowded Schistocerca, and during adult life peraiste 
in tho former ab least until maturity, while in the latter 
ib atrophies and disappears a few days after the final 
moult. This latter process is the typical course of evente 
in adult Insecta since in all groupe studied (except the 
Thysanura, which have an adult moult) the prothorasio 
glands degenerate after metamorphosis’. It is therefore 
-to be expected that the eodyson titre of the blood of an 
isolated locust would probably be higher under most cir- 
ee AE E) r Peet ok i crowded ocust and that if it 
was irrigate & nervous system as in the experi- 
ments described here it should give similar effecta to 
blood from a moultiny insect; experiment vorified this. 

The evidence detailed here would constitute strong 
support for the hypothesis advanced earlier if it could bo 
shown that behavioural differences existed between tho 
phases of the desert locust which might have their origins 
in the neurohumoral mechaniams postulated and which 
could be altered in the expected direction by blood trans- 
fusion experiments. Now, although the exact significance 
of the reduction in motor nerve activity by the blood- 
borne factor is not clear, it might bo expected that in 
isolated locusts this would have the result of reducing 
spontaneous activity or of raising the threshold reaction 
to a stimulus which could produce locomotor activity 
among crowded loouste. Haskell, Paskin and Moorhouse 
have described experiments! in which the locomotor 
reactions of hoppers of the desert locust to wind and 
olfactory stimuli ware recorded ; and Haskell and Roscow?* 
have used the behaviour pattern described to determine 
the differences in behaviour between crowded and first, 
second and third generation isolated hoppers of Schisto- 
cerca. The resulta have been partially described elsewhere’, 
and they confirm that isolated hoppers are les reactive or 
have higher thresholds than crowded hoppers when both 
are presented with identical stimuli. In fact, isolated 
hoppers for the most part could not be induced to move at 
all in response to stimuli which caused rapid oriented loco- 
motor reactions in crowded hoppers; if the isolated hoppers 
did respond their speed of movement was lower than that of 
tho crowded hoppers. If, however, the isolated hoppers 
wore injected with blood from crowded hoppers then, 
about 24 h after the operation, they respondod to stimuli 
to which previously they were unresponsive and also 
their speed of movement was increased. 
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Because of the time-lag before tho appearance of tho 
enhanced reactivity in these latter experiments it may be 
suspected that some metabolic or chemical was 
involved which oither removed, destroyed or stopped tho 
production of the hormone; if ib was merely that dilution 
of the solitary blood by the gregarious blood had reduced 
the concentration of the blood factor below the level st 
which rt could inhibit activity the resultant increase in 
reactivity would be expected to became apparent much 
more quickly. 

The converse experiment to that described here, that 
is, tho injection of prothoracic gland hormone into gre- 
garious locusts, has been carried out by our co 08, 
Carlisle and Ellis (personal communication). They have 
injected ground-up prothoraoio glands taken from crowded 
5th instar hoppers of Schistocerca into crowded 4th instar 
hoppers and found that there was a significant decline in 
the locomotor activity of the latter which lasted for a few 
hours. In this case the comparatively rapid but transient 
effect of an increase in the prothoracio gland titre of the 
experimental animals argues a direct effect depending on 
concentration, agreeing with the experimental findings 
detailed here relating to the effect of eodyson^on the 
motor system in locusts, which can be contrasted with 
the slower reaction noted when solitary locusts wero 
injected with gregaria blood. 

Thus, while the evidence detailed here suggests that 
the hypothesis enunciated earlier in this article may be 
useful as & guide to the further work required, there is 
already in bheee preliminary findings & hint of the com- 
plexity which must obtain in this system. f 

Wo thank Prof. P. Karlson, of Munich, for supplying 
us with an extract of ecdyson. 
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ULTRACENTRIFUGAL CONSTITUENTS OF HUMAN AND CANINE 
` PROSTATIC FLUID i 


By Pror. S. SHULMAN, P. BRONSON, M. J. GONDER and W. A. SOANES 


University of Buffalo School of Medicine, V. A. Hospital and Millard Fillmore 
Hospital! Research Institute, Buffalo, New York 


"Ix biochemical characteristics of prostatic fluid can 
be described through a number of methods of in- 
vestigation. For this purpose the electrophoretic patterns 
of human samples have been investigated, using both 
the filter-paper! and agar-gel* methods. As part of this 
programme of studies on the protein components of 
normal and abnormal prostatic fluid, prelimmary investi- 
gations have now been made on such fluids by means of 
ul i examination. Samples of human prostatic 
fluid were obtamed by the standard urological procedure 
of rectal *. These were obtained both from normal 
individuals and those with prostatic disease. The canine 
samples were obtained through intravenous administra- 


tion of ‘Pilocarpine’ to a dog in which the prostate and 
ite urethra had been surgically isolated from the rest of 
the urological system. This involved the diversion of 
urine by connecting an isolated loop of ileum to the 
bladder and skin. The io urethra was closed so 
that only uncon: i fluid was collected on demand 
from the penile urethra, following the procedure described 
by Mason et ai.*. 

The human sample was obtained from a 16-year-old 
boy (D. H.), with no evident signs of prostatic illness. 
The fluid was only slightly turbid and had a i 
concentration of 1-12 per cent, as measured by the biuret 
method of Gornall e£ al.', using an extinction coefficient 
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Fy. 1. Ultracentrifugal pattern of human prostatic fuld (undialysed). 


,000 r.p m. 


i 
à 
3 






d e f 


i = 


. Ultracentrifugal pattern of human prostate faiā dialysed,. 
Concentration of protein, 090 per omt. Prolog at 18, tí 06, 
118, and 214 min. Rotor speed, r.p.m. 


of 2-8, determined in our laboratory for pooled human 
sorum. The volume was 0-5 ml. It was examined, without 
dialysis, in a first experiment in the ultracentrifuge, using 
a double-sector cell, with saline (0:15 M sodium chloride) 





in the solvent sector. Although the speed was ihus' 


limited to 42,000 r.p.m., with same consequent reduction 
in resolution of the components, it was felt preferable to 
have the advantage of the simultaneously photographed 
base line. In this way, even the most mmor components 


would be clearly discernible. The schlieren patterns 
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revealed a slowly sedimenting single boundary with a 
sedimentation coefficient, 40,0, of 3-28 S. This value is 
subject to some error, since the sample had not been 
dialysed to provide a known solvent composition. ] 
The pictures are illustrated in Fig. 1. There was only 
the slightest trace of a faster moving peak. It was not 
possible to measure a rate for it. After the peak had 
travelled far enough in the cell, one could see that a low 
plateau extended all the way back to the meniscus of the 
solution. This presumably represented & group of oon- 
stituents with slower sedimentation rates. To make 
certain, however, that this did not actually represent some 
artefact resulting from the lack of dialysis preparation 
of the sample, a second sample of fluid was o i 
from the same individual and was dialysed against 0-16 M 
sodium chloride. The sample, 0-7 ml., was again somewhat 
turbid. It was centrifuged for 10 mm at 16,000 r.p.m. 
in & Servall refrigerated centrifuge, giving & small residue 
and a clear supernatant. The concentration of this 
sample was 0-80 per cent. In the ultracentrifuge it 
showed the patterns illustrated in Fig. 2. The picture 18 
similar to that seen before, but the plateau region is 
somewhat lees prominent. The small, faster peek is 
somewhat more conspicuous now, and its rate oould be 
measured. The calculated sedimentation coofflcients 
were 8-78 and 15-6 S. 
` Canino samples were also examined in the double-sector 
cell of the ultracentrifuge. ‘The material for the first 
investigation was obtained intermittently for a period of 
26 min. The collecting vessel was changed at various 
times during this procedure. It was of interest to follow 
the appearance and concentration of these successivo 
samples in order to determine: (a) the magnitude of the 
initial concentration of protem in this type of prostatio 
fluid; (b) the degree to which this concentration falla as 
more of the sample is elicited, thus reflecting the extent 
of dilution of tho material, as it continues to be produced 
(Table 1). The various samples in this group were only 
slightly opalescent in appearance. They were spun for 
10 min at 16,000 r.p.m. in & Servall refrigerated centrifuge 
and gave & very slight residuo. The supernatant hquids 
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of canine fluid (dialysed). 

Concentration gr protein 1-12 per oent. at 14, 34, 
186, £86 and 360 min. Rotor speed, 41,000 r.p.m. 


wore examined again by the biuret method and revealed 
no change in concentrations. Therefore, only one set ot 
figures is given in Table 1. The first two portions of fluid 


‘against 0:15 M sodium chloride. The undialysed material 

was 2-20 per cent in concentration, and showed the 
patterns seen in Fig. 8. It is of interest to note the 
similarity to the human fluid. There is, however, no 
slow plateau region. The sedimentation coefficient was 
3-12 S. 


Table 1. PxorEDN OOXONNTRATION OF ÜUOGMBEIYR BAMPLES OF CANINE 
Prosimo FLUID LL 
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The dialysed sample of canine prostatic fluid had a 
concentration of 1-86 per cent, and this was examined in 
the ultracentrifuge as such, as well as after being diluted 
to several lower concentrations, in order to examine the 
sedimentation rate as a function of concentration. The 
patterns showed a single eharp peak with a sedimentation 
coefficient in the range 2-7-9.9 S. Typical pictures from 
the examination at a level of 1-12 per cent protein are 
shown in Fig. 4. It is again seen that in contrast to the 
human material there is no slow group of components. 
There is also no trace of a discrete faster boundary. The 


: sedimentation coefficients at these five different concentra- 
' tions are listed in Table 2. When plotted against 


concen - 
tration, an extrapolated value of 2:70 5 is obtained, with 
a slight positive slope. Since it is much more common to 
observe a negative, if not a zero, slope, it may be just as 
well to anticipate that experimental error conceals a 
xero-value slope, and thus the extrapolated figure would 
properly be the average value of 2-78 S. 


Table 2. BXDIMXXTATION COEFFICIENTS OF VARIOUS CONCENTRATIONS oF 
xna Pi 


DIALYEND OSTATIO FLUID 

Ultracentrifugs ry 
run Ho. tration (per cent) Ha 
3080 1:86 2-70 
3681 1-49 287 
3682 1-12 2-78 
3683 0-74 .271 
3664 0-38 2738 


being 
made to examine the electrophoretic patterns of these 
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IDENTIFICATION OF AN ORGAN SPECIFIC LIPID HAPTEN IN BRAIN 


By Dr. SEYMOUR JOFFE and Pror. MAURICE M. RAPPORT* 
Department of Biochemistry, Albert Einstein College of Medicine, Yeshiva University 
B AND x 
Dr. LISELOTTE GRAF 
Division of Experimental Pathology, Sloan-Kettering Institute for Cancer Research 


elucidating the chemical nature of these substances since 
Rudy" concluded in 1933 that the active fraction was 
insoluble in water, relatively stable to alkali, and phos- 
free, but not identifiable with :oerebtoeide; 
wa&b! then showed that at least two substances must 

be involved since alcholio brain extracts and an alcohol- 
insoluble fraction called ‘protagon’ reacted differently in 
testa with antisera to brain-lipid or brain-tissue fractions. 

* American Cancer Society professor of bloebemtstry. 


The criteria for brain specificity are based on the 
reactivity of a particular antiserum and, according to the 
classical definition’, such specificity requires that: (d) 
reactions of a similar order be obtained with alooholic 
extracts of brain of several different species; (b) that 
analogous extracta of & limited number of other organs 
be unreactive. 

It is the purposes of this article to show that an anti- 
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(oytolipi H), the degree of reactivity is such as to leave 
little doubt that galactocerebroside (cerasine, phrenoeine) 
is one of the organ specific lipid haptens of brain. Since 
individual antisera may display unique reactivities, it is 
not possible to state i that Rudy misinter- 
the observations that led him to eliminate cere- 

idea, but our results strongly suggest that his con- 
clusion was incorrect. The chief sources of error lay 
primarily in the failure to appreciate the magnitude of 
activation (and inhibition) attributable to lipid-lipid 
interactions’, and also in the immunological tests, the 
design of which obecured the quantitative aspects of 

fixation measurements’. f 

Because of the ready availability of galactocerebrosides 
in pure form and their in the brain of all species, 
the results of this y are of considerable importance 
for further investigations of the immunological behaviour 
of lipids, for the identifloation of other lipid haptens in 
brain, for the immunological study of membrane architec- 
ture, and for examination of the possible role of immuno- 
logical mechanisms in various pathological conditions 
of the nervous system. 

Rabbits were immunized by intraperitoneal injections 
with a particulate fraction from human or bovine brain 
sedimenting from a 10 cent homogenate in 0-72 M 
sucrose between 800 and 20,000g. Injections were made 
three times weekly for a total of nine, each injection 
containing material representing 0-5 g of bram tissue. 
Antisera were obtained by cardiac puncture 4 days after 
the final injection. Individual sera were tested by com- 
plement fixation with lipid extracts of whole brain. 
Antibody response was variable: 8 sera.from 9 rabbits 


according to the method of Folch e£ al*. Reactivity of 
these lipids with antiserum was determined by comple- 
ment fixation!* and referred to the weight of total lipid 
in the case of crude fractions, and to the weight of 'easen- 
tial lipid’ m the case of pure substances requirmg the 
addition òf auxiliary lipids. Table 1 shows that the 
antiserum, prepared against a particulate fraction from 
_ bovine brain, reacted to approximately the same degree 
with total brain lipid from ten different mammalian 
species. It also shows that the antiserum did not react 
with crude lpid extracted from bovine heart, liver, Jung 
and kidney, and gave only & minimal reaction with lipid 
from spleen. Thus, this antiserum satisfies the criteria 
established by earlier workers for organ specificity, and 
the reactions of this serum recapitulate the problem of 
ee ae haptens’ set forth in the literature’. 

itial efforts to isolate the active substance sought to 
determine whether it would be restricted to one of the 
classes of lipids that oan be separated by current tech- 
ion chromatography. Aocordingly, 1 g 


niques of 
Table 1. Hmaotivrry or EABBIT Awri-Bovinm BRAIN SERUX No.-706 
. (0 006 x1.) WITA ORGAN LIPIDS 
Bpecies Organ Untts* of 
per mg of total ltpid 
Dog Brain 530 
Goat Brain 560 
Hamster Bain 540 
Man Brain 600 
Monkey Drain 650 
PE Bram Te 
Rabbit Bram 580 
Rat Brain 600- 
Sheep Brain TTO 
Ox Heart «10 
Ox Liver <10 
2 Ox lung «10 
Ox Kidney <10 
Ox Spleen - - $0 
*1À unit of activity is arbitrarily defined as the or lipid prodnang 
a GAS UGE EEG ERE RAI iat w core Noa rats using 
6 units of complement (ref. 10) 
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5° O using the elution solvents of Davison and Wajda” 
to give 4 fractions: I, neutral lipids, abloroform-mothanol, 
98 : 2 v/v (275 mL), 
ehloroforrm-methanol 1:1 v/v (1,400 ml.) 250 mg; 
TI, cerebrosides, chloroform-methanol-water, 7:7 : 1 
(1,500 ml.), 204 mg; and IV, ethanolamine des, 
chloroform—ethanol-water, 2: 5 : 2 (1,800 ml), 230 mg. 
Tests for haptenio activity were ormed after adding 
1 part by weight of pure egg lecithin to suppress anti- 
complementary activity. Only fractions III and IV (oere- 
broside and ethanolamine phosphstide) were active. 
Binoo each of these fractions contained several compen: 
enta, they were subjected to chromatography on lo 
acid, eluting with a continuous gradient of methanol in 
chloroform in & modification of the procedure described 
by Weiss?*. A total of 74 mg of lipid was placed on 40 g 
of adsorbent in chloroform. The mixing chamber oon- 
tained 325 mL of chloroform, and the reservoir 400 ml. of 
methanol. Fractions of 10 ml. volume were collected, 
examined by thin layer chromatogra: y on silicio acid, 
and recombined appropriately. t-fixation 
testa showed that activity was associated exclusively with 
cerebrosides. From fraction III above, 40-8 mg of oerebro- 
side was collected in tubes 13-15, whereas fraction IV 

gave 3-4 mg of cerebroside in tubes 18-17. . 
Accordingly, pure cerebrosides were obtained from 
various sources and tested for their reactivity after pre- 
liminary investigation to determine the most suitable 
combination of auxiliary lipids. ^ Leoithin-cholesterol 
mixtures of weight proportions 1: 1 were more effective 
than those of either 2: 1 or 1:2. With auxiliary lipid 
of this composition, an increase in activity of the hapten 
was found up +o 150 by weight; however, tho 
intensity of reaction (efficiency of complement binding) 
decreased between 100 and 150 perte by weight. The 
substances tested were pure oerasine and phrenosine from 
ox brain, a highly purified galastooerebroaide from ox 
spinal oord, synthetic ine, synthetic behenyl 
glucocerebroside, and a pure glucocerebromido from ox 
spleen. In the presence of auxiliary lipid (100 pe by 
weight of a mixture of equal wei of | and 
cholesterol), i showed activity 
ranging from 200 to 250 unite/ug whereas gluoooerebro- 
sides were unreactive at 1 ug. The antiserum was 
equally unreactive with oytolipin H (ceramide lactoside). 
, ] : i 


Bynthetio d shows slightly weaker activity in 
the zone o: exoesd antibody ; however, two of the points in 
antigen exceaa are within the range of values obtained 
with the other broeides, thus conin mg rd 
identity of the antigen in all four preparations’. is 
"i small discrepancy between synthetic 
products results from an impurity in the 
synthetic: compound. Most of this impurity had been 
removed by a single reorystallixati 


chromatography, were found to contam 
Table 2. AGTIVETY OF RECRYSTALLIZED GALACTOOERESROSIDE PREPARA- 
IONS WITH ÁNTI-DOYINE BRAIK BXRUX 766 : 
Species of Per cent Per oent Aotivity 
origin hexose x unita/mg 
Man >s 1-70 190 
Ox 21-4 1-76 190 
PX. 117 1-68 170 
bit 20-5 1-68 100 
Sheep 20-8 1°74 200 


? 
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eae prepared 
against brain fractions. close correspondence of the 
activity of these fractions practically eliminates the 


January 5, 1963 vou 197 


possibility that the active substance is some unknown 
contaminant. 


i proper 
lends strong to the thesis that this property is 
common to RiptesdleC us ecce Since several other 
substances of analogous structure are present in bram 


. (for example, gulphatide, ganglioside), it ia probable that 


more li id haptens will be found in this organ. Identifica- 
tion of galactocerebroside as one of the brain haptens 
makes it possible to reinveetigate the observations of 
Schwab! in a systematic way; such investigations are in 


Wo thank Dr. David Shapiro of the Weixmann Institute 
for the a of synthetic phrenosine and behenyl- 
glucooere ide and Dr. W. T. Norton for samples of 
pure phrenoeine and cerasine. 2 » 
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REACTION OF SULPHOQUINOVOSE FROM RED-CLOVER LIPIDS WITH 
ANTHRONE 


By R. O. WEENINK 
Fats Research Laboratory, Department of Sclentific and Industrial Research, Wellington, New Zealand . 


Bi means of radiochromatography, the Sulpholipid, 
6-sulpho-a-n-quinovopyranoeyl-(1—1^) glycerol dioleate 
has been shown by Benson e£ al.! to be present in the 
lipids of many green plant species. ‘These workers 
measured the concentration of the intact lipid by neutron 
activation analysis*. In this laboratory a sulpholipid 
has been found in the acetone-insoluble fraction from red- 
clover (Trifolium pratense) leaves and, in the course of 
analysis, the acid hydrolysis product, sulphoquinovoee, 
was observed to react with anthrone in a manner markedly 
different from simple hexoses. It is considered that the 
reaction of oquinovoee with anthrone could be 
developed to give a quantitative method for the determina- 
tion of this sugar, and thus a quick and specific method of 
estimating the sulpholipid would be available. It is of 
interest, however, to rt at this stage on the reaction 
of sulphoquinovose with anthrone as it could prove to 
“be a useful means of detecting this carbohydrate in lipid 
lysis producta. i 
read pe E ais 95 per cent 
ethanol and the &ootone-insoluble fraction was obtained 
as described previously*. This fraction (1-4 per cent 
phosphorus, 0-58 per cent sulphur) was chromatographed 


E 


on silicio aoid to obtain a further concentration of the 
sulpholipid. Fraction 10 (2:66 per cent phosphorus, 
1-41 per cent sulphur), eluted from the column in chloro- 
form-methanol (1:1 v/v) contained approximately 40 
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per cent sulpholipid. Small portions of this fraction were 
subjected to methanolysis‘, and the water-soluble products 
were acid hydrolysed for 1h in 1-0 N hydrochloric acid at 
100°. Bulphoqumovoee was isolated from these hydro- 
lysates by streaking suitable amounts along the origin of 
peper-ehromatograms and eluting the appropriate region 
of the developed chromatogram (water-saturated phenol) 
with warm water. The eluted material was shown to be 
identical with synthetic sulphoquinovoeo by peper 
chromatography in six different solvent systems. 

Under the conditions described by Bailey’, the reaction 
of sulphoquinovoee with anthrone produced a different 
coloured product from that normally encountered with 
simple hexoses. Sulphoquinovose produced an intensely 
blue solution with an ‘Emax’ at 502 mp as against the 

colours of the hexdees which have ‘Emax’ at 625 mu. 


A plot of optical density against wave-length is ahown ~ 


in Fig. 1. 
Compared with galactose, 


t 
the wave-length of maximum 


absorption has been shifted about 88 mp towards the ' 


shorter wave-length region of the spectrum. In addition, 
it has been found that the heating time required to 


URE: 


uce maximum colour formation is longer than for 
hexoses, 10-12 min being needed for sulphoquinovose as 
compared with 7 min for the simple hexoses’. This is 
illustrated in Fig. 2. 

The colour intensity of the anthrone-sulphoquinovose 
complex has been found to change considerably even 
after the 80 min ageing period in the dark. In one set of 
experiments a solution which at 625 mp had an extinction 
of 0-613 directly after ageing, increased to 0-700 in 20 min 
and to 0-845 after 18 h. A maximum was reached in 
26 h after which time the colour gradually faded. 

This behaviour of sulphoquinovose with anthrone has a 
peser ee acids inasmuch as Helbert and 

rown' have noted that these carbohydrates react in 
such a manner as to produce an anthrone complex with 
an ‘Emar’ at 540-550 mj. and that the colour intensity 
also increases on standing. These resulta would indicate 
that an abnormal anthrone reaction may result if carbon 
` atom 6 of hexoses has acidic characteristics. 

The present results indicate that the anthrone reaction 
could be used as & means of detecting the presence of 
salphoquinovose in lipid hydrolysis products. Even in 
_the presence of other carbohydrates it is possible to detect 
a small shoulder at 592 mp thus indicating the presence 
of the sulphosugar. A rapid and iflo chemical means 
of estimating the sulpholipid in plant lipid extracta would 
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" be of considerable use in this feld. 


I thank Dr. A. A. Benson for a gift of synthetic sulpho- 
quinovoee (barium salt) used in the chromatographic 
work. . 
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* Weentnk, B. O., Biochem. J., 88, 523 (1001). 

i Wintermans, J. F. G. ML, Biookim. Biophys. Acts, 44, 40 (1960). 

5 Balley, R. W., Biochem. J., 88, 660 (1969). 

* Holbert, J. B., and Brown, K. D., Amel. Chem., 38, 1006 (1056). 


RELATIONSHIP BETWEEN CROP GROWTH RATE AND LEAF AREA 


INDEX IN THE OIL PALM 


By A. R. REES* 
West African Institute for Oll Palm Research, Near Benin City, Nigeria 


ONALD: has recently described same theoretical 
considerations of leaf aree in relation to growth 
beast eo et raris ih acie published WOENE, He 
also pointe out that only two published accounts exist 
of work showing the existence of an optimum leef area 
index (leaf area/ground area) for crop growth and stresses 
the need for more work on other crops and other environ- 
menta. M 
Work on the growth of oil palms at the nursery stage 
has confirmed the of an opti leaf area index 
with a crop very di t from others studied, and in & 
very different environment, providing further confirma- 
tion that an optimum leaf area index is likely to be & 
widespread occurrence. 
Donald: follows Davidson and Donald‘ and Iwaki" in 
ing the existence of a oeiling leaf area mdex' at 

which the net rate of growth of leaves is sero, new leaf 
production being balanced by the death of old leaves 
at the base of the canopy, and the rate-of production of 
non-photoeynthetie parte falling to rero with time. 
Results from a nursery oil patm spacing i i are 
shown in Fig. 1. Seedlings were lanted at the four 
square-arrangement spacings of 24, 12, 9 and 7-5 in., and 
were gathered after 6 months growth on three sampling 
occasions 27 days apart. Net assimilation rates (rate of 
increase of dry weight per unit leaf area) were determ- 


* Present address: Glasshouse Crops Research Institute, Rustington, 


ined in the usual way, using a regression of plant dry 
weight on leaf area from one set of planta at one sampling 
to estimate the dry weight of the plants to be sampled 27 
days later. This method, first used by Goodall‘, allows 
greater precision which is necessary with genetically 
heterogeneous plants. For the estimation of the relative 
contributions of leaf and non-photoeynthetio parts to the 
total crop growth rate (net assimilation rate x leaf area 
index) the increase of photosynthetic material as a per- 
centage of total increase for each period was obtamed 
from the plante gathered at each sampling. No leaf weight 
estimates were available for the plants. at the start of 
each period, and sufficient precision was achieved from 
these percentages which give resulta more consistent than 
using the mean weights from 5 planta as an indication of 
the population mean. 

The ai rity between Fig. 1 and the data of Davidson 
and Donald‘ (Fig. 1b of Donald!) is remarkable, virtually 
the only difference being that in the oil palm the photo- 
synthetic/non-photosynthetio ratio approaches closer to 
unity. There is a difference in scale, however; the 
optimum leaf area index in the oil palm is about 3, com- 

with 4-5 in subterranean clover, and the ceiling 
leaf area index is about 5 compared with 9. 

eie rcd seb eae ras ek so a fe 
rate is zero. This leaf area index had been reached by the 
second sampling, however, and the crop. growth rate for 
the second period occurred at the ceiling leaf area index. 


06 


1 3 4 5 6 - 
Leaf area index 


Fw. 1. Oi Sea ren; à nare ol palms ta relation to leaf aroa Indar 
The mean values for both non-photosynthetio tissues and . 
crop growth rate for the period were just below zero 
(— 0:02 and —0-05 g/dmt/week ee 
that the fall with time shown by Fig. 1b of 1 may 
be rapid, resulting in a graph similar to the curve of 
Davidson and Philip! (Fig. 1a of Donald?). 

techniques have not been widely 
although the work of Ovington’ 


Growth analysis 
applied to tree 
has been used by Donald! to demonstrate ceiling leaf area 
index. Somewhat similar work on plantation oil palma, 
Rees and Tinker’, indicate a ceiling leaf area index of 
about 5 de by the 17—20-yeer (age since planting 
in the fleld) stage, although the crop growth rate shows 
very little sign of a declino from 17 to 22 years. For a 
number of reasons, such as diffioulties in harvesting and the 
availability of higher yielding material, the economio life 
of a plantation is not much more than 25 years, so there 
18 little available information on older plants, although 
1t is known that old, wild plante have a lower rate of 
leaf production. 

The plantation is a Pe pegs type of plant association 
where specing is intended as the optimum for the duration 
of the economic life of the plantation. Although young 
plants have a lower respiratory load, the leaf area index 
18 also low, and maximum crop growth rate occurs when a 
considerable amount of non-photosynthetic tissue has 
accumulated, and the leaf area index is near the ceiling 
value. 

Accumulation of dry matter by the plants after 20-22 

` years occurs in the trunk material o y, and a greater 
part of the dry-matter production is concerned with the 
replacement of photosynthetio tissues (apart from 
replacement of roots, about which very little is known, 
and fruit bunches). If crop growth rate is considered aa the 
rate of increase in dry weight of the standing palms, 
even @ 20-year-old plantation has a very low rate. There 
ig a limit to the growth in height of wild palms; very fow 
palms more than 80 ft. high survive, probably because the 
respiratory load (particularly of the trunk, which contains 
a high percentage of living material) increasingly tends, 
with age, to balance photosynthesis. The plantation 
palm generally has a trunk of greater diameter, so the 
ceiling dry matter yield would occur with palms less tall, 
especially as competition for light in a plantation is 
severe. 
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Determination of ceiling dry matter yield is, 


however, 
complicated becanse j 


I not m the mtermediate groups, and the di 
is often as the sole cause of death of the old 
palms. It is posible that the activity of the fungus is 
affeoted by the balanoe of photosynthesis and respiration, 
and that attack by the fungus is a symptom of senescence 
and decline m vigour. y 
Inoreasing orop production. The oil palm is similar to 
meny other Pian tation crops in that establishment and 
early growth of seedlings (or cuttings, budwood, eto.) ma; 
be treated in a similar X dac 
yield required is the 


y return, which 
is the maximum growth rate, the plante at ing, 
that is, transplanting, should be just at the optimum leaf 
area index. The unfavourable effeota of transplanting on 
the palms must be minimized, especially aa it has been 
shown that the net assimilation rate of the oil palm 
appears very susceptible to poor ting and takes 
a period of many weeks to reoover!?. The third congidera- 
tion, important for the oil palm, is a nursery root disoaso, 
‘blast’, which decimates nurseries during October- 
November, particularly if the plante are below a minimum 
size, when their susceptibility is very high. 

For maximum growth rate, the optimum spacing must 
be worked out commensurate with increased costs of land 

oe, planting costa, mulching and irrigation. With 
2-ft. square planting, leaf area index reaches a value of 
2-0 by early February and 3:0 a month later. Maximum 
growth per plant occurs at the first level and maximum 
prop growth at the second. For optimum plant growth, 
leaf area index should be about 2-0 by about mid-April, 
when the plante are taken to the field. For this to oocur, 
maximum spacing ahould be approximately 2-8 ft. square, 
that is, 8 ft." land area per plant. This is very similar to 
recent recommendations (2-5 ft. square) by Gunn, Bly 
and Ohapaau. 

For adult palms, problems of maximum production are 
moro complex. The commercial yield is not the standing 
crop as in the case of a pasture or of forestry plantation, 
and the ceiling yield concept (which applies to the standing 
crop) is inapplicable. The important value is the crop 
growth rate or annual dry matter production, part of 
which represents the economic yield. The commercial 
yield may be increased in two ways. First, the crop 
growth rate may be increased, and so inarease the quantity 
of fruit without change in proportion, or, seoondly, the 
proportion of fruit m&y be inoreased without change of 
crop growth rate. The latter would appear to be more 
promising, and is in fact what is now being achieved by 
selection. A decrease in stem and leaf production would 
allow a greater proportion of the dry matter production 
to be diverted to fruit bunches. The rather unexpected 
situation would then arise of an increase in fruit production 
from a decreased rate of leaf production (which would also 
result in a lower rate of stem formation) and foouses 
attention on the single growing apex of the palm as of 
great importance in yield determination. A study of 
growth rates in the apex is in progress. 

1 Donald, O. ML, Symp. Soc. Kay. Biol., 15, 282 (1961). 
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Canberra Symp., 181 (Unesco, Pans, 1 » 
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PHYSICS 


- Multiple Flas Technique for measuring 
Sh Wave Velocities 

A naw technique bas been developed for the recording 
of the progress of a shock wave through a transparent 
material. The present communication gives & brief 
account of the technique and ite application to the study 
of shock initiation of detonation in & solid explosive. 

In the photographic flash-gap technique first described 
by Walsh}, the arrival of a shock wave at the surface of a 
metal is indicated by the mtense flash of light emrtted 
from a small quantity of gas trapped in the narrow gap 
between the metal surface and the surface of a block of 

t material such as ‘Perspex’. The light flash is 
thought to be caused by the rapid compression of the gas 
between the approaching surfaces, rapidly followed by 
quenching through the loas of heat to the walls, as the 
separation becomes small. : . 


DONOR CHARGE 
60/40 ROXYTNT , 





Fig. 1. Jixperimental arrangement. 


By using a stack of several ‘Perspex’ plates separated 
by narrow gas-filled gaps, we have produced a multiple 
flaah-gap arrangement which has proved valuable in the 
study of accelerating or decaying shock waves. The 
P of the shock wave through the stack gives a series 
of light flashes as consecutive gaps are closed, so that the 
shock wave velocity across Sook ‘Perspex’ plate cau be 
tound from a time-resolved photographic or photoelectric 
record of the light from the gaps. 

Fig. 1 shows the multiple flash-gap arrangement used to 
study the accelerating shock wave in 
the receptor charge in & shock initiation 
experiment. The light flashes. have been 
recorded by means of a 5-4 km/sec streak 


Charge diamster, 7 5 em 
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2 eec 18<s< 28mm 
2. Streak camera record of Hight flashes produced in the experimental 
n arrangement of Wig. 1 


With plate thicknesses of 1-3 mm-and gas-gape of 0-06 
mm, the time for closing the gap was from 7 per cent 
of the recorded time between flashes at the highest shock 
wave velocities measured to 26 per cent at the lowest. The 
uncertainty in the shock wave velocities obtained in the 
present experiments is about 5 per cent. - Of this, 1-2 per 
cent is due to the time measurement. The reet is due to 
variations in plate thickness, which was not measured for 
each plate separately. 

Fig. 3 shows the resulta of a series of 6 experiments with 
the charge assembly shown in Fig. 1. The thickness of 
exploaive in the receptor charge (60/40 RDX/TNT) 
between the barrier and the stack of ‘Perspex’ plates 
was varied from 0 to 30 mm. The thickness necessary 
for transition to detonation at the charge axis, as determ- 
ined m & separate series of experiments from the appear- 
ance of detonation light at the surface, was 25 mm. 

Each’experiment gives a record of the velocity of the 
shock wave as it proceeds down the ‘Perspex’. As con- 
ditions behind the front determine the way in which the 
front velocity changes, ib should be possible from such & 
record to find the preesure profile of the wave transmitted 


^ into the ‘Perspex’ if ane knew the velocities of sound at 


` different states. The front pressure of the original wave 
just before it reaches the first ‘Perspex’ plate can be 





camera, looking through the ‘Perspex’ 
along the charge axis towards the ap- 
proaching shock wave. Fig. 2 shows such 
a record. j 

In calculating the shook wave veloarties 
from the recorded time intervals between 
flashes, we have assumed the time between 
two consecutive flashes to be composed of 
two parts: 1, the time for the shock wave 
to traverse the plate, and 2, the time needed ` 
for closing the gap. We have assumed the 
gap to be closed with a veloarty equal to 

















twice the particle velocity behind the shook 
front in the-‘Perspex’. For the relation 
between particle velocity and shock wave 
velocity in ‘Perspex’ the date by Buchanan, 
- James and Teague’ have been used. 





Fy. 3. 





X, DEPTH IN RECEPTOR CHARGE MM 


‘Pamper shock velocities versus depth in receptor charge assembly 


. caseg diminished to the same steady 
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determined directly from the reoord provided that shock 
wave data for the two materials are known. (Using two 
air-gaps only, Paterson and Lamb? have measured the 
J ouget pressure in commercial explosives in a, 
Similar manner.) 

In principle, one should also be able to find the whole of 
ihe Griktnal rare rofile from an analysis of the record. 
Even without an Blüborato analysis, however, the reoord 
can often give a valuable qualitative picture of the 
pressure profile. 

From the records in Fig. 3, one finds: firat, that along 
the axis of the receptor charge the ahock wave velocity 
and amplitude increase quite steadily towards detonation, : 
and riot at all so a as one mi be led to believe 
from an observation of the surface of pa 

Secondly, the shook wave velocity in ‘Perspex’ 
seems to increase as the wave travels into the ‘Perspex’ in 
such cases where the receptor charge has a thickness leas 
than the expected depth of initiation. The experiments 
indicate that there is, m that part of the receptor charge, a 
region behind the shock front where the instantaneous 
pressure is greater behind the front than at it. 

i ; this region of greater pressure appears to 
contract and draw closer to the front as the wave moves 
farther into the receptor charge. 

The pressures in the explosive were estimated using 
the Hugoniot data for detonation products of composi- . 
tion B (64/85/1 RDX/TNT/wax) given by Deal‘. The 
uncertainty in this estimate is undoubtedly greater ab low 
pressures than at near the O—J pressure, where 
the chemical reaction is closer to completion. 

The estimated front preasure in the experiment with the 
iad Angad (30 mm) agrees well with the O-J 
preasure given by ae 

No sign of & von Neumann spike can be observed in 
these records. We intend to carry out experimenta with 
very thin ‘Perspex’ plates in order to look specifically for 
this phenomenon. 

U. BERG 


P. A. PHRSSOX 


Research Institute of National Defenoe, 
Division of Physica, 
' Stockholm 80. " 
Walsh, J. M., and Bice, M. H., J. Chem. Phye., 96, 815 (1987). 
Í (1958) 
* Paterson, B., and Lamb, P., J. Phot. Sei., 9, 368 (1961). 
‘Deal, W. HL, Phys. Fivids, 1, 523 (1968). 2 


Effect of Grinding on Quartz Particles 


WHETHER & vitreous or otherwise ‘disturbed’ layer 
forms on' icles of quartz produced by size reduction 
processes been. the subject of a controversy for some 
time. In an earlier communication! we reported evidence 
for the absence of a vitreous or mosaic sub-surface layer. 
A recent paper by Bakabe et al." leaves little doubt that, 
in their experimenta, a thick vitreous layer was formed by 
the grinding procedure used. Samples were ground in a 
mechanical agate mortar for varying times up to 800 h and 
fractions of mean particle size of approximately 0-51 were 
prepared by centrifuging. Some of their observations are 
summarized here. ` à 

(1) The initially angular particles became rounded, 
almost spherical, after 24-h grinding. ; 

(2) The initial rate of solution in 10 per cant sodium 
hydroxide was greatly enhanced by grinding and in all 

4 value after about 10 h. 

(8) The intensity of the (101) X-ray Bragg reflexion 
diminished rapidly with increasing grinding time. After 
300 h of grinding the peak di Little or no 
broadening of the peak was o 0n 

(4) In the electron diffraction patterns increased grinding 
time resulted in a diminution in the number of spectra 

Toe@-.. 
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observed and an increase in the background intensity. No 
ares or rings were observed. 

We interpret these observations as indicating that the 
‘change from the quartz to the. vitreous phase occurs 
directly without passing through a moeaio'or other semi- 
crystalline state, as by King and Nagelechmidt*. 

Samples ground under acetone in our own laboratory, 
either for 44 h by hand in an agate mortar or for 10 h in 
an agate phial using a *Wig-L-Bug', failed to exhibit any 
of the foregoing phenomena ing the formation of _ 
vitreous material. In both cases marked broadening of the 
(101) X-ray reflexion was observed, but only a very alight 
diminution in the integrated intensity. The iolea were 
observed to retain their angular shapes and efficient size 
reduction was achieved. 

The difference between our resulta and those of Bakabe 
eż al. obviously lies in the method of grinding. - It is 
possible that in dry grinding with the high pestle pressures 
usual with mechanical mortars, the friction between the 
particles and the mortar or pestle may at times become so 
great that a region of the particle near the surface melta 
momentarily and assumes the vitreous phase on oooling. 

Further investigations are necessary to determine the 
exact conditions under which a vitreous layer will form. 
From our own experiments it would seem that efficient 
size reduction of quartz particles can be achieved without 
the formation of a relatively thick vitreous sub-surface . 
layer. 

This communication is published with the permission of 
the Transvaal and Orange Free State Chamber of Mines: 

J. H. TALBOT 
E. B. Kxwurrs 


Dust and Ventilation Laboratory, 
Transvaal and Orange Free State Chamber of Mines, 
Johannesburg, 

South Africa. 


Talbot, J. H., and Kempis, H. B., Wature, 186, 917 (1900). 
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* King, E. J. S . Pheumeconioris ., Jehannes- 
rr iobo do . and A, H Mi tee London, 109 
Bond Ene of Vacancies and Interstitial 


toms in Graphite 


B&ker and Kelly! have estimated that the energy to 
form & vacancy in graphite (that is, the energy to remove 
an atom from tho lattice and place it on the free surface) is 
U;=8-3+09 eV. (The symbol + refers to maximum 
limit of values.) They comment that this is leas than the 
heat of sublimation, U,=7-5 eV per atom, indicating an : 
energy-relaxation of 4-2 + 0-9 eV at the vacancy. Equality 
should occur? if the broken lattice bonds around the 
‘vacancy remain broken. In graphite, however, all the 
lattice bonds are unsaturated, and we would expect that 
the unpaired electrons of the three atoms around the 
vacancy would form covalent bonds with electrons derived 
from unsaturated bonds of adjacent atoms (cf. ref. 8). 
These we will call partial bonds. The net energy assdcia- 
ted with their formation (denoted by 3U, per vacancy) we 
identify with the required energy relaxation. Thus: 

_, U,=1-440-3 eV (1) 


An interstitial atom should likewise form partial bonds 
with adjacent lattice atoms, the net energy of formation 
of which will be denoted by 3U, per interstitial. Stram 
energy around a vacancy or interstitial in graphite is small, 
and is neglected, as is also the energy associated with any 
electron-trapping processes. The energy, Up, of a well- 
separated vacancy -interstitial pair is therefore to the 
energy to break-all three lattice bonds & lattice 
atom, 2U,, less the energy-relaxation around the vacancy 
and tho interstitial, 3(U,+U,). However, U, is greater 
than Ur, as otherwise the surface atoms will spontaneously 
take up interstitial positions. From this we obtain: B 
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U,+U,<3-0+0-3 oV (3) 


We will call U,/3 the effective bond energy, U.. . This 
represente the energy absorbed when one lattice bond 
between two atoms is broken and converted into two 
partial bonds. 

The activation energy for the motion of a vacancy is 
Ug =38-15 40-55 eV (ref. 1). This mvolves the counter- 
motion of a lattice atom. In its rest position this atom has 
two lattice bonds. We assume that at the mid-point of 
its jump, these are both broken (each absorbing 2U,,/8) 
and each half of each bond forms a partial bond with 
adjacent lattice atoms, each partial bond emitting energy 
U, Thus Ug —4U,/8— 4U, or 


U.=1-71+0-16 eV (3) 


The values of U,, U, and U, are probably close to each 
other. For present purposes we will take them to be 
equal and estimate their mean value U,. Equations (1), 
(2) and (8) then lead to U,=1-540-4 eV. The stored 
energy of a vacancy-interstitial pair, Up, is therefore 6-0+ 
2:4eV. Half of this is to be associated with the interstitial 
and half with the vacancy. Experimentally the satura- 
tion value of the stored in graphite at reactor tem- 
peratures is about 600 cal/g (ref. 4) or 0-8 eV per lattice 
atom. If the damage- configuration consists of single 
vacancies plus clustered interstitials, then the stored 
energy will be due principally to the bonds around the 
vacancies, and the saturation vacancy concentration 18 of 
order 0-8/3-0- 1/10. This is a very reasonable value*. 

We may estimate the activation energy, U., to evapor- 
ate interstitial clustera in graphite. The most firmly 
` bound atoms on the edge of the cluster are attached to the 
edge of the cluster by two lattice bonds. U, is thus the 
energy to convert these two bonds to partials (which is also 
the activation energy Um for vacancy diffusion) plus the 
activation energy for diffusion: of interstitial atoms, U,. 
This latter is at least 0-4 eV (ref. 6), and is leas than the 
‘1-2 eV observed for annealing processes at higher tem- 
peratures‘, so we will put Ui 0-B 40-4 oV. 

Thus U;=3-95+0-95 eV. The disappearance of an 
interstitial cluster as the temperature is raised will thus 
be due first to erosion by any vacancies initially present in 
the lattice (Um), followed closely by the evaporation of the 
inserstitials in the cluster (U.). If the atoms on 
the edge of the cluster each evaporate in 10 sec, the value 
3-95 eV corresponds to a temperature of about 1,200? O. 
If no vacancy clusters, dislocations or other suitable sinks 
are present, those interstitial atoms will condense into freah 
clusters on cooling. This mechanism may contribute to 
the large cluster motion observed at 1,200° C (ref. 6). 

The activation energy for the diffusion of & singly 
bonded interstitial atom along the edge of a cluster will 
similarly be of the order of U,+ U; of 2-84: 1-2 eV, which 
on the basis of 10-' jumpe. per seo corresponds to a 
temperature of 450:-300? O. This implies that et the 
lowest power-reactor tures, the clusters will con- 
tain a significant number of vacant (interstitial) sites due 
+o imperfect filling, while at sufficiently higher tempera- 
tures the atom-density in the cluster will be normal. 

This communication is published by permiasion of the 
Director of the Berkeley Nuclear Laboratories. 

R. L. WooLLHY 
Berkeley Nuclear Laboratories, 
Berkeley, Gloucestershire. 
! Baker, C., and Kelly, à., Naire, 108, 285 (1062). 
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GEOPHYSICS 


Annual Change in the Declination (‘Variation’) 
in Western Scandinavia and the North Sea 


Wru reference to the letter-in Nature! from Guro 
Gjellestad and Helge Dalseido it should be noted that tho 
last British Admiralty obar& of declmation 
(epoch 1960.0) does show a decrease in the annual change 
over the area in question, when with the 
previous chart. The isopors (lines equal annual 
change) shown on the 1960 chart are given in Fig. 1 (full) 

with those found for 1958 by Gjelleeted and 
Dalseide (dotted). 

Ieopors appearing upon a declmation chart are of 
necessity compiled in advance of publication of the chart, 
from data extending backwards and seldom fully up to 
date. The mformation deduced from these data are 

lated values of the annual which must be 
used for correcting the chart values of the declination for a 
period of several years subsequent to the epoch of the 
chart. No extrapolation formula has yet been devised to 
cope with the vagaries of secular change; and experience 
has shown that, even in tho best-determined regions, 
tion over a matter of several years is liable to 
errors of 1 or 2 min per year in the predicted annual 
10° W. o 


10° H. , 20° E. 


Ti 1, dnia Obart, — Qfellesta and Dajacide, 10 168 

Moreover, small variations in the adopted values at 
different observatories can alter materially the pattern of 
the linee, whilo tho ends of linea deduced from tho study 





of a limited region may differ in and direction 
materially from a set of lines drawn up on the basis of 
world-wide coverage and thus influenced by the resulta 
from neighbouring regions. 

The purpose of this communication is to pomt out that 
the decrease in the annual change discussed by Gjellestad 
and Dalseide is in fact shown im the last Admiralty world 
charts, and that the differences of the two seta of isopors 
should be treated with reserve. 

H. F. Finca 


Royal Greenwich Observatory, 
Hergtanonoeux Castle, 
Hailsham. 


1 Neiure, 196, 55 (1903). 


Wa were not referring in our communication to the last 
published British Admiralty chart (1960.0) which we did 
not know about, but to several Scandinavian charts and 
to other sea maps apparently using information from older 
charts from the Admiralty. We fully agree with Finch in 
his remarks. It is unfortunate that no theory of the 
secular variation has been developed that might be 
dp: y &ooepted, and that no empirical formula is known 

or extrapolatmg for the secular variation. 
GURO GJELLESTAD - 
Hacor DALSEDME 
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GEOLOGY 


Geometrically Complicated Monogenetic 
Flow Folds 

. Common phenomena observed in gneissio terrains 
include the remarkable contortions shown by the com- 
positional layers within the gneisses. Some of the more 
simple deformations have been analysed and accounted for 
adequately, but the more complicated oontortions have 
been diamissed as ‘flow folding’, ‘plastic folding’, etc., with 
no further note. 

Folded gneimio bands and enclosed mafic layers (for 
example, amphibolites) are often very impersistent, and 
“show little regularity in the disposition of fold axes (crest 
and trough lines) and amal planes. Such folds have been 
considered to comprise the class of flow folds’. However, 
I have maintained that the geometrically ammple folds 
resulting from a laminar type of plastio flow more or lees 
perpendicular to marker layers ahould algo be included in 
this ‘clase, and suggested that the more complicated flow 
folds in both hard rock and soft sediment result from 
unusual patterns of laminar flow*. Thus flow folds were 
redefined in more general terms as “‘contortions affecting 
only incompetent beds, which have thickened and thinned 
without the aid of ruptures above microscopio levels”. 

In recent years many studies have bean made of super- 
imposed fold systems‘, and characteristics of such sys- 
tems include the development of ‘hooks’ in the rock 
distribution, and irregularities in the disposition of the 
fold axes and axial planes. 





Fig. 1 


In amplification of my earlier statemente and to intro- 
duoe a note of caution in oonoluding multiple folding for 
geometrioally complicated folds, Fig. 1 shows how mono- 
genetic folds may have peculiarities hitherto often taken 
to suspect the presence of superimposed folding. In 
Fig. 14 let deformation proceed by a laminar-type flow 
along involuted planes parallel to the broker line in the 
general direction of the marker layer ab (solid shading), so 
that the imaginary line X Y is displaced to X’¥’. Involu- 
tion of the flow planes may result from alight variations in 
pressures, temperatures and chemical compositions. The 
resulting contortion of the layer ab in a by-and-large 
isotropic plastic medium is shown in Fig. LB, where ‘hooks’ 
and folds facing opposite directions have been developed. 

Enys WILLIAMS 
44 Boberton Avenue, 
Heath, Cardiff. 

! Cannon, B. T., Geol. Mag., 98, 2, 164 (1062). 
"de Bitter, L.- U., Structural Geology (MoGraw-Hill, New York, 1950). 
* Williams, H., Nature, 189, 474 (1061) 

D. L., and Holmes, A., Geol. Mag.. 91, 6, 417 (1084). 
' Weim, L. H., Bull, Geol. Soo, Amer., 76, 1, 91 (1969). 
* Ramay, J. G., J. Geol., 08, 1, 75 (1900). 
' Carey, B. W., J Alberts Soc. Petrol. Geel., 10, 8, 95 (1062). 
* O'Driscoll, H. 8., J. Aberta Soo. Petrol. Geol., 10, 3, 146 (1062). 
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Recrystallization of Zircon as an Indication 
of Contact Metamorphism 


ZrgooN (ZrSiO,) is generally regarded as the most 
refractory accessory mineral present in the oommon rock 
types’. According to Poldervaart’, moipient granulation 
and recrystallization of zircon when exposed to ultra- 
metamorphic proceases can be expected only in a stage 
as high as the sillimanrte grade. Investigations in quart- 
zite xenoliths in the southern norite belt of the Bushveld 
Igneous Complex of the Transvaal (South Africa), how- 
ever, indicate definitely that these processes can be 
caused by usual contact metamorphism and that the 
foregomg conceptions should be revised. 

A zrroon concentrate from a thermally reconstituted 
quartarte alab floatmg in the Bushveld norite north-west 
of Pretoria shows & characteristic preponderance of 
recrystallized zircons, that is, orystals displaying & 
rounded or fractured core enveloped in a mostly idio- 
morphic, transparent shell (Fig. 1). Statistical evaluation 
of the material revealed that from 800 grains counted 
187 (45-66 per cent) show clear signs of recrystallization. 
In a number of others the core is not so easily recognizable, 
but appears as a cloudy spot, surrounded by a somewhat 
‘ghostly’ outline. A comparison of these metamorphosed 
quartsites with the ‘normal’ quartzttes of the Pretoria 
series outside the Bushveld auredle shows that the latter 
contain scarcely any xzircons displaying reorystelhration 
phenomena (< 2 per cent). 

The resulta thus obtained are not difficult to explain. 
It is self-evident that the rounded or. fractured kernels 
of the recrystallized mroons represent minute riroon 
‘pebbles’ in all stages of attrition, originally representing 
the bulk of the heavy mineral fraction of a sedimentary 
tock.  Aooordingly, these rziroons did not omginate in 
this rock; they were merely deposited after having iris 
gone transport, during which they develo their - 
acteristic pebblish or fragmental shape (cf. Fig. 1). Speak- 
mg in genotio terms, they cannot be referred to as primary 
constituents of the rock formed here in situ, but only 
as secondary or allogenic componente derived from 
outside sources and dumped together with other 
sedmentary detritus finally constituting an arensceous 
rock. - 


Ther host-rock later being subjected to contact meta- 
morphism, these z1rcons suffered thermal recrystallization, 
that is, a stage of growth resulting in the 
development of an outer shell which is mostly water-olear 
and idiomorphie, showmg often a model-shaped crystal 
form with sharply pointed pyramidal terminations (Fig. 1). 
In contrast to the parent detrital grains, these out- 
growths were formed in place; hence they are primary 
or &uthigenio constituents of the rock. The cores enclosed 








00 01 0.2 mm: ae 
Reor peer der E iiia T quartzite in the 
Eu als honte north of Vresersthoek ( west of Pretorm) 
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in theese shells now sedimentary relict structures 


betraying the original sedimentary character of the recon- 
I rocks. 
As particularly ized by Poldervaart®, elongation. 


breadth maximum at 2-0. 
curves displaying this gonsral set-up were already inférred 
from theoretical considerations by Poldervaart*, although 
in connexion with magmatic rook Ziroons from 
the common quartzites of the Pretoria series show the 
usual elongation frequency distribution characteristic of 
well-sorted.. sediments with only one distinct maximum 
(Fig. 2B). . 





LB 


2. Niongailon frequeney curves of: A, xiroon crop from 
mos ied arii a mie 
af Protoria series 

Bilfkaataneck) 


that the refractory ies usually ascribed to riroon 
with regard to ization are leas significant than 
conceived by previous investigators, there can be no doubt 
about it that this mineral is actually capable of surviving 
metamorphio as a solid , forming relict 
‘structures in newly developed à As has been 
pointed out oonvineingly by Poldervaart and Ecketmann* 
and Hoppe‘, these relict bodies are still preserved in 
xiroons of completely reconstituted ‘ultra-metamorphio’ 
rocks of sedimentary derivation. Accordingly, the new 
observations as recorded in this communication m no 
way restrict or evan invalidate the io Big- 
nifloance of morphological zircon studies. It seams to 
be of icular interest, therefore, to apply the zircon 

in connexion with a transformistic conception of 
the Bushveld norites advanced by 8. van Biljon', explain- 
ing these magmatio rocks as transformation products of 
the upper part of the Pretoria series and the afore- 
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mentioned quartzite xenoliths as ‘undigested’ relics of the 
latter. 

M. O. G. Soniprowsz: 


Loraine Gold Mines, Ltd., 
Geological Department, 


Allanridge, 
Orange Free State. 
1 Harker, A., Meiamorpkism, second. ed. (London, 1939). 
1 Polderraart, A., Natwre, 185, 574 (1050). 
ki) de ind okola, FiDi? I dence dM MUT 
* Hoppe, G., Geolegis, 6, 280 (1957). 
! Van Bijon, 8., Trams. Geol. Soc. S. Afr., WR, 1 (1949). 


ASTRONOMY 


Determination of Relative A 
Craters by Albedo and Po 
Measurements 
Oma of the most important tasks in selenology is to 
establish the rel&tive ages of different parte of the lunar 
crust. It may be argued that, during the lifetime of a 
crater, ita floor would be darkened at a uniform rate by the 
destructive affecta of ultra-violet light on the rock crystals. 
The empirical relationship : . 


21og o + log A = 0 (1) 


may be fitted to the albedo (p) measurements of Markov 
and Fedoreta!, where A is the diameter of a crater in 
kilometres. . 

Solid materials polarize leas light if they are fragmented, 
but there comes a point when the d of pulver- 
ization is such that the polarization again increases due to 
the change in the scattering properties of the material. On 
the Moon, there is a natural agency for breaking down the 
rocks in thé form of meteorite collisions. The degree of 
roughness will vary from one region to another, and this 
may be expected to bear some relationship to the age of the 
oaks in that region. A freshly formed impact crater will 
have some covering of rock dust, and a young igneous 
crater will probably have a covering of volcanic ash. In 
either case, the microstructure of the floor will be oom- 
paratively smooth. As time elapses, the roughness of the 
floor of a crater may be expected to pass through a 
maxhnum, since the fragmentation process will yield large 
rock blocks at first and these thamselves will be subject to 
verization. Hence the maximum proportion 
Pmax of light polarized by an average region should pass 
through a minimum. Measurement of Pmax of & given 
region would thus yield two possible ages. Dzhapiash- 
vili's! measurements of Pmax may be used to ahow that 
this is the case, and that (Pmax expressed as a poroen- 


tage): 
to 3 log (Pmax —7)=4 log (A~170)—6 (2) 


Because of intringio differences between the albedo of 
rocks at different pointe of the Moon and because the 
initial degree of ess will certainly differ from point 
to point, equations (1) and (2) are essentially statistical. 
Improved relationships may be obtained as a greater 
quantity of fundamental data become available, for only 
then will the number of msasurements be sufficient to 
warrant segregating the pointe according to whether they 
lie in the dark maria or in the brighter continental regions. 
However, interpreted broadly, both relationships pomt to 
the fact that Mises Wins craters aro hi colder In 
particular, on the theory outlined here, the rooks of the 
maria would have to be the oldest on the Moon. Yet, 
considerations of the relative frequenoy of oocurrenoe of 
continental and post-mare craters indicate that the oon- 
tinents are some six times older than the maria. This 
difficulty may be resolved if the contments and maria 
differ in chemical composition. 


of Lunar 
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I thank Imperial Chemical Industries, Ltd., for a 
research fellowship. ' 
GOBERT FINLDHB 
University of London Observatory, 
Mill Hill Park, 
London, N.W.7. 
1 Markov, A. V. (ed.), The Moon, 170 (Univ. of Chicago Press, 1902). 


CRYSTALLOGRAPHY 
Refinement of the C | Structure of 
Antler 


TaB crystal structure of antlerite, Ca,(8O,)(OH),, was 
' determined by Araki! while J. J. Finney waa also worki 
on the structure. This reflnement represents the 
results of the two independent determinations. 

A specimen of antlerite from Chuquicamata, Chile, was 
used for the refinement. Data from nine reciprocal levels, 
zero, one and two for each of tho a, b and o axes, wero 
collected by means of multiple film pack Weisen 
photographs. Molybdenum Ka-radiation was 
throughout the investigation. Of a possible 991 unique 
reflexions, 728 were obeerved. Intensities were obtained 
by visual comparison with a known scale. 

Antlerite is orthorhombic, space group Pnma. The cell 
dimensions, a,= 8-226, b,= 6-046, o,=11-978 A, determ- 
ined from precession photographs agree with those 
determined by Araki. The cell formula is Cuj,(BO,),(OH),,. 

Refinement of the antlerite structure was effected by the 
method of least squares. Parameters obtained by the 
senior author’s structure determination were used as mput 
for the refinement and the final parameters are listed in 
Table 1. 


Table 1. PARAMETERS OBTAINED BY LEAST SQUARES REFINEMENT 
Ou. Ou, 8 0, 0, O: OH, OH, OF, 
00052- 02897 01804 O242 0105 0033 0-285 0701 
0-2500 0-001323 02500 0-250 0 250 0250 0 250 
0-0015 ©1259 03641 0-283 0476 0818 0029 0-770 
0-65 0-65 0 49 080 100 117 0568 139 


b» 


Table 2. RESIDUALS OF THE AWTLERITA RXFOKEMENT 


Level Reflexions R 
oH 65 0-092 2 
1H 75 0-107- 
2H 0-000 
AKO 54 0-120 
hki 54 0-086 
AK 38 0-107 
hl 104 0-069 
MH 50 0-124 
Asl 188 0-087 
Total observed 0-096 
Unobserved 268 
Total 991 


For the refinement, the entire matrix was computed and, 
inverted. Twenty-one positional parameters, nine tempera- 


ture factors and nme scale factors were allowed to vary. Only: 


isotropic thermal parameters were used. The residuals for 
each reciprocal level are given'in Table 2. The correlation 
matrix was calculated for the last cycle, but no large 
interactions between parameters were observed. 

There are two orystallographically distinct copper atoms 
in the strugture each of which has a somewhat distorted 
octahedral co-ordination. Ou, has four hydroxyl groupe 
(OH,) nearly coplanar at distances of 1:97 A and one 
hydroxyl (OH,) and one oxygen atom (O,) at 2-32 and 2-56 
A ively. Ou, has three hydroxyl groups (OH,, 
OH, OH;) and one oxygen atom (O,) also nearly coplanar 
at distances of 1-91, 1-01, 2-02 and 2-05 A respectively and 
two oxygen atoms (O,, O,) at distances of 2-37 and 2-41 A. 
‘Co-ordination about the sulphur atom is four-fold with 
the average bond-length being S—O=1-46 A. The average 
bond-angle O—S—O=109-5°. Bond-lengths are con- 
sidered accurate to + 0-02 A. 

The structure consists of systems of connected Cu, and 
Cu, polyhedra extending parallel to b-axis. The Cu, and 
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Cu, polyhedra are linked to each other by one OH, group 
and also by OH, and O,. However, one is Imked 
to another by only two weaker bonds, Ou,—O, (2-41 A), 
in the o-direction. This accounts for the perfect cleavage 
parallel to (001). 

We thank Dr. A. Rosenzweig of the University of New 
Mexico, Albuquerque, New Mexico, for supplying the 
sample of antlerite, and Dr. B. W. Bailey, of the University 
of Wisconsin, Madison, Wisconsin, for use of the X-ray 
equipment. Computations were cerried out on the ODO 
1604 computer at the University of Wisconsin Numerical 
Analysis Laboratory. 

z J. J. Fonar 


T. ABAK * 
Department of Geological Engineering, 
Colorado School of Mines, 
Golden, Colorado. 
* Present address: Central Laboratory, Tekkosha Co., Tokyo, Japan 
1 Araki, T., Mimoralog. J (Japan), 3, 213 (1991). 


Determination of S roups using 
Anomalous Dispersion 


Ix the usual method of determining space-groupa, the 
presence of face or body centring and of screw axes and 


glide planes is detected by examining the systematic 
absences of reflexions. However, it is not poesible to 
establish by such a procedure the presence or abeence of a 
centre of inversion, a rotation axis ora mirror plane. This 
is because the translation-free symmetry elements do not 
lead to any characteristic absences for the reflexions; also, 
the symmetry of the X-ray diffraction pattern of a crystal 
is not exactly the same as that of the point group of the 
crystal itself, but only the corresponding Laue group 
which has an additional centre of inversion added to it. 

In order to test whether the crystal is cantrosymmetrio 
or not, statistical methods have geen developed by Wilson 
et al. and by Ramachandran and Srinivasan’. However, 
considerable doubts have been expressed about their 
practical applicability as distributions having properties 
in between the two limits have often been encountered, and 
the distributions are also affected by the presence of (a 
small number of) heavy atoms. It would therefore be 
worth while examining & more straightforward method of 
testing the presence or absence of oentrosymmetry. This 
seems to be poesible making use of anomalous dispersion. 

When anomalous dispersion effecta are taken into 
account, ib is found that the symmetry of the X-ray 
diffraction pattern of & orystal is exactly the same ag that 
of the point group symmetry of the crystal itself. Also, 
the tranalation-free symmetry elements, such as a centre of 
inversion, & rotation axis or & mirror plane, lead to the 
Bijvoet difference Al(—Ig—Im, where Ig and Ig 
are the mtensities of the direct and inverse reflexions 
including anomalous dispersion effects) being systemat- 
ically zero along certain rows and planes in the reciprocal 
lattice. Thus, Af=0Q for all reflexions for a centro- 
symmetrio crystal. Similarly, AI — 0 for all 0&0 reflexions 
if a mirror plane is dicular to the b axis and for all 
AO! reflexions if a 2-fold axis is parallel to the b axis. The 
systematic absences of the Bijvoet difference have been 
worked out for all the pomt groups, and it is found that an 
examination of theee extinctions can reveal the presence or 
absence of the tra&nalation-free symmetry elements in & 
crystal 


Thus, the systematic extinctions of the Bijvoet difference 
can give uniquely the point group of a crystal. On the 
other hand, the usual systematic absences give the 
elements of the space-group which involve translational 
symmetry. Combining these two types of information, ib 
is possible to write down a diffraction symbol for all the 
230 spaoe-groupe, similar to that adopted by Buerger’, 
exoept that the new symbols will contain the point group 
of the crystal, the lattice type and the translational 
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dons ical apa COD! MBA REO pde IÉ is 
found that all the space-groups except 12223, [2,2,2, and 
128, [2,8 can be uniquely determined excluding, of course, 
the enantiomorphous pairs. 

However, even the enantiomorphous pairs can be 
identified in & certain sense. Although it would not be 
possible to say from the symmetry of the Bijvoet difference 
` whether the space gronh is one or the other (say P4, or 

P4,), the two crystals w ch are enantiomorphous to each 
other can be distinguished by examining the Bijvoet 
differences. In this sense, it may be said that the method 
discussed here can differentiate also between the enantio- 


phous sp groug Q. N. RAMACHANDBAN 
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CHEMISTRY 


Thin-Layer Graphited Carbon Black as 
the Stationary Phase for Capillary 
Columns in Ga$ Chromatography 

GorAY pointed out in his early papers'* that exoellent 
capillary oolumns could be produced by .rep the 
amooth inner wall aree of & tubular column by & uniform 
porous layer of the support material. Petitjean e£ al.* and 
Mohnke eż al.* were the first to use adsorption-type tubular 
columns. Both of them invented special methods for 
reparing alumina and silica adsorption layers from the 
D eteriole of the melld y chanical reantions: The follow- 
ing general method can presumably be used for depositing 
any solid substance on the walls of open tubular columns. 
Here we report our results carbon black graphited at 
8,000? O (surface area 72-8 m'/g)*. 15 g of this carbon black 
was suspended by rapid stirring in & mixture of 220 ml. 
trifluortrichlor-othane and 80 ml. carbon tetrachloride. 
The carefully cleaned copper tube (in Fig. 2 gilvered 
copper) was filled with this suspension. One end of the 
tube was closed and the open end was fed cautiously and 
slowly in a special oven to evaporate the liquid. After 
this procedure the carbon black remains on the wall of 

the column in the form of an adherent porous thin layer. 
The gas chro hic apparatus was similar to that 
already described ionization detector was used 
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Flame ionization deteotar and quick 
with a fast recorder (full scale time 0-3 sec). The carrier 


' gas was hydrogen, the sample sire (syringe) was always 0:2 


The columns are identified by the original inner 
diameter of the metal tube and with the weight of carbon 
black covering the wall per metre of colamn-length. 

Fig. 1 shows a relatively slow analysis of six heptane 
isomers available in our laboratory, run at a column tem- 
perature of 175° O with a 15 m column (inner diam. 0-25 
mm and 8-4 mg carbon black/m). With a similar 80-m 
column we have made routine analyses of C,-O, paraffins 
for three months without any change in retention times. 

The quick and unusual separation of the xylene isomers 
is illustrated in Fig. 2. m-xylene and p-xylene are per- 
fectly resolved in 70 geo with a 15 m column (inner 
diam. 0:25 mm and 5:4 mg carbon black/m) at 245° O, 
while the o-xylene and p-xylene remain unresolved. 

In Fig. 8 the separation of four oxygenated compounds 
is shown in 42 sec at 200° O on a 15-m column (inner diam. 
0-5 mm and 11:6 mg carbon black/m). Tailing is relatively 
small. The retention times of the o compounds, 
relative to those of hydrocarbons, are remarkably short. | 
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In Fig. 4 the analysis of four chlorinated paraffins in 
45 sec at 80° O is shown on an 8-m column (inner diam. 0:5 
- mm and 12-8 mg carbon black/m). The flow rate of the 
carrier gas was 35 ml/min, extraordinarily high for capil- 
lary columns. We carried para quantitative analyses 

i columns with relative 


was 0:12 — 0-15 x 10~ g in Figs. 1—3 and 1-4 x 10-*in the 
last chromatogram. 

Wo used the same method with some success in prepar- 
s din leyeteofialumins qud elisa casblde on deslliaty 
columns for the quick separation of low-boiling hydro- 
carbons. 

We thank Prof. U. Hoffmann and-H. P. Boehm for dis- 
cussions and for providing samples of graphited carbon 


black. 
T. HaALÁREX 
F O. HORVÁTH 
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A Reliable System for the Introduction of 

Samples to Gas Chromatographic Columns, 

particularly suited for Quantitative 
Capillary Column Analysis 

Duznic the past few years a number of different injeo- 
tion systems have been used with capillary columns, but 
these have either been restricted to favourable samples or 
have given quantitative resulta of doubtful validity. The 
system described here enables the composition of any 
sample to be evaluated quantitatively. 

If a sample of convenient size is placed in a vessel con- 
taining a suitable involatile solvent through which an 
inert gas is continually passed, then the concentrations of 
the various components will decay exponentially with 
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time and at rates determined by their partition coefficients 
with respect to the involatile solvent. 

A small sample of the exit gas from the vessel can be 
Suy adsit doi cupis octane by asada UC a Que 
sampling valve. If the gas sample is taken shortly after 
the &dmiseion of the bulk Pon to the dilution system 
then the chromatogram which is obtained is relatively 
richer m the components of lower partition coefficients 
than was the original bulk sample. Samples of teken 
later will show progressive reduction in the ratio of low 
to high partition coefficient componenta. 

If the whole of the original bulk sample oduld be 
chromatographed as a series of small samples from the 
dilution system, each small sample being of a size com- 
mensurate with the column ta, then, although 
no single chromatogram would represent the original 
mixtare, the sum of all the chromatograms would give the 
peak ratio which would have been obtained from the 
chromatogram of the original mixture. 

In praotioe, it is unnecessary to take an infinite number 
of samples, providing the detector used has a linear 
response and providing the solvent used in the dilution 
system is the same as used for the column stationary : 
phase and is at the same temperature. In this case two 
samplings will suffice and the fi ing equation may be 
applied to calculate the mass ratio of any pair of oom- 
ponents: 
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where R, and R, are the response factors of the two 
components; K, and K, are the respective iti 
ooefficiente; A, (t,) and A, (4) are the areas of the pe 
obtained at time (£), (te) being the time at which the 
sample starte to decay from the system. Such valuesof.A are 
produced by the linear extrapolation of any two log area 
qun e OMS De Meo fo E sy 
ig. 1). 
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K,/K, may be obtained from the ratio of the retention 
times of the two peaks measured from the air peak and 
R,/R, may either be known or be determined from a 
similar run where M/M, is known. 

A further interesting aspect of the system is that original 
samples may be diluted in this manner and the exit gas 
sampled at times so chosen that the two chromatograms 
are preferentially enriched in any minor constituent which 
may be of particular interest; such enrichment obviously 
results in & more accurate determination of that oom- 
ponent. Thus, for the socurate evaluation of trace 
amounts of substances with low partition coefficients the 
two gas samples should be taken after small values of f ' 
and the size of the gas sample taken from the dilution 
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system should be amal. Conversely, for determining trace 
amounts of substances with high ition coefficients the 
values of t should be large, and Bize of the gas sample 
taken from the dilution system should be increased. 

To eulos trae d pd crc aces 
result of a recent improvement in tbe original Ys ee 
dilution technique described by Dr. J. E. Lovelock? ch 
improvements are described in a paper to be published 
shortly by I. Fowlis and R. P. W. Scott. 

P. JuxxisB 

W. G. Pye and Oo., Ltd., d 

York Street, 
Cambridge. 
! Lovelook, J. H., Gas Chromatography, edit. by Soott, R. P. W., 26 (Butter- 
worths, London). 


Effect of Fluoride Ion on the Activation of 
Molecular Hydrogen by Silver(l) 


AooonDrING to Halpern! the effect of complex oramg 
ligands on the activation of molecular hydrogen by 
ions can be explained by the following scheme: 
M*—X- 
H- —H* 
Thus the heterolytic splitting of hydrogen is the conso- 
quence of the concerted action of the central metal ion and 
the ligand bond. Great activation effect can be expected 
from the ligands which, although weak acids, form unstable 
complexes with the metal ion, that is, which do not screen 
tho positive charge partly responsible for the heterolytio 
splitting. Theeo requirements are contradictory in general, 
being & between the proton affinity and the 
complex forming tendency of the ligands. In the case of 
silver(I), the reduction of which by hydrogen was thor- 
oughly investigated by Halpern e£ al., the fluoride ion 
fulfils the requirements mentioned: although hydrogen 
fluoride is a rather weak acid (pK = 8-4), the fluoride ion 
forms an unstable monofluorosilver(I) lex®", 
Bo the effect of fluoride ion on the reduction of silver(I) 
by molecular hydrogen seemed worthy of investigation. 
The reaction was studied in an all-glass apparatus. 
Hydrogen was bubbled through the thermostatically oon 
trolled neutral solution (pH 6) of silver nitrate (up to 01 
mole/l.) and potassium fluoride (up to 2-0 mole/l.). The 
reaction was followed ui the titrimetric determination of 


reduction. The results can be described ds the following 
i deck 

E = 19e, ng, EE 

ec MO TER T 

ie K is ii estne constant of the silver fluoride 
complex’. Light has a small but definite enhancing effect. 
The velocity constants were caloulated at different tem- 
peratures in the range of 80—70? O. The resulta are 
summarized in Table 1. For comparison some literature 
‘date referring to the aquo-complex and to the most effective 
amine complexes are also included. 


Table 1 

Ligand. log E 4H 48 + 
(T0*O) 

Ho “34 133 -6 
-N N(OH4s O17 15-1 -u 
MORDIDA À 0-38 17-1 — 8 
rq 0-79 18-3 -$ 
Y (ta diffused daylight) 0-88 $03 4 


Thus the fluoride ion is the most alfoative ligand so far 
found. 

Considering that the configuration of silver(I) com- 
plexes is linear, and that the co-ordinated F- and H, do 
not touch each other even in adjacent position, the 
following scheme for the ted complex must be 
assumed : 
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Steric Effect In Mass Spectra of cis-trans 
Disubstituted Ethylenes 
PERHvIOUBLY!3 we results concerning the 
behaviour under electron impact of ois and trans isomers of 
es. Tho sterio effect in such 


panet, SEDE SEAE 
and cyclohexane’. Those are summarized in a 
recent paper’. 


In the same way we have investigated several pairs of 
ois and trans ethylenic isomers in order to check whether 
the same kind of relationship existe between mass spectra 
and stabilities of those isomers. Looking up the few data 
published in the literature’ we found six pairs of cistrans 
derivatives of butehe with an increasing number of methyl 
groups on the two end carbon atoms. 

We calculated the abundances Ieis and iras, of molecu- 
lar ions in percentage of total ionization. The results are 
listed in Table 1. These can be considered as a measure 
of the stability of the ionixed compounds’. 

The figures in the last column of Table 1 indicate that 
within tal uncertainties there is no difference 
between the stabilities of ois and tans 2-butenes. The 
same situation occurs in derivatives of butene substituted 
by one methyl group (2-pentene) or by two methyl groups, 


Table L RUNLATIYR ABUXDANCAS OF MOLBOULAR IONS IN ols-trans D1- 


Patr Namo of the 
No. compound Formula * Tirena Tee Terese] Tots 
1 2-Butene 0—0—-0—0 17-08 18-11 0 99 
2 1-Pentene 0—00—0—0 71 9-6 101 
0 
3 4&Methyl-2- 
pentens o—omo—b_o 8-08 7-08 101 
4 %& Hexen 0—0—0—0—0—0 07 6-85 1-01 
0 
5 4,4-Dimethyl- 
$-pentane excom 6-52 5-08 1-00 
6  5,5-Dtmethyl- 7 
V leues xS 419 2-41 141 
7 22,5 5-Tetra. ? it 
ahis o-b-cmo—d_o 1-08 0-16 T 
herens 
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either on the same end carbon atom (4- i ve 
methyl-2-pentene) or on both of them i 
(3-hexene). 

If one of the end carbon atoms of 
butene is substituted by three methyl 
groups  (44-dimethyl-2-pentene), the 
abundanoe of the ots isomer becomes 10 
per cent smaller than that of the trans 
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isomer. A further substitution by «a mm 
methyl group again decreases the abund- 
ance of the ots isomer by about another 
10 per. cent (5,5-dimethyl-3-hexene). In 
the last butene derivative which has six ~ 
methyl groups on the two end carbon 
atoms (2,2,5,5-tetramethyl-3-hexene) a 
tremendous effect shows up since the 
trans isomer molecular ion is about 7 times 
more abundant than the ois isomer. 


* ; 
POUPE is 
ri 
MA hn MA 
REGION A B A 
a EN SI LE) 





As & result, one must emphasize that the 
substitution of ethylene by a tertiary 
butyl group has an obvious effect on the 
stability of the ois isomers, especially in 
the last compound. This has to be related 
in some manner to the steric hindrance 
provided in the ois molecule when such 
a close-packed group exists in it. 

It is likely that the ionization is pro- 
‘duced by removal of one of the non- 
' bonding 7 electrons of the double bond. - 
Consequently the isomerism should dis- 
appear in the ionixed molecule and the 
energy provided by steric hindrance would 
be released and used for further decomposition. There- 
fore, in the ots isomer of tho last three pairs where steric 
hindrance is especially large because of the tertiary butyl 
group, the stability of the ionized molecule has to be 

smaller than that of the trans isomer. 

This result is quite similar to that found in the case of 
cyolanio isomers previously investigated. » 

i Ib may also be interesting to notice that there is a 
regular decrease in the abundance of-moleoular ions, in 
either o£s or trans isomers, when the number of methyl 
groups fixed on the end carbon atoms of buteno is inoreag- 
ing. The same rule was observed in the alkane serieg...- 
"A thank Prof. L. D'Or for his interest in this work. I 
also thank the Fonds National de la Recherche Scientifique 
for supporting this work. d 
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Hydrogen and Chlorine Hyperfine Splittings 
of Several 2-Hydroxy-1,4-naphthosemiquinones 
RmomwrLy, Hollocher and Weber! published electron 
spin resonance spectra of alkalino aqueous systems oon- 
ining partially reduced 2-hydroxy-3-methyl-1,4-naph- 
o (I), but did not identify the radical responsible. 
We now give evidence that the semiquinone of (I) is 
responsible for the o spectra. Comparisons among 
the spectra obtained with the foregoing system and with 
similar systems containing other 2-hy: -1,4-naphtho- 
quinones indicate that the apparent complexity of the 
hyperfine structure arises from & non-equivalenoe of the 
four benrenoid ring protons to give three different split- 
tinga with consequent overlapping of individual lines. 








L Fit 
Fe. dertvattve eleotran 


: &,1- A rusos. uic b, 2-hydroxy-1,4- of the 
Phydrary-¥-ahiece D EpL qe Field meroa fron kt el DANA 


The striking yes bene between the eleotron spin 
resonance spectra of the semiquinones of 2-hydroxy- and 
ribs isbn ps hoe Uia. ei hear (II and III) are 
interpreted as proof of reso. chlorine hyperfine splitting 
in the latter compound. j 

spin resonance observations were made as 
room temperature using a Strand Lab 602 spectrometer 
with 2K25 klym&ron o ing at the cavity resonance 
frequency of 9-5 kMo/s and with modulation ey of 
6 ko/s. The field was generated by a Harvey Wi system 
including L-128 12-in. magnet and model HS-1050 power 


' supply. "M 
Field positions and ions were obtained using 
sodium carbonate solutions of potassium xylamine 
disulphonate or calcium xanthon im tetrah furan. 


Modulation amplitudes were 20 milligauss or loss at a 
non-saturating microwave power-level-at tho sample of 
lmW or less. Field was swept at & rate of 1-2 gause/min ] 
using & timé-constant of 0.15 sec. Sample dimensions 
were 0-8 mm diameter x 35 mm long, and the apparent- 
field inhomogeneity over the sample was about 3 parte in 
10*. ` 

Compounds (I) and (II) were commercial preparations 
parioa before use. (III) was prepered after tho 
method of Zincke* by heating naphthoquinone epoxide 
with 4 N hydrochlorio acid, m.p. 216° O. 

For tion of the naphthoeemiqui the 
naphth were dissolved in 0-1 N potassium. 
hydroxide to give a final concentration of 103 M or lees. - 
Following reduction by sodium dithionite, the excess 
dithionite was removed and the compounds were partially 
re-oxidized by contact with air. : Once formed, the radicals 
were found to be stable indefinitely at room temperature 
in an oxygen-free environment. . 

AN hyperfine splittings reported are estimated to be +5 
per cent of the - 

Figs. la, 1b and Fo show representative first derivative 
electron spin resonance spectra of i reduced (I), 
(IT) and (LIII), respectively, in ine aqueous solution 
at room temperature. Observed line widtha are 0-02 to 
0-04 gauss and the g values are 2-004 + 0-0005 in each oase. 

In region A of Fig. 1b we observe & pair of tripleta with 
splitting of 0-10 gauss and 0-28 gauss and intensity rabios 

) 
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: 1 for the pair of triplets and 1 : 2 : 1 within each 
triplet. Ten lines are found in region B of Fig. 1 and the 
splitting of 0-10 gauss is exactly or closely maintained 
between the lines. Considering the four strongest linee, 
a, b, o, and d, in this region wo find the distance a—b and 
o-d to be 0-28 gauss. 

The basic structure of this spectrum is interpreted to 
consist of four lines and the distance a-c or b-d (0-39 
gauss) is a measure of the failure of the middle two of these 
lines to superimpose to form & triplet. The splittings of 
the two protons responsible for this basio structure are 
1-48 and 1-87 gauss. These splittings and those above 
account for all five protons of the éemiquinone of 


In (I) a methyl group replaces a hydrogen to give two 
additional hydrogen atoms to participate in hyperfine 
splitting. In Fig.'la we observe & 1 closely 
analogous to that of Fig. 1b showing the additional hyper- 
fine splitting due to the methyl hydrogens. In region A of 
Fig. la there is a quartet of triplets with the innermost 
member of the quartet partially obscured by overlapping 
minor lines extending outward from region B. The split- 
tings are 0-85 gauss for the quartet and 0-08 gauss for the 
tripleta. Intensity ratios for the quartet are 1 : 3 : 3 from 
the outermost inward, neglecting the obscured innermost 
member on each side, while those for the triplets are 
1:2:1. 

For the ten clearly obeervable lines in region B the 
separation of 0-08 gauss is closely or exactly maintained. 
The four strongest lines a, b, c and d are so disposed that 
a—o and b—d are 0-35 gauss. Thus, by analogy with Fig. 1b, 
the distance a) or o-d (0-25 gauss) is a measure of the 
failure of the two middlo lines of tho basio four-line 
spectrum (the splittings for which are 0-98 and 1-28 gauss) 
to superimpose. This in ion acoounts for all 
seven hydrogen atoms of the semiquinone of (I) and give 
one set of three equivalent protons (methyl) and, as with 
(11), another set of two equivalent protans. 

The spectrum depicted in Fig. lc shows an- unexpected 
detail. By analogy with (I) and (II) and assuming no 
observable hyperfine splitting by the chlorine atom, we 
anticipated with (III) a triplet in region A and up to six 
linea in region B. The actual shows six lines in 
region A with separations of 0-12 gauss and nine lines in 
region B with the same tions. For the six lines, the 
` integrated intensity ratios of 1 : 2-8 : 4:1 : 41 D2-8 : 0-9 
approximate the ratios of 1:8 :4:4:8 : 1 expected of & 
3 x 4 splitting of a proton triplet by a chlorine atom to an 
amount equal to the proton splitting. This observation, 
and other features of the are interpreted to 
evidence the existence of resolved chlorine hyperfine 
splitting in the semiquinone of (III). The magnitude of 
the splitting indicates that the spin density at tho chlorine 
nucleus in the case of (III) is of the same order of magni- 
tude as that at the corresponding methyl or ring proton in 
the case of (I) and (II). To our knowledge this is tho first 
observation of resolved chlorine hyperfine splitting in 
organio radicals. Wo attribute the successful resolution. 
to the low radical concentrations utilized since the lmes 
broaden considerably at higher concentrations. . 

The remainder of the spectrum is i in tho 
manner described here and the h splittings for 
all three spectra are summarized in Table 1. 


Table 1. BUNWARY OF HYPERFINA BruITTDGS | 
Bpiitings in gauss + 5 per oent 


(D (ID 
Wuclar Wo. of 2-Hydroxry- 2-Hydroxy- +H: - 
species equiva- nici S-methyli, 1,4-naphth>- —$-ahloro- 
» t 4- quinone 4 naphtho- 
; nuclei quinone 
H 2 benmenajd 0-08 0-10 0-12 
-a 1 quincid — — 0-12 
E i quinoid t — 0-28 — 
methyl 035 — — 
H 1 benzenoid 0-08 148 1-56 
H 1 benzsnoid 123 _ 1:87 1-90 
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It will be noted that the hyperfine splittings for the 
2-hydroxy-naphthosemiquinonos studied are quite different 
from thoee reported for methyl and alkyl substituted. 
1,4-benzo- and naphthoeemiquinonee*-'. For these latter 
é0mpounds the splitti are: quinoid ring and methyl 


` protons about 2-2 gauss and methylene protons about 1-1 


gauss; benzenoid ri protons about 0-5 gauss. The 
presence of the ionizab. hydroxyl function m the 2-posi- 
tion decreases the spin density at the 3-proton or 3-methyl 
protons by a factor of 6-8 and renders the 5-, 6-, 7- and 
8-protons of the benzenoid ring non-equivalent, giving one 


nearly pair with strong splitting of order 1-2 
gauss one equivalent pair with weak splitting of order 
0-1 gauss. 


Work is continuing to confirm the placing of these two 
pairs of protons in the banzenoid ring. 
This work was supported by grant G—19810 from the 
National Science Foundation. 
Tuomas O. HOLLOOHHR 
Naxov M. Toonny 
RAYMOND ÁDMAN 
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Enzymatic Behaviour of the Product of 
Coenzyme A-Norepinephrine Reaction 


Raaorion of the sulphydryl group of coenzyme A in 
vitro with oxidation producta of opin ue and nor- . 
epinephrine has been demonstrated by chemical measure- 
ment of the residua] —SH groups'. The coenzyme 
A-catecholamine compounds may well represent an 
important stage in intermediary metabolism, since their 
breakdown may lead to regeneration of coenzyme A and 
formation of physiologically active catecholamine deriva- 
tivese. Furthermore, if coenzyme A is inactivated by these 
reactions, an explanation may be at hand for some of the 
physiological effocts of the catechol amines. The work 

here evaluates the reactivity and stability of the 
coenzyme A-catecholgmine derivatives in the light of 
their enzymatic activity in vitro. 

The reduced form of coenzyme A comprised 75-80 per 
cent of the preparation obtained from the Nutritional 
Biochemical Corporation, according to the catalogue, 
while approximately 10 per cent consisted of glutathioné 
and the remaining 10 per cent of oxidized coenzyme A. 
The preparation was described as hygroscopic. During 
experimental manipulations, the coenzyme had an oppor- 
tunity to bind atmospheric water. The sulphydryl group 
found in the weighed preparation by the method of 
Ellman? was equivalent, disregarding the glutathione, to 
44 per cent of reduced coenzyme A. Tyrosinase, phospho- 
transacetylase, and dilithium acetyl phosphate were 
obtained from the Worthington Bioshamioal Corporation, 
Freehold, New Jersey. 

The Lipmann technique! for determination of coenzyme 
A was used. te solutions contained 0:31 x 107 M 
coenzyme in water and 1,170 pg of tyrosinase per ml. of 
0-1 M tris buffer of pH 7-4. Tubes containing 0-5 mL 
aliquota of phosphotransacetylase were stored in a freezer. 
Immediately before use, the contenta of one tube were 
diluted 1. : 10 with water. A tube containing 60 pM of 
dilithium acetyl phosphate in 1 ml. of water was simul- 
taneously removed from the freezer. The concentration of 


` 
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Table 1. ABSORBANOY AT PORE or SOLUTIONS OAKRIMD THROUGH THE 
PROCEDURES INDICATED IX THE . 028 


x 10-* MOLES OF OONNSIYLR 
À WEI IN Bich TUM Drury 


0-570 


Co A alone 0-167 
Oo A, 030 x 10-* moles norepinephrine 0-556 
Oo A, 0-20 x 10 norepinephrine 0-425 
Co A, 0-10 x 10-* moles norepinephrine | 0-305 


norepinephrine in 0-01 N hydrochloric acid was 0-80 
x 10- M. The reaction between coenzyme A and an 
‘oxidation product of norepinephrine proceeded at 28° O in 
separate tubes, each of which ordinarily contained 0-9 ml. 
of coenzyme A, norepinephrine, 0-6 ml. of' tyrosinase, and 
water to a total volume in each tube of 2-1 ml. Six 
min. later, 0-5 ml. were removed from each tube and 
started through the rest of the Lipmann procedure’. The 
absorbancy was measured at 510 mu in the Bookman 
spectrophotometer, with water as the blank. 

Typical resulta are presented in Table 1. The decrease 
in the oolour produced from acetyl phosphate was directly 
proportional to the amount of coenzyme A present. 
Tyroeinase had no effect in the absence of the catechol- 
amine. The relatively large amount of tyrosinase oxidized 
the norepinephrine within 5 min. The reaction of 
coenzyme A with an oxidation product of norepimephrine 
led to an increase in the residual amount of acetyl phos- 
phate. The amount of coenzyme A activity left after 
reaction on an equimolar basis with various concentrations 
of the norepinephrine derivative was closely consistent 
with the initial amount of the coenryme calculated from 
the measured sulphydryl group. 

The inability of the coenzyme A which had reacted with 
an oxidation product of norepinephrine to combine with 
the acetyl phosphate in the Lipmann technique confirmed 
that the enzymatically active sulphydryl group was the 
reaction site. It demonstrated also the stability of the 
coenzyme A-catecholamine product in an enzymatic 
environment in vitro. " Wo uds 

This invostigation was supported by grant No. M-2795 
(CI) from the National Institutes of Health, U.S. Public 
Health Bervice. 
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Carbonic Anhydrase in Bacteria 

Tum richest source of carbonio anhydrase is mammalian 
erythrocytes. It is aleo found in the panoreas, gastrio 
mucosa, and kidney in fairly high concentration. Carbonic 
anhydrase has also been found localized in the cytoplasm 
of plant leaf tissue!-*. A survey of the literature revealed 
no report of the oocurrence of microbial carbonic anhy- 
drases. Main and Lock! reported that Type I Pneumococous 
and Staphylooocous aureus did not produce carbonic 
anhydrase. 

One of us (F. P. V.) had noted some carbonic anhydrase 
activity in the nasal exudates of persons suffering fro 
respiratory infections. This carbonic anhydrase activity 
could have been from several sources: (1) from M 
cytes arising from tured capillaries; (2) from 
tissues involved; (3) or posh from bacteria of the 
normal naso-pharyngeal flora. It therefore seemed of 
interest to examine some of the ubiquitous oral and naso- 
pharyngeal micro-organisms for carbonio anhydrase 
activity. 

Wing milton of Notsseria (N. oaiarrhalss, strains No. 
8716 and N9; N. flava N8; N. perfloea 281D; N. subflava 
N15; N. sicca, strains Nos. 6021, 22, 19 and N5), a 

ies of Lactobacilli (L. acidophilus No. 926), and a 
strain of Streptococous salivarius were examined for 
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carbonio anhydrase activity. (All Neisseria cultures were 
given by Prof. Michael J. Pelczar, Department of Micro- 
biology, University of land, and the Lactobacilli and 
Streptococous were obtained from the stock culture collec- 
tion of the Department of Microbiology, University of 
Maryland.) 

The Neisseria and Streptococci were wn on ti- 
case-soy agar (B.B.L.) whereas Lastobao were bel 
deep broth cultures of trypticase-soy broth to which was 
added 0-5 per cant (w/v) yeast extract (B.B.L.), 0-05 per 
cent (w/v) cysteine hydrochloride, and sufficient 1-0 N 
hydrochloric acid to adjust the pH to 6-5. AI media were 
sterilized by autoclaving at 191? O, 15 p&i. for 20 min. 
All cultares-were incubated at 87° O for 48 h. 

Cells were collected from agar tes by washing off the 
growth with distilled water; cultures were collected 
by centrifugation. All cell cropa were washed three times 
with glass distilled water and finally suspended in sufficient 
distilled water to make a dense ion. Fresh sus- 
pensions were prepared for each day’s experiment. Dry 
weight ofthe various suspensions was determined by 
drying 3 ml. of each in small beakers in an oven for 24h 
at 95° O, followed by a 30-min cooling period in a desiccator 


prior to weighing. 
A crude chloroform enzyme preparation was produced 
from horse according to the method of 


Meldrum and Roughton‘. This preparation will be referred 


outlined here for bacterial cell suspensions. 

Enzyme activity was measured meanometrically as 
evolution of carbon dioxide resulting from dehydration of 
carbonio acid after the method of Krebs and Roughton’. 
Reaction flasks were as follows: 1:0 ml. 0-10 M 
K,HPO,KH,PO, pH 6-8 buffer, and 1-0 ml. &ppropriate 
enxyme preparation (or 1-0 ml. distilled water in buffer 
controls) in the main, compartment; 1-0 ml. 0:05 M 
sodium bicarbonate (substrate) in arm 1. In flasks 
utilized to determine endogenous oxygen uptake 0:2 ml. 
20 per cent potassium hydroxide was included in the 
centre well. A 10-min temperature equilibration period 
was followed by a 65-min leak-check iod before the 
reactions were begun. Flasks were at the rate of 
120 strokes/min. All reactions were carried out at 94-9? O 
for 4 min and observed at 30-seo intervals. Bamples of 
N. sicca suspensions were heated in test-tubes for 10-, 15-, 
and 20-min periods at 100° O in a boiling water bath to 
determine if observed activity was enxymatic. 

The activity of each preparation expreased in terms of 
carbon dioxide evolved per mg dry weight per 60 soo is 
given in Table 1. N. ioca strain No. 6021 showed aotivity 
which was almoet as hi as the horse enzyme. Other 
strains of N. sicca also measurable activity. Other 
bactaria tested showed little or no activity. 


Table L A BUXMAXY OF BACTERIAL AND HORSA ERYTHROCYTE CARBONIC 
AWHYDRASE ACTIVITY BASED ON DRY WELT AND CORRECTED FOR BUFFER 


Preparation aL evolved per mg dry weight per 
px 60 sec = Q4OO,* 
enryme 8-31, 8-79 
M. agterrhaHs 8710 0-76 
S. saliparius 0 60 
N. fava N8 0-75 
A OMIM NO rd 
N. Hoon 0021 7-90, 7-88, 8-05, 7-70 
X. N15 A 0 
L. thes 0126 0 
N. neca 22 2-84 
N. siœa NE 0 
N. rioa 19 3 00 
N. neca 6021 114 
Bolled 20 min 
* Values are averages of two or more trials. 
RECO, uino im 24 9° g water bath contained 1-0 mL 0-1 M Drei 
buffer appropriate enzyme preparation 
water tn bufer control) in the mui socipertnenD LO mi d RH 0 mL 
bicarbonate in aide-arm 1. 
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The established role of carbonio anhydrase in fluid and 
. ion exchange processes tempta one to speculate on & 
poesible relation between the ce of this enzyme in 
the ubiquitous microbial inhabitants of the naso-pharynx 
and the symptoms of the common cold. Two possibilities 
immediately present themselves. (1) Carbonic anhydrase 
is present in these organisms and plays a part in the 
‘excretion of certain products of microbial metaboliam: 
that is, acids, and/or the ill-defined slimes known to be 
roduoed*. These excretory products could in turn 
irritate the mucous membranes of the naso-pharynx 
altering their permeability and susceptibility to invasion. 
(2) The presence of extra-cellular oarbonio anhydrase could 
disturb the normal excretory mechanism of the mucous 
membrane tissue cells themselves, leading to changes in 
‘lity and resistance to invasion. We find these 
two postulated mechanisms intriguing and intend further 
studies in this area. 
A F. P. Yaron 
Department of Ohemistry, 
L. O. BLANKENSHIP 
t of Microbiology, 
University of Maryland, 
Oollege Park, Maryland. . 
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Unusual Behaviour of a Mammalian Collagen 
in Deuterium Oxide 


Grogs! observed that heating a solution of collagen 
in phosphate buffer to 87° O resulted in the formation of 
an opaque gel of collagen fibres. That this occurred at 
37° O, but not in the cold, suggests that same unfolding 
of the collagen molecule is required to form fibres or gels, 
and that newly synthesized collagen molecules, in vivo, 
are also not as highly ordered aa possible, but are some- 
what unfolded in order to form connective tissue fibres. 
To teat this idea in vitro we proposed to conduct the Grogs 
heat gelation in deuterium oxide. i and von 
Hippel" showed that in the case of ichthyoool collagen in 
deuterium oxide, the helix—+coil transition occurs at 4 
temperature 4° O higher than in water. If heat gelation of 
collagen in deuterium oxide were to require a higher tem- 
perature than in water, tho hypothesis would be supported. 
When wo attempted to carry out the experiment, unexpec- 
ted results were obtained, of which a preliminary report is 

here. 

Soluble collagen was obtained from rabbit skin by 
extraction at 5° O with two changes of 0-5 M sodium 
acetate, followed by citrate buffor-of pH 3-5. The citrate 
solution was dialysed against pH 7-6 phosphate buffer and 
distilled water to yield collagen fibres which were collected 
by centrifugation, washed three times with distilled water 
and freeze-dried for storage. 

Solutions of collagen were made and treated as shown 
in Table 1. Electron micrographs of the fibres D showed 
them to be about 500 A wide and unstructured. It is of 
interest that after dialysis against water-phosphate fibres 
did not form on dialysis against deuterium oxide—phos- 
phate (C), although in the original preparation the 
collagen had been dialysed against aqueous phosphate, 
although of a different strength and pH. 

When B was slowly warmed the opaque gel of Gross? 
began to form at 35? O, and finally disappeared at 52° to 
give a clear gelatin solution. When C was heated, the 
opaque gel began to form at 25? O and finally disappeared 
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Table L BEHAVIOUR OF OOLLAGEN IN DEUTERIUM OxIDE AND WATER 
BUTTERS (0-04 M SODIUM DIHYDROGEM PHOSPHATE, 0-00 M. DIBODIUX 
Hpnxogmx PHOSPHATE, pH 7-2).AT 5" O 


02 cent collagen in 0-5 M actio acid in water or deuterium oxide, 
me solution A 


A dialysed against water-phasphate A dialysed deutertum oxide- 
buffer to yield clear, viscous solu- er to meld fibres 
amie D A MEE 
B dialysed Geutertum oride- is made oxtáe 
eg TALA SAT NR 

soln’ g 


at 56°. The range of existence of the deuterium oxide gel 
is thus 14? larger than that of the water gel, a remarkably 
large protein deuterium effect. Solutions B and O gave 
single hypersharp peaks in the ultracentrifuge. 

When oollagen in aqueous citrate buffer (0-1 M sodium 
citrate, pH. 4-3) was heated, it merely became converted to 
gelatin on reaching about 40° O, as indicated by a large 
decrease in viscosity. However, in deuterium oxide- 
citrate the solution became turbid at 25° O, then opaque 
at about 29° O and deposited fibres. 

Possible slight differences of acidity between the water 
and deuterium oxide solutions have been ignored so far. 
Both heat gelation! and denaturation in acid citrate* aro 
known to a insensitive to such amall pH differences. 
After the initial observations were made, we carried out the 
next experiments with deuterium oxide double-distilled 
from permanganate; identical resulte were obtained. 
Novertheless, we are using purified deuterium oxide in all 
the present work. 

We are carrying on an extensive investigation of the 
chemical and physical properties of various collagens in 
deuterium oxide, and of fibres conditioned with deuterium 
oxide. This solvent is also being used to extract collagen 
and other macromolecules from biological sources. 

We thank Mr. William Kimber for preparing the 
collagen, Mr. Franklyn Wiseler for the ultracentrifuge runs 
and Drs. Melvin Glimcher and Dorothy Travis of the 
Massachusetts General Hospital for electron micrographs, 


Jaxa BHLLO i 
HurgNm R. BELLO 
` Department of Biophysios, 
Roswell Park Memorial Institute, 
Buffalo 3, New York. 
1 Gross, J., and Kirk, D., J. Biol. Chem., S88, 355 (1066). 
* Bartugton, W. F., and von Hippel, P., Arch. Biochem, Diophye., 89, 100 
* Orekhoviah, V. N., and , V. O., Recent Advance: in Gelatin and 


Gies Brsotroh, edit. by , G., 87 (Pergamon Press, Mow York, 


Cholesterol Esters of the Cockroach 
Eurycotis floridana 


INVESTIGATIONS of the metabolism and ooouzrenoe of 
sterols in insects have led to several reporta of the preaenoe 
of sterol esters in these organiams!—, and some observations 
concerning the characteristios of & sterol esterase in at 
least one species of cockroach have been recorded*. Up to 
the present time, however, no work on the constitution of 
the sterol esters of an insect has been described. Wo have 
undertaken such a study in relation to a broader investi- 
gation of the functions of sterols in the cockroach, 
Eurycotis floridana, and some of our preliminary findings 

The cockroaches used in this work were reared asepti- 
cally by the technique which has been described‘. 
Materials from insects reared on three diets of distmotly 
different fatty acid content were analysed. Diet 1 was 
that which is used routinely in our laboratory and con- 
sisted of the semi-synthetic diet of Noland and Baumann’, 
in which the corn oil was replaced by commercial sodium 


‘oleate. Diet 2 was identical with/diet 1, except that the 


corn oil was replaced by a mixture of saturated fatty acids. 
Diet 8 was & commercially available food. The indi- 
vidual fatty acid of these diets are given in 
Table 1 as percentages of the total fatty acid present. 
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Table 1. STIROL EGPFHRS oF THE COCKROACH Burycotu foridama, XXAXED 
UNDEZ VARYING DIRTAEY ÜONDPHIONS 


» Percentage eompoatidon of 


Percentage oomposttzon * cholesterol esters of the tnsecs 
Diet of dietary fatty acids Mono- 
ER Beturated ^ unsmiurated — Díi-uneaiturated 
1 Palnttio . 99 1:3 82-0 16-7 
Btearie 19 
Oleo 7v 0 
Linoleic 2:9 
Others 63 
2 Palmrtie 20-9 8&8 Bl4 9-8 
Bteario 26-4 
Arachtdio 248 
Dooosnoio 12-2 
Others (saturated) 67 
3 268 8-8 82-3 189 
Stearic 123 
Olio 30-3 S 
Linoleio 116 
Others 





10-0 
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These values were determined by' gas-liquid chromato- 
graphio analysis of the methyl esters prepared from the 
fatty acid additives of dieta 1 and 2, and from the saponi- 
fiable fraction of diet 3. Identification of the peaks in 
these gas-liquid chromatograms and in others to be 
described was based on retention times and comparison 
with known standards. Diets 1 and 2 each contained 0-1 
per oent 4-[**0]-cholesterol, specific activity 4,140 d.p.m. 
per ug. 4-['^O]-oholeeterol was added to diet 3 to give a 
final specific activity greater than that of the sterol in 
dieta 1 and 2. 

Ag a general procedure for the isolation of sterol esters, 
the insects were chilled in 10e and dissected as rapidly as 
possible into cuticle and soft tissues, from which the gut 
contents were carefully exchided. 

The hard and soft tissues were separately extracted to 
remove the total lipids, and a crude sterol ester-fraction 
was isolated in each case by chromatography of the lipids 
on silicic acid, according to Barron and Hanshan’. This 
material was then fractionated into its component esters 
by & second chromatography on silicio acid by the method 
of Klein and Janssen’. 7 

Gas-liquid chromatography of the methyl ether of the 
crude sterol isolated from the tissues of insects reared 
aseptically on diet 1 showed cholesterol to be the only 
sterol present. Attention was therefore focused on the 
identification of the fatty acid moieties of the sterol esters. 

By the chromatographic procedure of Klein and Janssen, 
the sterol esters are eluted in order of increasing desatura- 
tion of the fatty acid chain and may be tentatively identi- 
fled on the basis of their elution volumes. When chromato- 
graphed in this way, sterol esters of the msecta were 
always eluted as three peaks, corresponding in relative 
elution volume to the esters of saturated, mono-unsaturated 
and di-unsaturated fatty acids, respectively, which together 
generally accounted for more than 90 per cent of the radio- 
active material applied to the column. These tentative 
identifications were confirmed with insects raised on all 
three diets by co-chromatography of their crude [1*0]. 
sterol esters with trace amounts of synthetic 3a-[*H]- 
oholeeteryl oleate and lmoleate, followed by simultaneous 


assay of the eluant fractions for tritium and carbon-14.- 


. The two isotopes in the mono-unsaturated and di-unsatura- 
ted fractions were consistantly recovered as coincident 
peaks extending over approximately 40 and 60 fractions 
ively, indicating the possible identity of the mam 
biological [1*O]-eaters with the two added tracer substances. 
The relative abundance of each type of ester found in 
the tissues of the insects is shown in Table 1. Those values 
were caloulated from the “0 content of individual peaks 


as & percentage of the total carbon-14 recovered in all ` 


three peaks in the chromatography according to Klein and 
Jansen. This chromatographic evidence suggests that a 
similar pattern of cholesterol esters occurs in the insects 


reared on all three diets. The appearance of a large propor- 
I reared 


tion of unsaturated esters of cholesterol in insects 
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on diet 2, in which the fatty acids are entirely saturated, is 
consistent with our finding that unsaturated fatty acids 
are synthesized in this insect under the experimental 
conditions used’. 

Since our primary object was to identify the sterol esters 
present in the tissues of cockroaches reared tnder our 
routine conditions with diet 1, a more searching analysia 
of the sterol esters isolated from these insects was under- 
taken. Soft tissues weighing 2-8 g from twelve insects 
reared on diet 1 yielded 4-16 mg crude 4-[140]-oholeeterol 
esters, the carbon-14 content of which indicated the 

resence of approximately 3-5 mg cholesterol eaters, calou- 

ted as oleate. This material was divided into two por- 
tions, each of which was separated into ite three oom- 
ponent ester fractions in the manner indicated here. The 
fractions ig oa Ms the mono-unsaturated and. 
di-unsaturated esters one portion were combined 
with pure synthetic unlabelled cholesteryl oleate and 
linoleate, respectively, and recrystallized repeatedly with 
measurement of the specific activity after each orysballixa- 
tion. The oleate showed no los of radioactivity after 5 
reorystallizations (found 34:8; oalo. 84-2 d.p.m. per ug), 
indicating the presence of 100 per cent of the label of the 
biological material m cholesteryl oleate. The linoleate, on 
the other hand, lost 26 per cent of the original activity in a 
similar series of orystallizations (found 8:2; calo. 11:1 
d.p.m. per ug), indicating a maximum of 74 per cent 
cholesteryl lmoleate in the di-unsaturated cholesterol eaters 
of the insect. à 

The three ester fractions isolated from the second portion 
of this material were separately saponifled and the fatty 
acids extracted, converted to their methyl esters by treat- 
ment with diazomethane, and analysed by gas-liquid 
chromatography under conditions which have been de- 
Bcribed!*. All reagents and equipment used in the initial 
chromatography of this material and in the preparation of 
the methyl esters were specially treated to eliminate oon- 
teminante which otherwise produced spurious peaks in the 
gas-liquid chromatograms. 

The results of these analyses supported the evidence of 
oo-orystallization in showing that 99-5 per cent of the avid 
from the mono-unsaturated ester peak could be acoounted 
for as oleate and that the major component (90:6 per cent) 
of the di-unsaturated ester fraction could be accounted for 
as linoleate. Other acids detected in the latter fraction 
were stearate (8-1 per cent), oleate (3-4 per oent), and 
poesibly traces of palmitate, palmitoleate, myristate and 
other unknown materials. The ‘saturated’ ester fraction 
contained palmitate (43-1 per cent) and stearate (10-8 per 
cent) as the principal saturated acids and oleate (23-6 per 
cent) and itoleate (19-3 per cent) as mono-unsaturated 


contaminants. 


The discrepancy between the values for the lmoleate 
content of the di-unsaturated fraction, as shown by oo- 
crystallization and by gas-liquid chromatography, may 
be due to varying degrees of crogs-contamination of the 
major sterol ester fractions which we have observed to 
occur under some conditions during chromatography by 
the technique of Klem and Janssen. The appearance of 
unsaturated acids in the ‘saturated’ fraction may be due 
to the same cause. Whether these contaminante are 
always derived from the corresponding sterol esters is not 
known. ` 

Further evidence for the identity of the oleate and 
linoleate estors was obtained by oxidative degradation of 
the acids isolated after saponification of the appropriate 
sterol ester fractions, which were obtained m this instance 
from the cuticle of insects raised on diet 1. The acids were 
oxidized by a micro-modification of the method of van 
Rudloff" to yield, in each case, a dicarboxylic acid repre- 
sentative of that part of the fatty acid cham lymg between 
the carboxyl group and the double bond closest to it. 
Gas-liquid chromatography of the methyl esters of the 
oxidation products showed that a O9 acid was almost the 


- ole dicarboxylic acid formed, a finding which is consistent 
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with the structures of the fatty acid moieties of 
the sterol esters. 1 

The results so far obtamed in this work leave little 
doubt that the major sterol ester of Æ. floridana reared on 
dieb 1 is cholesteryl oleate. The remaining sterol esters 
appear to consist princi of linoleate and & small 
saturated ester fraction in which palmitate is the principal 
component. Further work is i" progress io determine 
whether there is any consistent influence of the diet on the 
proportions of the various cholesterol esters in this insect. 

‘We thank Prof. Konrad Bloch, in whose laboratory this 
work was carried out, for his continued interest and 

&. One of us (R. B. O.) is an established 
investigator.of the American Heart Association. This 
work was supported by grants fram the American Heart 
Association and the U.8. National Institutes of Health. 
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Phospholipid Composition and Turnover in 
Rat Intestinal Mucosa during Fat Absorption - 
frwcnarg! suggested in 1929 that phospholipids are 

obligatory intermediates in the absorption of fat. Later 
work by Zilveramit, Entenman and Chaikoff? indicated, 
however, that there is little or no inorease in turnover 
of the gross phospholipid fraction during piper eres 
Johnston and Beerden* recently obtained evidence & 
minor component, phosphatidic acid, has increased turn- 
over during fat abeorption in vitro. It seemed important, 
therefore, to examine the turnover of individual mucosal 
phospholipids during fat absorption én vivo, with special 
reference to phosphatidic acid. 


theee washings and related to the amount fed. The mucosal 
cells were then soraped off and immediately homogenized 
in ice-cold 10 per cent trichloroacetic acid solution. Phos- 
pholipids extracted from the preci itated material were 
subjected to mild alkaline hydrolysi 
soluble phosphate esters were by two-dimen- 
sional paper ehromatography*. The presence of phoepha- 
tidic acid was confirmed by silicic acid chromatography. 


Ed MM. aer 
ivities were osloulaied for cánh phospholipi and. 
related to the specific activity of the scid-sol phos- 
phate fractión. All results- were related to results: from - 
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animals fed with 0-75 ml. of & 25 per cent glucose solution, 
but treated in the same way in all other respects. 

The showed a phospholipid pattern 
Similar to that seen in liver, but the amount of moaitol 
phospholipid was low. Phosphatidic acid was present in 
small amounts (approximately 2 per cant of the total lipid 
phosphorus) but had a higher specific acti ity than any 
other lipid; this did not appear to during fat 
absorption. The high turnover of phosphatidylinositol in 
both control and fat-fed animals is noteworthy. The 
speciflo activity of the groes phospholipid fraction in- 
creased slightly during fat abeorption, confirming the 
studies of Zilvermmit ef al. This increase appeared to 
be due chiefty to a more rapid turnover of phospha- 
tidylcholine. The results are summarized in Table 1. 


Table 1. RAXLATIYE BPEOUUO ACTIYTTIBS* OF Rat MUOOBAL PHOSPHOLIPIDS 


E Phospholipid Control ratat Fat-fod ratast 
Phosphatidyleholine a1 93 
pese ae 5 
y 25 £7 
Phosphaticle 429 441 
phospholipid fraction u H [77 

Hupreased xs; Comte per 100 seo per 100 P x 10° 
TH p per moo per "I 


+ Since both oounta 
control and fat-fed rats is probably not 


The increased turnover of phosphatidylcholine during 
fat absorption may be connected with its requirement in 
stabilizing chylomicrons. The failure to find an increased 
specific activity of phosphatidio acid during fat absorption 
appears to conflict with the results of Johnston and 
Bearden*. There are, however, several important dif- 
ferences in i conditions since they studied 
hamster intestine $n vitro, abeorbing fatty acid rather than 
partially hydrolysed triglycerides. Phosphatidic acid is an 
intermediate in tri ide biosynthesis when L-3-glycero- 
phosphate is the cerol precursor, but the resyntheais of 
i ide can also take place with mon ide as 
glycerol . This latter pathway, which does not 
involve phosphatidic aoid, could well be more important 
S ub UA eae eis pti Mns a E 
since lipolysis would provide monoglyceride. 

M. I. GUBE 
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Participation of Hepatic Glucoreceptors in 
. the Control of Intake of Food 

In a previous communication’, it was shown that 
anorexia, produced by adrenaline is casily conditioned, 
while anorexia produced by the injection of glucose, 
instead of becoming conditioned, disappears with repe- 
tition. It was also observed during this work that intra- 
peritoneal injection of glucose had & stronger and more 

After intraperitoneal injections of giucose (800 mg/kg) 
the venous and arterial glyoæmias started to fall, reaching 
a minimum of 5-20 mg/100 ml. under the basal-8 min after 
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the injection. Only 5 min after the injection the glycemia 
started to rise, reaching a maximum increase of 15-80 
mg/100 ml. above the basal, 10-20 min after the injection. 
On the other hand, anorexia 
injection, being maximal at the moment of maximal hypo- 


receiving hypoglyosmnio blood 
during the maximum of the anorexia caused by glucose 


arterial one; that is, the arterio-portal glucose difference is 
positive. After an injection of glucose, when arterial 
glyommia is decreasing and portal glyommia " 
there is a great reduction (or inversion) of the arterio- 
portal giuooee difference, and this coincides with the time 


of maximal anorexia. E 
assumptions, the following 


Based on these facts and 
hypothesis is propounded: 

There should be some ‘information’ about the difference 
in arterio-portal glucose, entering the central nervous 
system, and this could be achieved by a hopatio receptor 
‘informing’ about the intracellular concentration of glucose 


hepetio cells. This would 
explain, the stronger effect of adrenaline as with 
that of gluooee injection. It will also explain the 
of hunger in the diabetic, without the assumption that the 
hypothalamic gluooreceptors need insulin: in the absence 
of insulin, there will bo a great increase on tho tonio 
information from the liver and perhaps also musclo which 
could not be inhibited in spite of & possible rise on the 
satiation centre activity. 5 
Further su to this hypothesis comes from the fact 
that, after cose has lost its anorectic effect due to 
repetition, the głycæmio curve does not start any more 
with a hypoglyowrnio phase, but takes a similar time 
course as the portal curve. Therefore, the arterio-portal 
difference is all thtough and no anorexia is 


produced. Moreover, the hypothesis allows the prediction ' 
that small doses of insulin, by increasing intracellular . 


glucose in the hepatic cells, should produce a reduction of 


` Laboratorio de Fisiologia. Com 
Escuela Nasional de Ciencias Bilógi 
Instituto Politécnico-Naoional, 
* Mexico, ` 
! Russek, M., and Pine, 8., Natwre, 193, 1206 (1902). 
* Bach, L. MW. N. 


Increase of Sodium Effiux induced by 
Epinephrine In the Heart of the Frog 


Tz sinus venosus or the atrium of the frog heart waa 
dissected, cut open, and bathed in Ringer's solution oon- 
taining sodium-24. When equilibrium had been reached 
between intracellular and extracellular activity the 
ration was mounted in a small chamber through w. oh a 
rapid stream of inactive Ringer’s solution flowed. The 
activity of the preparation was determined by a eointilla- 
tion counter in short intervals. After elimination of the 
extracellular activity the curve which represents the 
remaining activity consists of two exponential components 
f with time constante of about 10 min and 100 min, respeo- 
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tively!- The slow component can directly be determined 
at the end of a loss curve, and the fast b is 
evaluated by graphical analyms (Fig. 1). The sum of the 
two componente at rero time is equal to the intracellular 
sodium content as determined by flame photometry’. The 
flux D through the cell membranes is defined by tho 
initial values .4,, 4, and tho time constanta ^i Ts Of the 
two components: 

D = pi + pa = Ain + Au, (1) 


ponent, but an increase in outflow of sodium could olearly 
be shown for the fast component. F 

When epinephrine was added to the perfusing Ringer’s 
solution (final concentration 5 x 10-7 g/ml.) for 10-80 
min an increase in the rate of loss of sodium-24 of both 


10-15 mm after application of epinephrine the effects 
disappeared although the drug was still present. The 
increase in sodium outflow effected by epinephrine was 
found to be very much reduced or completely 
in presence of 2,4 DNP (1 mmol/l) or IAA (m.mol/l.) 
In test experiments with peri ium or adjacent connec- 
tive tissue epinephrine did not inorease the sodium outflow. 
In similar experiments using potesaium-42, epmephrine 
caused a comparatively increase in the loss of 
activity for both componente of the loss curvo of atrial 


ons. z 
e MM MN 
ponent is affected by epinephrine according to equation (1) 
the effect of this drug amounts to an increase of total 
outflow (D of sodium-24 by 7-10 per cent in our experi- 
mente. It cannot be decided whether an inorease in 
sodium permeability and/or increase in the active trans- 
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port is the basis of this increase in sodium outflow. The 
effect might be related to the marked tendenoy of opine- 
phrine to produce depolarization of the mambrane potential 
as observed in the sinus venosus’:*. It seems improbable 
that changes of the action potential produced by epine- 
phrine are responsible for the increase in sodium outflow, 
since the beating rate of the preparation does not affect 
the time constant of the slow component of the loss curve. 


H. G. Haas 
W. TRAUTWEIN 
University of Heidelberg. 
1 Haas, H. G., Pfdügers Arch. ges. Physiol. (In the press). 
? Hass, H. G., and Gilisch, H. G., Ptdeers Areh. pes. Physiol., 874, 15 (1961). 
3 Castillo, J. del, and Kats, B., Nature 


Plezoelectric Effect in Bone 


Txuxnm is convincing evidence that bone has an orderly 
Hu seus ee and microscopic structure. This evidence 
is i mainly from electron microscopy, ordinary 
histological preparations, and microradiography’. Buch 


crystals 
embedded in an organic matrix, might be expected to 
exhibit piezoelectric properties, as in the case of many 
other multi inb structures. 

This has been conclusively demonstrated by Fukada 
and Yasuda’, who measured-the piezoelectric constants of 
small specimens of compact bone cut from human and ox 
femure. These authors conclude from the observed 
relationship between polarization and stress that the affect 
is truly piezoelectric, and they suggest that it resulta fram 
the slipping of collagen fibres past one another. 

We have o the same stress-induced electrical 
effect in a number of whole bones from different anatomical 
sites and species, both in bending and compression modes. 
The bones were cleaned of soft tiasue and periosteum, then 

laced in an ultrasonic cleaner with detergent and finally 
fried. Electrodes were painted on the bones with con- 
ductive paint (DuPont paint No. 4817), leads were 

to these electrodes and connected to a vibrating 
reed electrometer (Applied Physics Corporation model 31), 
the output of which was displayed on a chart recorder. 
To minimize electrical pickup the bone being tested was 
kept in a shielded box and stressed from the outside. Bones 
which were stressed by bending, such as human ribs or 
rabbit femurs, were at one end and bent by 
applying a force normal to the other end. Shorter bonée, 
such as a human toe phalanx, were streesed by applying 
known compressive forces lengthwise along tho bone axis. 

Our results may be illustratéd by the following example: 
the ends of a human toe phalanx were squared off with a 
saw to it uniform application of the compressive force. 
Two bands, spaced 12-7 mm apart, were painted 
completely around the mid-portion of the bone. The d.c. 
resistance between. these electrodes was approximately 10° 
ohms. Sudden application of a static force resulted in & 
potential difference between the electrodes proportional 
to tho streas and with a decay time of about 0-5 sec; the 
latter to be characteristic not only of the 
electrical cirouit constants bub also of some mechanical 
property (relaxation phenomenon) of the bone. On 
releasing the stress the same voltage pulse appeared with 
opposite ity. The magnitude of the effect was of the 

of 0-3 mV/kg of applied force. : 

Tt has long been known that the architectural structure 
di one deed ane 
foroes acting on them. fact that surface charges 
appear on stressed bone may be the con i 
bone formation. The local electric flelds ing from 


such surface charges might be expected to influence the - 


orientation and deposition of ions or polarizable molecules. 
As evidence for the effect of electric fields on bone forma- 
tion, Yasuda et al." showed that the development of callus 
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in living bone could be induced by electrical energy. 
Similarly, Bassett‘ has influenced the direction of bone 
growth in tissue culture by means of electric fields, as well 
as by inhomogeneous magnetic fields. 


Do of Physics, ^ 
New York University, New York. 
; Laroy B. Lavis 
Depar&menta of 8 , Orthopaedic Division, 
5 ^ Long Taland Jewish Hospital, 
i New Hyde Park, and 
Stato University of New York Downstate Medical Center, 
College of Medicine, 
Brooklyn, New York. 
Mionam I. BHAMOS 
Horace Mann School, 
` New York. 
AMen ms On and Urist, M. B., Bene, second ed, (Univ. Obiengo Prost. 


Fukada, B., and Tenda, L J, Phas. See Jara es end Jota bare 
* Yi L 5 ss è e 
37, A, 1591 (1985). , 


4 Bassett, O. Andrew (private commmboation). 


A Possible Mechanism of Neurosecretion : 
Release of Vasopressin by larization 
and its Dependence on cium 

Tr ie i that the various influences, nervous and 
osmotic, which bring about rélease of the hormones vaso- 
preesin and in from the neurosecretory terminals in 
the posterior lobe of the pituitary gland act through the 

t cella in the supra-optio and paraventricular nuclei. 
uch a scheme demands that these cell bodies in the 
hypothalamus regulate release of hormone from their 
terminals a considerable distance away and it is simplest 
to suppose that this regulation is effected by action 
potentials ted down the supra-opticobypop 
tract. In this view the cells of the supra-opticohypophysial 
system possess the characteristic pro of neuroneg— 
the propegation of action poten well as the 
characteristic property of endocrine organs—the libera- 
tion of hormones into the blood stream''*. 

The purpose of this communication is to give a prelim- 
inary account of experiments indicati that depolarira- 
tion of the endings of the supra-optico ypophysial tract, 
such as might be caused by action potentials, is an 
adequate stimulus for the release of in end 

i an explanation of the way in which depolar- 
ization may act. 

The experiments were performed on rata weighing about 
150 g. The infundibular stem was cut and the posterior 
pituitary glands rapidly removed, halved and suspended 
in vitro in Looke's solution at 37-5° C. Five glands were 
i At intervals of 20 min the 
incubation medium was drawn off and oy hata abies 
medium of the same or different composition. The pressor 
activity of the incubates was then assayed against pitres- 
sin using the method described by Dekanski’. After 20—40 
min incubetion in Locke’s solution the resting output of 
vasopressin was generally about 20 uu per gland per min. 
A much higher rate of secretion occurred when the 
potassium concentration was raised ten-fold (to 56 mM). A 


V arg de ie oae la. This powerful stimulant 


of excess potassium was found to be dependent on 
the presence of calcium; there was no increase in. Vaso- 
pressin output when excess potassium was given in 
calcium-free Looke's solution after a period of 40 min 
incubation with the calcium-free medium (Fig. 10). The 
inhibitory effect of calcium omission was readily reversible 
and potasium regularly regained its effectivences aa a 
stimulus for vasopressin release after calcium had been 
restored to the incubation medium. Finally, it was found 
that calcium iteelf ($ mM) caused a powerful release of 
vasopreasin when added to a preparation. exposed to 
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pl [aa C 
Locke Ca-freo On-free Locks 
Locke Locke 


` ~ solution. aAa a tc ob ae from the same experiment. b was 
obtained first after a total of 40-mtn tneubetaon tn free medtum 
P abo, fn anethee dD in later after the re-introduction of ealetnm. 
^e shor, another experiment, stimulan ect re-Introdnoaingg 
ealetum to 56 mM potassium tn a calcium-free medtum, 
The thin bars indicate the presence of 56 mM potamtum. 
The thick horizontal bars indicate the nature of the basio perfusion 


calcium-free high-potaasium Locke (Fig. le). The re- 
introduction of calcium in the absence of excess potassium 
did not have such a stimulant effect. 


resting potential to 
The stimulant effect of 
excess potassium would therefore suggest that Jar- 
ization of the endings of the supra-optioohypophysial tract 
is an adequate stimulus for vasopressin release. The 
additional obeervations on the inhibitory effect of calotum 
omisaion and the stimulant effect of adding calcium during 
exposure to excess potassium indicate that calcium has.a 
key role in the release process. In interpreting these 
results it would seem moet profitablé to consider the 
existing evidence on the role of calcium in the secretory 
activity of another endocrine d of neural origin, the 
adrenal medulla. The med i i 


excess potassium increases the rate of secretion’. It is 
further known that adrenal medullary secretion varies 
directly with the extracellular calcium concentration over 


& wide range of concentrations above as well as below the ' 


normal’, that calcium itself is a secretogogue in sevéral 
different situations known to increase membrane perme- 
ability*^* and that potassium inareases the rate of uptake 
of calcium-45 by the medulla’. The conclusion which has 
been drawn from these experimente on the adrenal medulla 
ia that calcium acta as a crucial link in the proceas of 
‘stimulus-secretion ooupling'-*. Although the present 
observations on the neurohypophysis are comparatively 
Innited, they suggest a similar mechaniam of secretion. 
As a working hypothesis it may therefore be proposed that 
the release of vasopressin by the neurohypophysis is 
effected by the arrival of impulses from the supra-optio and 
paraventricular nuolei which, by depolarixing the endings 
of the supr&-optioohypophysial tract, promote calcium 
influx (as is known to occur in peripheral nerves") and that 
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the appearance of free calcium ions somewhere in the 
endings then causes the release of the stored hormone. 

A more complex mechanism of release of neurohypo- 
physial hormones has been postulated by Abrahams, 
Koelle and Smart!* and Gerschenfeld, Tramezzani and 
De Robertis!, who have speculated that acetylcholine may 
have some physiological role in the release of the hormones 
from the endings of the supra-opticohypophysial tract. 
The first group base their conjecture on histochemical 
evidence that cholinesterase is preeent in this system, and 
the second on the finding of ‘typical synaptic vesicles’ in 
the endings. In some imi i ts with Dr. 
A. M. Poisner, no release of vasopreesin was found when 
the posterior pituitary was exposed to acetylcholine 10-4 
g/ml. with or without eserine 10-5 g/mL, carbachol 10- 
g/ml. or nicotine 10 g/ml. ` 

When considered along with the existing evidence that 
calcium is involved in the release of catecholamines from 
the adrenal medulla and of acetylcholine from aholiner- 
gic neuronee*:!! the present findings suggest that calcium 
may have a general role in ‘stimulus-secretion coupling’ in 
neurones and endocrine glands of nervous origin. 


W. W. Doveras 


Beart G: W., Neural Control of the Piwüory Gland (Arnold, London, 


, G. W., in Handbook of Pkysiolegy, Section 1, $ 100 edit. by Fiel 
BT se. Ee ee of Dhyrioleg 1900). R pre 
* Dekanaki, J., Bru. J. Pharmacol., 7, 567 (1953). 
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(1960) 
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PHARMACOLOGY 


Role of Species Specificity in Fallure of 
Inhibition of Guinea Pig Anaphylactic 
Sensitization with Cancer Chemotherapy 
d Drugs RE. 
THRHE years ago Schwarz and Damesheck showed that 
6-mercaptopurine could block the formation of antibodies 
to foreign protein in the rabbit!. This phenomenon has 
been verified by some, and its existence questioned by’ 
others. To understand better the mechanisms involved 
in the 
examine 


Briefly, approximately 400-g stook albino 
guinea pigs were given daily intraperitoneal injections of 
the test drug according to the following schedule: (1) 
6-mereaptopurine, 50 mg/day; (2) vincaleukoblaetine, 
10 y/day; (8) actinomyoin-D, 10 y/day ; and (4) eyolo- 
phoephoramide, 10 mg/day. The drugs were given daily 
for ten days. 

10 mg of purifled ovalbumin were given intraperi- 
toneally to the experimental animals on the second day of 
administration of the drug. Control animals received only 
ovalbumin. Three weeks after the initial injection of 
ovalbumin, an intracardiac eliciting injection of 2 of 
ovalbumin was given. Immediate death in anaphyl- 
actio shock provided the end point. I 
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The dosage echedule used was determined in preliminary 
toxicity studies in our laboratory. Tt is seen from Table 1 
that 6-mercaptopurine and oyolop ide were lees 
toxio than the remainder of the drugs studied, even though 
the former were dosed in 1,000-fold greater quantities. 


Table 1 
Drug toxjeity 
Total animals deaths 
CM 20 3 
Vinoaleuko 30 12 
Actinomyatn-D N ro 19 
Oyalophosphoramide 
Controls 30 0 
! Table 1 
Antna ^ Fatal 
elicited Survivors 
Gato Piesis is 15 3 
18 15 3. 
Aoctinomyein-D 14 14 0 
Oyclepbosphorsmkde 21 1 20 
Controls 30 27 3 


The anaphylaxis rate in the several groupe are gum- 
marized in Table 2. 

Oyclophosphoramide prevented fatal anaphylaxis in 20 
of 2] animals. This verifies our previous work in which we 
showed that in the guinee pigs the prevented develop- 
ment of anaphylaxis? and of precipitin formation as 
measured by the Preer agar diffusion technique’. 

6-mercaptopurine, actinomycin-D and vinceleukoblas- 
tine were completely ineffective in preventing anaphylaxis; 
the survival rate with the drags was not significantly 

than that of the control group which received 
ovalbumin without drug therapy. 

The finding that oyclophosphoramide blocks anaphyl- 
axis in the guinea pig, while 0-meroaptopurine, vinca- 
Jeukoblastine and actinomycin-D do not, we interpret as 
evidence that species specificity plays a significant pert in 
the action of these drugs. A similar interpretation has been 
E ce , who showed no 
i ition of precipitin formation in guinee pigs receiving 
6-mercaptopurino*.  Friech and -Davies examined the. 
inhibition of hemagglutinin formation in mice by purine 
and pyrimidine analogues and noted great variation in the 
effectiveness of the drugs tested ia this species*. 

It has been stated* that immunological unresponsive- 
news produced by the cancer chamotherapy agents may be 
due to a general. inanition -of the animals. Our date 
would not support this concept; the animals with the 
greatest weight loe» end highest death rate were those 
receiving vincaleukoblastine and actinomyoin-D. Neither 
drug evidenced the ability to inhibit antibody formation. 

In summary, oyolophoephoramide blocks the develop- 
ment of anaphylaxis to ovalbumin in the guinea pig. 

; equally or more toxic doses, 6-meroaptopurine, vincaleuko- 
blastine and actinomycin-D do not afford protection. We 
interpret this as evidence of the ies specificity of this 
class of ba in inhibiting an formation. ` 

This work was supported in parb by a grant from the 
Committee on Research, University of California School 

of Medicine, No. 08 Breon Fund, and a U.S. Publio Health 

Service grant No. M—8284. 

- HowARD I. Mamac 

` T[gNESY O. MaaurRBH 
Division of Dermatology, 
Department of Medicine, 
University of California School of Medicine, 

. Ban Francisco, and 

` Department of Dermatology, z 


Ba ar el kr School of Medicine, , 
ia, Pennsylvania. f | 
* Bhais R., Hiner, O., and Demesheck, W., J. Olin. Inset., 88, 1594 
tj aquire, H. O., ind Maibach, H, J. Alergy, 38, 406 (1061). i 
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Estimation of Methylpentynol 


L, & central nervous system depressant, 
is a tertiary oarbinol. Previous methods for its estimation 
consist of distilling the drug which is volatile out of the 
tiasue or fluid sample into ammoniacal silver nitrate. By 
virtue of its acetylinio bond methylpentynol combines 
quantitatively with the silver to form a precipitate. Since 
two moles of silver react with each acetylinio group! the, 
quantity of methylpentynol present can be - by 
aither colorimetric determination of the amount of silver 
in the precipitate’ or by back-titration of the uncombined 
silver in tho supernatant with potassium thiocyanate’, 
recovery curves for methylpentynol being obtained by the 
addition .of known quantities of methylpentynol to 
ammoniscal silver and titration with potassium thio- 
cyanate. ‘The former method is sensitive to 1:0 mg and 
the latter to 0-1 mg methylpenbynol. 

Preeant work on the recovery of the drug from the 
brains of small animals necessitated the refinement of the 
technique and a potentiometric method was developed. 
The imens containing methylpentynol were heated in 


specim 
a water-bath ab 00° O and the volatile drug drawn by an 
air-stream through 0-0125 M alkaline silver reagent with | 
the formation of an insoluble silver derivative. The excess 
the supernatant was titrated ‘against 0-0125 M 
iodide solution. The equivalence poinb was 
taken as the centre of steepest 


silver in 


portion of the titration ' 





0 O4 O8 13 L6 .20 24 


Potassium jodide (mL) 
Fig. 1. ‘Titration ourves for: 4 standard of 1-0 mg methyl- 


, distilled 
pentynol; B, drug sample dd from pat ieaiai C, control specimen 


T8 22 30 


The method enabled 0:01 mg methy ol to- be 


' detected. Examination of the reliability of the technique 


revealed that the correlation between the amount of 
methyl ol and ite estimation varied between 0-92 
and 0.96 (P « 0-01), whereas for the chemical method? r 
varied between 0-64 and 0-98, the former value not being 
significant. The standard error of the titration of 0-5 mg 
methylpentynol was 0-012 mg (12 estimations); mean 
recoveries of 0-5 mg methylpentynol from distilled 
water were 99, 99 and 102 per cant. Drug recoveries 
were not affected by the presence of brain tissue 
(P > 0:1). ] . : 

This sensitive and reliable method for the estimation of 
& central depressant drug made the technique of consider- 


t 
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able value in correlating drug concentration in the brain 
with cerebral function. 


B. G. Apams 
= D. ArrEX 
E. Manruy* 
Institute of S 
Denmark Hil, 
London, 8.E.5. 


* In of , 
Teoetpt a grant fram the Bethlem Royal and Mandaley Hospitals 
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a P. L, and Johnson, C., J. Amer, Pharm, Arso., Sol. Bi., 41, 


"Marley, H., and Vane, J. R., Brit. J. Pharmacol., 13, 864 (1058). 


Increased Uptake of Mercury in Mouse Brain 
caused by 2,3-Dimercaptopropanol 

2,9-DrwEROAPTOPROPANOT, (BAL) is generally used in 
the treatment of mercury poisoning. In the oase of acute 
meroury poisoning there is evidence to indicate that such 
treatment is bonefloialt, Experimenta on animalg** have 
shown that BAL effects e redistribution of the mercury 
in the body and enhances the urinary excretion of the 
former, thereby mobilizing mercury accumulated in the 
kidney, which ia the oritioal organ ın acute mercury 
` poisoning. In chronio mercury poisoning, however, the 
. ‘Grain is the critical organ, because of the slow elimination 
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of mercury from some of ita partat. It was therefore 
considered important to learn how BAL therapy affects 
the of mercury by brain tissue. In one 
to this problem mioe were given mercury-203 (05 mg 
meroury/kg body-weight), together with BAL in about 
equivalent. amounts (0-4 mg BAL/kg). Controls were 
given only the mercury compound. The animals were 
killed at various intervals after the Injection. Autoradio- 
Lun of whole-body sagittal sections were made as 
escribed earlier’. The order of isotope concentration in 
the organs was determined by denettometric comparison 
with an isotopic standard ‘staircase’. 

The autoradiograms revealed that the uptake of mercury 
in the bram was greater when phenyl- or methyl-mercurio 
compounds were given together with BAL than when 
they were given alone. Fig. 1 shows the autoradiograms 
of sagittal sections of mice injected with phenyl-mercuric - 

acetate (upper), and with phenyl-merouric acetate + BAL 
(lower). The animals were killed 8 days after the in- 
jection. The increased uptake of radiomercury in tho 
brain of the BAL-treated mouse is well illustrated. The 
standard ‘staircase’ below each section shows the density 
caused by decreasing concentrations of the isotope in 
geometric series (ratio $). In the case of injection of 
thorganio mercury compounds the autoradiograms did 
not provide any conclusive evidence as to how BAL 
treatment affects uptake in the brain. However, further 
experiments are being made in this regard. Detailed 
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reporta of the studies referred to here will be published 
elsewhere. 
M. BIELO 


Institute of Hygiene, B. UrraHBa 
Karolinska Institutet, 


1Longeope, W. T., and Lostecher, J. A., J. CHa. Inecst., 85, 557 (1046). 

1 Berlin, M. (unpublished observaiiona). 

* Vitezimmons, J. R., and Komika, F. L., J. Pharmacol., 98, 8 (1950). 

1 Bertin, M., and Ullberg, 8. (in the prem). 

* Ullberg, B., Ads radiot., . No. 118 (1064); Proa, Sec. U.N. Intern. 
Coal, Boa Ute Atoms Berry, M. 148 (1065). 
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Decreased Erythrocyte Survival in Alloxan 
Diabetic Rat 


ALTHOUGH numerous metabolic activities have been 
investigated in the alloxan diabetic rat, the red cell 
survival has not been reported. in the 
metabolism of the human erythrocyte in diabetes mellitus 
was shown recently by Long and-Oarson!. The present 
communication reports a reduction in the red oell lifo- 
span in the alloxan diabetic rat. ; 5 

Albino rate were rendered diabetic by the intravenous 
injection of 40 mg alloxan/kg body-weight. The diabetio 
animals (blood sugar-levels more than 300 mg per cent) 
were tagged with 10 ue chromium-51 three weeks after 
alloxanization in order to. minimize the possibility of a 
direct effect of alloxan on the erythrocytes. The time in 
days between tagging and the disappearance of the radjo- 
activity from the blood is taken as the maximal survival 
thne. The details of the procedure have been published 
elsewhere!, 


Table L MAXIMAL BURYIYAL TOO OT HETTHROCYTES OF NOEXAL AND 
ALLOXAN DIABNTIO RATS* 


Normal Alloxan diabetic 
Body-weight Max. survival Body-weight Max. survival 
! ' [CU (daya) @ (daya) 
Mean (+ S.D. 206 (+ 18) eS (+ 8) 146 (+ 18) 55 (+ 1) 
P< 


^ * Nine rats tn each group. 


Table 1 shows that while normal rate had an average 
maximal survival time of 68 (+3) days, the alloxan 
diabetic rate had an average value of 56 (+ 1) days. 
These results indicate clearly that alloxan diabetes reduces 
significantly the survival of red oells in the rat. Although 
three weeks were allowed between alloxanization and 
. tagging, one cannot exclude the possibility that the 
observed effect might be, at least in part, due to the direct 
action of alloxan on fhe . However, of 11 
diabetic rats, 2 recovered spontancously after tagging, 
and their erythrocytes were found to have maximal 
survival times of 60 and 68 days, values which approach 
those of the normal animals. This tends to provide 
evidence against the direct effect of alloxan on the red 
cells. Moreover, Gybrgy and Rose? showed that 
alloxan hemolyses red cells from vitamin E-defisient rata, 
it had no such effect on those from normal animals. 

This investigation was supported by research grants 
No. 4M-4050 and .RG-0105 from the U.8. Publio Health, 
Service, and No. AT-(40-1)-2681 from the U.8. Atomic 
Energy Commission. 8. Yo 

HonaoEH N. MARVIN 

University of Arkansas, 

Medical Center, 

Little Rook, Arkansas. 
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Efecto A Bihenyl 2 Totresene, on a 
1,4-Dimethyl-1,4-Diphenyl- e, o 
Transplantable Mammary Adenocarcinoma 

(72J) and Spontaneous Mouse Breast Tumours 
1,4-Dnaaruy1-1,4-DIPHHNYL-2-THTBAZHNH! (MPT) in- 
hibits the growth of transplanted 72j mammary adeno- 
carcinoma carried in O,H mice. Its activity was found 
during the screening** of compounds structurally related 
to the antineoplastic agent 3,8-dimethyl-1-phen; triazene*. 
Tho corresponding 1,4-diethyl* and 1,4-di(p-nitrophenyl) 
analogues of MPT were also found active against this 
tumour. Extensive laboratory evaluation of ee 
thesis of additional compounds are in progress &nc. 
De rorci in detail*". The following biological findings 
were considered to be of immediate interest. 
MPT given subcutaneously or in toneally over a 


wide range of doses (that is, 2-50 k day) prolonged 
the median survival-time of mice the 73j mam- 
mary adenocarcinoma to about 60 days, m an average 


of 80 days in control animals. (Treatment was started 17 
days fellowing lantation. tal design 
in both the ted and spontaneous tumour test - 

was that introduced by Goldin*.) In contrest, 


THIO-TEPA, a known clinically useful anticancer agent: ` d 


was active over a much narrower range of doses (that ig," . 
0-8-2 mg/kg/day), and had an estimated. maximal 
median survival-time of 50 days. MPT fed in the diet 
resulted in prolongation of the median survival-time to 
about 100 days (500, 1,000 or 2,000 mg/kg/day). This 
median survival-time is the longest obe in these 
laboratories with any anticancer agent given to the 72) 
MPT was also interesting because of its apparent 
ability to prolong significantly.the median survival-time 
of spontaneous tumour- ing O,H mice. MPT given 
subcutaneously (6 or 20 day) to MC n pd 
spontaneous mammary tumours in e maxim 
median survival-time from 35 days in control mice (gtart- 
ing from the time the mice were placed on test) to 68 
days. The com showed effects over a wide range of 
doses: that is, 2-150 mg/kg/day. MPT was leas affective 
when given intraperitoneally. By the oral route the 
median survival-time was prolonged to 70-80 days (500, 
1,000 or 2,000 mg/kg/day) versus 87 days for control 
animals (see Table 1 for results of diet administration). 


Table L BURTIVAL Dama oF OAH Mios mauno BroWrANEOUS MANKCANE 


URS 
Compound daily dose Mo. of mise/ o. of survival 
(mg/kg) group exp. (days) 
MPT 000 5 5 TI* 
OM 1000 5 5 78* 
500 5 5 T$* 
THIO-THPA 6-7 b 1 42 
drinking water) t 46 5 3 37 
20 5 1 *9 
2-0 5 2 48 
8 1 d £ 
5 7 8T 


In contrast, THIO-TEPA (by any route of administra- 
tion) had no effect on the median survival-time of spon- 
taneous tumour-bearing mice. 

.An earlier report indicated that marked bone marrow 


| destruction was found concomitant with antitumour 


ivity in the laboratory evaluation of alkylating agents 
and many antifolio compounds*. In similar iments 
MPT caused no depression of the marrow concomitant with 
tumour inhibition; moreover, this compound was nob 
identifled as an alkylating agent when tested chemically 
by the Friedman and Boger method!*. MPT was com- 
pletely ineffective against the 00,HED lymphoearoorms 


` 
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and the sarooma 180 tumour when given by any of the 
routes or dosage schedules mentioned here. 

Tt should be noted that in none of these reported investi- 
gations was destruction of tumour tissue (neither spon- 
taneous nor transplanted 72j mammary adenocarcinoma) 
observed: that is, growth was apparently held in 
to size tolerated by the host. Short-term tumour growth 
investigations (1 week of therapy) did not reveal, as well 
as did the survival examination cited here, the interesting 
biological aspects of this compound. 


ADOLPH W. Voaun 
ADOLPH E. SLOBODA 
ANpEHw B. Towcora ě 
Raras G. CHILD 


Lederle Laboratories, American Oyanamid Oo., 
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1 Fischer, B., dam. Chem., 199, 166 (1878). 
* Dearborn, H. H., Acta Unde, Contre Oancrwn, 15, Bapp. 1, 76 (1959). 
* Vogel, A. W., and Haynes, J. H., Cancer Chemother. Rep., 28, 13 (1903). 
* Olarke, D. A., > 


Osncer Ree., S1, 1450 (1961). ° 


Effects of Corticosteroids on Experimental 
i Amoeblasis 


Tua examination of the influence of drugs on amosbiasis 
has depended in large part on results obtained from - 
experimentally infected laboratory animals. Oonven- 
tional methods for the establishment of experimental 
amcebiasis have involved administration of amoeba per os, 
or per onum, or the injection of trophozoites into the osoal 
lumen. " 

The most widespread method is that of Jones! for 
the intracwcal moculation of amabio trophozoites, which 
produces multiple, disseminated lesions, of different 
sizes in different locations, and great diversity in the 
pathological progreas of the experimental disease. The 
unpredictable degree of infection makes it impossible to 
standardize lesions so that they will be suitable for 
critical studies. Similarly, per os or per amum administra- 
tion of amoebae is unsuitable for critical evaluation of the 
complexities in amcsbiagis because uniformity of infection 
cannot be established. c 

Reoently, an intramural inoculation teabnique has been 
developed involving the injection of amoebae mto the wall 
of the intestine’. Inoculation is made just below the serosa 


^ of the cmoum with negligible injury to the tissue at the 


gite of injection and mixing of the injected amoebae with 
the contente of the cecal lumen is avoided. The most 
important advantage of the mtramural technique is that it 
provides a single-lesion infection, standardised in its 
nature, characteristics and development, always located ab 
the spot of inoculation, from which the pathological 
process proceeds toward the mucosa. In about one week, 
a typical amoebic abscess forms, and there is active migra- 
tion of amoebae towards the mucous membrane, and also. 
through the physically intact mucous membrane into the 
lumen of the cscum. 

Some time between the fifth and tenth days, the abscess 
perforates through the mucous membrane and the lesion 
is converted to a typical amobio uloer with oentral erosion, 
deep necrosis and a widely undermined mucosal margin. 
‘The mags of the amoebae are now spilled into the intestinal 
lumen and marks the end of the period of existence of the 
experimental model since multiple, secondary lesions can 
now develop. , 
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This communication is concerned with the influence of 
corticosteroids on the rate of pathological development in 
the early, single-lesion phase of the disease. The decision 
to test corticosteroids in this model disease was based on: - 
(1) the general knowledge that infectious disease is often & 
contraindication for therapy with corticotropin or oorti- 
sones; (2) the fact that thoro &re olinical reporte which 
attribute the exacerbation of latent amosbiasia to the use 
of cortisone®:*, 3 

The dose of corticosteroid used in this work was 25 
mg/kg. In the first and seoond experimente the drug was 
given per os the day before infection, repeated on the day . 
of infection and for three consecutive days after infection. 
In the third experiment, hydrocortisone was given by 
intraperitoneal injection the day before infection and every 
other day thereafter. In the fourth experiment, hydro- 
cortisone was given aa in the first two, but medication was 
contmued until the time the animal died or was killed. . 
Controls were handled in the samo manner as treated 
animals, and were given equivalent volumes of vehicle. 

The infection was initiated as already described. Malo 
guinea pigs weighing about 250 g ware placed under 
hexobarbitdl anssthesia and inoculated in 
the cæcal wall with approximately 10,000 trophozoites of a 
virulent strain of Entamoeba histolytica which had recently 
been isolated from an active clinical human case. y 

Evaluation of the pathological process was based on 
observations of all animals with single lesions. 

The extent of the hyperæmio xone surrounding the lesion 
was scored on the following basis: 0, no inflammation; 1, 
slight hypermmia; 2, moderate hypersmia; 3, pronounced 
hyperemia. Direct amears of the mucosa in the vicinity 
of the lesion were made at the time the cœcum was excised 
and opened, and examined microscopically for the preva- 
lence of amoebae. The scoring system for microscopio 
index of abundance of amoebae was as follows: 0, none 
present; 0-5, leas than 1 per field; 1, 1—5 fleld; 2, 6-80 
per field; 8, 30 or more per fleld. Amintnum of 20 fields 
was examined with the 10 x objective and a 10 x 
eyepiece. 

In the first experiment, cortisone and hydrocortisone 
treatment were compared, and results are shown in the 
upper of Table 1. On the basis of objective measure- 
ment, it is seen that in this series the lesions were larger 
in corticosteroid-treated animals than in untreated oon- 
trols. When cortisone-treated and hydrooortisone-treated 
animals are considered , their mean combined 
lesion sire is 12:79 + 1:44 mm’, with P < 0-02 for sig- 
nificance of difference from control value. Perforations 
were more frequent in ocorticostercid-treated animals. 
Prevalence of amoebse in the intestmal lumen was most 
marked ‘in animals which had been given hydrocortisone. 





Table 1. Somme INFLUNNCES OF ON HXPERUNETAL 
BrNaLE-LERION IN THN GUINEA 
Mo. sr- Woro- 
viving on pay 
Treatment Mo. in- fifth day Hypes Perfor- 
fected with aingie (Mo. af (mm'+ 3.8.) ation 
leslons —amoebee) 
4 O75 1:75 T1Ti097 — 24 
cortisone 4 3 1:83 re 12-06 + 8:34 2/3 
acetato P > Ol 
Oortisone 4 0-88 150 1206+138 4/4 
zgo6tate P< 
Control 6 0-50 217 24321447 28/6 
Hydro- p 
` cortisone 0-67 3 00 20-1713-39 20 
acetato not. sig. 


Subjectively, from the appearance of the animals, it was 
felt that both drugs were having an adverse effect on host 
resistance, and the work was extended with hydrocorti- 
sone. Repeating the mitial experiment with hydrocortisone 
alone gave resulta which are shown in the lower part of 
Table 1. Once again the prevalence of amoebae in the 
intestinal lumen was greater in the hydrocortisone- 
treated animals than in controls, and surrounding tissue 


- 
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reactions were more marked. All treated animals showed 
a highly hypersunio response. 

In a third experiment, 14 guinea pigs were given a light 
amosbic infection by intracmcal inoculation. Half were 
given hydrocortisone every other day, and all survivors 
were killed and autopsied on the 11th day after infection. 
The gross appearance of hydrocortisone-treated animals 
was far worse than that of controls. Treated animals 
invariably showed massive hemorrhagic and hypersmio 
involvement of the entire owca while control animals 
showed only occasional scattered hyperemic patches. 

A fnal experiment was carried out with guinea pigs 
which had received an intramural inoculation of slightly 
more than 18,000 amoebae each. Half thè animals received 
“hydrocortisone daily. The majority of the animals in both 
treated and control groupe were killed on the fifth day after 
infection. Again, hydrooortisone-treated animals showed 
hypersmis, hemorrhage and occasional metastasis of 
amosbioc foci while such findings were rarely found in 
control animals, and then -only to a minor degree. 
Four treated and four control animals were not killed 
on the fifth day, but were maintained with the intention of 

ing them on the tenth day after infection. By the tenth 
day, three of the four hydrocortisone-treated animals had 
died spontaneously, while none of the controls had died. 
Since guinea pigs have a life expectancy of about twenty 
days after an infection of this magnitude, we attribute 
these early deaths to the influence of the corticosteroid on 
the progress of the disease. At autopsy, these animals 
evidenced a fulminating amebiasis characteristic of 
animals dying on or about the twentieth day without 
treatment. = 

Thus, we havo found that administration of corticoster- 
oids resulta in marked exacerbation of pathology in animals 
with amosbic disease. The mode of action for these 
changes is not yet clear. Our resulte go far suggest several 
lines of future investigation. These include the response 
of the experimental disease to decreased dosages of oorti- 
costeroids, and the use of axenic cultures of Eniamoeba 
histolytica’, nob available atthe time this work was done. 

. This work was supported in by U.8. Publio Health 
Service grant No. E-3288 (CL), and in parb by a grant 
from the Wallace Laboratories, Cranbury, New Jersey. 
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Azo Dye Liver Carcinogenesis: Reaction of 
Hydroxymethylaminoaz ene with Nucleic 
Acids In vitro 


Ix a long series of ammoazobenzene derivatives tested 
for hepatocarcinogeniotby in the rat only those compounds 
with at leasb one N-methyl group are markedly active’. 
The hypothesis has been advanced that the actual carain- 
ogen is a derivative of the parent dye and that ite produo-— 
tion may be hindered or enhanced under different dietary 
conditions, or in different species. The N-methyl group is 
thought to undergo stepwise oxidation in the liver to 
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formaldehyde, the fires product being an N-methylol 
derivative, hydroxymethylaminoarobenrene (I) in the 
case of methylaminoazobenzene’. Such compounds are 
reactive species and are capable of alkylating thiol groups, 
amino-groups, phenolic residues and so on by a Mannich 
condensation. It has been that reactions of this 
type account to some extent for the formation of protein- 
bound dye $n vivo in the case of dimethylaminoarobenzene 
(butter yellow) and certain of its derivatives!?*. In view 
of the importance of DNA and RNA in cellular metaboliam, 
an investigation has been carried out to determine whether 
such methylol derivatives are capable of reacting with 
nucleic acids tn vitro. 

Tt is not possible to isolate the N-methylol derivative of 
aminoazobenzene, but at neutrality it will exist in equilib- 
rium with aminoazobenzene and formaldehyde when the 
latter reactants are mixed at room temperature. 


N-N( NH, + OH,O ed VNo-N4 MNHOROH 
D 


In the absence of any competing reactant, it condensed 
rapidly with aminoazobenzene forming di-(4-phenylazo- 
phenylamino) methane (IT): 

PhN = NO,H,NHCH,OH + PHN = NO,H,NH, 

—PhN = NC,H,NHCH,NHO,H,N = NPh (II) 
but condensation readily oocurred with RNA when this 
was added to the equilibrium mixture. 

Yeast RNA (200 mg) in water (10 ml.) was treated with 
& mixture of 40 per cent formaldehyde (0-1 ml) and 
the mixture shaken for 


solution. RNA, which was coloured yellow, was 
precipitated with ethanol after adding sodium aootato to a 
concentration of 2 per cent. ted washing of the 
RNA with ether and benzene to remove further 
colour. The amount of dye bound was 0-0045 mg/mg 


-RNA. In the absence of formaldehyde no dye binding 


occurred either with aminoazobenzene or the cross-linked 
compound (II) whith was formed to some extent during 
the reaction. 

A second run using RNA (800 mg), aminoazobenrene 
(150 mg), 40 per cent formaldehyde (0-05 mL), water 
(60 ml.) and ethanol (40 mL) gave a similar produob 
yt 10 min at room temperature (0.001 mg dye/mg 

j 

The nature of the dye binding to RNA has not yet been 
fully investigated but a Mannich condensation involving 
base amino-groups seems likely. The dye-RNA oomplex 
has the properties one would expect from a compound 

ing an —NH.CH,NH— linkage, since ib is stable 
to alkali (03 N caustic soda for 12 h at room bure), 
but decomposes rapidly in the presence of 6 N hydro- 
chloric acid. After neutralization of the acid solution with 
ammonia the dye was extractable into benzene, showing 
that ib was no longer bound to RNA. The extracted dye 
had major absorption peaks at 880 my in neutral solution 
and at 500 mp in 6 N hydrochloric acid, indicating that ib 
was probably aminoazobenzene. In solution the 
RNÀ-dye complex slowly dissociated and with one sample 
of the complex, containing 0-0014 mg dye/[mg RNA-dye 
complex at & concentration of 20 mg complex/ml., equilib- 
rium was reached within 2 h. 

Further evidence that a covalent bond was formed 
between the dye and RNA rather than simple adsorption 
of the dye on to the RNA was obteined by hydrolysing the 
RNA to its nucleotides with 0-3 N- caustic soda for 12 b, 
when ib was still not possible to extract the dye with 
benzene. 

In the case of DNA the situation was complicated by the 
adsorption of large quantities of free dye, both amino- 
azobenzene and I, although this could be removed from 
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the more rigidly bound dye by extraction of an alkaline 
solution of the complex with benzene or ether. 

Salmon sperm DNA (40 mg) in water (10 ml.) was treated 
with formaldehyde (0-05 a) and aminoazobenzene (95 
mg) and the mixture left at room temperature for 11 h. 
The mixture was extracted three times with ether, and the 
DNÀ-dye complex was then precipitated with ethanol. 
The yelow DNA was washed many times with ethanol and 
then with benzene, the final washing being only slightly 
coloured. It waa then dissolved in water and repreoipi- 
tated with ethanol The DNA-dye complex in 6 N hydro- 
ohlorio acid had an absorption maximum at 500 my oor- 
responding to 0-04 mg dye/mg DNA-dye complex. 

7 mg of DNA-dye complex in water (20 ml.) were 
treated with concentrated ammonia (0:15 ml.) and 
extracted with benzene until no more colour could be 
removed. The nearly colourless alkaline solution when 
treated with an equal volume of concentrated hydro- 
chlorio acid had an absorption maximum at 500 
corresponding to 0.02 mg dye/mg DNA. ‘Treatment of 
the complex with 6 N hydrochloric acid followed by neutral- 
ization and extraction with benzene removed this remain- 
ing dye. These experiments suggest that half the dye 
aseociated with DNA when first estimated was only 
loosely bound, whereas tho remainder was associated in a 
manner comparable to that found for RNA in that it was 
stable to alkali but decomposed in acid solution. 

In a second run, DNA (50 mg) ih water (50 ml.) was 
treated with aminoazobenzene (150 mg) in ethanol (40 ml.) 
and formaldehyde 0-05 ml. After 2 min the yellow 
fibrous DNA was precipitated with ethanol after addi 
sodium acetate to a concentration of 2 per cent. The soli 
was washed many times with ethanol and repreoipiteted 
twice more from aqueous solution, the solid being washed 
each time. DNA-dye complex isolated under these con- 
ditions contained 0-0027 mg aminoazobenrene/mg DNA- 
dye complex. 

The lability of the nucleic acid-dye complexes in aqueous 
and in acid media will obviously make isolation from whole 
rat liver difficult, and may account for the failure to find- 
evidence of extensive binding to nucleic acids with methyl- 
ated p-aminoazobenzene dyes in vico*. Tritiated butter 
yellow of high specific radioactivity has been and 
this is being used to investigate the situation in vivo with 
these facte in mind. 

These findings suggest an additional way in which 
methylated aminoazo dyes might interfere with cellular 
function in the rat liver. The conversion of an N-methyl 
group to a reactive N-methylol derivate in vivo raises the 
possibility that other N-methylated carcinogens such as 
dimethylaminostilbene might also be converted enzym- 
atically into alkylating agente. In this connexion it is of 
interest that reactions of the alkylating type have been 
previously implicated in liver caromogenesis. For example, 
dimethylnitrogamine, which undergoes metabolic modifloa- 
tion in the liver, has been shown to methylate nucleic 
acids and proteins‘, while certain pyrrazoliridine alkaloids 
which are liver carcinogens and osuse other cellular 
abnormalities, have recently been shown to be alkylating 
agents’. : 
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-Fallure to protect Mice against Endotoxin 
with Snake Venom ` 


WEIN bacterial exotoxin, endotoxin, or snake venom 
is injected intravenously into animals, peripheral 
vascular collapse occurs. Preliminary investigations 
demonstrated that the administration of sub-letha] doses 
of Hecherichia cols, Salmonella typhi or brucella endotoxins 
protected mice against lethal doses of snake venoms 
(Orotalus terrificus and Bothrops jararaca). Since North 
and Doery! have reported that the venom of the Australian 
tiger snake (Notechis soutaius soutaius) protected mice 
against staphylococcal exotoxin, comparable work was 
carried out in our laboratory to determine if rattleanake 
venom (Bothrops jararaca) would protect Swisse-Webster 
white mice against E. cols endotoxin, as well as staphylo- 
ooocal toxin. 

Three methods were used in injecting the materials 
intravenously into the tail vein in & total volumo of 0-5 ml. 

Method 1. A needle was inserted into a vein, the 
venom injected, and then immediately afterwards, with the, 
needle still in place, exotoxin or endotoxin contained in a 
second syringe was injected. 

Method 2. Venom was injected 80 min before either the 
exotoxin or endotoxin. 

Method 3. The venom and staphylococcal toxin or 
endotoxin were thoroughly mixed at room temperature and 
than injected. The amounts of vanom, toxin or endotoxin 
remained the same in the mixtures, but were contained in 
one-half the volume. 


Table L RESULTS IX MICE RECEIVING LETHAL DOSE OF BTAPHYLOOOOOAL 
TOXIN OR N. cod HNDOTOXIN WHEN (4) SHAKE VENOM (Bothrops ) 
AND TOXIN OR HNDOTOXIN WERE DOMOTED SINULTANBOUKLY, (3 VEROM 
WAS INJECTED 80 MIN BEFORE THE TOXIN OR ENDOTOXIN 
Materials injected Survivors after 24 h 
5 ug venom o/20 
dx immediately by 5 toxin 1/10 
venom 
5 a venum followed in 90 mimi 1:5 toxin 1020 
B wg venom followed by endotoxm E 
ME venom followed in 80 min endotoxtn 0 


[20 
1:10 toxtn 110 
5 mg vénom + toxin br 
5 xg venom + 0 


The resulte presented in Table 1 show that make venom 
did not protect against staphylococcal toxin or endotoxin 
when ‘the two were injected simultaneously. Venom did 
protect against staphylococcal toxin when the latter was 
injected 80 min after the venom; but m similar circum- 
stances venom did not protect against endotoxin. Table 2 
shows that a pre-injection mixture of venom and toxins 
protects against a lethal dose of toxin, but no protection 
against endotoxm resulted from this procedure. 

Those resulta confirm the findings of North and Doery! 
that venom will protect mice against staphylococcal 
toxin. However, such protection is not afforded against 
endotoxin. Others’ have shown that pre-treatment of 
rabbits with venoms accelerates death due to endotoxin. 
Although exotoxin and endotoxin both induoe peripheral 
vascular collapse, the initial mode of action of each is 
different. Staphylococcal exotoxin acta directly on the 
vascular endothelium, whereas the action of endotoxin is 
mediated through a labile serum factor resulting in the 
liberation of vasoactive substances?*, Doery and North’ 
have suggested that æ mechanism whereby venoms 
inactivate exotoxin involves phosphatidase A, an enzyme 
present in venom, which interacts with phosphatide at the 
cell surface liberating fatty acid and lysophosphatide. In 
further observations they have inactivated staphylococcal 
toxin with unsaturated fatty acids. Preliminary in vivo 
stadies in our laboratory with several bacterial exotoxins 
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acids protect against exotoxms but not against endo- 
toxin. ^ 


This work was supported by grant E 4416 of the U.S. 
"Publio Health Sérvioo. 
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RADIOBIOLOGY 


A Combined Microphoresis-Autoradlo graphy 
Technique 
Basa ratios can be determined with horesis 
(microphoresis) in as little as 5 x 10-1* g RNA}, a sensitivity 
which intracellular analysis suitable material. 


Tests were perf: with 
on microphoresis fibres and with separations of yeast RNA 
hydrolysate mixed with tracer. These indicated that 
i of individual bands could be resolved and 
that the fibre did not interfere with the performance of the 
emulsion. 

A biological test was conducted on middle-late larvæ of a 
local chironomid i : 


thummi. Whole salivary glands 
tured $n vitro in medium ‘J99’ (Glaxo Laboratories)", con- 


cpu ime uina (8-140) adenosine-5’-triphosphate ml. 
(The nucleotide from Schwarz ao New 
York, was 77 per cent pure by ultra-violet analysis, and 
was used at 5 mM.) The glands were cultured at room 
tem for 6 h, during which time they remained 
viable as judged by the extrusion of abundant secretion. 
They were fixed for 1 h in Oernoy (chloroform/ethanol/ 
glacial acostic acid 6 : 3 : 1, by volume), a 
involves no measurable loss of RNÀ*, and thon embedded 
in paraffin and sectioned at 25u. Individual nuoleoli from 
sections hydrated with 0:01 N acetic acid were isolated 
intact in an oil chamber using a de Fonbrunes’s micro- 
manipulator fitted with two glass needles. RNA was 
extracted with a buffered ribonuclease solution and 
hydrolysed in a micropipette as previously deecribed!. 
Aliquote of the hydrolysates corresponding to 6-8 nucleoli 
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, absolute amounts oan only be 
with an estimated error of about +25 per 
cent.) For autoradiography the fibres were taken off the 
quarts on which they had been photographed in 
ultra-violet light of 257 mp, and plaoéd on e glass slide 
which was then exposed to an atmosphere of ammonia for 
three minutes. Treondiately thereafter the alide with the 
fibre was preesed on to dried Kodak 4#.10, previously 
obtained of the separations and grains counted at the 
centre to calculate (in first i ion) a relative 
electron flux. The results are given in Table 1. 

All the detectable radioactivity corresponded with a 
single band, that is, adenine, except in p tion 2 
where also traces were in guanine. For evaluation of auto- 
radi phy it should be considered, first, that a compress- 
ible fibro of 36-80, diameter is the actual source and, 
second, that the label in it remains during ina 
free-diffusion system, that is, the microphoresis buffer. 
Allowing for electron scattering, the length of the bulk of 
the autoradiograms in ions 8 and 4 woll 
with the length of the initial adenine bands (columns a and 


b, Table 1). This suggests that appreciable diffusion was 


were subjected to mi horesis and the amount of bases 
mors photonwircaly (Although base ratios can be 
determined. 


gram exceasively broad as well as long). Exoluding prepar- 
ation 1, the specific activity of which would be the moet 
decreased for the previous reasons, the specific activities of 


preparations 
(for comparison with the 


each other). The reproducib 1 
NUMMUS SMS NBN DA DS EE 
2 4.' 

From the present tests the technique would seem useful 
in the examination of turn-over of RNA componente in 
individually isolated ceil constituents. The present needs 
were to obtain & high labelling of RNA and to apply 
tmicrophoresis on larger aliquots of this than necessary ; 
that is, the RNA of about two of theee nucleoli. It is 


from inclu 
tracer in the microph oBeparabtions. A single fibre can 
accommodate 6-7 separations from different cell con- 
stituents. 


- Table 1. MICROPHOENERTS-AUTORADIOGRAPHY OF NUGLBEOLAR RNA ADENINE 


“ 








* Average moder ratio of adenine was 84-0 per cont of the sum. 














+ Exposure and development times of autoradiographs : (d) 4:8 days, 30 min. ; (e) 6 days, 15 mtn. The developer was commercial Kodak D—10 at 18° C. 
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and the Swedish Cancer Society (J.-E. E.). 
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Restoration of X-irradiated L-cells by Means 
of Highly Polymerized isologous 
xyribonuclele Acid 


L-cmrrs were treated with sub-cellular fractions after 
X-irradiation and an appreciable restorative affect was 
noted after addition of nuclear fraction and to a lesser 
extent with mitochondria. The results will be presented 
elsewhere. However, the results of thedo experiments 
varied from experiment to experiment. In some experi- 
menta signifloant restorative effect was noticed but in the 
other additions unirradiated nuclei had no effect. 

"In order to establish the nature of the restorative agent 
as well as the cause of variability of our resulta we have 
made several analyses. First of all, the affect of isologous 


i y polymerized isologous 
DNA to irradiated culture of under our conditions. 
This effect also varied from experimen 
For each e i 
with L-oells in 
20 per cent oalf serum and 0-8 mg/l. l. After 
14 h of inoubation at 87° O, 20 flasks were irradiated with 
500 r. ; 20 flasks were kept as control. To 5 irradiated 
flasks DNA was added in final concentration of 35 ug 
DNA per mL, and to 5 other flasks DNA was added 8 
per ml. of medium only. With non-irradiated contro. 
flasks the same treatment was applied: to 5 control flasks 
a Sit was added, and to another 5 flasks 3 ug 
DNA/ml. two weeks of incubation at 37° O, colony 
count was made. , 
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Colonies of L-cells in a Carrel flask. Hach flask was plated with 
TE 2,000 cells and irradiated with 500 r. — 
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Fig. 2. Colonies of L-cells in a Carrel fiask with 2 ira- 
diated with 600 r. and treated with B6 me Ta ea aen 





Yu. 3. Colonies of L-cells tn a Oarrel fask plated with 2,000 cells, 
irradiated with 500 r. and treated with 3 ag DN A/ml. medium 


DNA isolation was carried out with a phenol method out 
of 10*-10!* L-oells. Such isolated DNA was contaminated 
with appreciable amounts of RNA (16 per cent) and pro- 
teins (6-1 oent). 

Burvival for 600 r. under our conditions 
was 8-8+ 0:8 per cent. Addition of 85 ug per ml DNA to 
the irradiated cells increased survival up to 14-8 per cant 
with respect to the unirradiated control treated with the 
same amount of DNA. When 8 ug/ml of DNA was 
added after irradiation, survival was inoreased to 13-6 
per cent. In unirradiated flasks, plating efficiency was 
Increased. by addition of 85 ug/ml. DNA from 56 to 65 
per cent. After addrtion of 8 pg/ml. of DNA, plating 
efficiency was increased up to 66 per cent. Only colonies 
with more than 50 cells were counted. 

It is evident from these results that addition of isologous 
highly polymerized DNA leads to restoration of irradiated 
cells. itis intereating to note that the degroe of restora- 


-tion is the same whether 8 ug DNA/ml. or almost 12 times 


more DNA was added. . 

In Figs. 1, 2 and 8 colonies formed from irradiated cells 
are shown, to be compared with samples treated with 
DNA. 

In some experimenta with the same DNA kept in a 
freezer, resulta varied to a greater extent. 

On the basis of preliminary experiments undertaken to 
analyse the survival curves of DNA treated and non- ` 
treated cells, it seems likely that restoration is connected 
with an increase of the extrapolation number. 
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Experimente with denaturated, hydrolysed and hetero- 
logous DNA and with purified DNA are in progress. ; 
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Maximum Protection of Mice against 
8-MeV Electron Irradiation 

Mrom can be protected from the affects of whole-body 
irradiation by a variety of different ways. Sulphydryl 
- compounds given immediately before!:*, hypoxia induced 
during’, or infusion of syngeneic bane marrow given after‘ 
frradiation all afford major degrees of protection. If 
each of these agente acted by an independent mechanism, 
then the LD,,4, days dose might be to be 
increased by as much as six to eight fold when all were 
used together. We now report the resulta of combinmg 
' these factors. 

Male and female inbred O8H mice, 15 weeks old, were 
irradiated with 8-MeV electrons at a dose rate of 40,000 
rads/min. All the mice were anwsthetized with 65 mg/kg 
‘Nembutal’ (Abbott) 80 min before irradiation. The pro- 
teotive measures used were: intraperitoneal cysteamine 
200 mg/kg 15 min before irradiation; hypoxia, produced 
by breathing pure nitrogen for 45 seo (the irradiation being 
given during the last 5 seo of the nitrogen administration) ; 
and intravenous injection of bone marrow oalls taken from 
littermates of the same sex 20 h after irradiation. Anti- 
biotics ("Orystamycin', Glaxo) were injected daily for 30 
days—50,000 1.0. sodium penicillin G and 50 mg strepto- 
mycin per kg mouse body-weight. 





Tho results are shown“in the Figs 1 and 2. It is seen 
(Fig. 1) that a dose reduction factor of approximately 8-8 ~ 
is observed over a wide range of mortalities when measured 
at 15, 80 and 60 days after irradiation. From Fig. 2 the 
LD ss for the unprotected animals is seen to be 940 rads, _ 
while that for the protected animals is 3,520 rads. To 
compare these figures with equivalent doses of 260-kVp 
X-rays we have used o relative biological effeotivenbes of 
0-82 for the 8-MeV electrons. This is reasonable when the 
polarization correction is inoluded^'. The LDiww 
unprotected becomes 770-rads X-rays, and the LD,o/x. 

becomes 2.890-rads X-rays, We believe this 
dose to be the highest LD,,4 that has ever been 
recorded, and it is probably very nearly the highest dose 
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Mortality 30 days after irradiation (per oent) 
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2. Porosntage mortality of protected, and unprotected CH mice 
De i so days irradiation. Dose of radiation on log scale 
$ 


that is possible with present methods of protection. 
(Burnett and Doherty’ that some survivors bad 
been obtained in mice given up to 2,600 r. y-radiation 
when &minoethylisothiouronium bromide hydrobromide 
protection was followed by treatment with bone marrow 
and i This might be equivalent to about 
2,180 r. 250-kVp X-rays*.) Although tho degree of 
ion achieved here is very , it falls far short of 
the uct of each factor multiplied together. These 
results will be published more fully elsewhere. 
This work has bean supported by a grant from the 
British Empire Cancer Oampaign. 
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BIOLOGY 


Effect of Alr Drying and Dressings on the 
7 Surface of a Wound 


It has been pointed out that the normal dry scab on 
a wound to the air includes a superficial part of 
the dermis, and it was suggested that this is because the 
exposed darmal tissue is dehydrated}. Epidermis migrates 
below the dehydrated fibrous tiasue where there is suff- 
cient moisture for the cells to live. If the surface of the 
wound is deliberately kept moist by covering the wound 
with an occlusive film, the epidermis will migrate over 
the surface of the dermis. In this latter event migration 
of the epidermis is twice as rapid as when it is forced 
to pass through the fibrous tissue. 

The opposite effect has now been demonstrated, namely, 
that if a wound surface is artificially dried more exten- 
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sively than by mere exposure to the atmosphere, then 
more of the dermis is incorporated in the scab. 

For these i ta cial wounds were made 
in the skin of © backs of two female Large White pigs. 
Rapid drying of the wounds was achieved by floating 
the pigs on & cushion of air on the ‘levitation’ apparatus 
described by Scales". In the first experiment, the air 
temperature was 20° C (preesure, 25 am water; flow-rate, 
1,250 ft.*[min; blowing time, 1 h). In the second experi- 
ment, the air was heated to 40° O (preasure, 29 am water; 
flow-rate, 1,350 ft.*/min; blowing time, 1 h). After the 
fresh wounds had been blown on and dried, the pigs 


were returned to their wearing a cage to protect the 
wounds from damage. Biopsy specimens were taken after 
three days. ‘ 


Histologically, it was found that the tissue in the floor 
of the wound had been affected to a greater depth than 
normal. Within the affected layer the fibrous bundles 
were closely packed and there appeared to be no living 
cells. Epidermis was migrating through the dermal 
fibrous tissue below tho altered layer. The scab therefore 
was similar to that which forms on & wound exposed to 
the air, but thicker, incorporating more of the superficial 
dermal tissue. 

Epithelization waa measured from serial sections. In 
the first experiment, in which the wounds were dried 
by air at room temperature, 34 per cent of the wound 
area had been re-populated by new epidermis at three 
days (Table 1). Where warmed air was used to dry the 
wounds, only 18 per cent of the wound surface was 
covered by new epidermis at three days (Table 2). 


Table 1. EPTTHNLIXATION AFTER AR BLOWING 
Total Total of 
length Iength 


Tims Wound of epidermis Peroen: 
(mm x 10”) (mm x 10-5) Eyed 
5 days b 17,428 55,012 82 
6 20,687 66,511 31 
7 16,310 40,888 40 
[gt jeu x 
= boa I 
Pig. L6. Buperfical wounds, $-5 om", Hair was short three da: 
before wound n "Air at 40° O blown over woundd fer d b aA daya 
. Benal at 10m every fifth section measured, 
Table 2, HPITHELIXATION AFTNR AM BLOWING 
tal length Total length of 
Tome Wound of epidermis Percentage 
mm x 10-*) (mm x 10“) of epidermis 
3 days 7 ,11,525 58,788 20 
8 18,863 72,510 18 
9 18,892 67,540 11 
Soo 5m pn R 
am à mA B 
Pig L8. Superfictal wounds, 2:5 am! Hair was altpped ahort three days 
before wound making. {ir af 4070 Plon over wounds for 30 min afte 
wound making & further 30 mm, later. Serial sections a , Overy 
fifth section measured. 


B 


Thus the effect of blowing on an exposed cial 
wound waa to oreate a thicker than normal scab and delay 
epithelial migration. The resulta of theeo experimenta 
support the view that the incorporation of part of the 
dermis into the scab is due to dehydration of that tissue. 

A diagram summarizes the findings on the formation 
of the scab and epithelization under normal and experi- 
mental conditions (Fig. 1). 3 

From a practical point of view, dry or moist oon- 
ditions of the wound surface may prevail, or very fre- 


quently some intermediate state, depending on the type. 


of dreasing. Ventilation is obviously a significant feature 
of dressings in the treatment of wounds. Under the 
favourable conditions of animal experimentation, a moist 
wound heals most rapidly; but in human clinical practice 
& moist wound surface may not be desirable because of 
the risk of infection. 

Many clinicians advocate the exposure treatment of 
wounds, particularly burns, where the aim is to encourage 
the formation of a natural protective scab. The experi- 
mente reported bere suggest that the benefits of the 
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occlusive dressing 














, NER qo Oo 
Moist .7-7-7-7-7-7- 99 9/5 
no dressing 
formal scab 
Dry 
fast moving air 
—— 
40°C —> 
Very 
dry 
exudate dehydrated dermis = 


regenerating epidermis == 


arrow «— points to original wound surface 
n ial wou of tho sab and, tho leval of migration of epldecmis 
of the moana azos oovared by new epidermis 
$-5-cm square 
natural scab can be achieved rapidly with air at a suitable 
temperature and pressure. 
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Measurement of Len ‘of the Fore-Cannon 
; Bone in Live Sheep 


Many workers have sought to describe the size and 
shape of farm animals objectively by making meesuro- 
menta on live animals, while a number of others have 
proposed various combinations of measurementa as a 
measure of body size and/or conformation, for example, 
Lush! (beef cattle) Cook e£ al. (dairy Shorthorns), 

* (beef cattle), Rae‘ (New Zealand Romney Marsh), 
Turner ei ai.* (Australian Merino), Phillips and Dawson’, 
Hazel and Kline’, Price e£ al." (pigs). While the signifi- 
cance of cannon bone measurement as an index of total 
bone-weight of the carcass has been reported for sheep 
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(Hammond’, Vergea!*; Palsson!) and pigs (McMeakan"*), 

there are no reporte of cannon bone meesurements for live 

sheep being used as an index of carcass characteristics. 
This communication describes a technique for measuring 


“the fore-cannon bone length in live sheep. Ita relation to 


i 


the dreasing peroen of lambs from Border Leicoster x 
Merino ewes sired by. Dorset horn rams is reported. 

In 1961, during the course of investigations of graxing 
management practices by the C.B.LR.O. Division of 
Plant Industry at the Dickson Experimental Station, 
Canberra, 66 August-drop lambs were reared. All the 
lambe were slaughtered at a mean weight of 70-6 Ib. body- 

ight. (S.D.+2-89.)  Carcass-weighte ranged from 
25 to 401b. Twenty-one of these lambs reached alaughter- 
weight on , but owing to drying-off of the feed, 45 
od by hand-foeding in a yard. 

All measurements were made 24 h prior to slaughter. 
The foreleg is flexed to the maximum degree and one point 
of & steel caliper is placed on the lateral condylea of the 


distal end of the metecarpus while the other point is. 


rested on the proximal end of the metacarpus at the knee 
joint. The distance between the caliper points is read off 
on a steel tape measure graduated in centimetres. All 
measurements were read to the nearest 0-1 cm and the 
mean, of three consecutive readings was taken. Repeat- 
ability of these moasurements for an observer was within 
01 om and between observers within 0-2 om. The 
technique is simple and quick, taking, with two operators, 
less than 8 min for three consecutive readings. 

After slaughter the left fore-oannon bones were collec- 
ted; cleaned and oven-dried for 2 h at 100° C and their 
length measured to the nearest 0-1 cm with a vernier 

Tho ion coefficient between live-dead 
cannon bone length for 61 observations is 0-80 (P < 0:001). 
The ion equation the relationship is 
Y20-90440X + 45-8128, S.E. 2.01 mm, where X = dead 
cannon bone length (mm) and Y-=live cannon bone 
length (mm.). 

For the 31 lambs finished on pasture the correlation 
coefficient between the live cannon bone length and 

ia — 0:55 (P<0-01). 

These are preliminary findings -for the dressing per- 
nexu cadis ped o The relationship for 

45 carcasses finished on a hand-feeding 
regime will be the subject of a Jeter oammrumtisation. 

We thank the O.8.I.R.O. Division of Plant Industry, 
Canberra, for making available the material and actively 
aseisting in the field aspects of this work. Wo particularly 
thank Dr. F. H. W. Morley, head of the Pastoral Agronomy 
Section of this Division, for advice, and Mr. H. W. Chap- 
man, also of this Division, and Mr. A. Redpath, of Dickson 
Station, and the Canberra Abattoirs, for facilities. 
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i Sound Reception in the Dogfish 

Kritzler and Wood! suoceeded recently in training a bull 
sbark (Carcharhinus leucas) to respond to sme-wave 
sound emitted fram a submerged lou 
Responses occurred to cies between 100 and 1,500 
o.p3. ‘A threshold curve shows that the animal was most 
sensitive to frequencies of 400-600 o.p.s. The sound 
source was (acoustically or visually) localized. 

These experiments, affording valuable'new evidence 
about the sensitivity of elasmobranchs to sound, lent new 
weight to the question how sound stimuli are perceived in 
thèse animals. On comparative physiological grounds, the 

ioipation of two groups of sense endings seams likely: 
1) otolith organs and poesibly otber labyrinthine sense 
endings; (2) general cutaneous sense endings (touch or 
vibration receptors) in the outer skin. The lateral line 
organs and the gmpulie of Lorenzini have other Tai 
tasks; their participation in the reception of 
sound waves seems unlikely, although stim ina cie 
occur by local phenomena at short range of the sound 
source’. 

Up to now, there is no direct proof for sound reception 
by cutanecus sense endings in any flsh*. As to the laby- 
rinthine endings, Lowenstein -and Roberts‘ found in 
electrophysiological experiments with Raja clavata that 
parte of the maculs saoouli and utriculi as well as the 
macula neglecta responded to vibrations of the solid 
substratum on which the preparation was mounted. The 
highest effective frequency was found at about 120 c.p.s. 
Furthermore, Vilstrup* conditioned Acanthias vulgaris to 
the sound of a submerged motor horn and reports that the 
reactions were completely abolished after bilateral section 
of the acoustic nerve. Frequency and intensity of the 
sound used are not indicated. The sacculus is regarded as 
the main sound receptor. Previous ts of Parker* 
on Mustelus canis had led to the conclusion that sounds 
would affect both skin and labyrinths but that the latter 
organs were the more sensitive of the two. 

During a sbay at the Zoological Station of Villefranche- 
sur-Mer (France) several dogfishee (Scyliorhinus cantoula) 
were trained to respond to the tone of a submerged speaker 
by combining the sound stimulus with an 8-V alternating 
of electrodes as an uncon- 
ditioned stimulus. click-free tone pips’ of 1 sec 
duration each were given with intervals of about 0:5 sec 
before the unconditioned stimulus was added. The 
frequency of the tone used (resonance frequency of the 
speaker with its enclosing air-filled box) was about 180 
o.p.s.; when picked up from the water via a barium 
titanate hydrophone, the tone appeared as æ pure sine 
wave on the oscilloscope screen. The maximal intensity 
used initially was such that the vibrations could be felt 
by the submerged hand up to about 6 am from the speaker ; 
it was determined at this distance with the aid of a oali- 
brated hydrophone at somewhat more than 500 dynes/am'. 
In order to keep tho distance between fish and speaker 
constant, the animal was encloged in a cylindrical, wide- 
mesh gauze cage made of plastic-covered wire. The cage 
measured 9-10 om in diameter and was aa long as the 
animal (48 om). It was suspended horizontally in the 
midst of a large aquarium, the head of the dogfish pointing 
towards the speaker, which was suspended at the same 
depth at a distance of about 5 cm from the tip of the 
animal’s snout. One eye of the fish was ‘blinded’ by 
covering the cornea with an oval piece of soft and thin 
opaque plastic, over which the eyelids were closed and 
sewn together with operation silk. The covered eye was 
at the side of the experimenter. The containing 
the fish was put on bicycle tubes to reduce penetration of 
sounds from the solid substratum. 

After a number of trials, relatively weak but unmistak- 
able sound reactions were observed. Sometimes there were 
certain fln movements but the most regular response was & 


_ Short interruption of the respiratory rhythm, visible at 


} 


fit enough to respond to training 
Light reactions occurred always 
after section of the second 


These preliminary aro mainly based on 
experiments with a single dogfish, because the other 
narrow cage—seam to indicate that ion of a tone 
of 180 o.p.s. occurs predominantly in the labyrinth. Only 
The ihe m esse other smse-endings pertiaipate, 

‘ker and 


The resulte are.in accordance with those of 
Vilstrup. 
This work has been supported financially by the Centre 
Recherche Soientifique (Paris) and by the 
for the Advancement of Pure 
Sound pressure determinations were 


stimuli in general. 
regularly both before and 
acoustic nerve. 
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Experimenta! Lathyrism In the South 
African Toad 


was 


ExrxrPHBIMENTAL 


- Onoe metamorphosis was complete the toads 
were killed by adding exooes ether to the aquarium water. 
There was marked retardation in body-growth in all teat 
animals and they were much paler and weaker than the 
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Wig. 2. Composite photomicrograph 
toad and of a test toad in whinh is seen flattening 
D on the right side. 


control animals. No groes dislocations, as described by 


Ohang e£ al.** when using Lathyrus odoratus, were observed, 
although 76 test animals showed a 


yeis of 
the tibio-tarsal joints when campared with the control 
animals (Fig. 1). The hip joints of 20 per cent of the teat 
animals showed a degree of flattening of the upper femoral 
epiphysis with widening of the jomt space when compared 
with the control (Fig. 2). This finding was constant on 
ted sections and was not ar artefact. 

"vius workers, when dealing with Xenopus laevis, 
have used Lathyrus odoratus or B-aminoproprionitrile as 
their lathyrogenio agent. | Here semicarbarido 

chloride, a completely unrelated chemical has 
been used with the production of vi identical 
lesions. However, with semicarbazide, changes in the hip 
joints are reported with flattening of the upper femoral 
epiphysis and widening of the joint spaces. These changes 


à 


»e.49«2. January 5, 1963 


could be similar to the appearances one would-expeot to 
find in humans suffering from Perthes' disease’. A Perthes- 
like appearance has been produced in rats on & lathyro- 
genic diet. i 
I thank Prof. T. Symington, Dr. A. Dick and Dr. B. M. 
Hobeon for advice, and the last-named for supplying the 
J. Matoorm. CAMERON 
ee of Pathology 
(University of Glasgow), 
Glasgow Royal Infirmary. 
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Root Parasitism in Santalaceae 


Tum Santalaceae aro a- family of some 250 species of 
mostly root semi-parasites. Although parasitism has been 
known in some ies of this family, the existence of 


a T ew Zealand Hzocarpus 
ii Hook. f. and Mida saliotfolia A. Cunn., was nob 
definitely known untilreoently!. Since then the parasitism 
of E. bidwill has been examined in greater detail. The 
investigation has revealed many features not previously 
known concerning the parasitism of the plant and of the 
structure and development of ite haustorium. 

Like many santalaceous parasites, Hrocarpus attacks 
& wide range of host plants and even roote of the same 
species. . Occasionally also young haustoria are found 
attached to dead plant remains such as leaves, present in 
the surface soil layers. In the structure of ite haustorium 
Eaocarpus displays the general features of santalaceous 
haustoria, namely, cortical folds, collapsed layers and 
inverted conical flask-shaped form of the vascular tissue. 
Other characters ib sharea with only one or two other 
santalaceous haustoria. The presence of granules in the 
tracheary elements of the body of the haustorium is a 
feabure which E. bidwillis only shares with Æ. cupressi- 
formás? in so far as the Santalaceae are concerned. These 

only occur in the body of the haustorium and are 
not found elsewhere in the plant or in the vessels of the 
sucker. Their presence in the part of the 
vascular tissue of the body suggests they may possibly 
be connected with the mechanism of the haustorium. 

With the possible exception of Buckleya quadriala* and 


a few other santalaceous haustoria, the mature haustorium . 


of Ezocarpus differs from most haustoria in that ib is a 
long-lived organ which exhibits secondary growth. 
ne a es 
lived seldom develop secondary tissues to any extent. 


‘in the tissue of the host root, that of Bxocarpus is complex, 
consisting of a number of finger-like sucker branches 
` along within the host root. In cross-section 

each sucker branch is wedge-shaped and deeply embedded 
in the host xylem. The development of the haustorium 
from shortly after initiation to the establishment of the 
mature organ was also followed. Haustoris arise laterally 
on Ezocarpus roots in the pri state of growth, and 
divrélop thinly, team eortival’ Finsa. They are exogenous 
torem there beng no-ruptane Qr ee ee sae 
roots. g 
Apert from ascertaining the nature of parasitism in 
B. bidwillii, the resulte of this work also suggest that some 
of the earlier work on santalaceous parasibes was incom- 
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plete and thab the conclusions and comparisons drawn 
may not be valid. This applies particularly to what is 
described as the mature haustorium. Where penetration 
is reported to be only superficial, as was originally de- 
scribed for E. bidwillii, further investigation might show 
that the bausborium investigated is merely e stage of 
development. Since young haustoria are usually more 
numerous and conspicuous than old, an insufficient 
examination of the root system has probably been respon- 
sible for immature haustoria being described instead of 
the, mature organ. The assumption that most sante- 
laceous haustoria are short-lived organs developing little 
secondary tissue could also be re-evaluated. ost sante- 
laceous parasites are woody plante, and since their nutri- 
tion is apparently dependent in on ism it 
seems peculiar that this deman should be satisfled 
by short-lived organs which seldom become ceri 
associated with host tissue for any length of time. Bu 
a condition would scarcely appear to be successful 
B. A. Fovanan 
t of Botany, 
University of Canterbury, 
New Zealand. 
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3 Kusano, 8., J. Col. Soi., Imp. Unis., Tokyo, Japen, 17, 1 (1901). 
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lication of Gibberellic Acid to Strawberry 
at Different Stages of Development 

QGIBBARHLLINS are known to play an essential part in 
tho metabolism of the strawberry plant from which they 
have been isolated ohromatogrephioally. By spraying 
planta with gibberellio acid in the winter Singh e al^ 
advanced ing times by three weeks and increased 
yields. In the United States, Smith eal. gave autumn 
applications which advanced fruit ripening by several 
days without affecting yields.  Guttridge', however, 
reported that when gibberellic acid was administered in the 
autumn, fruit yields were reduced in Scotland. 

To examine further the affect of different application 
times solutions of 12-5, 25, 50 and 75 p.p.m. gibberellic 
acid, to which had been added ‘Agral 90’ wetter, were 
sprayed over triplicate randomized plots of one-year old 
Royal Sovereign plants on March 6, April 13, or May 30 
and at all combinations of these times. Plants were 
sprayed to run-off with volumes varying from 7 to 20 ml. 
of solution depending on the size at time of py pense 

On May 18 all treatmenta had accelerated owering to 
an extent increasing with concentration and at the higher 
concentrations and multiple applications marked changes 
had occurred in the growth habit of the plants, the flower 
clusters being more numerous and borne on elongated 
peduncles extending well above the foliage. As 1962 was 
a year of late frosts many of these early flowers wore killed. 

The crop was harvested by picking three times weekly 
from June 27 until July 20 and numbers of fruita and their 


- total weights were recorded. Total crop weights per 


treatment for the first two pickings and for the total 
harvest of 11 pick are shown in Table 1. 

ipening was erated by several days, particularly at 
ie Mene concentrations of gibberellic acid, and the 
effect was greater with repeated applications. Total yields 
were not significantly improved but the number of berries 
increased with increasing concentrations up to 50 p.p.m., 
but tended to decrease with falling yi at 75 p.p.m. 
Sixes of fruita were normal with single applications of 50 
p-p.m. or lees and with the 12-5 p.p.m. concentration in 
the March-April and April-May applications. With tho 
higher doses fruits were undersized, and, at the double 
and triple applications of 50 and 75 p.p.m., were noticeably 
elongated and substandard. 


r- - $ ` 
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Table 1. š 5 s A 

ORO Siren Priv RI ipM EO basia by counting tho oells in a small aliquot by moans of 

wh Gibberellie anid : < hemocytometer. 

"Application dato — 19i ago omiaa OPM) e The results, obtained are presented in Table 1. The 
Maroh oTa 12o) 0-68 (1140 088 (978) 1-08 (11:13) values per oell of all tho charactoristics investigated are 
May O45 (11-88) oeo (1079] Ct (350) 080 4189) higher in the cultures with, than in those without, biotin. 
Maroh and Apel oss 3) 076 (1257) 1-15 (11-98) 1-58 (912) It has been shown‘ for a normal culture that from 14 days 
Apc and May om 1089) 041 (553) i05 1410) EM d9 4) onwards there is a decrease in DNA and RNA per cell; 
iroh, April and Pen A ` d ^ after 8 days'-growth the values per cell are low, gradually 
Untreated ) MORE ORA (0383) 109 (890  inarease until they reach a maximum on the fourteenth 


Nots. Complete harvest weights given in parentheses. 
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Nucleic Acids and Other Characteristics in 
Blotin-deficient and Normal Protomyces 
Inundatus Cultures 

Iw the course of a taxonomic investigation into the genus 
Protomyces1, it was found that in the absence of biotm the 
grows much slower than the control, and ‘the 


budding spores have a clumpy appearance. In view of the 


recent demonstration that biotin deficiency has been 
found to have a profound effect on the synthesis of nucleic 
acids and proteins in Saccharomyces cerevisiae’, it was 
thought worth while investigating the effect of biotin 
deficiency in P. inundatus. 

Diploid cultures of P. imundaius wero grown either on 
Lilly and Barnett’s* basal semi-synthetic liquid medium 
or on the same medium minus biotin. The same methods 
used by Valadon e al.‘ were used for the estimation of 
nucleic acids, metaphosphate, insoluble nitrogen, dry 
weight and volume in this experiment. les were 

' removed for analysis at intervals between 8 an 18 days’ 
incubation. The results were converted on a per cell 


day and then fall off. In tho cultures without biotin DNA 
and RNA per cell increase up to the fenth day and then. 
rapidly decrease; the cells are not observed to divide, they 
increase in weight until the twelfth day and after sixteen 
days the number of living cells decrease rapidly. In the 
normal cultures, however, cell number per ml. increases 
up to the fourteenth day when the cells stop dividing but 
are growing and are still growing at the end of the experi- 
ment. 

Metaphosphate per cell goes down rapidly when oell 
division has stopped in the normal cultures after 14 dayd. 
Metaphosphate per cell seems to be correlated with the 
rate of cell division especially as metaphosphate per cell- 
stays at a rolatively constant low level in the cultures 
without biotin in which no oell division is observed. 
Further investigation of this relationship seems worth 
while. 

Volumo per cell increases in with dry weight and 
insoluble nitrogen in the cultures while they 
increase up to the fourteenth day in cultures without 
biotin. : 

The ratio RNA/DNA waa found to be constant‘, and 
the same constancy is found in the ageing normal cultures 
but in those without biotin the ratio RNA/DNA is slightly 
smaller. In agreement with Ahmad e£ al.’ a decrease is 
found in the values of nucleic acids per cell in biotin- 
deficient cultures and these differ significantly from those 
in normal cultures. Total insoluble nitrogen per oell, on 
the other hand, is shown to increase up to the twelfth day 
in the biotin-deficient cultures and is still increasing after 
18 days in the normal cultures. This is comparable with 


- the resulta obtained by Valadon e£ al.‘, who showed that 


insoluble nitrogen per cell was increasing even though RNA 
and DNA. per cell were ing. E 

The fact that RNA per cell in P. inundatus decreases 
after 12 days in normal cultures while total insoluble 
nitrogen still increases is not inconsistent with the well. 
known statement that RNA takea part in protein syn- 
thesis’. The biotin-deflcient cultures, too, show the same 
thing, RNA. per cell decreases after 10 days while insoluble 
nitrogen per oell is increasing. It waa not possible to 
estimate the various characteristics of very young cultures 
as the fungus does not grow fast. Attempts are being 
made to obtain a largo number of cells as soon as possible 
after the cultures are established and it will be interesting 
to find out if there are any relationships between nucleic 


Table 1. NUCLEIC AcID Cowrmrrs AND OTHER OHARACTEAISTION OF BIOTIN-DEFIODENT AND NORMAL CHLIS OF P. inundatus 





























































































Age of cultures in days e 
i. ] 

Values per cell 8 10 12 14 i 16 [- 18 | 
DNAP - blotin 4 58 f 5 19 7 6 08 60 479 
(x10 ag) —botn 3 28 459 30 334 EN 3-12 18) | 

—J- 
RNAP +biotin 38-29 37-54 81 . 8910 39 00 $3 15 
(x10 wg) —blotin 28 43 32-13 74 - 20 84 17-93 14 03 
Met-P  +biotm 196-93 | 174 70 m T 100 24 31-49 20.78 
(x10 mp) —blotin 18 30 19-71 "80 15 62 16 24 15-45 
Insoluble M +-biotin 06 99 187 37 71 174-96 155 79 308-18 
(X10! mp) — biotin 83 09 108 37 60 117 44 115-74 90 7% 
Dry weight +biotin 15894 1548 0 1 3035-4 3320 3 3413 8 1 
(X10 xg) —blotn 1453 3 2463 9 3 2025-2 255 3 2804-1 
36-83 39 $7 51 4418 45 36 47-02 
32-80 83 45 £l en 36 54 36-80 
160-4 179-8 5 272-4 216-0 194-7 
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acids, metaphogphate, insoluble nitrogen and oell division 
in young biotin-defcient P. snundatus ‘cultured. —. 
. L. R.-G. VALADON 
Department of Botany, 5 
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Nitrogen Source in Fungal Decomposition of Wood 


Ir is a well-known fact that the nitrogen content of the 
medium is one of the limiting factors in fungal deoomposi- 
tion. Two experiments were carried out in order to 
determine whether the effective destruction of wood by 
Merulsus laorymans is sustained solely by the amount of 
"nitrogen originally present in the wood, or whether any 


fixation of ni from the atmosphere might possibly 
occur. Small cubes of wood were used in Exp. 1 and wood 
shavings in . 2; the procedure, largely the same in 
both, was as fo : 


A of cubes or shavings from pine sapwood, placed 
on a teble and protected from dust, was left in the atmo- 
sphere of an ordinary room until, after about a week, 
constant weight was reached. Samples of 5 or 10 g air- 
As Gales DF hes tum were traneferred to F jeldahl Haaks 
and sterilized. After inoculating every second flask with 
Merulsus, all flasks were stored, necks horizontal, at 24° 
in & oonstant-tem room. During storage both 
test and control received at intervals the same 
amounts of sterile water to keep them moist. At the oon- 
colusion of the experiments all,the control flasks were still 
quite free from fungal growth and the cubes or shavi 
seemed quite fresh. The inoculated wood wan fully 
decomposed leaving only some brown powder in the 
mycelium. d 
, After 2 (in Exp. 1 only), 4, 6 and 8 months of storage the 
contenta of three control flasks and three inoculated flasks 
were subjected to the Kjeldahl proceduré. As no clear 
influence of storage time could be detected in the nitrogen 
figures, the mean values are given in Table 1. 
= Table 1 


No. of flasks Deviation 
excluding å N-ontei  , mn 
analyses) wood a 
Bp: L Poogen abes r 
14 O71 0-13 
Oontrols 13 0-57 0-07 
Ep. 2, wood shavings: 
8 ~ 048 0-06 
Oontrols i 8 0-445 0-06 


The difference in the final nitrogen content in Exp. 2 is 
not significant, and in Exp. 1 only barely so; thus scarcely 
lending much support to any theory of ni fixation. 
The weak point of the method, however, is obviously the 
heterogeneity of the wood samples. 5 

Before proceeding further with these long-term hoe) 
mente we would like to invite criticisms of the method. 
Apart from greatly increasing the number of trials, there 
are perhaps alternative procedures which might be 
adopted. The possibility of using sawdust, which might 
be more PU. Sat has been considered but we have 
noticed that growth of Merulius was better on the 
cubes than on the shavings but worse in sawdust. A 
method of promoting faster growth on woody materials 
is desirable, thereby decreasing the experimental time. 

(Drying the material at higher temperatures was avoided, 
owing to trreveraible drying-swelling hysteresis which was 
apparent in some preliminary experimenta.) 

p - ALLAN KLrNGSTRÓM 
5 Err Oxss;maa 
Royal School of Forestry, Stockholm. 
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f Origin of Wings in Insects 


Tum wings of insects are outgrowths of the thorax, 
quite independent of the limbe. The difficulty of pic- 
turmg their origin in evolution is that of imagining 
what selective value they could have had during the 
primitivé stages of their development. 

The view that flight started from the surface of the 
sea by the use of fin-like ap adapted for swim- 
mingi has found little support. By analogy with the 
evolution of wings from the fore-limbs of vertebrates, 
the wings of insecta are commonly supposed to have 
arisen as fixed organs used for gliding*.*. The occurrence 
of fixed paranotal lobes in fosail Palsodictyoptera is often 
held to support this speculation. ! 

Walton‘ claimed that the wings of insects originated 
from basal parapodial appendages of Polychstes; and 
Raw*, in proposing likewise their evolution from the 
dorsal swimming lobes of the parapodia, pointed out that 


muscles used for swimming. Pringle‘, on the other hand, 
suggests that fli t was first evolved in an insect of large 
size, perhaps a leaping insect, which developed muscles 


that oould control the inclination of the paranotal 
planes used for gliding; only at a later stage were 
muscles developed which could move the wings up and 
down and thus lead to the evolution of slow flapping 


flight. ^ 

He pupew ee orumas tion is to put forward 
& third suggestion—that tbe wings may have been 
evolved neither in aquatio ancestors, nor in large earth- 
bound insecte, but in small serial species. 

As is well known, there is a large aerial fauna of insects 
and other arthropods extending up into the sky for 
some thousands of feet’. Tetranychid mites make regular 
migrations into the orchards during the summer months, 
on days when there is a gentle breeze, by means of silken 
threads; spiders are carried great distances in the same 
way. Among the insects it is mainly winged forms which 
make these aerial migrations; but small hairy cater- 
pillars, such as those of the gypsy moth, can be carried 
many milàe by the wind*:*; one human flea, Pulex irritans, 


' was taken at & height of 200 ft.; and wingless Thysanura, 
- Oollembola, 


young stages of Hemiptera and Orthoptera. 
larves of Coleoptera, Lepidoptera and Diptera, and great 
numbers of wingleas ants have been captured at/heighte 
up to 5,000 ft.'. Such flights must have been common 
among the earliest terrestrial arthropods. 

Although many arthropods notal extensions, it 
is only in the wings of insects and the ‘pteromorphs’ of 
certain Oribatid mites that these extensions are hinged!*. 
Oribatid mites figured among the arthropods collected in 
the sky by Glick’, but they were not abundant. 

These aerial migrations are of undoubted selective - 
value in securing the dispersal of many of the species 
concerned. It is not difficult to imagine conditions under 
which the provision of light cuticular expansions from the 
thorax would facilitate ‘take-off. The existence or 
appearance of muscles which could twist these light planes. 
as suggested by Pringle‘, would increase their efficiency in 
take-off and might even afford some control during landing. 
Flapping muscles, even of the most primitive type, would 
increase the efficiency of both take-off and landing still 
further—although, of course, the greater part of the flight 
would be wholly passive. In short, very small steps 
towards the evolution of completely functional wings 
could at once have selective value. 

It is worth pointing out that the Aphids, which 
are highly efficient fliers and which migrate in vast 
numbers, often for hundreds of miles", it is only at the 
point of departure and at the point of landing that their 
movements are under their own control. Once they 
become well and truly air-borne the Aphids, and even 


- locusta, 
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x iz are at the mercy of convection currents and 
I thank Prof. 0. F. A. Pantin, Dr. J. Smart, Dr. J. 8 
Kennedy and Dr. A. D. Lees for commente, notably for 
referenoes to the literature. j EAR xi 
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Vitamin Requirements of the Silkworm 


KNowrupgn of the nutritional i ts of the silk- 
Doc accumulating by 


aseptic culture‘ have been reported. Artificial dieta have 
been used for the demonstration of the requiremen 
ascorbio acid in this insect; but so far not for the oom- 
poun vitamin B group. From the experiment on 
ort Rp Mid antimetabolites it has been shown 

nicotinic aci pyridoxine are necessary for the 
silkworm’. In this i i 


The composition of synthetic dieta, somewhat modified 


` from previous ones", is given in Table 1. The diete oon- 


tamed 0:8 cent of mulberry leaf extracta, which had 
been to be required for growth and feeding’. 
The procedure of separation of extracts is outlined in 
Fig. 1. Each of the diete lacked one of the vitamins listed 
in Table 2. The preparation of diete has already been 
described in detail, The larvæ were reared aseptically 
by the use of Erlenmeyer’s flasks from ing. The 
methods of autoclaving of diete and sterilization of egg 
surface have also been reported previously**. After 25- 
day culture, the flasks were opened and the number of 
surviving larvm, by each instar, was counted. The instar 





` Fresh leaves 
| 80 per cent MeOH - 
Realdre 
(discarded) 
evaporation 7 =- 
- other extraction 
Hiber layer Water 
(discarded) 
| lead acetate 
Preci m p 
H8 ` 
Preotpitate Filtrate 
(discarded) (leaf extracts) ] 
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Substance Des cut 
cine 18 
7 meal* ^25 
itosterol 1 
Ascorbic acid 1 
Wesson's salt mixture 1 
s Oellulose 41-2 
Mulberry extracts 0:8 
100-0 
* Hexane-exiraocted soybean meal [Adtnomoto LiL, Yokohama 
Factory) was washed first with ethyl ihe ith Vr aie 
ied lf Uhlig wise weie adiad per 1 qur tha dor ated / 


added to 

Vitamtn 6 gm. dry diet (mg) 
Biotin 0-02 
Caletum 02 

Volle a 04 : 

acid om 
- Inositol 2-0 
NYootinio acid 02 
hydrochloride 0-1 
vin 0-1 
no hydrochloride 0:1 
! Total - 474 


Table 3. GROWTH AXD DEVELOPMENT OF THE SILKWORM ON DIETS LACKING 
d 3 VARIOUS VPTAMINS 





Number of larve reaching 
H through various instars during No. of 
25 days `~ surviving Moan 
Inttlal larve body- 
No, of Second Third Fourth Fifth when flask weight 
- Diei larve instar instar instar instar opened (mg) 
No vitamin 21 ton = £s 0 = 
20 — — = = 0 = 
19 5 = m = 0 ter 
AII vitamins 18 18 12 11 5 12 128-8 
S 20 u 10 8 4 9 101.7 
^ Biodn-free 10 10 9 8 — 8 117-6 
. 21 14 13 12 3 12 117-8 
Folio aold-free 23 18 13 10 3 13 1&1 
Tnoaitol-free 10 16 14 11 3 12 76-6 
Nicotinic 19 15 3 — — 1 3:9 
acid-free 20 13 — — = 0 = 
Pantothenic 17 16 — — — 1 Not 
acid-free 125 20 — — — 2 weighed 
: 2 16 — — — ,0 = 
Pyridoxine-free t2 n = — — 0 oe 
Riboflavin-free 20 18 14 12 8 . nu- 120-8 
17 8 T 4 1 7 574 
Thigmine-free 20 17 12 10 1 12 09-7 
19 15 14 8 1 12 44-7 
10 19 18 14 2 16 80 6 


ion of larvee, both surviving and dead, was determ- 
ried By obesrviig head-capsule width. i 
Table 3 shows one of the results obtained. On the diet 
without any added vitamin moet of the larvæ died before 
reaching the second instar and a few ing the second 
instar died shortly after moulting. The ition of all 
vitamins resulted in fairly good and development 
and some of the larve reached fifth instar during 25 
days. Even on such diets a considerable number of larvæ 
died by the end of the experimental N A relatively 
high mortality in the aseptio culture been i 
even on diete containing leaf powder or leaf juioet*. The 
omission of niootinio acid, pantothenic acid, or pyridoxine 
affected growth adversely. In these cases the larva 
reached the second instar but did not develop to the third 
instar, except for only a few in tho case of nicotinic acid. 
On the diet lacking thiamine weight increase was somo- 
what reduced, but not n y decisive. Lack of 
either biotin, folio acid, riboflavin, or inositol did not result 
in any noticeable effect during the present developmental 
period. No significant result was obtained when. choline 
Thus, it is concluded at present that nicotinic acid, 
pantothenic acid, and pyridoxine are essential dietetic 


— 
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constituents for normal pd and development of the 
silkworm and the effect of the lack of one of them appears 
in the younger larve. The omission of riboflavin or biotin 
did not suppress the growth (Table 3), which, however, are 


almost commonly by insects’. Whether or not 
the lack of those vitamins might affect the older larve 
or in later stages beyond 25-day period must be 
determined in future. soybean meal, 


one of the possible sources of vitamin contamination, was 
washed with ether and afterwards with aloohol, as 
stated here. There is almost no possibility of vitamin 
contamination from leaf extracts. 

When the larvæ were reared under non-sterile conditions 
by means of Petri dish, larval growth and development 
were somewhat improved even on vitamin-deficient dieta, 
that is, a few larvæ reached the third instar, but did not 
develop further and finally all died. Even in the case of 
~ the omission of tothenic acid or pyridoxine, larve 
grew better than in the oase of aseptic culture. It is thus 
concluded that i are partly the source of 

i I 9,4 


ta are being 
carried out and the details will be publi in the Bulletin 
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Tests for Multiple Insemination in Anopheles 
gambiae Giles 


Ir has been shown that in Aedes aegypti'-*, three forms 
(pipiens, fatigans and molestus) of the Culex pipiens com- 
plex*, and Amophéles gambiae*, one male is capable of 
inseminating more than one female. On the other hand, 
in C. fatigans and O. molestus, one female is fertilized by 


only one male*. Multiple mating of the female has been . 


reported in Aedes aegypti! and inferred in Anopheles 
albimanus’; but it is not certain whether multiple 
sngemenation was consequently accomplished. Mating in 
moequitoes may sometimes be ineffective, resulting in no 
discharge of spermatozoa into the spermatheca‘. The 
following obeervations were undertaken to test whether 
one Anopheles gambiae female may be inseminated by 
more than one male. 

The observations were made on two genetically distinct 
laboratory strains of A. gambias maintained at the Ross 
Institute in London, namely: (1) ‘Kano RR’, which is 
homozygous “Dieldrin’-resistant; and (2) ‘Lagos SS, 
homozygous inseotici ible. The adulte of Lagos 
SS are killed by exposure for 1 h to 0-4 per cent ‘Dieldrin’ ; 
while those of Kano RR survive 4:0 per cant. Cross- 
fertilization between the two strains produces hybrids 
which are killed by. exposure to 4:0 per cent ‘Dieldrin’, 
but survive 0-4 per cent. However, a very small per- 
centage of the hybrids may sometimes survive exposure 
to 40 per oent ‘Dieldrin’, while experimental handling 
may account for mortalities of 1-0—2-0 per cent. In the 
present observations mortalities and survival rates of leas 
than 5-0 per cent are believed to have been due to this. 
Insecticide-resistance was used as a genetic marker. The 
experimental resulta were then compared with the ex- 
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pected distribution of this marker characteristic in the 
progeny of individual females. , 

Lagos SS females were caged together with Lagoa SS 
and Kano RR males, in a ratio of one female to two types 
of males. After mating and feeding the females were 
isolated for oviposition. The p y of each female was 
bred out seperately and the ting adulte then tested 
for resistance to 0-4 per cent ‘Dieldrin’. The resulta are 
shown in Table 1. 


Table L Lagos 5899 x (Lagos 88 + Kawo RR) SS 








No. of to 0-4% "Dieldrin' 
qu geret Pag od aa) ead e Moriahiy (X) 
$ 222 311 i 0 0-0 
1 1252 181 1 0-8 
1 Ot 00 4 es 
1 35 32 3 8-0 
1 15 4 11 79-3 
8 170 0 170 100-0 


In 14 out of 18 females, all y from a single female 
were clearly of one type or other, never mixed. But 
the progeny of 8 (those between the dotted lines) of the 
remaining 4 ‘females was distinctly mixed, indicating 
multiple fertilization. g 

Kano RR females were caged together with Kano RE 
and Lagos SS males. The fo ing procedure was fol. 
lowed and the y was for resistance to 4:0 per 
cent 'Dieldrin'. The resulta are shown in Table 2. The 

y of 6 females out of 22 was not mixed. However, 
in only 8 (those between the dotted lines) of the rest was 
the mixed progeny thought to havé been due to multiple 
fertilization. 


Tablo 2. Kano RRQ x (Karo RR + Lagos 85) dd 
g to 40% rDieldrie 
No. of parent Progeny (both sorsa) exposed (%) 








i 4 178 178 0 0-0 
1 102 100 2 20 
1 101 99 1 20 
1 48 47 1 21, 
1 40 30 1 Pu] 
1 81 TO 2 26 
1 £7 25 1 37 
1 17 16 1 59 
1 102 94 8 T8 
1 51 47 4 78 
1 91 88 8 8-8 
1 10 9 1 10-0 
1 46 33 8 17-4 
« 1 TT 59 18 n 
a oue 20 2 18 08-8 
1 £21 1 20 06-2 
1 91 3 88 967 
1 65 0 65 100-0 


Kano RE females were first together with their 
own males only. Those which been fertilized, as 
shown by the uotion of viable eggs, were afterwards 
placed in cage with virgin Lagos SS males in a 
l : 1 ratio. After sufficient contact between the sexes, 
the females were allowed to oviposit separately again and 
their adult progeny tested for resistance to 4:0 per cent 
*Dieldrin'. The results are shown in Table 3. The progeny 
of all the females was undoubtedly of one kind, indicating 
lack of re-insemination by the Lagos SS males. 


Table 3, Karo RR PY PREVIOUSLY DMSKMDUTED BY THER OWN MALE x 


Lacos 8&8 3d 
Ho, of parent Progeny (both sexes) exposed to 4-0% ‘Dieldrin’ 
females Total Altre Dead Mortality (%) 
6 245 245 s 0 00 
1 154 153 1 0-0 
1 127 128 1 08 


116 115 


These observations clearly indicate that multiple in- 
semination of females is rare in Anopheles gambiae. It is 
also clear that even when this oocurs the fertilization of 
the ova of any one batch is unequal, the progeny being 
pond of one kind, never on a 50: 50 basis. 

is may well indicate possible differences in the fertiliza- 
tion mechanisms of spermatozoa produced by different 
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A. gambiae strains. It has been 4 that the 
aun multiple insemination by the female "moe- 

ito oo operate as an effective isolating mechanism, 
enne hybridization between closely trae sympatric 
species, races or strains. On the other band, having once 
mated with a ‘foreign’ male, the potentiality of the 
particular female to contribute to the next generation of 
her own kind will be inhibited. 

I thank Mr. G. Davidson for advice. 
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Function of the Ares Porose of Ixodid . 
Ticks 


Tae function of the aree poroes of the dorsal side of the 
basis capituli of the female ixodid tick was unimown fora 
long time. The tradition of considering it as an organ of 
unknown function has apparently been so well accepted 
by &oarologiste that, for at least the past 50 years, no 
attempt seems to have been made to elucidate the funo- 
tion. The interest of most acarologiste in the porose area 


onset of feeding, and attain full development by tbe time 
oviposition begins. It was also noted that these glands 
were not found in Ornithodoros tholozani. 

It should be added that the glands were also found in 
Ixodes ricinus and Dermacentor albipictus. These addi- 
tional observations suggest that these glands are present 
in all Ixodidae, and are absent in idae 


Further examination of the morphology and devoelop- 


ment of these glands showed that the very thin and 
elongated ducta of these glands terminate in the aroe 
poros. Each gland is apparently connected to a separate 
pore of the area porosa; the number of glands corre- 
sponds to tho number of pores. The relationship between 
the ares porosw and these glands explains why there are 
no ares poross in Argasidae. 

Experimental interception of the flow of the glandular 
secretion by obstruction of the orifices of the aree poross 
interfered with the normal functioning of Gené’s organ and 
consequently with oviposition. 

During oviposition Gené’s organ comes in close contact 
with tho basis capituli; it is protruded and retracted for 
the laying of each egg. Thus, during oviposition Gené's 
orgen is protruded and retracted on the average about 
2,000 times in Boophilus annulatus, about 8,000 times in 
R. sanguineus &.L, about 5,000 times in D. andersoni, and 
8,000-15,000 times in some species of Hyalomma. It is 
quite obvious that such a mechaniam needs a lubricating 
system to function smoothly. 

The obliteration of the ares poross showed clearly that 
Gené’s organ is le of i functioning without the 
secretion of the recently described glands. 

When the orifloos of the ares poroas are destroyed, 
Gené’s organ stops its movements and often remains 
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wholly or partly stuck to the basis oapituli. It is therefore 
assumed that the main function of the glands is most 
probably the lubrication of the evagination-invagination 
mechanism of Gené’s organ. 1 

This investigation was supported by research grant 
No. 4531 from the National Institutes of Health, U.S. 
Public Health Service. 

B. Fatpwan-Munsan 


Department of Parasitology, 
Hebrew University, Jerusalem. 
1 Veldman-Muhseam, B., and Havivi, Y.,"Natwre, 187, 064 (1900). 
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‘Endogenous Factor’ In Sporogenesis in 
Bacterla 

Exrransiva investigations on the morphological 
changes during sporogenesis have afforded valuable infor- 
mation about this phenomenon}. The initiation of sporu- 
lation can be better understood if the metabolic events 
during the transition from a vegetative cell to ita sporulat- 
ing phase are known. Several attempte have been made 
to investigate the physiology of growth distinct from 
sporulation. Foster e£ al." found that when vegetative 
cella of B. myootds were removed from the complex 
growth media before the point of maximal growth and 
transferred to distilled water, they formed spores. This 
was termed ‘endotrophic sporulation’. But experiments 
with B. cereus strain T (phage-reeistant organiams) 
showed that ‘endotrophic sporulation’ can be observed 
only when granulated cells were suspended in a medium 
containing sufficient calcium ions*. (The shortening and 
granulation of cells are usually noticed only long after the 
cessation of growth.) Non-granulated vegetative cells 
lysed on transfer mto & non-growth supporting medium. 
In this communication, we report observations which lend 
evidence to the presence of an ‘endogenous factor’ in- 
volved in the initiation of the morphogenesis i the 
vegetative cell leading to the formation of a granulated 
cell (Fig. 1) possessing the ability to sporulate in a medium 
which does not port growth. 

B. cereus strain T (phage-sensitive) was used throughout 
these investigations. The cells were grown by the active 
culture technique‘ from a heat-ahookod spore inoculum in 
G medium (see legend for Table 1) collected when 
they appeared granular under the phase contrast mioro- 
scope (Fig. 1b). They were washed with 0:01 M iris pH 
7-4 suspended in 0-01 M. potassium phosphate pH 6-8 
(1/50 vol. of origmal medium) and sonicated in the 
Raytheon sonicator for 10-12 mm. The broken cella 
cell debris were removed by centrifugation at 15,000g for 
15 min. Most of tbe protein in the clear supernatant was 
removed by acidifying with 1 N hydrochloric acid and 
centrifuging off thé precipitate. The ‘active principle’ was 





Fig. L Ehaso' contrast- TUCROUERDH of (6) vegetative cels; (6) granular 


o; wudinm"  — scopi) M recen b eer im murra] 
l cote 99 21x 1 #3 x 10° 100 
4 medtum 5 tlx — pais 


65 + 10! 54 x 10" 8s 

G inedtom in 01; K,HPO 
5 x 105; ddr Ted EID m. 8 104 
io^; FeBÓ,TH,U, 5 10+. Yeast extract, 0-3, and 


A, consists of all the minerals in G medium and the following 
len gr Otc -0-06 sodium acetate, 0-06; 
sodtum 


0-06; PIRE 
On80,5H,0, 6 x 
ginoose, 0-1, 


Todi to bo prosit in nan protain frionion audes dde 
i egetative cells (Fig. 1a) grown 


present in the oell extracts added to a 10 ml. of test culture 
varied between 100-200 ug. The resulta obtained in & 

ical are shown in Table 1. The vegetative 
sells in the absence of the active principle had a tendency 
to remain vegetative for a few hours and eventually lysed, 
Wiecum us pese 0: EEN ey ee 
into Sells within 2-9 k and leven Toroiod iparna. 
The activity of the extracts was relatively heat-stable bub 


This work was supported by grants from the Office of 
the Naval Research and the U.8. Publio Health Service. 
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ent Variation in the 
typing Reactions of Strains of 
; almonella typhi ! 

Ir has been found that the specifio Vi-phage sensitivity 
patterns of several of the types belonging to the Vi-phage 
typing scheme! are easily modified by changing the tem- 

perature of incubation of the typing plates. The 
so far found to display this phenomenon are: Dl, 
D1, D8, D9 and D10. In each exhibits its 
maximum specificity at 88-5? O (the stan 
ture for Vi-phage typing). As the 
this specificity is progressively reduce. The diminution 
in the specificity of a given type is shown by & broadening 


Tem re-d 


Table L HYFROT OF TEXFERATUEN OX THE ÜEXKITIYTIT OT CERTAIN TTR-TRATSS OF Salmonella 
B Tast DILUTION (EEF. 19) 


Vitype Structural formula 


0) Di Dt 
DIO .  -Ad1-0) 26-5 aL aL 
35-5 +++ +44 
DB , A(1-E) 36-5 cL aL 
38-5 GL OL 
Di N81-0* 2065 ++ = 
38-5 = = 
Di 1-0) oF - + 
De 481-0) (d8) 365 aL GL 
Do A(d1-0) (V) ars ++ ++ 
Dio - Nd1-0) (#8) 36-5 - - 
28-5 SC 


- * The use of the ^" 
(TL, confluent lysis; 
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o] signifies thatthe non-lysogente precursor a not known. 
» | lyas; +, ++, +++, inersasing numbers of discrete plaques. 
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of the sensitivity spectrum of the strain to the Vi-typing 

phages. This broadening is maximal at 86-5? O. All the 

types concerned are known to be lysogenio, and their 

structural formulm! and sensitivities to a range of typing 

Er. en 36-5? O and 38-5? O are shown in Table 1. 
current type 


type-determining 

carry. ‘These two phages, called d1-E and d1-C, respect- 
ively, are serologically identical, and a culture of type A 

i with either phage becomes resistant to the 
other. They differ only in their etermining prop- 
D1-O, D4 and D7 are indi i from each o 
and we use the symbol d1-O for all of them. 

Read and F * have shown that the 

reactions of types D8, D9 and D10 are determi 


ing 
by 


double lysogeny and they give their structural formule 
as A(d8a)(d88), A(d9a)(d08) and 1(d10a)(d108), re- 
i . I have confirmed the double lysogeny, but 


find that the three so-called ‘a’ phages are i - 
able from d1-O. I therefore propose to abandon the ‘a’ 
designations and to call each of these phages 41-0. It 
then becomes unnecessary to use the ‘fp’ symbol to 
distinguish the second tempera 


te phage of each type, and 
I suggest that this, too, should be dropped. Phages ‘d88’ 
and ‘dog’ are unrelated to each other or to dl-O and 
d1-E, but 'd88' and 'd108' appear to be identical. I shall 
therefore call the last two phages d8. The structural 
formule which I propose for D8, D9 and D10 
are, therefore, 4(d1-O) (d8), A(d1-O) (d9) and t (41-0) (48); 
i , in place of those published earlier’. 
The tare of the specificity of most 
of ‘these Vi-types seams to be largely due to the phage 
dl-O which they all carry. Phages d8 and d9, however, 
also play some part in determining the temperature 
sensitivity. with the structures A(d8) and A(d9) 
have been made, and it has been found that the typing 
reactions of these are aleo sensitive to temperature 
variation. 

The increased resistance at 38:5? O of type D1-O, or 
A(d1-O), to several of the Vi-phages is the result of & 
reduction in both size and numbers of the plaques formed. 
The temperature of incubation during the first 4 h after 
the typing phages have been applied determines the final 
reactions; Thus a culture incubated for 4 h st 38.5? O 
react as if it had been 


One-step growth experimen perfi 
using type A and cultures A(d1-0) and A(dl-E) as hosts 


iypki TO THE GxOUP D Vi-rrrina PHAGES AT ROUTINE 


typing phages = 
D4 Db DI De D D10 D 
an OL +++ OL aL OL OL +++ 
80L tir = OL aL OL COL + 
aL aL aL OL CL OL aL 
ar aL aL aL OL aL OL aL 
an = - - - = - - 
BOL = - OL ++ -- an 2 
— - - OL = -— OL = 
OL OL - OL aL ++ OL £ 
- - - = OL - BOL - 
80L ++ + aL CL OL. CL ++ 
ttt - - CL CL OL CL - 
+++ = = OL = ++ g - 


102 D LEN 


` 


Table 2. RESULTS OY OX-OTEP GROWTH HIPERIMENTS WITH V+-PHAGE Dl 
IK DOTERENT Hosts AND AT DIFFERENT TENTERATURES 


^ Growth 
Host culture ET Latent period Re period Burst size 
“Type 4 
89- 


(mm) (min) 
5 37 17 109 
A(d1-H) 350 37 18 40 
80-5 35 18 es 
A(d1-O) 850 37 35 12 
380 36 40 4 
30-5 ? ? 1-2 


for Vi-typing phage D1. The burst size in A(d1-O), which 
is considerably lower than that in type A and A(d1-E) at 
all temperatures, is progressively reduced as the tempera- 
ture is raised from 350° O to 395° O. In A 
and A(d1-E) the burst sizo of phage D1 increases with 
the rise in temperature. The latent period at all tem- 
peratures is the same in each of the cultures, but the 
rise periods with A(d1-0) are longer than with the other 
two cultures (Table 2). 

Temperature sensitivity of Vi-typing reactions was 
first observed by Craigie, who found that N of 
Salmonella typhi cross-reacted with several Vi ago of 
the D group. The cross-reactions were abolished by 
incubation above 88-0° O (ref. 6). i 

The reaistanoo to viral infection of several plant species 
is increased by raising the tem ture at which the 
plants are grown’ and it is possible to cure some virus- ' 
infected planta by heat therapy’. A similar phenomenon 
has been observed in animal viruses. For example, it 
has been shown that the likelihood of survival a i 
infected with the MHF, strain of poliovirus is increased 
when the environmental temperature is raised’. The 
Lwoffst^ have found that raising the temperature of 
incubation reduces the viral yield of tissue oultures in- 
fected with attenuated vaccine strains of poliovirus more 
80 than that from cultures infected with a highly neuro- 
virulent wild strain. Mutants of this virus have been 
isolated which develop preferentially at either a high or & 
low temperature, and it has been found that the former 
are usually the more virulent», 

The phenomenon reported here resembles that found 
in plante and animals but differs from them in that it is 
not the intrinsic phage resistanoe of the bacterial host 
whieh is modified, or the virulence of the infecting phage. 
It is essential that the bacterium carries a prophage such as 
d1-C which confers, on the phage-host cell complex, , 
temperature sensitivity in relation to multiplication of 
the superinfecting Vi-phage. 
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Minimum Requirements for Heterotrophic 
Growth, and Reserve Substance in Beggiatoa 


CATALDI! has shown that Beggiatoa, instead of living 
autotrophically on the oxidation of hydrogen sulphide, 
can grow heterotrophically on protemacious substances. 
Faust and Wolfe’ observed stimulation by acetate. 

We found that most of our 14 strains isolated bacteria- 
free thrive on acetate, arid some other organio salts, as 
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the only organic nutriente, provided the necessary chem- 
ical elements are supplied. They utilize inorganio nitrogen 
and do not require growth substances. This appears to 
be the aimplest medium imaginable for a chlorophyll-freo 
organism. 

Beggiatoa is much favoured by aeration. The growth is 
then dense enough to collect ample material for bio- 
chemical purposes. In such circumstances the cells are 
eventually stuffed with small spherical to oblong bodies 
slightly less refractive than the sulphur droplets in natural 
material. These bodies turned out to be poly-g-hydroxy- 
butyric acid. 

The utilization of acetate occurs with the help of iso- 
citratase, the main enzyme of the glyorylio acid cycle. 
This enzyme is produced not only when the organism 
lives on acetate but also when aspartate or glutamate 
is the only substrate. 

Ernst G. PERrNGSHHIM 
WonraaANa WinmesxER 


Pflanzenphysiologisches Institut, 
Bundesrepublik Deutschland. 
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A Ring Chromosome in Man 


tumour stem lmes'* and in normal tissues following 
irradiation’. Recently a ring X-chromosome has been 
reported in a female with gonadal dysgenesis‘. 


` perpetuating ring chromosome is now described in a 


mentally and physically retarded but pubertal male. A 


` full clinical description of the case is being published 


elsewhere’. 
' Oytological investigations have been made of cultured 
and uncultured peripheral blood, cultured skin tissue, and 
bone marrow. All mitoses in the bone marrow and most 
in the cultured leucocytes and skin were found to contain 
45 rod chro mes plus a monooentrio ring (Fig. 1). In 
the cultured tissues & proportion of mitoses with 45 rod 
chromosomes only were observed (Table 1). Karyotype 
analyses Indicated the absence of one member of the 6-12 
chromosome group (Denver classification) in cells possess- 
ing the ring chromosome. The size of the ring was found 
to be consistent with the assumption that it represents this 
Table 1. KARYOTYPE FXBQUJXNOLUM 

Tissue - 45 rods ons" IP rods + ring 

oe leucocytes 39 104 


Bone marrow 


The rmg is generally synchronous with the rest of the 
chromosome complement in mitosis, but shows a signifl- 
cant Variation in mean length (Table 2). At late prophase 
and at metaphase the two chromatids of the ring usually 
lack relational coiling (Fig. 2), and at anaphase the two 
daughter chromosomes separate without interlocking. In 
occasional anaphases interlocked or dicentric rings are 
present, and these may bridge the anaphase or may lag 
and be excluded from the daughter nuclei (Figs. 3 and 4). 
Conformably, micronuclei have been observed in both 
cultured and uncultured leucocytes. 

The observed variation in the size of the rmg must result 
from and re-union of bridged dicentric or inter- 
locked rings. Lagging and exclusion of such rings must 
also generate the nuclei with 45 rod chromosomes only, 
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3. 
Figs. 1-4. 1, Oolchlelne meta 
the monocentne (x 1,060); 2, 
ing absence of relational oalling 
some bridge at anaphase (x 1, ); 4, non-diay interlocked 
rings a4 anaphase (x 1,300) 


and the micronuclei. The absence of cells with two ring 
chromosomes, which would be expected from non-di- 
junction, may indicate either regular double exclusion 
or else lethality of the trisomic condition. The latter 
assumption is concordant with the fact that trisomy for 
the larger autosome in man is unknown, and so it may be 
further suggested that the ring is an autosome rather than 
the X-chromosome. 

The dicentric and interlocked rings derive from rela- 
tional ooiling, which must be limited to one 180? half twist 
or to one 360° full twist since knotted dioentrios and 
doubly interlocked rmgs have not been observed. Rela- 
tional coiling in ring chromosomes has been attributed 
alternatively to rotation of the plane of chromosome 
splitting* or to sister chromatid breakage and re-union 
(mitotic sister chromatid crossing-over) combining with 
uniplanar chromatid replication’*. In the former hypo- 
thems breakage and re-union are necessary for free ring 


separation. Superficially, the behaviour of this rmg 
Table ?. Aumin RELATIVE OHXOMOSOMI-LENGTHS (ARBITRARY UMITS) 
Chromosome 1 2 _8 Ring 
Mean length 188 + 06 183+ 046 1€8 + 05 624+ 08 
Vananoe of log 
transforms 0 0103 0 0103 0-0097 0 0184 
Filum 7 100 Fria 7 179 
Non-signifioant Bigntficant at 5% level 
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chromosome favours the second hypothesis. However, 
such & hypothesis provides no implicit cause of breakage, 
whereas rotation of the plane of split could lead in a ring 
chromosome to torsions which would cause breakage in 
each mitotic cycle, allowing the relational coiling to be 
undone. 

Binoe the ring chromosome 18 present in all the tissues 
which have been studied, and since the cella which lack tt 
can be accounted for by non-disjunction, the individual 
does not appear to be a primary mosaic. It is therefore 
inferred that the rmg was prosent in the original zygote. 
Both the parents, however, have normal 46 chromosome 
karyotypes, so that the rmg must have been formed at or 
shortly before gametogenesis in one parent. Alternative 
methods for ita origm are: (a) somatic breakage and re- 
union, which would require two simultaneous breaks and 
would necessarily involve segmental deficiency; (b) 
meiotic crossmg-over in a`parent -heterozygous for an 
inverted intrachromosomal translocation, such 48 
ioo: Since a maternal uncle is known to have 
been mentally retarded and to have died in a mental 
institution, the second hypothesis is favoured, the mother 
then being the heterozygote. 

The syndrome of mental and physical abnormalities 
shown by the individual may bo a consequence of the 
mitotic instability of the ring chromosome and tho second- 
ary moeaicigm for monosomuo cells, or may be due to genio 
defleienoy in the ring. The latter is not an obligatory 
assumption, since on the basis of the second hypothesis of 
ring formation it would result from interstitial but not 
from termmal translocations. 

S. Sxrrg-WHITE 
W. J. PEACOOX 
Department of Botany, 
University of Sydney. 
BRIAN TURNER 
GESINA M. pan DULE 


Oliver Latham Laboratory, 
Psychiatric Centre, North Ryde, 

New South Wales. 
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An Optically Efficient Method for observing 
Single Plant Cells from Shake Cultures 
during Growth and Division 


Tre ease with which the individual cella of callus cul- 
tures of tiasues of higher plante separate from each other 
has led to several successful methods of growing them 
singly. Muir, Hildebrandt and Riker! grew a single 
crown-gall callus cell on & piece of filter paper over a large 
callus of the same strain. Torrey" placed many separate 
cella around a nurse callus; some of the former divided 
onoe or more during the subsequent two weeks. Bergmann? 
made & considerable advance by utilizing a plating method 
for individual cells of tobacco and of bean. Of the 
numerous separate cells in a thin plate of agar medium, 
individuals were followed by time-lapse photography 
during their division. Optical quality of the pictures was 
poor due to the necessity of observation through the 
bottom of a Petri dish and a layer of agar. A perusal of 
these methods or an attempt to duplicate them makes the 
investigator conscious of their deficiencies; there i8 no 
possibility of obeerving the single cell in the first and 
growth is recognized only when it has formed a callus that 
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. In attempts to gain a cellular picture of the changes 
involved in the callus of Sequoia sempervirens‘ grown in a 
nce Sa ee IX 
appears to yield hi i and to i 
prolonged obeervations i ine without E les 
of volume of the medium. The individual cells in 
suspension were obtained by shaking the tissue in Erlen- 
agar at 160 r.p.m. for 10 days. The observation chamber 
to be used on the stage of the inverted phase contrast 
“microscope was made by grinding two half-overlappi 
holes 2-5 om in diametes neer the enuos ef glam Soto 
2 mm thick, 6 cm wide and 10 om long. These plates and - 
cover-glasses 48 mm x 60 mm in size and No. 1 in thick- 


175°C for4h. After cooling, an oval line of sterile Dow 


Corning silicone grease was placed on the cover- - 
glass o. 5 mm back of the &nd aide i Cover- 
: glass was then preased on the slide so as to force a 


minimum of the grease into the chamber and none at all 
beyond the edge of the cover-glass on to the slide. Resting 
the slide with the open chamber up, 0-5 ml. of the suspen- 
sion of individual cells was added. With some practice, 


it has been found possible to judge the necessary quantity = 


of sterile liquid oulture medium to be added next. Usually 
it amounte to about 4 mL, and brings the meniscus of the ` 
liquid to e slight bulge àbove the edges of the cavity. Next, 
a second cover-glass is prepared with the stopoock grease 
and preased down over the liquid-filled cavity. A proper 
preparation can be considered one that has a small gas 
- ble trapped above the liquid and which loges no liquid 
from the edges of the cover- when the latter is pressed 
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down, effectively sealing 
and entrance of mi 
The Dow Oorning silicone grease was found 
ideal for the outlined above. It is inert chemically, 
and appears to bo sterile bacterilogically a it comes im 
the . Precautionarily, ib was autoclaved at 120° O 
for 15 min. ' . ` 

The preparation, now containing scores of freely floating 
individual cells, was placed on the of the inverted 
hase-contrast microscope. All the cells rested at the 
Dorem et ue Hui Ge Ahe Woody conu elie 
surface of the lower cover slip and could be viewed as 
images of excellent optical i the objectives. 
A SEDTOPHATS oe was hooti cort in the fleld and 
time-lapse pictures at intervals of 2 min were taken. Fig. 1 
shows such a cell at the time of inoculation, and Fig. 2 
shows the two derivative cells $6 h later. Attachment of 


the contenta from evaporation 


itional cells all resting upon the 
one anchored to the cover-glass. Attachment of malti- 
cellular callus to glass surfaces was reported by Ball* and 
by Gadgil’. It would appear in the present work that the 
attachment of the single plant cell to the glass surface is 
comparable to that considered normal in culsure of 
animal cells’. 

The negatives for Figs. 1 and 2 were taken through a 
"x 20 phase objective and a x 5 ocular on to 35-mm 
motion picture film. This work was supported by National 
Boienob Foundation grant No. 4894. 

` à Hangar BALL 


1 Muir, W. EL, Hildebrandt, A. O., and Biker, A. J., Sofemes, 119, BTT (1984y 
* Torrey, J. G., Proe. U.S. Nat. Acad. Sei., 43, 887 (1967). 
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Induction of Partial Synchrony in Mammalian 
Cells by Sub-culturing' Procedures 

TmmEH are many advantages of working with synchron- 
ized oell cultures and, indeed, much work has been done 
in this fleld'. However, the interpretation of many kinds 
of experiments requires either that the cultures be nob 

or that the investigator be aware of the 
possibility of inadvertent synchrony’. 

This communication reports instances of such uninten- 
tionally induced partial synchrony of human amnion® and 
kitten lung‘ cells grown in Rose chambers and examined 
by means óf time-lapse microcinematography. 

Both the medium used and- general culture methods 
have been described’. Cells were removed from the glass 
surface of the stock culture bottle by gentle scraping with 
a rubber policeman, separated by passage through a 
15-gauge needle, and seeded into the Rose chambers 
(approximate capacity, 2 ml). In one case, HA86, a 

medium was used, that is, one in which cella 

previously been grown for approximately 24 h. 
Photography began 24-80 h after seeding the chambers 
with 5,000-10,000 cells at. pH 7-8 and was continued for 
periods of 100—122 h at 37-2 t: 0-5? O. A thermistor oiled to 
the coverslip of each chamber regulated the temperature 
by controlling a continuously variable voltage fed to an 
infra-red heating lamp. . The chamber itself was shielded 
from direct infra-red rays by a strip of aluminium foil. 
The sensitivity of the system was such that in any given 
experiment the temperature of the cella varied no more 
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10 £0 30 40 50 60 TO 80 90 100 110 120 
Hours of photography 


Fig. 1. Frequency of mitoses plotted zs a funetion of time since the 
beginning of the photography 


than 0-1°—0-2° O, although the differences between experi- 
menta might have been as great as 0-5? O due to calibration 
problems and changes in instrumentation. 

The only mitoses recorded were those of cells which were 
on. Pedigree 


owing 
be reported in d elsewhere. : 

Fig. 1 is the frequency distribution: which shows that 
peaks of mitoses were repeated for at least four cell 
generations. In HA36, synchrony was somewhat better 
preserved despite the fact that this was the only culture 
prepared with medium. (In these experi- 
ments, we were dealing with the offspring of only a few 
cells in a sparsely populated chamber. To determine 
whether the synchrony could be due to these unique con- 
ditions, a single exploratory experiment was carried out 
using colls seeded on coverslips in Leighton tubes. While 
the resulta in Fig. 2 indicate a periodicity of mitoses for 
the first 45 h, the degree of synchrony was not great and 

to have been soon lost. 

The reasona for this synchrony are unknown. The 
experiment in which a pre-adapted medium was used 
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. appears to rule out the possibility that subculturing into 
fresh medium could be an only cause of synchrony. The 
other poasible causes could be either the cooling of the 
cultures to room tore during sub-culturing, 
although this is a gentler treatment than that deliberately 
used by Newton and Wildy’ to induce synchrony, or the 
trauma produced by scraping the cells off the surface of 
the glass. bottle. 

This work was 

. the US. Publio 


in part by grant O-4526 from 
th Service. 
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GENETICS 


Assortative Mating In producing New 
Specles - 

Thoday and Gibson! have recently reported an experi- 
ment with Drosophila where aseorbativo mating oocurred 
in a small population artificially selected to remove the 
central portion of the distribution for number of ohzta. 
This assortative mating was so complete that 12 genera- 
tions of such selection produced two distinct lines with no 


were 
14 per cent of the hens gave all infertile eggs, but with 
New Hampshire males only 2 per cant of the hens gave this 
result. Some of the hens were infertile in two different 
Binos: this wae dock mating i od Ae s 
mating preference was being exercised by males and/or 
pgs en Min romp Page HS NOE. 
males of the Cornish and/or several of the New 
Hampshire females. 
This would seam to be further evidence of the possi- 
bilities of assartative mating in producing new species. | 
: R. G. Bireow 
By Tring Station, 
Herta. 


1 Thoday, J. W, and Gibson, J. B., Nature, 198, 1164 (1962). 
1 Parker, J. B., Poultry Sei., 40, 1114 (1901). 


Balanced e PAE in Dactylis glomerata 


b-species woronowli 

A. oass of balanced polymorphism, involving & recessive 
gene causing albinism, in Daciylis glomerata sub-species 
judaica has been reported by Apirion and Zohary!. What 
appears to be the same phenomenon is now reported for 
ther diploid sub-species, woronowii, a seed-sample (No. 
24171) of which was made available to me by the Division 
of Plant Industry, O.S.I.R.O., Canberra. Albino seedlings 
appear with a frequency of 13-5 per cent in this sample, and 
it may be taken that one is dealing with a recessive allele 
which, because of the lethality it confers in the homory- 
gote, is present in unexpectedly high proportion. Evi- 
dently some superiority is attached to the heterozygous 
condition, which probably displays iteelf through a 
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greater competitive ability in the seedling stage or a 
greater reproductive capacity when mature. However, 
because of the environmental circumstances in 
which the material is now being grown this selective 
advantage may be altered or lost. Thee possibilities are 
being investigated. 
Agricultural Botany 
Faculty of Agriculture, 

University College, Dublin. ; 

1 Aptrion, D., and Zohary, D., Genetics, 48 (4), 308 (1961). 


P. L. Curran 


PSYCHOLOGY 


Learning Deficits of Offspring after 
Administration of Tranquillizing Drugs to 
the Mothers 

Ix previous reports’ from this laboratory, various 
peychotropic drugs administered to gravid rate resulted in 
Increased neonatal mortality and altered the development 
and behaviour of the surviving offspring. On the bams of 
obeervations! that learning ability was not altered in 
offspring after prenatal administration of drugs that 
affected diencephalic centres, it was suggested that par- 
ticular drugs may have a'specificity of action on developing 
footal brain centres and would alter behavioural processes 
controlled by these centres. This communication oom- 
pares three commonly used tranquillixing drugs (reserpine, 
ohl ine and meprobamate).with different p 
ologladi properties and sites of action, administered to 
gravid rata for their effect on maze learning ability of the 


Subjects were 89 gravid (primiparous) albino rate of the 
Sprague-Dawley strain (Holtzman Oo.). Breeding pro- 
cedures have been described in detail elsewhere, ‘The 
drugs administered were reserpine, chlorpromazine and 
meprobamate. ‘Reserpine was from ine 
phoephate powder in a 1-0 per cent solution wi distilled 
water. orpromazine was prepared from chlorprom- 
azine hydrochloride powder in a 0-1- per cant solution with 
distilled water. Meprobamate was prepared from meprob- 
amate powder in & 0-5 per cent solution with distilled water 
heated to 80° O and cooled at room temperature to retard 
rearystellization. All were unbuffered with pH in 
the range of 5-8-6-4. The were prepared every 48 h. 
. The daily dosages were: reserpine (0-1 mg/kg), chlor- 

promarine (6-0 mg/kg), and meprobamate (60-0 mg/kg). 
A volume control of distilled water was also administered. 


These daily dosages were divided in three equal amounts ` 


and injected every 8 h at 8 a.m., 4 p.m., and 12 midnight 
in order to maintain blood-levels. All injections were 
administered subcutaneously in either the right or left 
dorsal area with the side of injection alternated. The 
drugs were administered during 
on either days 5-8, 11—14, or 17—20. 

Of the 690 offspring that survived through weaning (21 
days of age), a random sample of at least 10 males and 10 
females from pooled litters from each period of administra- 
tion was selected from each of the drug and control groupe. 
Learning ability measures were obtained from 282 
&nimals on the Lashley III maze for an 8-day period 
starting at 82 days of age and after 7 days p i 
straight alley and acclimatization to a 28-h food depriva- 
tion schedule. The apparatus and procedure for this test 
have been previously described’. 

Table 1 gives the number of animals evaluated in each 

up on Lashley II maze with the mean and stan- 
deviation for the number of trials required to reach 


. the criterion of learning. The mean soore includes the 


criterion trials. The criterion of learning was defined as 
two out of three errorless trials run in 20 sec or lees per 
trial. The score for each and control group is a 
combined score of males and females and combined 
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periods of administration. This was done because no 
dM or consistent differences were found between 
males and females or between periods of administration. 
Statistical analysis among groups was done with the t- 
test. In comparing each of the drug groups to the control 
group, only the offspring of the meprobamate-treated 
mothers i significantly more triala to reach the 
criterion of learning. This difference is significant at the 
0-01-level with a ¢ score of 4:13. In comparing the drug 
poup between each other the meprobamate group is 
ound to be significantly higher than the reserpine group 
(f= 2-80, P = 0-05) and the rpromaxine group (t= 3-96, 
P=0-01). No significant difference between the reserpine 
and chlorpromazine groupe is noted. i 
Table 1. TRIALS TO CRITERION om LASHLEY III Mase OF OFFSPRING OF 
MOTHERS ADMIXIMTERED TRANQUILIZEERS DURING GESTATION 


Group No. - M S.D. 
Reserptne 56 10-7* 46 

^ Ohlorpromaxtne z 5 it 41 
Control 59 951 34 


. Pigeranee, beimon this sooro and meprobamate la menifoini at the 

The finding that only meprobamate of the three tran- 
quillizing drugs administered to gravid rats detrimentally 
altered maze learning ability of the offspring was antici- 
pated. Meprobamate, in eohtrást to the other tran- 
qui ring druge (reserpine and chlorpromazine), is known to 
have a depressing effect on the cerebral oortex*. In this 
respect and in other ways, meprobamate is considered to 
have pharmacological properties of a barbiturate’. Other 
investigations, in which barbiturates* and other potent 
central nervous system drugs such as sodium bromide* and 
&loohol!* were administered to gravid rata, also report 
deficits in the learning ability of the offspring. 

Although no complete explanations are available to 
account for these resulte, several possibilities must be oon- 
sidered. The first possibility is that the prenatal adminis- 
tration of meprobamate altered the animal’s physical 
condition and impaired its performance. Oonaistent and 
significant differences 'in physical condition as measured 
by gain in weight between the various groups were noted 
at all ages from weaning until the termination of the 
experiment with meprobamate and reserpine offspring 
weighing leas than controls and chlorpromazine offspring 
weighing more than controls’. Although the meprobamate 
and reserpine offspring weighed less, they also were sig- 
nificantly leas active on two separate activity measures‘. 
If decreased activity sccounted for poor ormanoe on 
the Lashley ITI maze, then both the reserpine and meprob- 
amate offspring should have been detrimentally affected. 
However, this was not the case and only the msprobamate 

ring showed the learning impairment. The criterion 
for learning depended not only on speed of running but 
also on making oorrect nses. 

A seoond consideration is that the learning impairment 
of the meprobamate offspring reflecta altered development 
and/or function of the cerebral cortex. Whether this is a 
direct consequence of meprobamate on the fetal central 
nervous system or whether meprobamate created meta- 
bolic changes in the gravid animal which indirectly 
paused alteration of the fostal central nervous system 
through such mechanisms as anoxia has not been determ- 
ined in the present experiment. The fact that these drugs 
do pass the maternal-fctal placental barrier™ 
that meprobamate could have exerted a direct influence on 
the central nervous system of the developing fostus. 

The findi from the present investigation the 
hypothesis pharmaoologi open may ve & 
specificity of action on developmg brain areas so that 
tranquillixing drugs such as meprobamate can produce 
learning deficits in offspring of mothers administered such 


We acknowledge the support of the folowing companies 


for supplying the drugs used in this experiment: Ciba for 
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reserpine, Smith, Kline and French for chlorpromazine, 
and Wyeth for meprobamate. 
J. WHBBOFF 


R. Kene 
Animal Behavior Laboratory, E 
Lafayette Clinic and Wayne State University, 
Detroit, Michigan. 
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Intermodality Transfer of Specific 
Discriminations in the Monkey 

Wa wish to report evidence that monkeys trained to 
discriminate between two forms using only tactual cues 
are affected by such experience when the same forms are 
presented visually with taotual cues excluded. 

Six rhesus monkeys were used in two experiments. All 
testing was dane in a Wisconsin general testing apparatus, 
with food reward for the correct choice of two objects 
presented simultaneously. Forty (non-correction) trials 
were given daily. All objects to be discriminated (cross, 

uare, S, eto.) were cut from } in. plywood, painted 
b and attached to food-well covers. For visual 
discriminations, transparent plastic cylinders covered the 
objecta; t&ctual discriminations were performed in the 
dark with the objecta uncovered. 

In the first experiment, all monkeys learned to dis- 
criminate between 11 pairs of objecta, both visually and 
tactually. Each problem was learned to & criterion of 27 
correct responses out of 80. The first pair of objects given 
to an animal (and the third, fifth, eto., pairs) was learned 
first visually and then tactually; the even-numbered pairs 
were learned first tactually and then visually. 

Compari were made of average performance on 
tactual problems presented after visual learning of the 
same objects lere geni with performance on 
those problems for which tactual learning was the initial 
experience with the object pair. Neither trials to criterion 
nor errors in the first 80 trials of each problem disclosed 
a significant transfer effect. Furthermore, similar analyses 
of visual-problem performance provided no evidence for 
tactual-visual transfer. i 

During the tactual problems animals were observed 
(with & an. ) and it was noted that only rarely 
did they palpate the full surface of the stimuli before 
making a choice. Usually some aspect of the near edge of 
the stimulus, or the distance of some part of it from an 
exposed edge of the testing board, appeared to be the 
effective cue; and it is well known that not all aspecta of a 
stimulus object presented visually enter equally into the 
discrimination which ig learned.. It is possible that our 
subjecta (and those of other experiments) did not always 
‘see’ the game part or aspect of the object as the part that 
they ‘felt’. Stimulus objects for the second experiment 
were designed so that there would be more certainty as to 
the nature af the discrimination being formed. 

Pieces of } in. plywood, ł in. in width, and either 
lin. or 2 in. in were used. The wooden strips 
were attached to food-well covers, and were so oriented 


that they differed in length in the neer-far dimension of < 


the animal. Three short stimuli were made, with the near 
edge of the wooden strip 1 in., 1$ in, or 2} in. from the near 
edge of the food-well cover; two long stimuli were made, 
with the near edge of the strip £ in. or 1} in. from the near 
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edge of the cover. On each trial one short and one long 


stimulus were presented, with balanced series determining 
the combination to be used and the right-left placement of 
the positive stimulus. 


The subjects were divided randomly into two groups of 
three monkeys each, which received the sequences of 
problems shown in Table 1. The first two discriminations 
were run to a criterion of $8 correct out of 40 trials, plus 
six consecutive correct trials on each of the six combina- 
tions of stimuli. On the day after an animal reached 
criterion on a problem, 10 additional trials were given on 
that problem followed immediately by 80 trials on the 
next problem. 


Table 1. BEQUXNOB OF LENGTH DIBGRIMINATIONS, AND PERFORMANCE OX 
TRANSFER TAFTS 


amp Exi Errors in J 
stimuls siimulus first $0 trials stimulus first $0 trials 

I Short Short 9 Long 18 
Short Bhort 18 Long 54 
Short Short 14 long 16 
II Long Short 16 16 
Long Short 18 Short 20 
Long 21 Short 27 

P < 0-05 P> 005 


Evidence for intermodality transfer is shown on the first 
80 trials of the visual discrimination (Table 1). All 
animals that had previously learned the same discrimina- 
tion tactually (Group I) made fewer errors than all 
animals that had had the opposite tactual discrimination 
(£23.01, P<0-05). Furthermore, the two groups of 
scores are placed appropriately on either side of the 
chance value of 15. (The effect is apparently weak in 
comparison to other influences, for the groups did not 
differ in trials-to-criterion on the visual task nor on per- 
formance on the second tactual task, where the strong 
intramodal effect of the first tactual task apparently 
overwhelms any possible intermodal effect.) 

We conolude, then, that a specific intermodality transfer 
effect can be demonstrated if we require that the ‘same’ 
discrimination be made in the two modalities. It can be 
ac nta apa Pa re i t there were some 
pro lems on which individual animals happened to make 
use of the same cues in the two modalities: each animal 
met criterion immediately (in the first 30 trials) more 
frequently on ee PON than on non-transfer 

blems—for visual and tactusl problems combined, or 
REPER problems alone. Perhaps the one monkey of 

i which showed what may have been tactual- 
visual transfer happened to attend to the same oue in the 
two modalities. 
In this experiment we have studied transfer between 
touch and vision when the same objecta are presented to 
the two modalities. This must be distingui from 
transfer between analogous auditory and visual discrimin- 
ations’, evidence for which has come primarily from an 
experiment’ the resulta of which might possibly be 
explained as due to an even more general effect, the inter- 
modality facilitation of learning sete‘. Those may prove 
to be three different kinds of transfer in discrimination 
problems, which must be studied se tely. ; 
In any event, & method for E PE T specific 
intersansory transfer opens the way to investigations of the 
role of early sensory experience and of various neural 
structures in the normal development of such transfer. 
These i ta were supported in part by a grant 
(M4472) the U.S. National Institutes of Health, 
while one of us (O. C. B.) was & National Science Foundation 
Graduate Fellow (No. 21289). rg 
Wu. A. WILSON, JUN. 
OLIVIA O. SHAFFER 
Department of Psychology, Bryn Mawr Oollege, 
Bryn Mawr, Pennsylvania. 
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Influence of Hunger on Olfactory Acuity 

A HUNGRY animal is considered to be in a state of high 
nervous irritability leadmg to a heightened level ‘ of 
sensory and motor excitation. As glycogen stores are 
depleted, blood glnoose-levela d ciroulating 
epinephrine risea and stimulates the reticular formation of 
the brain, which in turn produces cortical arousal and 
facilitation of motor and sensory activity, lowermg the 
threshold for all external sensory stimuli?. A satiated 
animal, by contrast, is relaxed, disinterested in the outaide 
world, sleepy, and consequently should have a high 
sensory threshold. ‘ 

There are conflicting opinions on whether olfactory 
acuity is a reliable, reproducible index of appetite, hunger, 
or satiety.  Aooording to Gootzl*, freely selected meals, 
as well as administration of sucrose solutions, were 
preceded by increased olfactory acuity and followed by 
decreased acuity. Janowitz and Grosaman* wero unable 
to duplicate Goetal’s results. Subsequent investigators, 
however, have reported that olfactory acuity was higher 
before lunch than after lunch‘. Coffee and citral, reapeo- 
tively, were used by the first two investigators, whereas 
isoamylacetate, n-butanol, and oil of cloves were tested by 
the third. Their ive testing methods were the 
Elsberg blast-injeotion technique, snifftng odour-saturated 
Qi m e olfactorius, and sniffing from a serios of teab- 
tubes. 

An olfactometer designed to deliver calculated amounte 
of odour in purified air, at controlled flow ratem, tempers- 
tures, and humidities, and utilizing natural breathing, 
was used’. Experimental subjecta consisted of University 
personnel, 11 males and 1 female, 80-58 years of ago, 
selected on the basis of their proved olfactory acuity and 
reproducibility of judgment. Citral was found to deterio- 
rate rapidly, changing its odorous characteristics, there- 
fore 2-heptanone, a highly stable compound which smells 
like mild blue cheese, waa substituted. The panel was 
divided into two groupe which were tested alternately just 
before lunch (11 a.m.-12.15 p.m.) and just after lunch 
(1 p.m.-2.15 pm). \ 


Table 1. OLFACTORY RESPONSES PRECEDING AXD FOLLOWING LUXOH 


Bubjeci Bex No. of judginents Correet response (per oent) 
am p.m. a.m. p.m. 
A x 400 480 65 70 
B M 370 350 ez Tb 
‘ @ x 400 400 71 1 
D M 290 420 e9 75 
B x $80 580 66 80 
Fr x 330 400 T! 72 
a M 190 190 60 73 
H r 450 420 72 72 
I x 270 200 65 07 
4 M 350 400 TO T6 
K x 450 470 ea 74 
L Li 450 440 77 80 
Average 309 407 08-1 73-7 


Since all the standard testing procedures had one or 
more serious defects, a oonstant stimulus method was 
developed which would eliminate the fatiguing effect of a 
strong concentration preceding & weaker one and would 
place each subject on an equal sensitivity basis. Ten 
samples wero administered at each daily session. Hach 
sample was presented for 15 geo with a 15-seo interval of 
pure air between su ent presentations. The number 
of samples containing ur and the order of presentation 
wero determined by chance. The concentration of odour 
given was slightly above threshold for each subject aa 

i by previous testing. Subjecta were requested 
to indicate the presence or abeenoe of the test compound. 
Over a period of 5 months, an average of 869 and 407 
separate judgments was obtained from each subject 
before and after lunch, ively. 


As shown in Table 1, only subject F was more acute ` 


before lunch, subjecta O and H showed no difference, 
whereas the ining nine were more acute after than 
before lunch. The #test for variance indicated the 
difference between morning and afternoon. panels was 
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significant at the 0-1 per cent level of probability. Thus, 
using an olfactometer-presentation of 2-heptanone by a 
constant stimulus methodology, olfactory acuity was 


higher after lunch than before. 
H. W. Buna 
R. M. PANGBORN 
E. B. Romam 
A. D. WEBB 
College of Agriculture, 
University of California, 
Davis. 


! Dell, P. O., Neurologica] Basis of Bahemor, 187 (Ciba Sympostum, 1058). 
"Gootal, Y. B., and Stone, F., Gastresnierol., 9, 444 (1047). Goetal, F. R 


M., Wheeler, P., and Bione, F., (bw, 13, 253 (1049). 
Goekxl, P. E., Abel, M. B., and À. J., J. App. =) 
553 (1860), Gootal, H. E., Ahora Ae de and dole, NP Rd, d: 


* Janowitz, H D., and Grossman, M. L, J. App. Pkyriol., $, 217 (1949). 
* Hammer, F. J., J. Comp. end Physiol. Pryohol. 403 (1951). Bohneider, 
B. A. and Wolf, S., J. App. Pkyeiol., 8, 337 (1055), Brush D., 
Friedman, M. P., J; Dore. ed Pn 2 Ew. (1960). 
! Ough, O. 8., and Stone, H., J. Food Sol., 96, 453 (1061). 


A Vertical-Horizontal Illusion for Movement 
percelved tactually 


] Tamen is & well-known visual illusion in which a vertioal 


were covered with paper embossed by means of Braille 
writing equipment with a of dota in triplets, 
l mm across, and with an interval of 12 mm between 
iments the subject reated 
on the surfaces of the 
as rotated. Thus one hand was held in a 
vertical plane and the other horixontally. 
the first experiment, subjects were required to 
Re oe Conn NO tet thee tactually 
(with eyes ) to rotate at the speed of the other. All 
12 subjecta adjusted the speed so that the drum with 


vertical axis was objectively rotating . This means 


say ‘equal’). 


the body, nor did it depend on handedness. 

The results suggest a vertioal-horizontal asymmetry in 
tactile ion. The most plausible explanations of 
visual illusions’ are in terms of eye-movementa, or oon- 
figurational effecta or depth perception. None of these 
appears to explain the present illusion. 


D. LDDLS 
B. M. Foss 
Department of Pgychology, 
Birkbeck College, 
University of London. 


1 Hatwell, Y., Année Pryohol, No. 1, 11 (1960). ‘ 
"Boring, H, G., Sensation end Perception im the History of Baperimental 
Prychology, 344 (1042). 
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Two Postdoctoral Feflowsinps of the Canadian 
Research Counc! will 


Fares paid for the appomtee and hs dependent family and return fares to point 
of omgm will sho be pax for 





ARTHUR D. LITTLE RESEARCH INSTITUTE 


Thos rapadty expanding Insutute, which rs mtuated m rural surroundings ax mules from 
the centre of Edmbargh, offers a number of permanent and micrestng posts in long- 
tem research. 


PHYSICAL CHEMISTS and PHYSICISTS 


(a) to jom a newty-formed group working on the electncal behaviour of organic and 
inorganic matermls ; (b) to study the effect of bght on polymers. 


ORGANIC CHEMISTS 


preferably with research expenence ether in the field of alpbatic or heterocyche 
chemrmiry, or with a knowledge of textile finshung treatments. 
There aro vacancies at both semor and jumor level The posts aro superannuated and 
offer good prospects wrth salanes according to qualifications, Tho Institute operates 
a five-day week and hes canteen faciines 
Applcatons, with ful particulars of qualifications and experience to: 
THE DIRECTOR, 
ARTHUR D. LITTLE RESEARCH INSTITUTE, 
INVERESK GATE, MUSSELBURGH, MIDLOTHIAN. 





DALHOUSIE UNIVERSITY QUEEN’S UNIVERSITY 
HALIFAX, CANADA KINGSTON, ONTARIO, CANADA 

BIOLOGY * ASTROPHYSICIST 
are tovited for three posalbons in A pornon fs open for an Asztrophyxicri to take 
the of Biology. Appointments will | charpe of a new 154nch reflector with photo- 
be made at a rank and salary to | ekectnc and spectrogra: attachments, to teach, 
teaching and research @ recent | and to undertake a research programme in close 
Ph.D. the starting salary will not be lems than | relavon with an active group 
based m the Departments of Ph Electricat 
to conduct research on some and dupes 

aspect of the cffect of nmng radiations on | will imchxie a course in astronomy to 

Irina materal Anma! or ates and a course m ERTO to 
embryology or celular woukd be ap- | Appomtment will date from September 1, 1963, 
and can becomo after two year. 
Pot wolkig ecology, Salary and rank depend upon qualrficanons 
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SCIENCE AND PRESSURE GROUP" POLITICS: 


HE debate in the House of Lords on the introduction 
of commercial broadcasting, opened on May 9 by 
xd Reith, centred largely on the disclosure of the work 
& political preesure group for the introduction of com- 
ercial broadcasting given in a book, Pressure Group, by 
‘of. H. H. Wilson, of Princeton University, published 
June 1961. It was in view of the disclosures in this 
ok of methods alleged to be used to secure the intro- 
iction of commercial broadcasting ten years ago that 
moern was expreeeed in the House of Lords as to attempts 
discredit in advance the report of the Pilkington Com- 
ittoe and, in particular, to commit local broadcasting 
commercial use. It was not, of course, argued in the 
ibate that pressure groups are not a normal pert of our 
litical life, but there was some divergence of opinion as 
1 the scale and nature of their use, and some support 
as forthooming for an inquiry. More especially was this 
pressed, as Lord Taylor put it, in respect of secret 
*eeure groupe, which, without clearly identified mem- 
xs and objecte, working underground and out of sight, 
'e€ & Menace to eooiety. 

The ‘Lord Chanoellor did not reply to Lord Taylor's 
ieciflo inquiry on this point, and while the debate oon- 
&sted Prof. Wilson's book unfavourably with Dr. B. 
aulu's British Broadcasting in Transition, it did little 
» resolve the doubts which had been expressed or the 
ixiety with which the Comunittee’s report 
as then awaited. When on July 81 that report was 
st discussed in the House of Commons, the Postmaster- 
eneral, Mr. R. Bevins, emphasized with all the force he 
mld command that the Government had not been 
fluenced in any of these matters by any pressures or 
bbiee, whatever their nature, nor would the Govern- 
mts be in taking future decisions. Mr. Bevms was 
aking in support of a motion asking the House to take 
ste of the Government's White Paper on the report of 
ve Committee on Broadoasting. 

Nevertheless, there are aspects of this question of 
ressure groups with which the scientist and other pro- 
sional mer and women are very much concerned. This 
ag brought out by J. B. Sanderson as illustrated by the 
ork of the National Bociety for Clean Air, and more 
merally is well indicated by Prof. J. D. B. Miller in his 
wk The Nature of Politics (see Nature, 196, 301; 1962). 
Tithout using the term, Prof. Miller showed how institu- 
ong are concerned with the conflict of mterests which 
overnments have to face, the way in which professional 
stitutions bring diversity and the limits within which 
eir influence is exerted. This is brought out even more 
early in an earlier book by Prof. H. Eckstein in 
hich, under. the title Pressure Group Politics*, he 
amines the way in which one important professional 
ody has functioned in the defence of ita members as 
ali as of ita conception of the public interest. 
"The British Medical Association may not have been 
xo best example to choose for an examination of what is 
wentially a study of the function and locus of power 
nd influence in a democracy. That Association is scarcely 
typical professional organization. but the example 
nee m Pp. 163,” (London? George Alien and Unwin, Lea 
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serves well enough. to illustrate both the character and 
the limita of the influence which professional bodies oan 
exert on public policy. Moreover, Prof. Eckstein refers 
freely to the study of the professions by Sir Alexander Carr- 
Saunders and P. A. Wilson a generation ago, and much 
in this hook endorses the soundness of their conclusions. 

From the pomt of view of the professional man gener- 
ally, the most significant chapters in the book are those 
which examine the framework within which pressure 
groups function in Britein's society and which discuss 
their significance in politics. Prof. Eckstein pointe out 
that the formation and activities of pressure groups are 
determined by the interaction of the structure, activities 
and attitude of Government iteelf, and that the growing 
extent of Government influence in the Welfare State has 
inevitably led to an increase in the number of active or 
potential groups. Government decisions have a direct 
interest on the activities and well-being of more and more 
groupe, professional and otherwise, and this has led them, 
sometimes reluctantly, to interest themselves as such in 
politics. So far as scientists and technologists are oon- 
cerned, it is the counterpart of the increasing extent to 
which scientiflo and tecbnical considerations are of 
dominant importance in determining publio policy. 

It is thus unfortunate that the term ‘pressure group’ 
has acquired some sinister significance, for any abuse of 
the prooeas does not alter the fact that such groupe are 
an essential feature of the process by which, in the modern 
democratic State, those with and professional 
knowledge and skill are able to make their full oon- 
tribution to publio policy. We cannot wisely rely on that 
contribution being made solely through those engaged, 
for example, in the Scientifio Civil Service, quite apart 
from the persistence of the view that the expert should 
be on ‘top’ and not on ‘tap’. How a group exerts its 
influence is determmed largely by the structure of the 
Government itself and the way in which decisions on 


. policy are made. It is also determined by the organization 


of the group itself, and even more is this true of the 
effectiveness with which the group is able to influence 
Government decisions. 

What emetges particularly from Prof. Eckstein’s study 
is the desirability of professional organizations looking 
afresh at their own internal organization, not simply from 
the point of view of the defence of their own professional 


` interests and the maintenance of professional standards of 


practice and competence, but more especially from the wider 
point of view of the appropriatenees of that organization 
to serve the public interest by putting fully at the disposal 
of the Btete the collective knowledge and experience of 
its members. It is not to be forgotten, as well appears in 
this study of the British Medical Association, that pro- 
feasional experience and knowledge may also be made 
available to the Government in many informal ways. 
That, as for example the report of the Zuckerman Com- 
mittee indicated, is in part & matter of appropriate staffing 
policy and sound administration. However, more critical 
and creative thought about the structure of professional 
bodies and the way in which they can make effective 
expert representations on matters of publio policy is as 
desirable from the point of view of the public welfare as 
it is from that of the profeesional bodies themselves. 
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This could undoubtedly go far to eliminate any fear 
that such professional bodies may exert any unwholesome 
or undesirable influence on public affairs; it is all to the 
good that there should be free and widespread public dis- 
cussion of this general question. Not all preasure groups 
are as responsible as profeasional associations, and while 
the existence of pressure groupe is tio new phenomenon 
and can easily be illustrated from the nineteenth century, 
there is undoubtedly growing awareness and concern over 
the activities of local and political preasure groups. With 
the widening influence of the Government over the 
economy, such activities are likely to increase. What is 
desirable is that the nature of those activities should be 
clearly understood and the point at which their legitimacy 
is open to question should be widely recognized. Aware- 


nees is, in fact, probably the beet safeguard against the ` 


abuse of practices which are probably unavoidable, but 
are undesirable as such only when they are abused or 
become the accepted mean. : 

This is the more important because the methods now 
sometimes used are open to criticiam. It will be noted 
that Prof. Eckstein, like Prof. J. B. Miller, comments that 
the point at which preasure is exerted is increasingly the 
administration. “In the age of big administration and 
crowded legislative time-tables,”” he writes, “interventions 
by voluntary organizations are also the chief control over 
the executive, far more thorough and efficient than 
question time and adjournment debates in Parliament.” 
Only after failure does a preesure group try Parliament, 
although often enough it may set out to try to create a 
climate of opinion favourable to its purpose. 

Clearly it ia undesirable that Parlianient should be 
by-passed or ignored, though the British Parliamentary 
organization is not well-adapted to the widening range of 
ita responsibilities. There is, in fact, little direct repre- 
sentation in Parliament of interests which find typical 
expression in pressure groupe, and if major professional 
and other interesta were authoritatively represented at 
Westminster there might be less danger of abuse. Cer- 
tainly there should be a more general public understanding 
of the contribution which professional bodies could bring 
to bear on particular public issues. As Prof. Eckstein has 
shown, preasure groups of the professional type can con- 
tribute usefully in the formulation and administration of 
specific policies. Moreover, they constantly define opinion 
for Government, and on a level on which political parties 
rarely touch. 

There is thus substantial evidence that pressure groups 
have a definite contribution to make in a democratic 
system where political parties sometimes fail simul- 
taneously to provide efficient decision-makers and repre- 
sent &ocurately opinions. Representative organizations 
such as professional associations supplement the party 
system with alternative organizations which can influence 
decisions without affecting the position of the decimion- 
makers—this, as Prof. Eckstein argues, ia probably their 
pre-eminent funotión in an effective democratic system. 
Tt is worth further consideration, especially by professional 
bodies of scientists and technologista, how best that 
function can be discharged. 

This is not, of course, the only way in which professional 
bodies can perform a social function. As Prof. Eok- 
stein also shows in his book, the difficulties of the British 
Medical Association in regard to the National Health 
Service arise in part out of the transformation of the 
profeesion from one in which the majority of members 
were self-employed or in independent practice to one in 
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which they are mainly employed by the State. Mo 
clases of scientists and technologists have indeed alway 
been salaried employees, and this has from time to tin, 
led to difficulties over professional responsibilitioe an 
standards and to the formation of bodies registered c 
‘Trade Unions’ for the defence of their economic interest: 
as, for example, the Association of Scientific Workers an 
the British Association of Chemists. By and large, thot 
difficulties, however, do not appoar to have been cor 
siderable and, so far as public policy is concerned, it seem 
to have been -immaterial whether representations ar 
made by these latter bodies or by the chartered institu 
tions and qualifying bodies. Each seems to have it 
specific place and function, though, so far as industry i 
concerned, the bodies with economic responsibilities unde 
the Trade Unions Acta may be in the stronger position. 

Nevertheless, this aspect of professional organization i 
nothing like as important—at least from the publio poin 
of view—as Prof. W. Kornhauser suggests in & recer 
bookf. In both this book and in a subsequent article 
“Strains and Accommodations. in Industrial Researo) 
Organizations in the United States”, published in th 
autumn 1962 issue of Minerva, Prof. Kornhauser seems t 
exaggerate the streases and clashes between profeesiona 
interests and standards and industrial objectives an» 
purposes—in any event so far as British industry is oon 
cerned. Molehills sometimes become mountaina, but, or 
the other hand, the real difüoulties and problems of th 
structure and place of professional organizations in th 
technological society in which we live are virtual 
ignored. 

Both Prof. Kornhauser's book and his article are essen 
tially on the management and control of research and 
perhaps because he seams to be almost obsessed with tb 
idea that research is the only possible or legitimat 
occupation for a scientist, Prof. Kornhauser’s book even or 
that theme is scarcely as illuminating as the Zuckermax 
report. Besides his narrow conception of the vocation o 
a scientist he shows no clear conception of the limits o 
professional competence. Tho admission that th: 
diffusion of scientists and technologists throughout az 
enterprise with an appropriate organizational struo 
ture may diminish what he regards as the inevitabl 
tension between the primary functions of a profeasiona 
organization and the purposes of an industrial enterprim. 
is as near as he geta to any recognition of the need fo 
a wide understanding in society as a whole and in it 
industrial units of the nature of sciantiflo activity. 

It will thus be seen that Prof. Kornhauser’s book i 
disappointing—this is the more unfortunate in that th 
respective functions of the learned and scientific society 
and of the professional association have acquired a new 
significance and importance to-day for reasons which Prof 
Miller and Prof. Eckstem have made plain. That the 
influence of the professionel body, on Prof. Kornhauser’: 
evidence, is declining in the United States, and that in 
Britain the scientific society finds great difficulty in 
recruiting & reasonable membership from scientists anè 
technologists in industry are beside the point. Both the 
scientific society and the professional institution have am 
essential place and an important function to perform 
among the various means by which expert knowledge is 
placed at the service of the community and given its full 
weight in executive decisions on public policy. It is not 
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& healthy sign if the members of a particular profession 
are reluctant to support their professional institutions 
which are responsible for the maintenance of professional 
standarda of acceptance or the diffusion of knowledge of 
advances in that field of knowledge. Neither is it healthy 
if these institutions are unable, for any reason, to place 
effectively before the appropriate authority &t any level 
up to the Cabinet itself, as may be necessary, the con- 
sidered views of-theit members on questions of public 
policy in which they have special knowledge. There is 
more evidence than is discussed by either Prof. Eckstein 
or Prof. Kornhauser that the time is ripe for a critical 
review of the structure and functioning of professional 
institutions in general and of the ways in which they can 
to-day most effectively and appropriately put their special 
knowledge and skill at the disposal of the community. 
Few aspects of this wide problem of power and influence 
are more important to-day, and once again the question of 
affective communication is at the root of the whole 
problem. 


MOLECULAR BIOLOGY AND 
CANCER RESEARCH 


The Molecular Basls of Neoplasia 


A Collection of presented at the Fifteenth Annual 
ium on Canoer Research, 1961. Pp. 
ix--014. (Austin: University of Texas Preas, 1962. 


Published for the University of Texas M. D. Anderson 
Hospital and Tumor Institute.) 10.50 dollars. 


HIS remarkable book illustrates the striking way in 
which molecular biology has recently advanced our 
understanding of fundamental biological processes. That 
it is a report of the fifteenth annual symposium on 
“Fundamental Canoer Research” held at the University of 


the molecular level for gaining insight 
nomenon of cancer. The volume consists of thirty-four 
introduction which states the problem and is invaluable 
to the reader who works in a different fleld. Most articles 
are by bioohemiste or biophysicista: but towards the end 
of the book materials and methods become more complex, 
and ‘it is often the biologist, particularly the geneticist, 
who interprets the findings of the biochemist. 

The first lectures deal with the building bloaks of 
nuoleoproteins and enrymes, starting with the nucleic 
acids. Tho enxymatio synthesis of artificial nucleic acids, 
their denaturation and the restoration of the double helix 
helps in the understanding of the ies of natural 
nucleic acids. This ia particularly important in view of 
the fact that an analytical method for determining 
nucleotide in natural nucleic acids is still 
missing. In next group of lectures, which deal with 
nucleic acid and proteins, we read how analysis in chemical 
terms of the action of alkylating agents and some other 


and their possible i 
on conformation and on substructure of certain well- 
analysed protein molecules. 

The second part of the book deals with more complex 
matters; namely, with the control of synthetic processes. 
The pash years have brought fascinating discoveries of 
homeostatic mechaniams at the enzyme level &ble io 
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function in cell-free systems, inhibition being exerted 
either on tho action or, in other instances, on the synthesis 
of the enzyme. Here again, biochemical progress owed 
much to the geneticist's techniques, the suppressor genes 
for example: piving an explanation for enzyme induction 
through Joes of a normal ,suppreasing mechanism. The 
idee that some cancer. cells may have lost suppressor 
gene is ivg indeed.“ Feed-back control of enzyme 
concentrations, first discovered in micro-organisms, has 
now also been found in vertebrates. The last lectures 
deal with the ribosomes, the vital organs for protein 
‘synthesis both in and oell nuclei. The precise 
way in which they obtain and transmit their information 
is still obscure, and represents one of the most debated 
questions of the present time. 

The book is well produced, and should be of value not 
only to the specialist but also to anybody interested m 
recent advanoos in fundamental biology. MARTHE Voor 


BIOCHEMICAL LABORATORY 
TECHNIQUES 


Methods of Biochemical Analysis ` 
Vol. 9. Edited by Prof. Devid Glick. Pp. ix+ 462. 
(New York and London: Interscience Publishers, a divi- 
gion of John Wiley and Sons, Ino., 1962.) 1085. 


A Laboratory Manual of Analytical Methods of Protein 

Chemistry (Including Polypeptide) 
Edited by P. der and R. J. Black. Vol. 3: 
ination of the Sire and Shape of Protein . 
x+286. (London and New York: Pergamon 
1961.) 50s. net. 


ETHODS of Biochemical Analysis (Volume 9) offers 

the customary diverse collection of topics. Only 
the first two chapters on deoxyribo- and ribo-nucleases 
are related, and these deal with the various methods 
available for the assay of these enzymes. A discussion of 
plant hormones is mainly devoted to the extraction, 
purification and assay of auxins, but other plant-growth 
regulators, such as the gibberellins and ascorbigen, recerve 
mention, An account of the analysis of adrenal steroids 
in blood by oountercurrent distribution iB, in my own 
opinion, tedious to read and overburdened with detail. 
In a concise survey of techniques for column electro- 
phoresis in granular media, the authors critically 
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inoentive to the faiht-heaerted. ~ 
The final volume of A Laboratory Manual of Analytical 
Methods of Protein Ohemistry is devoted to teghniques for 
determination of molecular size and ahape. As in the 
earlier volumes, each chapter is written by one or two 
The volume opens with an account of methods 
of preparation of specimens for electron microscopy and 
the use of techniques such as shadowing, staining, and 
replication. The chapter on osmometry is & utary 
reminder of what oun be achieved with a combination of 
experimental skill and simple home-made equipment. 
One feels that the inclusion of a description of the eleo- 
tronic osmometer is an apologetic afterthought. In 
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complete contrast, there follow reviews on the diffusion 
and ultracentrifugation of proteins with. their heavy 
reliance on commercial i t8. ^: The- principles of 
the methods, however, rather than detailed descriptions 
of equipment, are emphasized. An account of the study 
of non-Newtonian liquids in capillary viscometers pays 
welcome attention i 
illustrates by numerical examples possible sources of errors. 

; on unimolecular protein films has too few 
“exponents; perhaps the present discussion of techniques 
and their application to the determination of molecular 
“weights and diffusion coefficients on the microscale will 

, stimulate more interest in this fleld. The book ends with 
a description of the measurement of light-scattering by 
proteins; it emphasizes the particular suitability of this 
technique for d ining the molecular weight and 
asymmetry of large proteins and also for studying the 
kinetica of processes such as aggregation and denaturation. 
Like ita two forerunners, this volume contains a wealth 
of illustrations and tables. Bearing this and the number 
of contributors in mind, the price ia very reasonable. It 
is a pity that differential ultra-violet spectrophotometry 
has not been mentioned, but perhaps its value has only 
been realized since this series was planned. 

3 D. T. ELMORE 


CHROMOSOME NUMBERS AND 
TAXONOMY 


Chromosome Numbers of Central and Northwest 
' European Plant Specles 
By Askel Lóvé and Doris Lóve. ("Opera Botanica" a 
Societate Botanica Landensi, Vol. 6.) Pp. 581. (Btoak- 
holm: Almqvist and Wiksell, 1961.) 40 kronor. 
db latest manual ia intended as a reference work to 
the chromosome numbers so far reported for plant 
and 
- north-west Europe as circumscribed by the authors. It 
liste 5,490 species and 1,860 subspecies of Pteridophytes, 
Gymnosperms and Angiosperms, of which chromosome 
counts are given for 4,417, that is, 80-7 per cent. Diploid 
and basic numbers are given: the basio numbers are 
calculated from the lowest diploid number known in the 
group in question, or are theoretical when only &pparently 
polyploid numbers have so far been reported. An appen- 
dix lists new counts which have not been previously pub- 
ished, together with an indication of the source of the 
material and the name and institutional address of the 
worker concerned. ` 

On the critical question of the taxonomic identification 
of the planta, the numbers of which are listed in the main 
text, the authors point out that most chromosome num- 

- -.bers are determined either by “oytologista lacking taxono- 
mio training or by taxonomiste lacking cytological skill 
and experience’’ They have not found it feasible to 

. distinguish between those counts based on cultivated 
material and those based on spontaneous material. 

This compilation must surely be the last of a distin- 
guished series of chromosome lista to reproduce all numbers 
and counts reported, irrespective of the origin of the 

‘material or checks on ite identity. What is now needed 
ia much more selective chromosome ‘information—for 
example, lista of accredited numbers for more restricted 
regions, discarding earlier or doubtful records and includ- 
ing only counts determined from spontaneous material 

' growing within the region in question. 

At the moment most chromosome number oompilations, 
including the present one, serve more as a systematic guide 
to the relevant literature than as & basis for taxonomic, 
phytogeographical and similar conclusions. It cannot be 
streased too often that reported numbers for species have 
to be sifted through and verified in perhaps the majority of 
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cases before they oan be accepted. : If even the moet 
own before numbera are 
&ooepted for inclusion in, saf, & Flora, it is £ ising how 
few numbers in thé literature are found to satisfy these 
conditions. 

Certainly the Lóvea have performed a signal service in 
making the source references available to us (the biblio- 
graphy runs to nearly 200 pages) and this book should find 
a place on all taxondmists’ shelves. - The introduction of 
some 15 pages, in addition to outlining the scope of the 
work and giving the limits of the area covered and statis- 
tical data, includes an essay on the systematic arrange- 
ment adopted and a section somewhat ambiguously 
entitled ‘Limitation of Categories". The point of view of 
the authors is summarized by their acceptance of Mayr’s 
definition of species as "groupe of actually or potentially 
interbreeding natural populations, which are reprodus- 
tively isolated from other such groupe". As readers 
familiar with the Loves’ work will expect, they adhere to 


(the details published in 
Botaniska Notiser, 114: 38, 48; 1961), some concerning the 
statua of the groups concerned, others consequent on the 
adoption of narrow generico limita, especially in Cages 
where cytological evidence apparently lends support.: 
Thus Lyoopodsum is split into jum ‘sensu stricto’, 
Diphastum, Lepidotis and Hupersia; and Euphorbia into 
Tithymalus, Agaloma, Poinsettia and ; > 
The volume is well produced, as we have come to 
expect from Opera Botanica. There are several misprints . 
and minor errors. The foregoing criticisms apart, the 
Lóves are to be congratulated on their immense industry 
and patience in producing this work. It must have been 
indeed a labour of love. V. H. Hsywoop 


BIOLOGY AND HUMANITY 


Blology and the Nature of Man 

Based upon the Riddell Memorial Lectares Thirty-third 
Series delivered at King’s Oollege in the University of 
Durham on 7, 8 and 9 March, 1961. By Dr. W. H. Thorpe. 
Pp. xii+122. (London, New York and Toronto: Oxford 
University Prose, 1962.) 12». 6d. 


f Rire collection of lectures by Dr. W. H. Thorpe, the 
thirty-third series of the Riddell Memorial 
is in the manner and on the scale of the fourteenth series, 
namely, those delivered by the late Sir Edmund Whittaker. 
Biologist and mathematician respectively, they discuss 
the fundamentals of scientific theory and of belief: as a 
result they confirm the Christian religion in its sacramental 
aspect as ount for the Universe and for experience. 
It is significant that the latter position at least is also 
reached on archeological grounds in a recent book by Prof. 
E. O. James. Taken all in all, this is a remarkable degree 
of agreement between a trio of scholars in such widely 
different flelds of research. g 

In the chapters now before us, Dr. Thorpe discusses (1) 
the origin of man, (2) the mind of man and ita origin, (3}- 
the origin of man’s moral nature, (4) the distinctiveness of - 
man’s moral nature, (5) the destiny of man. The terms of 
these lectures request that they should be given “with 
particular emphasis on and reference to the bearing of such 
developmenta on the ethics and tenets of Christianity”. 
This wish has indeed been faithfully fulfilled. Asa result, a 
distinguished natural scientist Ands himself dealing with 
matters eesentially theological and philosophical. As he 


~. No. 4863 January 12, 1963 


“truly says, it is bed&use life and destiny are the concern.of 
- us.all that this incursion must be undertaken. It might 
be added, not only that, but also trespass—if trespass it be 
—shoffld be greeted as a major contribution to the whole 
edifloe of truth. In classical times this would not have 
ap strange: it is'a comparatively modern mis- 
hy and~theology have beoome 


discipline which is “honest and of good report". 

Dr. Thorpe’s approach leads him to meditate on both 
metaphysics end mysticism: “Oonoerning the former, 
there will always be axiological factors in biological 
systems (as even in- tum physics), associated with 
vestiges of teleology. this context, one would expect 
perhaps some reference to the late Dr. E. S. Russell’s 
‘directiveness’: and so far as mysticism is concerned, 
this has often bean the goal of the deepest philosophical 
contemplation, a oürve of awareness ing to the 
inexpreesible as an asymptote. Maybe it is difficult for 
some minds to admit this; to others it seems obvious and 
even weloome. M 

On page 88 is a reference to form, and the possibility of 
ite analysis "into energy plus organization” (my italics). 
Is this quite right? I have mvestigated an analogous 
problem myself (1939, 1946) with as & function of 
organization. Then the -integral is of the nature of a 
potential, which is suggestive. . 

We can but thank Dr. Thorpe for a set of essays (as they 
are now) of such absorbing interest: contain an 

. element of Bpinora's statement of 1677, which may be 
translated thus—'"The effort by which each thing tries to 
persist in hia own being is nothing but the easence of the 
thing iteelf"'. F. I. G. RAwLINBS 


HUMAN GROWTH 


Growth at Ado:escence 

By Dr. J. M. Tanner. Second edition. Pp. xiii+ 325 - 11 
.plates. (Oxford: Blackwell Scientific Publications, 1902.) 
47s. 6d. net. 

"eee ae tsp A rn 

human growth &nd development which & first 

in 1955. It now comes in an i extended 
form, and, Dr. Tanner promises that in the next edition 
he will dire sed of the growth and development 
of children. y the title of the book madequately 
describes its contenta. 

There is no other text in Great Britain which gives tho 
samo comprehensive survey of human growth—ite 
meesuremant, ite velocity, the factors affecting it and the 
total aspects of physiological maturation. Dr. Tanner, 
with the help of his assistant, Mr. R. H. Whitehouse, has 
himself provided much of the data ing the velocity 
of growth in Britain. The Growth Society 
which he initiated, with the help of the Ministry of 
Health, is well advanced in the longitudinal study of 
children from birth to puberty and beyond. 

He discusses the merits and disadvantages of cross- 
sectional and longitudinal studies of growth. Cross- 
sectional measurements can provide information on the 
distance curve of growth and the meen.age of a certain 
stage of maturation, such as the monarche, but for 
velocity curves, and particularly for the facte concerning 
the variation of velocity, longitudinal studies are nooee- 

_ ‘sary. Doctors and others concernod with the development 
of individual children employ a useful convention in 
&asecesment which the author discusses fully—it refers to 
a child’s skeletal age, dental age, height age, weight age, 
and so on. This method requires the provision of accurate 
standards for development in both sexes and at any age, 
and for all parameters of maturation these are moreasingly 
available. Clinicians seek to use-these conventions both 
for immediato assesament and for prediction. There are 
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many difficulties in so doing—of which one simple example 
is provided by the ahort child. Is the child’s linear growth 
retarded by amg ascertainable environmental factor, by 
the inheritance of short stature, or are both mfluences at 
work? There is in the book an interesting example of 


- the necessity and value of prediction. The School of the 


Royal Ballet admits ite ila at the age of nine years 
and, having strict limits for the mature height of its 
ballerinas, now excludes those girls whose chance of 
ending between the limite is under 5 per cent. 

The effects of disease and nutrition, good and bad, on 
development is & complicated and fascinating subject to 
which the author gives much attention. For example, 
can the advancing secular trend in height and the earlier 
age of sexual development be entirely related to im ved 
nutrition and the reduction of disease ? Other additional 
world temperature and in inheritance that some degree 
of dominance exists in the genes governing stature and 
that heterosis is proceeding more rapidly (outbreeding 
has, in fact, increased at a fairly steady rate ever amoe 
the introduction of the bicycle). He is interested, as 
indeed we all must be, in the implications for our social 


^ and educational organization of the physiological fact of 


the steadily advancing age of sexual maturity, & process 
which is still oontinuing. 

The author promises us an extension in the content of 
his next edition. While this will be welcome, he should 
consider exclusion as well as further inglusion and Te- 

t. It is obviously impossible for him to con- 
tinue to include psychological and behavioural maturation 
and he might well decide to limit his book to physical and 
intellectual growth and development, excluding also the 
chapter on the physiological changes of adolescence. 
Excellent and indi though this edition is, it 
bears the marks of a book in transition. It contains an 
enormous collection of observations which have not always 
been assessed and digested, and the book would be much 
improved by & judicial summary of the evidence at the 

of each . .Consideration, too, should be given 

to the bibliography, which is valuable but excessive, 
ing one-sixth of the book and totalling many 

more than & thousand references. I myself failed to 
understand the relevance of the quotation from Edward 
Lear on the fly leaf, but the author Intended to 
launch his book on the “sea in a Sieve”, hoping that ib 
would return to him with the small amount of dross 
soparated from the preponderant good. i 
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HORMONE RESEARCH 


Recent Progress In Hormone Research 
Vol. 17: Proceedings of the 1960 Laurentian Hormone 
Conference. Edited by Gregory Pincus. Pp. viii -+ 600. 
(New York: Academic Preas, Ino.; London: Academic 
Preas, Inc. (London), Ltd., 1961.) 1005. 

HIS volume contains fifteen papers presented at the 

Laurentian Hormone Conference during September 
4-9, 1960. The aim of the Committee which arranges 
theee conferences is to present a contemporary view of,- 
developments in selected topica of experimentel endo- 
crinology. Four main themes were covered at the oon- 
ference, namely, testicular function, hormones and repro- 
duction, aldosterone and electrolyte metabolism, and 
finally hormones and organic metabolism. 

The first section contains two papers, ane on endo- 
crmological factors which influence the histology and 
function of non-neoplastic intetstitial cells in the mouse. 
The other paper m this section deals with fascinating 
observations on genetic aspects in male hypogonadism. 

The subject of hormones and reproduction is dealt with 
in five papers, of which the first is a nutritional-endocrmo- 
logical study on the effect -of dietary erucic acid on 
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testicular function in the raf. The other four pepers in 
this section are concerned with the endocrinology of 
female domestic mammala, oestrogen metabolism i the 
human fatus and new-born, the transplacental passage of 
steroid hormones and a paper on the metabolio effecta of 
progesterone in man. 

The largest single portion of the volume is devoted to 
six papers on hormones and electrolytes. The subjects 
covered include: mechanisms regulating the control of 
aldosterone, mechanisms of cdema formation, primary 
aldosteroniam, the physiology of the ior pituitary 
and its effects on permeability of m eg, eto. 

The volume concludes with two papers on the regulation 
of glucose uptake by rat heart muscle and the effect of insu- 
lin and other hormones on the isolated perfused rat liver. 

This volume maintains the high acientific standard seb 
by the sixteen previous issues and contains a series of 
informative chapters by experts in diverse areas of hor- 
mone research. Like ite predeoeasors this volume con- 
tains an ''edited discussion” after each communication. 
Conferences ire discussion, but the value to the 
reader of the inclusion of discussion in;the published text 
might be reviewed by the organizers or the editorial axe 
could be used advantageously here and there. 

.. The book is well produced and illustrated and this series 
is now an obligatory annual reference book for all endocrin- 
ologists; in addition, this volume will appeal to many 
other biologists. G. 8. Boxp 


PAPER SCIENCE 


Formation and Structure of Paper 

Transactions of the Symposium 

ber, 1961. Edited by Francis Bolam. Vol. 1: pp. x + 585 + 

xliv + 34 plates. Vol. 2: pp. viii + 536-910+xliv. (London: 

Technical Section of the British Paper and Board Makers’ 
- Association (Ino.), 1962.) £10 105. 


KS the first twenty-five years after ite foundation in 
1920 the Technical Section of the British Paper and 
Board Makers’ Association depended, for ita publications, 
on the research efforts of very few men: For a long time 
there was only one qualified worker in the whole British 
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busy routine workers in their spare time. So 

indeed were officially discouraged from attending meetings 
of the Technical Section in case they ‘gave anything 
away. By the end of the First World War the climate of 
opinion was changing. The British Paper and Board 
Industry Research Association was established at Kenley 
and several of the larger companies set up research 
laboratories. 

An international conference on paper technology was 
convened in Paris in 1955 by the French organ- 
ization ‘L’ATIPE’ and in ing numbers of British 
technologists were able to attend similar meetings in the 
United States. The fundamental research committee 
the Technical Section a successful in 
Oambridge in 1957 and ite proceedings were later pub- 
lished as Fundamentals of Papermaking Fibres, edited by 
F. Bolam, Technical Section, 1958. At the conclusion of 
that conference it was decided that another symposium on 
Formation and Structure should be held in Oxford in 1961 
and the two volumes under review are the transactions of 
` At each symposium the contributors came from the 
United States, Canada, Australia and several European 
countries as well as from Great Britain. The Cambridge 


symposium was to & considerable extentareview of existing ` 


knowledge and is very useful to teachers of paper science. 

The Oxford symposium, with ita subject announced four 
years ahead, attracted & much larger proportion of new 
work than the Cambridge meeting and is, probably, of 
more interest to research workers. In summing up the 
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conference at its conclusion, Prof. Ranby (Stockholm): 
seid, “What has bean presented here has, indeed, ad- 
vanced our knowledge of the structure and basic 
properties of paper. In particular, I congratulate our 
British co. who have contributed so beautifully in 
this field of research, which we previously did not think of 


88 & speciality for this country”. The early members of - 


the Technical Section who struggled "with what was . 
known, most incorrectly, as "Paper Ohemistry" with 
desperately little equipment and negligible library facilities 
might feel indeed that '*the wheel is come full circle’. 
Paper is & porous assemblage of fibres, and it is difficult 
to describe ita properties in precise scientific terms. Even 
ita thickness is indeterminate; the value measured: 
depends so much on the pressure used in the micrometer 
that it is best to avoid quantities like stress which necossi- 
tate the use of thickness in calculation. There are 


numerous irical physical and chemical tests well used 
intoanmsia epode, 

The papers given at the Oxford symposium are & note- 
worthy attempt to view paper in more fundamental 
terms than usual Corte and Kallmes have shown that 
many properties can be explained by the statistical 
geometry of random straight lines. For studying the 
permeation of fluids a paper may be considered to be built 
up from very thin networks which are themselves com- 
posed ol tendon palygona built froma thes strane lites. 

are many excellent photomicrographs of the 
surface structure of paper from Kenley, electron micro- 
graphs of different parte of fibres from Darmstadt and 
photographs of paper made with the scanning electron 
microscope in Montreal. Page and Tydeman (Kenley) 
develop a theory to explain the anisotropic tensile and 
hygro-expansive ies of paper in terms of structure 
and show in parti that the compressive forces which 
occur in drying oan cause fibres to contract longitudinally 
and frequently to exhibit micropuckering. This is oon- 
firmed by electron micrographs from Montreal introduced 
into the proceedings after the conference. 

The early Chinese paper-makers discovered that paper 
could be made from vegetable fibres by suspending them in 
water and drying them without any other adhesive, but 
the reasons for the adhesion are still debated. The 
current hydrogen bonding theory and visco-elastic 
roperties related to it are developed by Nissan. Bonds 

fibres can be seen to break (Page) and heard to 
break (Corte) while the streases within fibre jointe oan be 
treated and clarified mathematically (Van den Akker). 
There still seems to be some di cy between the 
views of paper scientists and colloid chemists as regards 
the distance over which bonding forces can act. 

A simple but ingenious method for breaking up paper 
and analysing the clay-fibre ratios at different levels 
through ite thickness is désaribed by Groen. Investiga- 
tions on uniformity, flocculation and wet end variables are 
described by Robertson and Mason and by Wrist. Only 
a few of the many interesting papers oan be mentioned 
here; in the two volumes there is plenty of mathamatioa 
and physics, some morphology and scarcely any chemis- 
try. Rnby's summary and Ranoe’s introduction are 
two of the most valuable chapters and should be reed first. 

PP Mu C. Mean EDATE ae PETA Deters te 
conference gave rise to lengthy discussions which are 
reported in full. A number of contributors succeeded in 
introducing sizeable papers at this/stage. This, and the 
lack of brevity of some authors, mentioned in Ranby’s 

may acoount, in part, for the high cost of the 
baol. arme of ibis must, however, be due to the numer- 
ous micrographs which are exceptionally well reproduced. 

It is difficult to see how more information on structure 
could have been collected in the present state of knowledge 
even though some might, perhaps, have been left out. It is 
expected that the book will well all over the world to 
those interested in advancing the subject of paper science. 

F. Lyra Hopson 
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Neutron Physics 
Proceedings of the Symposium held at Rensselaer Poly- 
(abu deus MIT o 1901. Edited by M. L. 
Yeater. (Nuclear Science and Technology, a Series of 
Mon and“ Textbooks. “Vol. 2.) Pp. xiii+808. 
„(Now York and London: Academio Press, Ino., 1962.) 86s. 

HIS volume reporta the Proceedings of the Symposium 

held at the Rensselaer Polytechnic Institute in May, 

1961, to mark the opening of the Neutron Physics Labora- 
tory and its high-intensity linear electron accelerator. 
The papers cover all areas of neutron physics 
work, including nuclear physics Measurements on fissile 
and non-fissile nuclei, solid and liquid state research and 
neutron thermalization problems. In addition, there is 
one paper on the fusion problem. Unfortunately, with 
such a wide range to cover, some limitations are inevitable. 
In effect this book presente a review of the resonance 
region neutron cross-section field and the thermalization 
field, while the other subjects are only covered in part. 
But, as a review of the cross-section fleld, it is marred by 
the very fact that it is a compilation of papers which 
present the resulta obtained in individual laboratories 
with individual machines, rather than broad surveys. 
Thus, while this book is quite useful in giving a picture of 
these fields to a ‘new-comer’, it is unable to compete 
with the text-books on neutron physics which are being 
published by the same publisher. 

The style is informal in that the papers were prepared 
from tape taken at the meeting, and the articles 
read as though were being spoken rather than 
prepared in the manner of a text-book. This fact, coupled 
with the good layout of the book, makes it very easy to 
read. On the whole this is an interesting and useful book 
but one likely to have a rather short life. 

P. A. EGELSTAYY 


Brompton Hospital Reports 

Vol. 80, 1961. (A Oollection of Papers by Members of the 
Staffs of the Hospitals for Diseases of the Chest (Brompton 
Hospital; London Oheeb Hospital); and of the Institute 
of Diseases of the Cheat.) Pp. viii-- 287. (London: Lloyd- 
Luke (Medical Books), Ltd., 1962.) 15s. net. 


R many years papers published by the staffs of the 

Brompton Hospital, London Chest Hogpital and the 
Institute of Diseases of the Chest have been brought 
together in a composite volume which is iasued annually. 
The thirtieth of these is notable for an article by Bir 
Russell Brock on the surgical treatment of pulmonary 
stenosis and a series of articles dealing with various 
aspecta of sarooidonis. There is also & description of a 
quantitative method of studying tumour cells in blood by 
Drs. 8. W. A. Kuper, J. R. Bignall and E. D. Luckcock as 
well as an assessment of antitussive drugs in man by 
Dr. F. J. Prime. Dr. Lynne Reid examines the relation- 
ship between chronic bronchitis and the hypersecretion of 
mucus, while Dr. J. H. Roas reviews the surgery of the 
thoracic duct. In the main the articles are written in 
‘popular’ a a es aa Nan eae 
photographs. L HAWRINB 


The Exploration of Outer Space 
By Bir Lovell. Pp. ix+87. 
University Press, 1062.) 165. 

HIS is an introduction for the layman to some of the 

recent developments in astronomy, particularly 

those involving radio methods of investigation. Sir 
Bernard’s skill m popular exposition is well known, and 
this book bears out his reputation. 

It is based on the Gregynog Lectures, given m Aberyst- 
wyth in October 1961, and starts with a chapter on 
techniques followed by further chapters on the solar 
system, the structure of galaxies and the origin and 
evolution of the universe. With all this in 87 octavo pages 
there is obviously no room for details bub most of the 


(London: Oxford. 
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problems at present engaging attention in the field find 
at least a mention. 

The final chapter is on“ extra-terrestrial life and the 
possibility of detecting it. The author gives a iue. 
warning about the danger that the U.S.S.R. or the Uni 


‘States might madvertently contaminate other planete with 


organisms from the Earth and perha 
of studying their own life-forms, 
eun ED Rede uice i c dl 
that Bir Bernard’s auc of high-altitude nuclear 
losions were h-poohed' by ‘responsible’ scientists 
ore the event of July 9, 1902, but are now seen to have 
been largely justified. The last chapter also describes the 
recent attempts to receive 21-cm radio waves from intelli- 
gent beings on nearby stars. It is ironical that these 
attampte have already been overtaken by scientific pro- 
grees, for coherent light from lasers is now considered to 
be & more effective method of communication over inter- 
stellar distances and who can say what will be the best 
technique available in’ even ten, let alone a hundred ar & 
thousand, years’ time ? J. R. SHAKESHAFT 


The Annual of the British Schoo! at Athens, No. 56, 
1961 

Pp. x--238--31 plates. (London: The British School at ` 

Athens, 1962.) 108s. net. 


HE 1961 Annual maintains the British School's high 

standard of archwological publication. The weight 
of this volume is given to two subjecta, topography and 
epigraphy; but ee excavation publication and 
early Athenian history are also treated and there is an 
article about ancient Greek kilns and their ‘double stoking 
tunnel". 

D. M. Metcalf discusses the Byzantine scyphate (saucer- 
shaped) bronze coins in Greece during the twelfth and early 
thirteenth centuries. From a study of hoards and site- 
finds he assigns certain types to areas and suggests poasible 
mints. M. F. 8. Hood and J. Boardman publish three 
early Iron Age tombe at Knossos, Orete; mainland Greece 
is represented by the publication of evidence for Mycenman 
occupation near the Oyclopean Terrace Building at 
Mycensz and by two pieces of a chariot larnax from the 
same site. Prof. Hopper’s article on the early history of 
Athens destroys the thesis that there was & connexion 
between the three ‘regions’ of ancient Athens (Plain, 
Shore, Hill) and political parties later imagined to have 
been based on them. The author attempts to reconstruct 
Athenian history in the seventh and sixth centuries B.C. 
and sees political parties as fluctuating groups supporting 
particular individuals who were mostly concerned with 
advancing their own political interests. Thus he expresses 
a view of ancient Athenian politicos coming increasingly to 
the fore, displacing the accepted idea (based on modern and 
political theory) of ‘conservatives’, ‘moderates’ ‘radicals’. 

The emphasis on topographical research is a marked 
feature of Greek archmwology to-day. The famous sites are 
for the most part dug and published and so the topo-- 
graphers have taken the field and are doing valuable work 
in establishing the relations of amall outlying aites to 
main centres, in working out the chronological patterns of 
settlement in specific areas and in identifying sites for’ 
which literary evidence exists. In this volume Helen 
Waterhouse and R. Hope Simpson present (at perhaps 
excessive length) the second part of their exploration of 
prehistoric Laconia, J. M. Oook argues for identifying. 
four small classical cities near ancient Miletus m Turkey, 
and Garnett and Boardman publish the results of under- 
water reconnaissance off the island of Chios in 1954. 

For epigraphy, A. Schachter publishes ten small 
inscriptions from Boeotia and Ursula Duncan writes on 
lettering by Attic masons. T. B. Mitford gives the formal 
publication of the 113 Hellenistic inscriptions from Old 
Paphos in Oyprus. Twenty-one of these are new, and two 
are important. Peren WARREN 
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SHAPE DISCRIMINATION AND RECEPTIVE FIELDS 


By Da. N. S. SUTHERLAND 
Institute of Experimental Psychology, University of Oxford 


TES problem of how patterned stimuli are analysed 

the nervous system is important but until recent 
years been neglected. It is important since unless we 
know how incoming stimuli are coded, we cannot say 
anything very helpful about the further processing 
mechanisms in the nervous system which lead to the overt 
response. It has been ted since until recently 
the tools were not available to attack the problem. 
Three developments in three different disciplines have 
brou promise of & solution. Psychologists oan apply 
the of stimulus equivalence’ pioneered in the 
‘thirties by Klüver and by Lashley, and thus can attempt 
to discover the categories into which i ing information 
is sorted. Physiologists are able to throw direct light on 
the coding of incoming information by the newly developed 


technique of microelectrode recording Recent develop- 
recognition tasks oan be performed by systems simple 


enough to be understood ani even built. In addition to 
the contribution made by developments in the foregoing 
three subjecte, important evidence is, of course, also 
provided. neuro-anatomists using longer established 
techniques. Developments in other disciplines have 
made it easier to give functional interpretations of patterns 
of connectivity in the nervous system, and the direct 
study of such patterns by anatomical means in turn 
assumes & now ] 

->> The work with which this article deals is relevant to 
one aspeot of the general problem, namely, how animals 
reoognize visually presented shapes. 

In 1857, I put forward a theory about ahape recognition 
in the octopus'. Predictions made from this model were 
afterwards tested by behavioural experiments and the 
status of the model was reviewed in Natures in 1960!: 
although the theory was not without ite critica, it was able 
to handle most of the evidence then available. More 
recently collected results suggest that some details of the 
ire modifloation. Deutsch? and Dodwell* 

theories to account for shape dis- 
crimination in the octopus; despite their ingenuity, both 
theories leave some evidence unaccounted fort. 

The aims of the present article are: (1) to summarize 
some now results on shape recognition in the octopus and 
- other species ; (2) to show where my theory faila to explain 
these results; (8) to & modification of the theory 
which both fits with' recent physiological and neuro- 
&natomical findings and helpe to explain the reoent 
"behavioural data. Before discussing these topics, a brief 
description of the problem and the methods used will be 
given, and the origmal theory stated. 


Problem and Method 

The problem is to discover what are the physical 
properties or dimensions in terms of which animals 
classify ahapes and to infer the type of analysmg mechan- 
kikou at wek a ip brain: Although it is clearly impossible 
of behavioural evidence, the attempt is worth making 
because such models have heuristic yalue in the collection 
of fresh behavioural and physiological data. Moreover, 
if the dimensions of analysis are complex i$ may be very 
difficult to specify them without having some model in 
mind. 

Two behavioural methods have been used: (1) animals 
are trained to give different responses to the members of 


various pairs of shapes in order to establish which pairs 
are readily discriminated, which are difficult or impossible 
to discrrmmate. (2) After training, animals are given 
‘transfer tests’ with other shapes in order to -establish 
to what extent these new shapes are treated as similar 
to one or other of the originals. The two methods are 
oomplementary. 

A simple example will demonstrate the sort of inference 
it is possible to make by the use of these methods. If the . 
primary property of shapes analysed were the number of 
Sides, then a square and a triangle should be easier to 
discriminate than a square and a diamond (method 1). 
Furthermore, after training on & square and a triangle, 
animals should give the same response to a diamond as 
that which they have learned to make to a square (method 
2)—in practice, octopuses treat a diamond like a triangle 
not like a square, and this suggests that the number of 
sides (or angles) present in a shape is not one of the primary 
properties under analysis. 

An attempt has been made to collect data from species 
widely ted phylogenetically (octopus, rat and gold- 
fish) die hone of unoovering differences in the way 
different ies alaeeify shapes. If consistent differences 
omare tud ould provide a Rather diuo to the dime: 
sions under analysis and the mechanisms at work, particu- 
larly if such differences could be correlated with differences 
in neuroanatomy or environment’. ij 


The First Model 


In 1957 a model was which accounted well 
for many early findings!*. It was suggested that in the 
octopus’s visual system shapes were converted into their 
‘horizontal’ and ‘vertical projections’. The horizontal 
projection is arrived at by counting the horizontal extent 
of a shape at each point on the vertical axis, and the 
vertioal projection by counting the vertical extent at 
each point on the horizontal axis (for some examples of 
such projections of. Fig. 2). To explain the early evidence 
it was necessary to make the further assumption that 
behaviour is more readily determined by differences in 
the horizontel projections of shapes than by differences 
in their vertical projections. : 
or explained are the following. Octopuses discrimmate 
very readily between a vertical and horizontal rectangle, 
but soarcely at all between two es, ons set at 
45° to horizontal, the other at 185°. The di mation of 
a horizontal or vertical rectangle from an oblique rectangle 
is of intermediate difficulty. M and A shapes having 
Identical projections are very difficult to discriminate; 
after learning to discriminate M from >, animals treat =X 
as equivalent to the original >, and A as equivalent to 
the original M. Shapes reversed along tbe horizontal 
axis are leas readily discriminable from one another than 
shapes reversed along the vertical axis. Two horizontal 
rectangles differing in length are more readily disorimin- 


differing 
After being trained to discriminate a square and a vertical 
there is a tendency to treat a horizontal 
as oquivalent to the square. A square and a triangle are 
more readily discriminable than a diamond and a triangle. 
After training on and circle there is no tendency 
to treat a diamond as equivalent to the square. For a 
fuller description of these results and for references 


to the experimenta] papers see ref. 2. All these findings 
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were originally obtained with octopuses, 
but some of them have since been replicated 
with other species, namely, rata’, goldfish’, 
monkeys’, and children!*. 


Some Recent Data 

It is impossible to summarize fully all the 
more recently collected behavioural data on 
shape discrimination. Attention will be 
focused on data which it is difficult or 
impoasible for the original model to explain. 

(1) Republicated patterns. The two pat- 
terns shown in Fig. 1 should, according to 
the theory, be impossible to discriminate. 
Whether the white portions of the patterns 
or the black are counted, the projections 
of each pattern are the same and are as 
shown in Fig. 1. Despite this, the two 
patterns are very readily discriminated by 
octopuses!!. Indeed, they are much easier 
to disariminate than are a single horizontal 
and a single vertical rectangle of the same 
size as each of the elements in the two pat- 
terns. 
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PATTERNS HORIZONTAL VERTICAL 
PROJECTIONS PROJECTIONS 
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(2) Horizontal and vertical projections. Since the theory | work!* suggested that this was incorrect since changing 
assumes that differences in horizontal projections are more the orientation in which a shape was presented altered 
readily detected than differences in vertical projections ita position on the scale. Although we cannot define 


a pair of shapes differing solely in the former 
projections should be more readily dis- 
criminable than a pair differing solely in the 
latter. From Fig. 2, it will be seen that 
pair 1, 2 differ only 1n their vertical projeo- 
tions whereas the members of pair 3, 4 
differ only in their horizontal projections. 
Nevertheless, the first pair was found to be 
a8 readily disoriminable by octopuses as the 
scond, Pairs 11, 12 and 13, 14 were also 
found to be equally discriminable although 
again one pair differs only in vertical 
projections, the other only in horizontal". 
The same fmding was obtained with pair 
5, 6 and the pair made up of the 90° 
rotations of these shapes". 

(3) Open and closed shapes. If animals 
are trained to give response z to shape X 
and response y to shape Y and are then 
shown several transfer shapes, we can count 
up how often each response is given to 
each transfer shape and thus rank order 
the transfer shapes starting with that to 
which most z responses are given and end- 
ing with that to which most y responses are 

iven. Perhaps the most interesting recent 

ding is that when the same transfer 
shapes are presented in different experi- 
menta, they are frequently arranged in the 
same order despite wide variations m the 
pairs of trainmg shapes used’? 4-4, Thus 
after training on any of the seven pairs of 
ae shapes shown on the left-hand 
side of Fig. 2, octopuses arrange tho 
transfer shapes shown on the right-hand 
side of the figure in the same order. This 
suggests that the members of pairs of train- 
ing shapes producing this ordering of trans- 
fer shapes themselves differ along one of the 
primary dimensions used by the octopus 
m the analysis of shape. The problem 
iS to specify this dimension by examining 
the way in which transfer shapes are 
ordered along it. Early work’ made 
it ap possible that a shape’s position 
on dimension might be determined 
simply by the ratio of its periphery to 
tho square root of its area. Later 








TRAINING HORIZONTAL VERTICAL TRANSFER HORIZONTAL VERTICAL 
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ion on it, it is useful in the mean- 
time to namo it. po c iste, of the 
dimension appear to human bemgs spread out or open, 
whereas at Se donee oe oe Ons 
we shall refer to the dimension as ‘ 

traming ahapes shown in Fig. 3 ihe. odd numbered 
member in each pair lies towards one end of the dimension 
(open), and the even-numbered lie towards the 
other end (closed). In what follows words ‘ ' and 
‘closed’ will be used to indicate the position of pes on 
& scale: it is important to remember that their position 
was determined experimentally—the octopus nob the 
experimenter decides whether one shape is more or less 
open than another. 

Octopuses were trained on each of the training pairs 
shown in the first column of Fig. 2 (and on several others 
not shown) and were then presented with various transfer 
shapes some of which are shown in the fourth column. 
The more open a transfer was found to be (that is, 
the more nearly it was in the way the animal had 
Jearned to respond to the open training shape), the higher 
ite position in Fig. 2. lying inside the same pair 
of horizontal linee lie along the dimension in 
corde nre ue Due ope bun DE E 
open than G, ete. The position of blocks of shapes along 
the dimension is, however, only approximate. Thus D is 
probably but not certainly more open than E. To determ- 
ine exactly the relative positions of such ahapes further 
experiments are necessary. 

One interesting feature of the ordering of the transfer 
shapes is that the ion of a shape on this dimension 
often depends on rts orientation: thus. the square and 
diamond (J, K) are the same shape shown in different 
orientations, but the diamond is always found to be more 
open than the square. Similarly, an upright cross (O) is 
more open than an ‘X’ (D), and a horizontal rectangle 
(E) than a vertical (G). One general finding is not shown 
in Fig. 2. It will be noticed that the 
shapes were all filled-in block shapes. If, after 
Ser conne vemon oh ees OF e e Goa cle pes (odd 
numbers) is presented, it is always treated in exactly 
the same way as the animal had learned to treat the 
original open shape. If an outline version of any of the 
origmal closed shapes (even numbers) is presented, there 
is either no transfer at all, or the animal tends to respond 
to it in the same way as'it had been trained to treat the 
original open shape. 

There is, then, a remarkable consistency in the way 
octopuses order transfer shapes when different training 
shapes are used. Even more remarkable is the fact that 
two other species have been found to order transfer 
shapes in the same way as the octopus. Rats and goldfish 
were trained on pair 5, 6 and the 90° rotations of these 
shapes. Most of the transfer shapes shown here were 
afterwards presented and within the limits of experimental 
error they were ordered from most open to most aloeed in 
ur ene a en de A cay ird 
It therefore seema likely that the reeulta o with 
octopuses have considerable generality, and many of them 
hold for species widely different phylogenetically. 

We must now consider how well the origmal model 
explains the ordering of shapes along the ‘open—closed’ 
dimension. It will be noticed that the more open member 
of each pair of training shapes yields at least one projection 
which contains more or sh than occur in the 
corresponding projection of closed members (Fig. 2). 
In general, the ordering of transfer shapes agrees well 
with the number and sharpness of the peaks occurring 
in their projections; thus, the diamond (J) yields more of 
SE M Ed a 
Moreover, sha ya es yielding a high peak on their horizontal 
projections (A, E) are more open than shapes yielding 
the same peak on their vertical projections (B, G) and this 
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agroos with the assumption that horisontal projections 
determine behaviour more readily than vertical. How- 
ever, in three mstances this analysis fails to predict the 
correct order. The circle (L) yields more of a peak on 
both projections than does the square (K) but it is a less 
open shape. The oblique rectangle (F) yields no peaks 
but isa comparatively shape. It is not clear that 


the i (O) yi more jectiong than 
ve : P o peaked proj ng 


A Revised Model .. 


At the time the original theory was proposed there was 
little physiological evidenoe available as to how the visual 
input was ooded.. Evidence of quite complex kinds of 
coding has recently been forthooming from microélectrode 
studies on the visual cortex of the cat!* and the tectum 
of the frog". Hubel and Wiesel have discovered in the 
striate cortex of cat neurones which have elliptical 


d will only give a maximal response when a 
rectangle is laid along the length of the field covering 
only the excitatory centre strip. A small rotation of the 
rectangle abolishes the response, since when the rectangle 
iS not in the same orientation as the elliptioal field it 
covers both excitatory and inhibitory areas. In the cat 
striate cortex such neurones occur with receptive fields 
orientated in all visual axes. Hubel and Wiesel have dis- 
covered several other types of receptive fields, some of 
them considerably more complex in their properties than 
that described: these complex fields probably represent a 
further stage of analysis. It is unnecessary to describe 
in detail the other receptive flelds discovered in the cat: 
they all seam to have the property of responding maxim- 
ally either to a narrow ber or to a straight edge, though 
Bome are more affected by movement of the stimulus, eto., 
than others. 

We cannot, of course, infer from the existence of a given 
type of receptive fleld in the oet to ite existence in a 

ies as phylogenetically different as tho octopus. 

ver, at the same time that Hubel and Wieeel were 
investigating coding m the cat’s visual pathways by 
microelectrode methods, J. Z. Young was studying the 
neuroanatomy of the octopus’s optio lobe. He obtained 
evidence that the dendritic pick-up fields in the optio lobe 
of Octopus are predominantly elliptical, and that there 
is & maximum number orientated in a plane which oorre- 

ds to the visual horizontal, a second maximum in the 
plane ing to the visual vertical, and fewer in 
intermediate orientations’®. It is possible that Young 
has discovered in the octopus the anatomical basis for a 
coding arrangement similar to that demonstrated to 
exist by physiological techniques m the cat. It should 
also be noted that this type of coding is not dissimilar to 
that previously suggested by me! on the basis of behavi- 
oural evidence alone, though there are important differ- 
ences. 

If we assume that in the octopus brain the counting of 
visual extents is performed by a mechanism similar to 
that uncovered by Hubel and Wiesel and that (following 
Young) there are more neurones with horizontal receptive 
fields than with vertical and more with vertical than with 
oblique, then most of the behavioural data on shape 
recognition in the octopus can be readily explained. It is 
necessary to assume only that an open shape is one which 
fires many receptive flelds and & closed shape one which 
fires few. Any thin segment of a shape will tend to fire 
receptive flelds of the type described here, and thin 
segmenta occur not where a portion of a shape is 
rectangular or elliptical also at any corner. 

Fig. 3 shows some shapes superimposed on receptive 
fields that have a centre excitatory strip flanked by 
inhibitory areas. It must be remembered that the extent 
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to which a given neurone is fired depends 
on the excess of excitatory area over in- 
hibitory area stimulated, in its receptive 
fleld, that is, firing rate will vary with ZI, 
where M is the number of excitatory unite 
stimulated, I the number of inhibitory. If 
we count each ‘plus’ in Fig. 8 as one excita- 
tory unit, and each ‘minus’ as one inhibitory 
unit, then the value of E-I for each shape 
is cross 10, rectangle 20, triangle 0, diamond 
0, square 0, circle —5. However, only the 
croes and the rectangle have been drawn in 
such a position as to maximize the value of 
E-I. the triangle is superimposed on 
the field so that the base falls below it and 
the apex into it then the triangle 
yields an E—I value of 4. Similarly, if the 
diamond and the square are drawn with only 
one oorner àtioking up into the receptive 
field they each give an E-I value of 2. No 
matter in what position the circle is placed 
on a field H-I must be zero or less. It is 
clear that the extent to which a receptive 
fleld is stimulated by a given shape depends 
on the exact position in which that shape is 
laced on it. Variations in the receptive 

themselves will also result in varia- 
tions in their tendency to be fired by 


by placing the shape slightly off 
centre on the field so that 


different shapes when placed in such & position as to 

maximize E-I. As we have seen, this rank order from 

most to least firing is rectangle, cross, triangle, diamond = 
, circle. 

Tt is clear that even if the actual distribution of excita- 
tory and bite gaii ee ekg aah dare 
easy to calculate the total amount of firmg each shape 
would produce since, whatever a shape's position on the 
retina, it will fall simultaneously on many overlappi 

fields. Intuitively, however, i 


of ÆI for each shape. 

In order to estimate the relative amount of firmg 
by, different shapes, we must also consider how 

far oach shape will fire fields in different orientations. 

Thus, of the shapes drawn in Fig. 3, it is clear that the 

cross, tri and diamond would all fire horizontally 

orientated fields as well as vertical; the square would fire 


an oblique field orientated at 90° to that on which it is 
shown i whereas the vertical rectangle can 
only fire fields which are themselves vertically orientated. 


Since we have assumed that there are more horizontally 
orientated flelda than vertically orientated a shape which 
fired predominantly horizontal flelds would actually pro- 
duce more total firing than one which fired predominantly 
vertioal fields. Similarly, ib must be borne in mind that 
tn the octopus there are probably more flelds in a vertical 
orientation than in an oblique orientation. We can now 
try to estimate relatively how much firing will be produced 


^ 





by different shapes in order to seo whether their positions 


on the ‘open—closed’ dimension (Fig. 2) can be accounted 
for in terms of the amount of firmg they produce. 

Tt is clear that a circle should be the most closed shape: 
it has no corners, and no matter how it is placed on a 
receptive field little or no firing oen result. A square will 
be leas closed since some firing of obliquely orientated 

ive fields may occur where a corner of the 

projects into such a field. A diamond should be less 
closed than & since it will fire inantly 
horizontal and vertical flelds rather than the obliquely 
orientated fields fired by a square, and we have postulated 
that there are fewest flelds in oblique orientations. For 
the same reason an i cross will be more open than 
an ‘X’. Again, a horizontal rectangle will be more open 
then a vertical sinco the former shape will fire horizontal 
fields the latter vertical and it is assumed that there are 
more horizontal flelds than vertical. However, if there 
are more vertical than oblique flelds an oblique rectangle 
should be leas open than & vertical, but the octopus treats 
it as a more open shape. This discrepancy does not appear 
in the results from the goldflah. Despite ite jagged 
appearance to us the M shape will not be icularly open. 
ginoe ita various arms will tend to excite itory as well 
as excitatory areas of receptive flelds. Outline shapes 
will be more open than the corresponding filled-in shapes 
since they contain long, thin segments. 

Most of the remaining data on open and closed shapes 
summarized under 3 above can be aooounted for in 
similat ways. However, it is neoeesary to assume that 


- as well as a count of the total number of neurones excited 


(giving the position of a shape on the open—closed dimen- 
xe oe eE se ach Ga ions of 
fieurones with flelds in different orientations. This 


second type of analysis would account for much of the eazliar . 


data..Moreover, even when training shapes do differ on the 
‘open—closed’ dimension, there is evidence that transfer is 
determined to some extent by whether the orientation of 
thin segments in transfer 
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which octopuses discriminate between the Teduplicated 
patterns shown in Fig. 1 (point (1) here). 
vertical fields will be fired by the first pattern than by a 
single small vertical rectangle 
fields by the second than by 
reotangle. Presumably the greater the number of neurones 
with flelds in a given orientation that aro fired by a shape, 
the easier it will be for further detection mochaniams to 
pick out the firing from a background of noise and there- 
fore the more readily will the discrimination be learned. 

The findings reported under point (2) here are not so 
readily explainable under the revised model. Thus the 
main difference in firing patterns between land 2 
in Fig. 2 will be m the number of neurones having 
vertically orientated Sec iria fields, whereas tho main 
DERT are B an 4 will be that 8 will fire more 
neurones with horizontally orientated fields than 4. 
It may be that when the differance in the number of 
horizontal fields or of vertical fields fired is great enough 
then no effect due to there being more horizontal than 
vertical flelds will be detectable. 

There is one further fact which the revised modal 
explains better than the original theory. Sutherland and 
Muntz!’ investi the preference of octopuses for 
different shapes in the absence of any training and dis- 
covered that the animals attacked shapes moving along 
their long axis much more readily than shapes movi 
across ib. ea moving along their long axis should 
excite tho type of receptive fleld discussed here very 


prey, and crabs move along their long axis. It is likely 
pase oss features of crabs used in identification by 
cep the presence of legs™: again the type of 
Sir devel here would be well adapted to detect 
legs provided sufficiently small retinal fields were present. 

The model here proposed raises many further questions. 


learning from one part of the retina to another 
could be achieved by linking up similar unita from different 
parte of the retina to a common unit at a later stage, and 


shape recognition, and this is precisely the sort of analysis 
made by the receptive fields discussed here. A second 
type of fleld discovered by Hubel and Wiesel seams to 
detect the orientation of contours rather than of thin 
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segments of shapes. ‘Recently acquired behavioural 
evidence from goldfish indicates that in this species contour 


_ orientation ia more important for shape recognition than 


it is in the octopus. This suggesta the exciting possibility 
that when both neurophysiological and behavioural 
evidence are available for a variety of species, we may be 
able to correlate variations in behaviour with variations 
in the proportions of different types of receptive field 
present in the brain of different species. 

It has only been possible to give the barest outline of a 
revised model here, and clearly a great deal of further work 
Temains to be done to test and devejop it. For example, 
in order to account in detail for the ordering of transfer 
shapes it would be to optimize various para- 
meters of the model such as the actual widths and 
of the receptive fields (in terms of visual angles), and the 
ratio of fields in one orientation to fields in other orienta- 


It is almost certain that the type of coding discussed 
here is only one of several types of coding proceeding in 
el in the visual . Two simple operations have 
suggested which could be performed on information 
coded in this way: namely, to count the total number of 
fields fired and to count the ratio of fields fred in one 
orientation to those fired in others. Obviously many other 
operations could be and indeed must be perfi 
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GEOMAGNETIC AND PAL/EOMAGNETIC EVIDENCE OF FOSSIL AXES 
OF ROTATION OF THE EARTH 


By Dr K M. CREER 
Physics Department, King’s College, Newcastle upon Tyne 


poLsossenEne work on Quaternary lava flows 
from many parte of the world indicates that the 
direction of the geomagnetic field averages that of an 
axial dipole over times of the order of 100,000 years. 
Individual readings of the fleld as given, for example, by 


precise measurements of the fossil magnetization of 
particular lava flows differ from the axial dipole fleld 
direction as does the direction of the geomagnetio fleld 
at the present epoch. The standard deviation of the 
distribution of individual flow measurements from a suite 


15° 


o> 30 eo 90 
Latitude 
Fig. 1, Angular dispersion of 1945 geomagnstie feld around Tines of 
terre eee ee ofa and b; Pr tied 
’ a a H 
pales fot northern and buthon le 


of lava flows gives information about the 

variation, but only a few attempts have been made by 
workers in iam to compute thist. If each of 
N palmomagnetio readings of the field are represented by 
& unit vector and their resultant is R, an estimate of ther 
standard deviation is given by an angular dispersion 
` 8° equal to cos R/N. It m&y alternatively be supposed 
that each io reading is due to a non-axial 
but geocentric dipole and that the palssosecular variation 
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“is due to fluctuations of such dipoles about an axial 
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mean*. The poles of such dipoles aro oonveniently 
referred to as virtual poles’. The palmosecular variation 
may also be estimated by calculating the angular disper- 
sion of these. 

The scatter of geomagnetic field directions at a given 
place during several tens of thousands of years may bo 
estimated by rotating the present fleld about the geo- 
graphio axis, and it has been shown by this means that the 

dispersion around lines of latitude is latitude- 


the northern! (Fig. 1). 
poles‘ corresponding to geomagnetio field directions around 
lines of latitude higher dispersion factors are also observed 
for the southern hemisphere than for the northern, 
but when data for north and south latitude lines are” 
combined the angular dispersions are independent of 
latitude (Fig. 1). 

It was thought at first! that the higher dispersions in 
the southern i were due to chance. Of the 
ten or so regional sources of non-dipole fleld, more now 
happen to lie under the southern homisphere than the 
northern but the situation might be reversed in time, 
the time-constant of such a source being about 2,000 
was revealed when 


angular 
the Pacific 
lower than that for the opposite hemisphere‘. 
realized for the past 20 or 80 years that the non-dipole 
field in the Pacific is lower than elsewhere, and it has been 
that this might be & permanent feature of the 

fleld'. Furthermore, io directions for the 
Hawaiian lava flows are said to exhibit leas scatter 
than usual for rocks of similar age and type from else- 


where*. - 

By rotating the fleld through 360° as described 
here, we cannot detect sectorial differences in angular 
dispersion, but this might be done by rotating it through 
a smaller angle which should be large enough to contain 
& sample of the non-dipole field representative of that 
likely to exist at a particular place with the passage 
of time, that is, it ahould contain parta of more than one 
Tegional source. 60° has been chosen as a reasonable 
compromise so as not to smooth out sectorial differences 
too much. In order to obtain a rather better sample of 
the local non-dipole field than by simply rotetmg it 
through 60°, virtual polea have been formed into groups 
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Fig. 2. Map of angular dispersion of virtual poles for 1945 geomagnetic field 
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lying within small circles of radius 80? desaribed about the 
place for which the angular dispersion is being estimated. 
This has been-done for all pointe on a 10° latitude-longi- 
tude grid. The i ions so computed vary 
from lees than 1-5? to more than 11° and & contour map 
is shown in Fig. 2. The map has 8 main features: (1) & 
region of low dispersion in the Paoifle centred at 6° N., 
165° W.; (2) a region of high dispersion just to the south 
of South Africa at about 45° 8., 30° E.; (8) & region of 
high dispersion around the present north pole. 

Whether these features are permanent, perhaps related 
to differences in conductivity in different parta of the 
mantle, might be revealed by computing the peleo- 
magnetic angular dispersions of virtual poles from mean 
directions of magnetization of individuel Quaternary 
lava flows within suites of flows from a world-wide 
distribution of sites. Although a considerable amount 
of palsomagnetic work has been done on Quaternary 
lavas, the data have not bean presented in terms of mean 
lava flow directions. More systematic studies with 
the main object of determining the paleomagnetio 
angular dispersions due to past geomagnetic fields aro 


necessary. 
^ It is reasonable to suppose that sources of the non- 
dipole fleld are equally likely to oocur at any longitude 
near the core surface, the totel number existing at any 
one timo being limited by their diameter, which has been 
estimated at about 50° (ref. 9). To an observer on tho 
surface the effective period of fleld changes due to these 
sources is given by dividing the period of westward drift’, 
1,800 years, by the number of non-dipole sources of the 
same sign occurring round a line of latitude, that is, 
about 2, giving a period of about 10* years. McDonald’ 
estimates that the conductivity atthe base of the mantle 
is about 400 ohm-! m~ and that it decreases slowly for 
the inner 1,500 km and then rapidly with increasing radius. 
This value is too low to explam a attenuation 


aciflo is one-tenth of those near Africa. 
Runcorn” has suggested that a layer of iron as yet un- 
absorbed by the core might be responsible, and by taking 
a period of 10 years @ conductivity of 10’ ohm-1 m-t 
for iron at the temperature and near the base of 
the mantle he calculates that skin depth of this material 
is about 10 km. For a period of 10? years as suggested 
here, however, the skin becomes 30 km and tho 
presence of such a layer of iron might be detectable by 
seiamic methods. The iron must form a layer, for if it 
were distributed in the mantle material much more 
would be required to produce a given attenuation; for 
example, & random distributiom of iron spheres of con- 
centration 50 per cent would only increase the conductivity 
of the mantle by & factor of about 5 (ref. 12). 

Starting from the supposition that the Earth aoareted 
cold with iron and stony material rather uniformly dis- 
tributed, Elsasser4 has developed a hypothesis which 
explains how the iron in the mantle might have become 

ically distributed. Suppose that the Earth 
-heated up at a fairly uniform rate due to radioactivity 
from an initial temperature of about 1,000? K. The 
melting-point would be first reached near the top of any 
homogeneous layer because the melting-point-preesure 
gradient for silioates is much steeper than the adiabatio 
gradient. The actual temperature gradient would not 
be very different from the latter. Thus the iron would fall 
towards the centre in the outer layers first of all, and as it 
fell it would be slowed down owing to an increase of viscosity 
with depth as the gap between the actual temperature 
and the melting-point of the silicates decreased. It 
would thus form a coherent layer which, as the material 
contained afterwards heated up further owing to continued 
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radioactivity, would become gravitationally unstable, 
resulting in the formation of quite large drops. These 
would then fall to the centre forming the proto-core. One 
of Eleasser’s most important conclusions is that horizontal 
motion of iron must have occurred at certain levels loading 
to the formation of much larger drops than those corre- 
sponding +o the original accretion. The time taken to 
form a proto-oore is estimated to have been lees than 10° 
years and the time for a drop to fall 105 years. 
drop fell through the almost fluid silicate material 
general flow pattern of the latter would at first be nearly 
streamline, but since the viscosity of the mantle is oon- 
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rich in iron. Thus the possible presence of & layer of iron 


near the of the mantle under the Pacific could be 
a relic of this primeval asymmetrical distribution of 
iron. 





. Fig. 6. Palmomagnete poles determined from Arstralian rooks 
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-Cambrian, however, this primeval 
asymmetry might have decreased sufficiently so that the 
formation and settling of a new drop could topple the 
Earth relative to ita axis of rotation. Although the 
difference in moment of mertia due to the ion by 
the core of a drop, say, of diameter 500 km (that is, about 
+ per cent of the volume of the proto-core) is only a fow 
per cent of the difference in moments, of inertia (O — A) 
of the Earth's figure, it is more than to cause a 
movement of the pole because of the plasticity of the 
Earth”. 

An in tion of the features shown by the map in 
Fig. 2 is now attempted using Elsasser’s hypothesis. The 
region of low angular dispersion is close to the centre of 
depth of the Pacific ocean at 14° N., 161° W., and also to 
the mean palmo: io pole for North American rocks 
at 8-5? N., 168-5? W. (Fig. 4). The ooincidenoe of the 
latter two features has previously been noted by Munk 
and MacDonald" and Eleaseer!*, and they have suggested 
they might mark a primevgl pole of rotation. The 
presence of the region of low angular dispersion supports 
this. “In using the io data it is implied that 
North America has not moved relative to the Pacific 
basin during geological time. 

It is possible that the region of high dispersion under 
the present north pole is due to the formation of a drop 
which cleared the mantle of iron beneath that region, 
hence allowing changes in the non-dipole field to pass 
through with lees attenuation than in other regions. 

The Permo-Carboniferous ic south 


By the end of the Pre 


of the angular dispersion of i 

time and hence of variations of conductivity in the mantle; 
secondly, because relative movement between the ocon- 
tinents and that region could have occurred; and, thirdly, 
because of inaccuracies (of the order of 10°-15°) in some 
of the palmomagnetio data. If the position of the Permo- 
Carboniferous pole of rotation is marked in the mantle 
and revealed by the region of high dispersion, there is no 
need to postulate appreciable drift of South America 
relative tó Africa since then to explain the Permo- 
Carboniferous glaciation. Fig. 5 shows that the few 
pelseomagnetio poles available for rocks of this age from 


magnetic poles from the northern continents. 
however, must have suffered a considerable displacement 
since then because ib is now situated a long way away 
from the ‘high’. This suggestion is confirmed by the 
ition ve to Australia of the palmeomagnetio poles 
as shown in Fig. 6. The same applies to India; although 
there are no Permo-Carboniferous paleomagnetio data 
for that continent the position of the Cretaceous pole? is 
far from the ‘high’ and also far from the present south 
le. For all other continents the Cretaceous pole lies 
between iho Permian and peasant poles 
That the third important feature on the map m Fig. 2 
lies on the present axis of rotation, the argu- 


: ments for the hypothesis that the Pacifio ‘low’ and the 


South African ‘high’ also mark ancient rotation axes. The 
large Magnetic anomaly in the Arctic has been recognized 
for some time, but 28 to explain it have relied 
on the supposed existence of ferromagnetic material in 
the crust. 

If past axes of rotation are fossilized in the Earth's 
mantle, the consequences will be of great importance in 


the effecta of polar wandering (that is, a toppling of the 
Earth as a whole relative to the axis of rotation, which 
remains fixed in space) from those of continental drift. 
The arguments presented for the existence of such fossil 
axes of rotation are very speculative. It should be posg- 
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sible, however, as described above, to confirm or refute 
the ideas presented here by palsmomagnetio investigations. 
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BEHAVIOUR OF THE GEOMAGNETIC FIELD DURING THE MIOCENE 
PERIOD IN SOUTH-EASTERN OREGON 


By N. D. WATKINS 
Department of Geophysics, Stanford University, Stanford, California 


HE vast area and thickness of the lavas of the 

Columbia River Plateaux (Fig. 1, inset) offer gn ideal 
opportunity to examine the behaviour of the Earth's 
magnetic fleld during the Tertiary era. During the summer 
of 1962 a palzsomagnetio survey was made in part of south- 
eastern. just north of the California and Nevada 
State boundaries (Fig. 1, inset). Previous work by Camp- 
bell and Runcorn! m northern Oregon and Washington 
revealed the existence of approximately equal numbers of 
normally and reversely etized lava flows of Miocene 
to Pliocene age, and Cox? found that normal and;reversed 
Eocene lavas in north-western Oregon have, respectively, 
unusual north-east and south-west  paleomagnetic 
azimuths. 

The geology of the area investigated, which is part of 
the ‘basin and rango’ province, has been summarized by 
Baldwin’. The region is more than 4,000 ft. in elevation 
and Steens Mountain rises to nearly 10,000 ft. The main 
characteristics exhibited are major northerly trendmg 
faults, which have produced exposures of up to 4,000 ft. of 
nearly flat-lying basalt flows, with some tuffs and ande- 
sites. A oommon and widespread petrological type is 
the Steens Mountain Basalt, which is & coarse-grained 
porphyritio diktytaxitic basalt‘. 
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Sedimentary beds with an Upper Miocene vertebrate 
fauna lap with & very alight unconformrty on to the 
basalte*. Six flows at the top of sections B and D (Fig. 1) 
are separated from the underlying section by a thm 
wedge of sediments containing Upper Miocene vertebrates 
(G. W. Walker, personal communication), and these six 
flows are not discussed in this communication. In the 
western part of the area, Peterson! has described Lower 
Miocene silicio o rocks. According to Walkers, 
comparable oocur beneath the Steens type basalt, 
a few miles weet of Lake Abert. Field devant 
suggest that all the sections sampled are within these 
Lower to Upper Miocene age limite. 

Beven ianed accurately orientated cores were ool. 
lected from ten different sections (Fig. 1, 4—J) 
in vertical extent from 150 to more than 1,000 ft. 
distance between the most widely separated sections ie 
more than 100 miles. Measurement of the remanent 
magnetization has now been completed on at least one 
sample from each of 250 flows. Partial demagnetization 
of representative samples from all sections in alternating 
flalds up to 800 cersteds generally reduced the intensity of 
magnetization to leas than 10 per cent of the original 
intensity, but did not modify greatly the direction of 
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Fig. 1. Map with rose diagrams of palmomagnetic deelinations In seotions of Miooens lavas in south-eastern Oregon 
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ization. All the samples were sub- 
jected to demagnetization in an alternati 
fleld of 50 oxsteds. At about this fiel 
the reversoly magnetized specimens reached 
Maximum intensity, indicating a complete 
removal of an unstable component parallel 
to the present fleld direction. A total of 


remagnetized by lightning’, 
disregarded. Twenty samples taken from 
baked soils associated with the lavas have 
magnetic directions in the same sense ae 
those in the overlying lavas, lending 
' evidence to the absence of the self-reversal 
type of magnetization observed in some 
lavas’. 2 

Eighty per cent of the flows possess 4 
reverse i All the sections, 


ing section I, show & close ing 
of directions of painless S 


_ftald during the process of reversal. Since this reversal is 
likely to accompany a decrease in intensity of the main 
dipole through & minimum to a maximum in an i 
direction, control of the ambient field by non-di 

sources would be expected to predominate close to this 
time, and hence a more rapid variation of magnetio 
direction would ocour, resulting in & scatter of measured 

io directions. - 

The most significant result of the measurements is a 
systematic variation of the azimuth of the magnetio 
directions of each section from a north-south direction 
in the west of the area, to a north-cast-south-west direc- 
tion in the east of the area. These aximuths are plotted 
as roeo di in Fig. 1. Analysis of the directions of 
magnetization from the 84 flows measured in sections A, 
B and O would yield a virtual goomagnetio pole slightly 
weet of present ic north. This determination 
would contradict that made from sections to the east. 

The systematic variation of paleomagnetio declination 
could be interpreted to be the result of differential tectonic 
rotation about vertical axes, subsequent to the original 
creation of el magnetic directions in these lavas of 
restricted tive age. This would be similar to Irving’s® 

T explanation of Cox’s* results from north-eastern 
Oregon. Such an interpretation cannot be accepted in 
the breeent investigation, however, when sections in the 
central part of the area are examined in detail. 

It oan be seen in Fig. 1 that a bimodal distribution of 
palmomagnetic aximuth is evident in sections in the centre 
of the area. Fig. 2 shows the ion directions 
for all flows from sections D and F in detail. A definite 
anti-clockwise swing of the paleomagnetio aximuth is 
observed suddenly in i down the section from 
younger to older lavas. is has been observed in section 
D, where the flows are typical Steens Basalt, and are 
reversely magnetized; and in section E, which is composed 
of alternating coarse pyroolastios and fine olivine besalts, 
where the flows are normally magnetized. No sign of a 
significant geological hiatus between the critical flows is 
visible in the sections. Field relationships indicate that 
section Æ is older than section D. In section H (Fig. 3), 
the ambient magnetic field direction was relatively un- 
changing during the times when the youngest twelve 
flows were poured ot. Flows 13-16 exhibit paleo- 
magnetic directions which are flattar and more southerly 
than the younger flows. Then follows an owcillation of 
directions from southerly to westerly (17); westerly to 


NATURE 


+ Birtouon of a 


jection. 
of axially symmetrical dipole; x, geomagnetic field direction In 
south-eastern Oregon; e norik saking polar] downward; C korih-eooking Polarity 


127 





of magnetic directions in sections D and E. qual area pro, 


southerly (18 and 19); southerly to westerly (20-25); and 


of the magnetic fleld, the exact meaning of these measured 
directions is far from certain. The working model of the 
origin of the Earth's magnetio fleld accepted for palseo- 
magnetic purposes is that due to Elseseer!'. Acceptance 
of this dynamo theory results in the averaging out of 
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both the main dipole and the non-dipole components of 
the magnetio fleld to the Earth's rotation axis if measured 
directions cover a long period of time", although it should 
be noted that movement of the main dipole has not yet 
been observed direotly!*. Exactly how many lava flows 
need to be sampled to be able to cancel out non-axial 
dipole componenta 18 a matter of considerable conjecture. 
Doell and Cox™ suggest that sections of more than fifty 
flows in Hawaii may have accumulated in periods of time 
BO short that the non-axial dipole componente do not 
average out to the spin axis, or alternatively, non-axial 
dipole components persist for times long enough for the 
accumulation of relatively thick séctions. The latter 
possibility is emphasized in an analyms of the present 
field by Cox!*, who has shown that the non-dipole com- 
pm of tho geomagnetic fleld is almost entirely absent 

m much of the Pacific Ocean. 

Bearing in mind, then, that doubt exists about the 
details of the past behaviour of the geomagnetic fleld, tho 
following explanations for the observations made of the 
Miocene lavas in south-eastern Oregon can be suggested: 

(1) The-lavas were poured out in rapid, but irregular, 
succession, and the movement of the measured magnetio 
directions representa movement of the ambient magnetio 
field in pert of an ordinary change of the non-dipolo 
fleld. Tho separation of the magnetic directions repre- 
sents a small pause in the outpouring of the lavas. 

(2) Alternatively, the lavas were poured out in regular 
succession over a fairly long period, and the separation 
of directions represents a sudden movement of the non- 
dipole, or possibly the dipole, fleld. 

(3) The movement of the geomagnetio fleld, whatever 
ita source, appears to have oocurred ir similar fashion 
during times when the ambient fleld was both north- 
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British Association for the Advancement of Sclence 


Dr. N. C. Wriaut,-deputy director-general of the U.N. 
Food and Agriculture Organization, has been appointed 
to succeed Sir George Allen as secretary of the British 
Association for the Advancement of Science as from 
October 1. 

Bir George Allen was appointed secretary of the Asocia- 
tion in 1954. having relinquished the vice-chancellorship 
of the University of Malaya two years previously. For 
much of his career he has been engaged in medical research 
and education in Africa and South-east Asia. He was 
principal of the College of Medicine, Singapore (1929-47), 
and president of Raffles College. Singapore, during 1932-34 
and again during 1947-49, when he became vice-chan- 
cellor of the University of Malaya. He is at present 
chairman of the Council of Queen Elizabeth College 
(University of London) and vice-chairman of the Sponsors 
of the University of Kent. Due to his leadership, the 
Association now provides all the year round, and all ovor 
. Britain, a service of lectures, junior meetings, and science 

fairs, which are doing much to interpret science to the 

ublic. 

Dr. Norman Wright was the first director of the Hannah 
Dairy Research Institute. He served as chief scientific 
adviser to the Ministry of Food and then chief scientific 
adviser (food) to the Ministry of Agriculture, Fisheries 
and Food from 1947 until 1959, when he became deputy 
director-general of the Food and Agrioulture Organization 
of the United Nations. He is a past general officer of the 
British Association and has been a member of ita Council 
„since 1950. z 


Personnel Moves In the Ministry of Aviation 


IN a written answer to a question in the House of 
Commons on December 20 regarding the number of civil 
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seeking and south-seeking. Furthermore, the movement of 
the ambient fleld between two fairly well-defined directions 
may have been cyclic for at least a limited period. 

Although further work on the basalte may reveal addi- 
tional seta of magnetically normal and reversed zones 
which can be utilized for assisting in broad stratigraphical 
correlation, the preliminary indications of finer variations 
of the Miocene geomagnetic field in Oregon outlined in 
this article may permrt a much more detailed correlation 
to be carried out. 

I thank G. W. Walker (U.S. Geological Survey) for 
invaluable guidance during the geological work involved; 
Dre. A. V. Cox and R. R. Doell (U.S. Geological Survey) 
for generous loan of equipment, for guidance and review 
of the manuscript; and to Dr. G. A. Thompeon (Stanford 
University) for help and encouragement. 

This work is being completed under Air Force contract 
A F19(004)—8043. 
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servants in the Ministry of Aviation over the past ten 
years who had sought permission to take other poete 
within two years of retiremerit or resignation, the Minister 
of Aviation, Mr. J. Amery, said that applications by 
ninety-nine offloers had been approved They inoluded 
nine chief scientific officers, seven deputy chief scientific 
officers, seven senior principal scientific officers, six 
principal acientiflo officers, five senior scientific -affloers, 
one chief scientist, four senior experimental officers, aix 
experimental officers, flve assistant experimental officers, 
twenty engineers and two chemists. 


The Post Office Engineering Research Station 


Iw answering a series of questions in the House of 
Commons on December 18 regarding the siting of the 
Post Office Engineering Research Station, the Assistant 
Postmaster-General, Mise M. Pyke, maintained that 
working requirements necessitated a location nearer 
London than the areas of high unemployment. Tho staff 
of the Dollis Hill Research Station numbered 1,306, of 
whom 1,075 were established. The total included 57 
scientific officers, 52 assistante (scientific), 92 experi- 
mental officers, 166 professional engineering grades, 145 
assistant engineers, 70 drawing office staff, 255 technical 
officers and 205 technicians. 


Ald to Economic and Soclal Progress of Developing 

Countries 

Iw a written answer in the House of Commons on 
December 21. the Secretary for Technical Co-operation, 
Mr. D. Vosper, stated that he recognized the need, which 
had been emphasized to him by the Overseas Research 
Council. to sponsor research into problems which impede 
the economic and social progrees of developing countries, 
both independent and dependent, as part of Britain’s 
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technical assistance effort. It was his intention, subject 
to the approval of Parliament, to providé separately in 
the Estimates of his Department for the support of 
research in and for overseas countries, who may weloome 
this form of aid, and such assistance would be available 
to any countries with which Britain had technical asist- 
ance arrangements. It would not be restricted to depen- 
dent territories, as under the terms of the Colonial 
Development and Welfare Acta. Funds previously avail- 
able under the present Act for this proposal would be 

in-the new provision, and an advance of £950,000 
would be made from the Civil Contingencies -Fund to 
cover expenditure between now and the approval of a 
Supplementary Estimate shortly to be presented to 
Parliament. 


Dragon High-Temperature Reactor Agreement Ex- 
tended g 
Tum agreement extending the Organization for Euro- 
pean Co-operation and Development’s Dragon high- 
temperature reactor project to March 31, 1967, has 
now been approved and signed by all the participants 
in the project. Under the agreement, the total duration 
of the project is extended from five to eight years 
and tho original £13-6 million budget is increased to 
£25 million. The main objective of the extended pro- 
ie “to provide the Signatories with information 
to the design of an economic land-based, gas- 


reactor". 

the U.K. Atomic Energy Authority, 
Austrian and Swiss-Governments, the national a 
energy authorities of Denmark, Norway and Sweden, 
and the Euratom Commission es POEN, 
France, Germany, Italy, Luxembourg and Netber- 
lands), covered a period of five years from April 1, 1959. 
The project is carrying out a of research and 
development in the fleld of high-temperature gas-cooled 
reactors, and is designing and constructing a reactor 
experiment to obtain practical experience of this type of 
installation. Tho Dragon reactor experiment is now at an 
advanced state of construction at the U.K. Atomic 
Energy Authority’s Atomic Energy Establishment at 
Winfrith, Dorset, where the team has its own technical 
building and has already carried out extensive research 
and development. Fuel loading in the reactor is expected 
at the end of 1968. ^ 


Dust-exploslon Hazards In Factorles 

Tus danger of dust explosions in industry in general 
appears to be lees widely appreciated than the danger of 
gas or vapour exploeions, although the number of indus- 
tries in which a dust-explosion hazard may exist has 
increased rapidly during the present century. This is 
of some concern to the Committee on Industrial Fires 
and Explosions of the Department of Scientific and 
Industrial Research and Fire Offices Committee Fire 
Research Board, who asked for a review of the literature 
of dust explosions in faotoriee to be This has 
been carried out at the Safety in Mines Research Hatab- 
of the Jomt Fire 


BHeplosions 

K. C. Brown snd Dr. G. J. James. Pp. 67. $ 
Ministry of Power, Bafety in Mines Research Establish- 
ment, 1962. 68s. 6d.) Tho review covers methods and 
conclusions of many investigations of dust explosions, 
especially in connexion with the hazard in factories, up 
to June 1959. The subjecte considered in.the review 


inolude: combustion: of single particles; forming dust ` 


clouds for experimental purposes; possible souroes of 

ition of dust clouds; studies of the propagation of 

through dust clouds; large-scale experimental work 

on the venting of explosions and of preventing the spread 

of flame. There is an excellent summary of precautions 
: / 
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that can be taken against dust explosions in factories, 
suggestions of a number of aspects of the subject that 
merit early investigation and a list of more than 230 
references. This oritical review is far from the dry report 
it might have been. It is an important contribution to 
the subject of dust-explosion hazards and deserves wide 
circulation and publicity among those interested in tho 
scientific and the practical industrial aspects of the 
problem. 


Preventing Accidents In the Factory 

- Evmey year nearly 200,000 serious aocidente cocur in 
industry. Employers have | and moral obligations to 
prevent accidents, but effective action towards accident 
prevention also needs co-operation from the man on the 
shop floor. To help employers in securing such oo- 
operation from their workers, the Royal Society for the 
Prevention of Accidents has published a new booklet 
entitled This is Your Life, which states in simple, direct 
language how workers can help to prevent accidents to 
themselves and their fellow workers (Pp. 16. London: 
Royal Society for the Prevention of Accidents, 1962). 
Designed for distribution by employers to their workers, 
the booklet is written with a light touch and is illustrated 
with cartoons. It contains much sound advice on such 
highly practical matters as dreasing for the job, safe 
operation of machines and tools, fire precautions, eleo- 
trical hazards, personal hygiene, good house-keeping in 
the factory, first aid, and the avoidance of practical 
joking. In connexion with the last-named, there is a 
timely warning about the dangers of playing about with 
com air lines. Falls are a frequent cause of accident, 
and this danger is streased in the booklet with appropriate 
illustrations. 


Supplementary Letters of Sir Joseph Banks 


In December 1958 the Trustees of the British Museum 
(Natural History) published The Banks Letters, in which 
more than 7,000 letters were calendared of Sir Joeeph 
Banks, the English naturalist (1743-1820). A number of 
further letters have now become available, and of the 
139 letters summarized in a recent publication there are 
four important series, namely: (1) 38 letters from Banks 
to the antiquary, Francis Douce, in the Bodleian Library; 
(2) 28 letters from Banks to the second Earl Spencer, 
which are preserved in the Muniment Room at Althorp, 
Northamptonshire; (3) 26 letters from Banks to Dawson 
Turner in the Library of Trinity College, Cambridge; and 
(4) 16 letters from Banks to Matthew Flinders and his wife, - 
now in the possession of Mies A. Flinders Petrie (Bulletin 
of the British Museum (Natural History). Historical 
Series. Vol. 8, No. 2: Supplementary Letters of Sir Joseph 
Banks. Edited by Warren R. Dawson. Pp. 41-70. 
London: British Museum (Natural History), 1062. 85.). 
Several letters are included from oopies of which the 
originals aro in Amerioan libraries; there is also a small 
series relating to the appointment of a chaplain to Banks 
while holding the office of High Sheriff of Lincolnshire in 
1794, which were originally in the Evidence Room at 
Revesby Abbey. The remainder are miscellaneous in 
character, and among them are ten letters which were 
inadvertently paseed over when The Banks Letters was 
in preparation. The publication oontains a summary of 
each of the various groups of letters. 


Comparative Efficiency of Indexing Systems 

Tux Report on the Testing and Analysis of an Investiga- 
tion into the Comparative Effictenoy of Indexing Syrtoms— 
an investigation suppo by & grant to Aslib by the 
National Science Foundation—is enrentially for the 
specialixt (Pp. $05. Cranfield: Aslib Cranfield Research 
Project, College of Aeronautics Library, 1962). After 
outlining the main test programme of this Aslib Cranfield 
Research Project, Mr. C. W. Cleverdon gives the results 
of the main test, the statistical analysis and analysis of 
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failures and some results in testing existing indexing 
systems. Although he commenta briefly on the resulta of 
the whole investigation and discusses briefly banio prob- 
lems in retrieving information, from the point of view of 
tho general reader or scientist this report adda little 
to the interim report already noted in Nature (189, 359; 
1961). 


Nonconventlonal Technical Information Systems 


Tus third of & serics of reports on Nonconventiona; 
Technical Information Systems in Ourrent Use, issued by 
the Natio Science Foundation, describes 87 such sys- 
"tema from 78 different organizetione, six of whom reported 
two systems each, one three, and one seven (No. 8. 
NSF-62-34. Pp. xx--209. Washi D.C.: National 
Science Foundation, 1962). About half the organizations 
are new to the series, and three systems outaide the 
United States are included. As in previous reporte, the 
information is under three main headings: 
systems which store references; systems which store data; 
and systems which produce general search aids. Oom- 
ments on the compilation are invited and also information 
on other systems for possible inclusion in future reporte. 


The U.S. Office of Aerospace Research 


Bulletin No. 15, September 1962, NSF 62-17, Scientific 
Information Activities of Federal Agencies, issued by the 
National Science Foundation, the first of four bulletins to 
deal with the U.8. Air Force, describes the activities of 
the Office of Acrospace Research, which is responsible for 
most of the basic research carried out or sponsored by the 
Air Force. Besides describing the various organizational 
units, the Bulletin includes informatión on the various 
fields of research, the progress being made and the types 
of publication issued. - 


A New H'gh-sensitivity Colorimeter 

A xew Unicam SP. 1300 colorimeter, made by Unicam 
Instrumente, Ltd, Cambridge, has & technical gpecifica- 
tion which incorporates many of the latest advances in 
eolorimetry. Outstanding features include: (a) autofil 
cell—automatic system of filling and emptying oells, 
saving time and avoiding spi 
10-mm glass sample well—2 ml.); (b) single lever control 
for three stages of analysis; (c) instant selection of filters 
by rotation of filter disk. Initially introduced with a 
series of sixteen clinical methods, the SP. 1300 is equally 
suitable for a very wide range of colorimetric analyses. 
The instrument wil be supplied complete with a muki- 
ring binder containing operating instructions and methods 
of analysis for sixteen separate clinical determinations 
(other ‘method sheeta' will be made available to the users 
within a short space of time). The styling of this new 
Unicam instrument will fit well into the modern labor- 
atory. It is compact, sturdy and easily transportable. 


Ground Reflexion Interference Patterns 


Tus purpose of the National Bureau of Standards 
Monograph 38. issued on April 2, is to give the remuta of 
& detailed computation of ground reflexion interference 
patterns in tho lower ionosphere at VHF over a spherical 
earth (Radiation Patterns in ths Lower Ionosphere an 
Fresnel Zones for Elevated Antennas Over a Spherical 
Earth. Pp. iii+ 128. Washington, D.C.: Government 
Printing Office, 1962. 70 cents). The computations cover 
parallax, tropospherio refraction and defocusing, spherical 
divergence, and neer horizon diffraction. From the 

three an iting parameters—the antenna 

ight and elevation angle for placing the muximum of 
the first lobe at the path midpoint (called the lobe align- 
ment height); the distanoos from the antenna to the 
edges and the quarter-wave contour of the first Fresnel 
zone on the Earth’s surface; and information for the 
determination of effects of obstacles located in the first 
Fresnel zone—have been computed. The antenna height- 
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gain function calculated from tho resulta has been pre- 
viously published (Institute of Radio incers Trans- 
Gotions on Communications Systems CS-8, 14-19; March 
1960). The function shows that the optimum height is 
lower than the lobe alignment height and that a broad 
range of lower heights is easentially equivalent in gain to 
ihe lobe alignmant height. The resulta preeented in the 
monograph refer to an ionoepherio scattering layer height 
of 85 km at frequencies of 30-55 Mo/s, which have been 
found to be the most useful valuee. They correspond to 
computed path lengths of 1,000-2.400 km. Two refrac- 
tivities re ing ‘standard refraction’ and temperate ' 
over-water or tropical ‘wet’ refraction were used. The 
monograph contains some hundred graphs, and in the 
appendixes lobe alignment antenna heighte and other 
data, together with symbols and equations, are tabulated 
and a mathematical discussion of the lobe shift is given. 


Farm Bulldings Research 


A BIBLIOGRAPHY, Farm Buildings Research, was issued 
by the Agricultural Research Council in 1958, eovering 
publications of the previous three years. Tho first sup- 
plement to Part I of tho general bibliography, covering 
publications of the three years ending in 1961, and also 
Items omitted from the previous issue, has recently been 
published (Pp. 69. Agricultural Research Council, 1963. 
4s.). This deals with buildings for pigs and provides a 
brief annotation for each reference quoted. An author 
index to the references is included. 


Animal Disease in Israel 


THE of the Vetermary Department in Israel for 
1959 and for 1960 were published in Hebrew, but a report 
in Engliah has now been issued for both years. Israel is 
inevitably an important area so far as the fleld of animal 

i is concerned. With ita very central situation on 
certain travel routes betweon East and West and with 
some extensive terrain in its vicinity with, perhape, less 
well-developed i services, opportunities can 
occur of certain infective diseases to pass into regions 
that might be danger areas to other countries. With its 
strong scientiflo outlook Israel is a source of strength, in 
that new introductions of spreading disease aro likely to be 
detected at an early stage, with quick introdü3tion of 
control measures. In recent years, African horsesickness, 
88 an escape from Africa, has been the cause of great 
loeses as far afleld as India—lIsrael being a stepping- 
stone in its ae hing Bluetongue of sheep has similarly 
escaped from ica and spread quite disastrously in 


recent decades. Similarly, African swine fever, caused 


by a virus differont from that of the well-known swine 
fever, has invaded European countries with serious 
results, though, fortunately, active control measures 
have limited the risk to all but a few countries. Details 
are given of the activities in Israel for doaling with 
thirty-five scheduled diseases of mammals and with 
scheduled poultry diseases—the diseases given special 
sttention in all countries becayse of particular liability 
to spread. The Government veterinary fleld service is 
handicapped by a serious lack of manpower. Rabies 
oocurred from 1948 onwards in animals, including, 
as well aa. domestic animals, jackals, foxes, hyenas, 
wolves and a mo: . There were reporte of 69,995 
persons being bitten, and 11,588 were given anti-rabies 
treatment. 


Natural History of the British Solomon Is'ands 


Tua fourth volume of the scientific resulta of the joint 
Danish (1931) and British Museum (Natural ) 
(1953) expeditiona to Rennell Island has been published 
under tho general editorship of Torben Wolff (The Natural 
History of Rennell Island, British Solomon Islands. 4: 
(Invertebrates, Pars; and addition to Vertebrates). Pp. 
120+ 18 plates. Copenhagen: Danish Science Prees, Ltd. 
Published by the University, Copenhagen; and the 
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British Museum (Nat. Hist.), London, 1002. 36 Danish 
Er). Among the articles is one by J. E. Hill describing a 
little-known fruit-bet from Rennell Island. Diana Bradley 
has exaniined additional records of birds from Rennell 
and Bellona Islands, and Edward O. Wilson the ante of 
Rennell and Bellona Islands. Other articles include one 
by Carlton M. Clifford and Daniel Sohenshine on a new 
bat-infesting Ornithodoros (Ixodoiea, Argasidae) of the 
sub-genus Reticulinasus Schulze, 1941, from  Rennell 
Island; J. Gaud on the bird parasites of Rennell Island, 
Sarcoptiformes plumicoles (Analgesoides) ; J. P. Hardmg 
- on M ungaea munda and four other new species of ostracod 
crustaceans from the stomachs of fish; T. G. Howarth on 

of Rennell and Bellona Islands; J. Balfour- 
Browne on Coleoptera from Rennell and Bellona Islands; 
R. T. Thompson on Curculionidae from Rennel and 
Bellona Islands; and Paul E. 8. Sjalley on Pyraloidea 
from Rennell and Bellona Islands. 


. Deer Mouse In California 


Gig cis’ a dear sedute is equally ab Bomo ronda: 
tains two miles above sea-level as at, for example, Death 
Valley, 200 ft. below sea-level. It is not known whether 
there is a fundamental difference in the physiology of the 
high-level as compared with the low-level mouse, or 
whether the differences are a matter of individual acclimat- 
ization. The mountam-top mice are heavier than the 
others, but they have relatively smaller adrenal glands. 
According to Dr. Raymond J. Hook, of the University of 
California, they have, as might be expected, larger hearts 
_ (The Sciences, 2, No. 6; August 15, 1962). Transplanted 
to lower altitudes, however, the already sluggish mountain- 
la ee ee ices ee kale thas 
test. The -low-altitude mice also lose half their 
endurance when working at 12,000 ft. The decrease in 
efficiency when the mountain mice are brought to sea- 
level may be the result of ‘oxygen —a nob very 
well defined malady that is thought to have oaused the 
deaths of some Peruvian Indians who left their homes at 
the turn of the century to work as servants in sea-level 
cities. To determine whether the differences in the 
mice are genetic, or merely the result of acclimatization, 
Dr. Hock is planning to raise litters at both altitude 
extremes, then move half of each crop of young deer mice 
to the opposite regions. His present expectation is that 
the mice will prove to be an adaptable species, adjusting 
themselves readily to environmental extremes. 


The Institute of Blology 


AT the fourteenth annual general of the 
Institute of Biology, held on January 10, the following 
officers and members of Council were elected: President, 
Prof. G. E. Blackman; Vice-Presidents, W. H. Dowdeewell 


and Prof. L A. Preece; Honorary Secretary, Dr. L. Broad-- 


bent; e Treasurer, W. V. Harris; Council Mem- 
bers, K. G. Brocklehurst, Dr. J. A. Freeman, Dr. H. C. 
Gough, Prof. O. V. 8. Heeth and A. T. Thompeon. 


The Leopoldina German Academy of Sdences : Elections 
Tx Deutsche Akademie dor Naturforscher Leopoldina, 
Halle, recently elected the following new members in the 
sections indicated: A , Prof. A. Umsdld (Kiel); 
Chomisiry, Prof. F. Feher (Cologno); General Biology, 
Prof. J. Brachet (Brussels); P Ohornistry, 
Prof. J. Heller (Warsaw); General Pathology and Patho- 
Anatomy, Prof. J. Baló (Budapest) and Prof. Iona 
Beló (Bu ); Ophthalmology, Prof. G. B. 
Bietti (Rome) and . A. Bangerter (Bt. Gallen). 


The Iron and Steel Institute 


Tux following elections to the Council of the Iron and 
Steel Institute have been announced: President-slect, 
F. B. George ( director, Consett Iron Company, 
Ltd.); Honorary V , W. C. Bell ( 
director, Iron and Steel Development, Stewarts 
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Lloyds, Ltd.), R. A. Hacking (metallurgical consultant 
to Richard Thomas and Baldwins, Ltd.) Sir Robert 
Shone (director-general, National Economic Development 
Council), C. H. T. Williams (chairman, Park Gate Iron 
and Steel Company, Ltd.); Vice-presidonis, W. F. 
Gilbertson (assistant managing director, (production), 
Richard Thomas and Baldwins, Ltd.), Lt.-Com. G. W. 
Wells (qhairman, Appleby-Frodingham Steel Company, 
director (production), the United Steel 
of Council, R. W. Evans 
(director and general manager, Stoel Division, the Steel 
Hos of Wales, Ltd, Abbey Works), G. Foster 

director uotion) Dorman Long (Steel), 
ven and director, Long and Company, Ltd.), 
L. R. P. Pugh (managing director, Guest Keen Iron and 
Steel Works, Cardiff). 


Paul Instrument Grants Fund 


Tru Paul Instrument Fund Committee has made grants 
as follows: £1,550 to Dr. B. Evans, senior sasistant in 
polar research, University of Cambridge, for experimental 
work in the Arctic, in continuation of the grant of £2,736 
whioh was made in 1962 for the development of an 
instrument for measuring the depth of continental ice 
"sheets by a radar technique; £3,000 to Prof. J. McMichael, 
professor of medicine in the University of London and 
director of the of Medicine, Postgraduate 
Medical School of London, for the development of a 
miniature electromagnetic flowmeter; £2,600 to Mr. J. 
Rawcliffe, lecturer in electrical engineering, and Prof. C. 
Adamson, profeesor of electrical y in tho 
Manchester College of Science and Technology, for the 
construction of a differential quartz thermometer. The 
Paul Instrument Fund Committee, composed of repre- 
sentatives of the Royal Society, the Institute of Physics 
and the Physical Society and the Institution of Electrical 
Engineers, was eet up in 1945 “to receive applications 
from British subjects who are research workers in Great 
Britain for grants for the design, construction and main- 
tenance of novel, unusual or much improved types of 
physical i and apparatus for investigations in 
pure or applied physical science”. 


The Oliver Memorial Award for Work In Blood Trans- 

fusion 

Tus Committee of the Oliver Memorial Fund announces 
that it will make tho fifteenth annual Award of £50 and 
plaque to any British subject whoee original work or 
service in the fleld of blood transfusion is considered to be 
an outstanding eS ee mci 
or donor service aspect of this subject. 
welcomes communications directing ita attention to suit- 
able candidates, and, in accordance with the rules, the 
Award this year will be restricted to members of the 
medical profession. These must be submitted by March 
81, and should be sent to the h secretary, Mrs. 
F. 'E. Bedborough, 105 New Park Avenue, Palmers Green, 
London, N.18. 


Mass Spectroscopy 

A &BHORT course of five lectures on “Mass Spectrometry” 
is to be held at Battersea, College of Technology, during 
January and February. The lectures will be held on 
Thursday evenings beginning on January 24. ‘The course 
is under the direction of Mr. G. R. Parlett. The topics to 
be included are the introduction and theory, medical, 
organic chemistry and metallurgical applications and 
instrumentation ; setas wilde Dim bah 
and industry. Further information and application forms 
can be obtained from the Secretary ( Courses), 


Battersea College of Technology, London, 8.W.11. 
Plant Pathogens In Soll 
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organized by the National Academy of fioienooe-National 
Research Council Committee on Biological Control of 
Soil-borne Plant Pathogens. It wil be held at the 
University of California, Berkeley, during April 7-18, 
1963. Because the objective of the symposium 18 primar- 
ily to facilitate discussions between active workers in this 
fleld, participation will be by invitation. Invitations 
have now been issued. Those who are actively studying 
Pelee control of soil-borne plant pathogens and who 
would like an invitation can apply to Dr. W. O. Snyder, 
chairman of the NAS-NRO Committeo, Department of 
Plant Pathology, University of California, Berkeley 4, 
before March 15, 1963. 


University News : Belfast 


Tua following appointments to lectureships have been 
announced: Dr. T. Williams (light electrical engineering); 
A. H. Garmany Love (medicine); C. W. R. MoCroary 
(mycology and plant pathology). ý 
Birmingham 

Tas following titlea have been conferred: Professor, 
Dr. P. L. Krohn (endocrinology). Reader, Dr. R. L. 
Riddiford (high-energy  physios); Dr. Anita Mandl 
(reproductive physiology); Dr. E. H. Ashton (primate 
anatomy); Sir Francis Knowles (comparative. endo- 
crinology); Dr. J. B. Finean (molecular biology). The 
following appointments havo been announoed: Lecturer, 
Dr. Bertha Singer (physiology). Research Fellow, R. F. 
Cheeney (geology); J. A. MoCracken (physiology); Dr. 
H. 8. H. Sherratt (medical biochemistry and pharmaco- 
logy); Dr. E. F. Marshall (experimantel neuropharmaoo- 
ology). 

Borough Polytechnic 

In view of the fact that tho advanced work in the 
Borough Polytechnic, London, 8.E.1, is increasing rapidly 
session by session, both in volume and complexity, the 
former Department of Electrical Engineering and Physica 
is to be divided into two parte—one a separate Department 
of Physics under the headship of Mr. A. J. L. Collinso: 
and the-other the Department of Electrical Engineering 
which will continue with Mr. V. Pereira-Mendoza as 
head. In addition, the former Department of Chemistry 
and Food Technology has been divided. One portion, 
known as the Department of Chemistry and Chemical 
Technology, will function under the headship of Dr. 8. 
Coteon, and the other, designated the Division of Food 
Science and Technology, will be under the headahip of 
Dr. D. B. Smith. In addition to this reorganization, all 
work in scienco and engineering up to and inoluding 
Ordinary National Certifleate Level will be grouped in a 
General Science and i ing Section in charge of Mr. 
L. M. Clark and Mr. C. E. T. Maguire. 


The College of Aeronautics 
THe following appointments have been announoed: J. 
Murdoch, senior research fellow in the Department of 
Production and Industrial Administration, to the post of 
senior lecturer, with effect from January 1, 1962; Dr. 
P. L. B. Oxley, lecturer at the Manchester College of 
Science and Technology, to the post of senior lecturer in 
the Department of Production and Industrial Adminis- 
tration, with offeot from July 1, 1962; A. Battersby, 
senior technologist, British Petroleum, Ltd., to the poet 
of senior organizer in the Work Study School, with effeot 
from Beptember 1, 1962; G. S. Ram, senior scientific 
officer, National Aeronautical Laboratory, Bangalore, to 
the post of research fellow in tho De of Aero- 
dynamics, with effect from May 1, 1962; R. J. L. MoLaren, 
engineer, English Electric Co., Ltd., to the post of research 
fellow in the Department of Aircraft Propulsion, with 
effect from September 1, 1962. TENE 
E: 


Tua following appointments to ] ips have been 
announced: Dr. M. P. Croaland and J. E. MoGuire (history 
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and philosophy of science in the Department of Philoso- 
phy); Dr. J. G. Shoeamith (bacteriology); J. W. T. 
Richards (psychology). 
London 
Tum title of professor emeritus of western asiatio 
arohzology in the University has been conferred on 
Prof. M. E. L. Mallowan. (Prof. Mallowan was professor 
of western asiatio archmology at the Institute of Archwol- 
ogy from 1947 until 1962.) The title of professor of 
molecular biology in the University has been conferred on 
Dr. M. H. F. Wilkins, in respect of his post in the Depart- 
ment of Biophysics at King’s College. Dr. L. B. 8 
senior lecturer at the Institute of Child Health, has been 
appointed to the readership in psdiatrica tenable at 
University College Hospital Medical School. 
Nottingham 
TH» title of professor has been conferred on John 
Edward Adkins, at present reader and head of the Depart- 
ment of Theoretical Mechanics, who is well known for his 
work on non-linear continuum mechanics with special 
reference to non-linear elasticity. 
Southampton 
AN independent Institute of Sound and Vibration 
Research is to be established within the Faculty of 
i ing with effect from October 1. The first director 
of the Institute will be Prof. E. J. Richards, at present 
professor of aeronautics and astronautics in the University 


Announcements 


Ma. P. M. HorurwaswonTH has been appointed deputy 
chief engineer of British Insulated Oallender’s Cables, 
Ltd. Mr. Hollingsworth joined the former British 
Insulated Cables Ltd. in 1928 after graduating from the 
University of Liverpool. In 1938 he went to Johnson and 
Phillips, Ltd. as manager, Cable Tost and Research 
Department. He rejoined B.I.C.C. in 1954 as chief engin- 
eer, Power Oables Division, afterwards becoming assistant 
chief engineer, 

At the annual general meeting of the Photobiology 
Group, held at the Institute of Ophthalmology, on 
October 19, Dr. L. R. Fisher of the National Institute for 
Research in Dairying, Reading, was elected honorary 
secretary in succession to Dr. D. Vinoe. Dr. H. J. A. 
Dartnall of the Institute of Ophthalmology was elected 
as chairman to succeed Prof. N. Millott. 

Ta pharmaceutical business operated by the Distillers 
Co. (Biochemicals), Ltd. has been transferred to the Eli 
Lilly Group of Companies as from January 1. The 
business is being operated by a new company named 
Dista Produote, Ltd. 

A SHORT course for graduates on “Flow Processes in 
Polymeric Systemes” will be held at the Bradford Institute 
of Technology during March 8-9. Lectures to be delivered 
will include: -modern trends in rheology (Prof. K. Weis- 
senberg); rheology of polymer melts (Dr. E. R. Howells); 
rheology of concentrated polymer solutions (Dr. D. W. 
Saunders); measurements of flow properties in polymeric 
systems (Dr. M. F. Culpin); rheology of surface coatings 
(T. R. Bullett); viscosrty-temperature relationships for 
polymer solutions (Dr. W. R. Moore). Further information 
can be obtained from the Registrar, Bradford Institute of 
Technology, Bradford 7. ` 

Tus jubilee meeting of the British Ecological Society 
will be held at Queen Elizabeth College, Campden Hill 
Road, London, W.8, during March 28-31, and not March 
8—81 as announced in Nature, 190, 1271; 1962. 

Tus tenth international symposium on "Combustion", 
organized by the British Section of the Combustion 
Institute, will be held at the University of Cambridge 
durmg August 16-21, 1964. Further information can be 
obtained from Dr. W. G. Parker, Department of Chemis- 
try, College of Advanced Technology, Gosta Green. 
Birmingham 4. 
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THE BRITISH COKE RESEARCH ASSOCIATION 


, | *HE annual report -for 1961 of the British Coke 

Research Association, d, is noteworthy 
review of progress in all aspects of the 
activities but for special mention of 


year *. by the Department of Scientific and 
Industrial had enabled the Association to pro- 
vide member- izations with several new services m 


tho field of technical information, the purpose being to 
further the effect with which the resulta of research can 
be applied in industry. The new developments have 
covered briefly the establishment of a more comprehensive 
abstracta service, improved technioal liaison between the 
Research Centre and producers and consumers of coke, & 
field trials officer and a fully equipped mobile laboratory 
to demonstrate among other activities methods of gam- 
pling, analysis and testing of coke, and the asseasment of 
smoke emission from coking plant. The provision of & 
mobile laboratory for plant trials under industrial con- 
ditions is becoming a most valuable instrument of tech- 
nical advancement in a wide pani eire 

This Association is unique for the that ib is the 
only oo-operative research organization in the world that 
is devoted solely to the study of the production of coke 
and ite associated problems. The Research Centre in 
Chesterfleld has aooordingly become a focal point for the 
industry. There is special interest in the. that the 
Centre is capable of carrying out modern research on & 
“large scale, as well as the fundamental and applied research 
that must remain the source of the basic ideas on which 
progress in many techniques associated with ooking plant 
must depend. The result has been a growing flow of 
interested visitors from other technical organizations in 
Britain and overseas. i 

As to the achievements of the year and the use of the 
test plant in regard to the improvement in the i 
of coke and yield of metallurgical plante, the investiga- 
tions have been conoentrated on the effect of variation 
of specific operating conditions. Thus the addition of 
breeze in the charge, pre-drying, the addition of wet or 
partially dried filter coke, the rate of carbonization and 
the use of high bulk density. The use-of the 10-ton oven 
in evaluating with an established accuracy the relative 
merits of such variables defines, in effect, an optimum 
practice, which could not readily, by other means, be 
ascertained. 

In respect of the fundamental studies of the structure 
and properties of coke an interesting proliminary investiga- 
tion has been made of the potentialities of polarized light 
microscopy for the study of coke structure. The early 
indications are that the optical method utilized is probably 
more informative in respect of structural orienj$ations of 


*British Coke Research Association. Eighteenth Annual Report for the 
yoar 1061. Obesterfleld : British Coko Research Assoolation, 1962.) 7 


significan oo than some X-ray techniques, but that ite 
appliogtion to technical cokes may be limited by the 
sampling difficulties. Investigations of magnetio data 
on & variety of cokes and carbons have given 
rise to tentative conclusions of significance in respect of 
the reactivity of coke. Thus the magnetic and probably 
chemical behaviour of high-temperature coke can be 
attributed, in part, to the excess or deficiency in the 
mobile electrons normally associated with the graphitic 
crystallites in the coke. These are influenced in their turn 
by the origin and temperature of formation of the coke. 
The layman may be interested to learn that the subject 
of the tailoring of the domestic coke to suit the amall 
boiler used for hot-water heating has been receiving 
important attention. Conclusions relative to the size, 
shape and ash content of the coke in this context inevit- 
ably have their effect on the character of the coke to be 
found in the market. Most favourable features appear to 


- Ho with the }-1-in. coke. 


Under the sponsorship of the Association are the liquid 
effluent studies carried out in the Houldsworth School of 
the University of Leeds. A partiqularly valuable service 
has been the biological assessment of coking-plant wastes 
in those cases where some form of treatment plant is 
envisaged. The biological treatment of spent liquor from 
ammonia stills is a relatively easy matter, but certain 
rogue liquids also produced in a.by-product plant oan do 
permanent to the activated sludge. These 
effecta have been traced to the hydrogen sulphide and 

ide contents of the waste liquors. 

In the Northern Coke Research Laboratory at Newcastle 
the research objectives included the study of the structure, 
reactivity and electron-spin resonance of 
carbons prepared from organic polymers. The maximum 
freo-spin concentrations were shown for carbonization 
"temperatures between 500° and 700° O. Two problems 
were revealed: (1) in the way in which the unpaired 
electrons were associated with the carbon structure; 
(3) im the effect of the heat-treatment temperature of 


. the carbonized products on the observations made. Other 


experimental techniques would have to be considered in 
the final i ion of the observations made, which 
could be of considerable interest from the point of view 
of reactivity. As the problem is looked at from the angle 
in the manufacture of iron and steel 
simple matter to produce reactivity. 
but what is more frequently required, and diffloult, is to 
produce unreactivity. To be able to understand the why 
and the wherefore is to go a long way towards solvmg 
the problem. Further, in respect of the domestic needs, 
the attainment and control of reactivity in respect of coke 
supplies is & most important matter, since it controls 
that most important requirement—the rate at which the 
fuel burns. 3 


FOREST PRODUCTS IN CHILE 


the recently created Instituto Forestal* in Santiago, 
Chile, representatives of all Chilean forest products 
laboratories jomed in a conference on the ‘‘Co-ordination 
- of Forest Producta Research" during August 80-31, 1962. 
The Instituto Forestal commenced its activities in 
November 1961 as the result of an agreament between the 
Chilean Government and the United Nations (Special 
Fund and Food and Agriculture Organization). Under 
its draft statutes, ite object is “to contribute to the 
* Postal address: Instituto Forestal, Casilla 3065, Santiage de Obije. 


promotion, A eon and investigation of the forest 
Tesources and in ies within the territory of this 
country [Chile]’’. It comprises four technical sections, 
namely, forestry, forest industries, marketing, and exten- 
sion. Research on forest uots is being undertaken in 
collaboration with establi forest producta depart- 
mentes in the various universities of the country, aa the 
Instituto does not have its own laboratory. 

The purpoee of the oonferenoe was to oo-ordinate 
research on forest products in Chile, and to agree on a 


` 


184 


lan of co-operation, in order to encourage research 
eem of national importance. ne 
The research needs of the Chilean wood-using industry 
were presented by A. Pérez, the Institute's offoer-in- 
charge of forest producte research. He directed attention 
to the urgent necessity for applied research and education 
in the basic conversion 
veneer and plywood, preservation, seasoning, and pulping, 
1 - The Institute's Food and 
Agriculture Organization adviser on research, Dr. W. Q. 
Kauman (senior research officer, C.8.LR.O., Division of 
Forest Products, Australia; on leave of absence), pointed 
out that of the three main types of research, that is: (1) 
short-term problem solving; (2) determination of basio 
properties; (3) academjc research, the second constitutes 
the most urgent task for the university laboratories. but 
that the third must be given due importance to ensure 
a future supply of professional and other academic 
Prof. G. Mittak, of the recently formed Austral Univer- 
sity of Valdivia, emphasized the importance his laboratory 
is attaching to wood anatomy, in particular identification, 
and to drying of difficult Nothofagus species. For the 
Catholic University of Santiago, H. Ayarra presented a 
comparison of the mechanical strength of Pinus radiata 
determined on &mall clear speotmens and on commercial 
aizes, and work on various timber joints and connectors. 
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Research on timber in the Institute for Testing Matorials 
in the University of Chile, Santiago, as outlined by H. 
Albala, is mainly concerned with mechanical 
Chilean timbers. Due atten: tion is being given to statistical 
design of the experiments, a factor whi has been largely 
neglected in much of the past work in Chile. Nineteen 
species have so far been investiga ted. E. Cuevas presented 


of the University of Concepción, stated that his laboratory 
18 concentrating on wood chemistry and pulp and paper, 
and reported a laboratory project on pulping by the nitric 
acid prooem. In the Technical University Federico Santa 
María of Valparaíso, forest producta work so far has, 
dealt with pulping. minor forest producta and utilization 
of lignin. f. R. Ripa reported on an investigation of 
production of detergents from sulphonated lignin deriva- 
tives. Prof. J. Hirschmann, of tho same University, gave 
details of a new profeasional course for timber and plastica 
engineers, now in its third year. 

The par tioiponta agreed on a plan for oo-ordinated 
research on forest ote proposed by Dr. W. G. 
Kauman, of the Forestal, and resolved to work 
in cloee collaboration to counteract the difficulties created 
by the dispersion of facilities. 


GAMMA-RAY STERILIZATION OF MEDICAL UTENSILS 


To world’s first privately owned cobalt-60 irradiation 
plant designed specifically for medical purposes 
continuous operation on November 10 at Johnson's 
ical Plastics Ltd., Slough. It is to be used to sterilixe 
disposable, or single use, plastic hypodermic syringes. 
The only other plants which resemble it are the United 
Kingdom Atomio Energy Authority’s experimenta] unit 
at Wantage, Berks., and a privately owned installation 
in Australia used for sterilizing goat hair. The plant at 
Slough was designed and constructed by H. 8. Marsh Ltd., 
Reading. in oollaboration with the United Kingdom 
Atomic Energy Authority. 
The radioactive source which emita the 
Y-r&y8 consiste of 120 cobalt rods which have become 
radioactive by treatment in a nuclear reactor at Calder 
Hall. The rods have a half-life of five years. The capacity 
is 50.000 curies. but provision has been made to measure 
the number of rods to à maximum of 720 with & possible 
rise to half-a-million curies. The cell in which the cobalt 
is loaded is a concrete block weighing some 700 tons, 


and ing most of the space of the building of 2,500 
8q. ft. whi Rae the plant. - 


The main object of the disposable or single-use syringes 
is to reduce or avoid the incidence of croes-infection. 
Gamma irradiation provides the safest and surest way of 
assuring sterility. Tho syringes are made of polystyrene, 
the grummeta of surgical rubber and the needles of 
stainless steel. It is claimed that it is more economical 
to use di le syringes than to wash and clean glass 
syringes, and sharpen needles, and sterilize them by 
orthodox methods. The present production and sales 
of disposable syringes is more than 12 million per 
annum. 

At the mauguration luncheon held on November 9 in 
London the guest of honour was Bir Roger Makins, chairman 
of the United Kingdom Atomic Energy Authority, and 
it was announced that to mark the occasion of the opening 
of the cobalt-60 plant, the Medical College of St. 
Bartholomew’s Hospital, London, had accepted a 
grant of £2,400 spread over three years made by John- 
son's Ethical Plastics Ltd. The money is to be used 
by Prof. J. Rotblat in the Department of Physics to 
employ a radio-biologist as assistant in his radiation 
research. 


RESPONSE OF AN ASTATIC MAGNETOMETER TO A CYLINDRICAL 
ROCK SPECIMEN 


By J. L. ROY 
Dominion Observatory, Ottawa 


PECIMENS of weakly magnetized rocks are often cut 

in cylindrical form for measurement with an astatio 
magnetometer. It will be ahown here that the responso 
of a two-magnet astatio system depends on the relative 
dimensions of the specimen, that is, on the ratio of height 
to radius. A knowledge of the nature of this response 
variation is important if, as is usually the case with 
weakly magnetized rocks, the largest possible deflexion 
for & given intensity of magnetization is required. The 
standard practice has been to use rock specimens in the 


form of thin disks. "It is concluded that tho height of 
cylindrical specimens should be comparable with their 
diameter 


The design theory and description of an astatio mag- 
netometer can be found elsewhere!-*. In brief, the intensity 
and direction of magnetization of a specimen of magnetic 
moment p sre measured by placing the centre of the 
specimen at a distance s below the axis of the lower 
magnet (of the magnetometer) and at.a distance w K z 
from the plane of magnetization of the magnetometer. 


^ 
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It can be shown that, if the distance between the two 
magnets of the system is much larger than z, the vertical 
component p, of the magnetic moment of the specimen is 


given by 

p, = OH,s*/8x (1) 
H, is the field required at the lower magnet to produce a 
deflexion of 1 mm at a soale placed at a fixed distance 
ee Oe ee 


im mm measured at 

The horizontal component ps perpendicular to the plane 
of magnetization of the magnetometer is given by: 

Pa = Bs Hs (3) 

The horizontal component py parallel to the plane of 

magnetization is obtained by rotating the specimen 

through 90? in azimuth and is given by: 
(3) 


Py = By Hy 
and the total horizontal component oe (pa? + pp)” 
(4) 


of the magnetio moment can be written 
pa = (BS! + BP)” Hast = BH 

In the calculations of these expressions, it has been 
sasumed that the dimensions of the specimen were small 
compared with the distance s. Very often, however, it is 
quoted in Blackett!, has calculated the horizontal fields 
produced outside and near the vertical axis of a circular 
oylinder of radius a, height A and uniformly magnetized. 
The expressions obtained show that, if the geometrical 
Ce ee eee 
(2! + s*)1 3, with its axis vertical, the foregoing expressions 
can be used provided that equation (1) is divided by the 
PO DE OOE EEDA oe (4) oe) onere 
by F(= F, = Fi) where 
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1 1 1 
Be eua — OP + ype {Ql + UP + aul (5) 
lud 1+U 
F= zoril E irr a- r vga] 


U = h/2z and V = ajs 
dioa GS ef doi a daia of OO If we 
define Xs and 2, as the horizontal and vertical intensities 
of magnetization of the specimen, we have (using the 
previous expressions): 

B[Aa = rath Fs/H ,s* (7) 

Olr = S1za! ÀF,IH,s* (8) 
Inguneres fhios tatoa aod Pe vito ae longe ne Dod 

obtained from weak 


lower magnet to the upper surface of the specimen, then: 
gm (1/2). 4+ K (9) 
Tho response ratios B/A» and O/d, can be in 
terms of the u = hja, v = aja and Using 
these variables, equations (7) and (8) are written: 
Bjs = nuFe|H w (10) 
Oh = Sru(v — (1/2). u) FH, Ev* (11) 
In Figs. 1 and 2, B/A and O[A,» are plotted against v 
for fiied values of u, assuming H, = 4-7 x 10° omm 
def and K = 1 om. For values of K other than 1 om, 
equation (11) shows that the ordinates in Fig. 2 would 
shave to be divided by K. For values of H, other than 
4-7 x 10-* o/mm defl., the ordinates of both figures would 
have to be multipled by 47 x 10-*/H;. 
^ Figs. 1 and 2 show that while B/A4 moroases indefinitely 
as v decreases, O/2,, for a 
aa via varied. Thus, 


u and v which do not increase B/411 unduly at the expense 
of Ofre 

- In Fig. 2, a line has been drawn at O/A,z = 220 x 10* 
in order to form a ison. between values of B/A1 and 
O[|X. The values of hja and sja for which 
220 x 10 are oarrled over to Fig. 1, whore the correspo: 
ing values of B/21 are shown. æ is taken to be 0-8 om 
(this value can be considered as the maximum permissible 


250 


E 





O[1s ø (x 10*) 











2-5 


3-0 


Fig. 2. Variation sag able dts MIN ratios AK o oal- 
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value of v since the calculations are made under the 
assumption that x is much smaller than s which, in general, 
is of the order of a few centimetres), then 0/2, = 182 x 105 
and a line is drawn in Fig. 1 showing this maximum value. 

It is alear that, for any combination of u and v giving 
Of = 132 x 105, we have: 


Blan > Of (12) 


when K=1 em and «= 0-6 om. Furthermore, an 
increase of K to any value greater than 1 cm or & decrease 
of z to any value lees than 0-6 om will decrease O/2, 
proportionately (11). Although & reduction of K toa 
value less than 1 om would increase O/AX,, & damping disk 
beneath the lower magnet usually prevents a much closer 
approach of the specimen. Thus, the foregoing inequality 
holds for all practical values of K and a. It is concluded, 
therefore, that u and v should, in general, be chosen 80 
that O[X, is close to ita maximum possible value. Fig. 2 
indicates that this condition can be fulfilled if: 
15 < Aja < 2-75 


and the appropriate value of z/a is chosen. 

An exception to this rule might ocour with a specimen 
for which B/As and hence B is very small. In this case, 
it might be desirable to increase B/A. at the expense of 
O^ in order that both B and O be large enough for 
accurate measurement. This could be done by increasing 
u and/or decreasing v. It should be noted, however, that 
the abeohite dimensions of a specimen are given in terms 
of u, v and K by: 

h = 2uK/(2v — u) 
a= 2K/(20 — u) 
£ = 2vK/(2v — u) 


These relations show that À and a increase indefinitely as 


u approaches 2v. Thus the process of increasing u or 

decreasing v cannot be carried beyond the pomt at which 

ractical dimensions of the specimen are exceeded. 

Bosides requiring large ooring equipment and magnetic 

washing apparatus, large specimens might also be difficult 
in the 


It has been noted that optimum values of u = A/a are, 
in general, such that the height is approximately equal to 


` 


(13) 


(14) 
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the diameter. It is clear from both figures that the use 
of thin disks leads to reduced response to both horizontal 
and vertical components of magnetization in the i 

Elimination of the correcting factors: F, and Ps. Since 
F, is required in equation (8) because the dimensions of 
the specimen are comparable to s, it is clear that F, 
will tend towards unity if for a given ratio hja s/a ia made 
large enough. 

The value of v = z/a required to make F, approximately 
equal to unity (P, > 0-095) has been calculated from 
equation (5) (for the various fixed values of u = hla 
considered here) and is shown in Fig. 2 by a short vertical 
stroke drawn acros the curve of hja used in the calcula- 
tion. Any combination of h/a and z/a lying to the right 
of the curve which could be drawn these strokes. 
gives a value of F, equal to unity. We see, thon, that F, 
wil be equal to unity and, at the same time, OD» will 
bo larger than 220 x 10° if A/a is chosen so that: 


2-25 < hja < 2-75 (15) 


with iate ratio gja. 

Similar oaioulationa have been made for Fe and the 
results are shown in Fig. 1. Any combination of A/a and 
s/a lying to the right of the dashed lme X give a value 
of Fs equal to unity. Now, ing the combinations of 
hja and z/a giving ‘limit where P, = 1’ from Fig. 2 to Fig. 1, 
we find that, whenever h/a and z/a are chosen so that 
F, = 1, then Fs is automaticaly equal to unity, since 
the curve of F, = 1 lies to the right of the curve of Fs = 1. 

We conclude, therefore, that it is preferable to cut a 
specimen according to the dimengions given by equation 
(15) since, besides obtaining the largest deflexions B and 
C, we also eliminate both correcting factors P, and Fe. 

In paleomagnetio work, the distance K is determined 
by the degree of non-uniformity of magnetization of the 
specimen and should be chosen large enough so that the 
error due to this inhomogeneity is negligible. 

I thank Dr. E. R. Niblett for help with preparation of 
this manuscript. 

! Blackett, P. M. 8., Phil. Trans. Roy. Soo , A, MB, $03 (1052). 
Cte iets Dalen ioe ae eee 
* Boy, J. L., Publ, Dominion Obs. (In the press). 


CLASSIFICATION OF CALDERAS: ‘KRAKATOAN’ AND ‘GLENCOE’ TYPES 


By Dx. G. J. H. McCALL 
University of Western Australia, Perth ^ 


WO short communications by Yokoyama and 

Tajima! and Yokoyama! have recorded the recogni- 
tion of low and high Bouguer anomalies, centred on 
‘Krakatoan’ and ‘ ooe’ subsidence calderas 
respectively. These two communications from Japan 
were of considerable interest to me, because I have 
examined a group of similar but smaller calderas in the 
central rift valley of Kenya. 

I initially studied the 35 square mile subsidence caldera 
of Menengai®-4; striking similarities to Santorin and Aso 
led me, at that time, to invoke a ‘Krakatoan’ mechanism. 
Later, however, a detailed study of the caldera was made 
(MoCall, “Geology of the Nakuru-Thomson’s Falis-Lake 

i Ares", awaiting publication, Geological Sur- 
vey, Kenya) and the smaller (3 aq. miles) Kilombe caldera 
to the west of Menengai was briefly exammed (McCall, 
unpublished results); the calderas of Suswa volcano to 
the south were also examined (MoCall, unpublished results, 
investigation in progrees in oollaboration with O. M. 
Bristow) and theee recent investigations together with a 
visit to Norway, where the Baerum cauldron, near Oslo’, 
came to my notice, have led me to revise my earlier 


interpretation of the Menengai caldera, an interpretation 


^ 


which appeara to have been too simple. Menengai 
closely matches the Baerum cauldron in shape, position 
and orientation in a meridional graben, in size, in the 
presence of narrow magmatio screens along the marginal 
fractures (vestiges of a ring feeder of trachyte-obsidian 
and pumice have now come to light in the south-east and 
southern margins of the caldera, following on the reoogni- 
tion of a much more completely preserved ring-feeder in 
the outer caldera of Suswa), and in the local repetition 
of the bounding fracture (evidenced in the case of Baerum 
by the repetition of the narrow syonitio ring-dykes, and 
in the case of Menengai by step-faulting in the caldera 
walls). It seams certain that represents tho 
surface ion of & subsidence cauldron such as 
Baerum, the much lesser degree of erosion experienced 
by the Plio-Pleistooene structure of Menengai allowing 
for the preservation of the surface-levels, completely 
removed by erosion in the case of the Permian structure of 
Baerum. Menengai is then, primarily, a ‘Glencoe’ type 
subsidence caldera’. 

What then of the very real ‘Krakatoan’ characteristice 
of Menengai, the strong resemblance to Santorin and 
Aso, both in the form of the caldera and the characteristios 


4 
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of the associated eruptions ! Can it be that the ‘Glencoe’ 
mechanism is more commonly associated with calderas of 
subsidence than Williams in his well-known definitive 
treatment of the caldera problem! allows. I feel that this 
is so, that the ‘Glencoe’ mechanism is the primary mechan- 
ism involved in the majority of subsidence calderas, and 
that the ‘Krakatoan’ mechanism is m the nature of a 
special case, a complication of the ‘Glencoe’ mechanism, 

where volatiles are particularly abundant withm 


the chamber at the time of subsidence. Complete 


as strongly 
Bantorin and Aso’. ~The outer caldera of Suswa, though 
larger than Menengai (48 sq. miles), shows leas evidence of 
at all, the inner caldera of Suswa shows none. In 
spite of these dissimilarities, all these calderas are believed 
to have stemmed from the same primary process: the 
fundamental process and the secondary variations imposed 
on it are evisaged by me as outlined here. 

(1) Main sequence of eruption from a, broad shield 
voloano: up-doming by the of magmatic distension 
ia Mesi kdjunot: the byrion of this main phase 
of eruption are -lava flows, ing weathered surfaces 
indicative of periods of quiescence, punctuating the 
sequence of eruptions. 


(2) The ion, as & whole, wanes and the super- 
structure, bly up-arohed by the main ive 
upsurge, oo ; two possible causes of this oo 


may be entertained: & purely gravitational collapse and a 
deflation in which magma plays an active part. In the 
first case, the superstructure founders due to withdrawal 
saa dare Rapid emptying of the magma chamber is 

invoked to explain this; but another factor may 
well be the inorease in volatile content held dissolved in 
the residual magma, causing a decrease in viscosity. The 
watery end-stage magma so produced would provide a 
poor cushion for the , while the previous 
more viscous Magma would sustain it. The alternative 
to the purely gravitational h suggested by 


but some lication by 

& Hale degrés of control exerted Dy ciae footorja 
lines of weakness—often the intersecting fracture linee 
which control the position of the voloanio focus in the 
first place—will, ‘haps, be reflected in reotilinear 
gathers inciho caldera walla Ac lateral mactor Krabai: 
(8) This initial movement downwards will set off a 
subeldiary reaction; the opening of the superstructure 
causes a sudden pressure release and the volatile-rich 
residual magma suffers ebullition, surging up ring-fracture 
conduits. If this magma is heavily charged with volatiles, 
pumioeous material will be erupted in vast quantities, 
im a series of rapid and explosive eruptions from vents 
arranged y on the trace of the ring fractures at the 
surface. In case of magma with somewhat leas volatile 
content ebullition will be weaker, and little or no ring- 
fracture ion will ensue. It has been found, m the 


varies bu dee pad throughout the eruptive sequenoe, 
and that gilios- ted lavas, such as trachytes, are 


associated with evidence of more violent ebullition in this 
phase, having apparently more inherent volatile content, 
while undersaturated lavas, such as phonolites, are 
associated with evidence of leas violent ebullition. 
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(4) The descent of the foundering block, which includes 
the and the solidified upper part of the 


This picture seams compatible L 
pumice in the ebulitive phase of eruption is 
typically truncated by the caldera . In the oase 
of oertain calderas, associated with weak ebullition, the 
relationships observed may be different, since the pressure 
otiovell onde anmutinlens 1o may Mio ME EE 
If pumiceous products of ebullition do reach the surface, 
in this case they will be erupted on to the already lowered 
floor of the caldera. The small amount of pumioe-tuff 
infillmg the very bottom of Kilombe caldera (op. cit.) may 
ell represent such a case. Sometimes only a steam-blast 
will reach the surface. 

(5) New cycles of eruption may oocur after cauldron 
subsidence; usually the area of activity is smaller than in 
ing a restricted reactivation within 


superstructure 

first episode of subsidence, it is likely that the preasure 
seal will never be as efficient as before, so eruptions are 
not likely to be so explosive in this second subsidence 
cycle as in the first—unleas differentiation leading to 
more volatile-rich magma has oocurred. In the case of 
Suswa no explosive activity heralded the formation of 
the second caldera. 

(0) In the case of a few subsidence structures of this 
type, the cylinder may fail to resume its movement 
downwards after the ebullitive : this would produce 
an embryonic caldera, an ann of venta. This 
pattern seems to occur within the Valles caldera, New 
Mexico’, and is also seen in the internal crater progression 
of Clavius on the Moon. 

the most vexed question involved in the 
lanation of subsidence calderas is the volume deficit. 
Williams's caloulations’:*:° of the volume of pumice 
emitted during the formation of Crater Lake, Aso, Ban- 
torin, Coseguina, and Hakone calderas led him to conolude 
that the volume of pumice invariably showed a deficit 
against the volume of the caldera fofmed. Magma 
movement at deep levels, involving dyke mjection, was 
Se ee ae 
unaccounted for. iams’s  oonolusions i 
oelderas**:1* provide the basis of any study in this fiel 
and his unbiased assessment of the evidence has never 
been i 


injection into ring-fracture conduits on ebullition, is 
necessary to account for the volume deficit. Updoming, 
caused by magmatio distension, is known to accompany 
volcanic eruption (for example, ref. 11) and some re 
tion and withdrawal of the magma-level without bodily 
migration at the end of the eruptive sequence seems 
acceptable. i on crystallization, loas of volatiles, 
and a tendency for eruptions to continue under the 
influence of secondary triggering mechanisms, such as 
pressure release, long after the primary upsurge (whatever 
its nature) has waned, may all contribute to a proceas of 
simple deflation, which may, as has been suggested, be 
the primary agency involved in cauldron subsidence. No 
ions as carried out by Williams (op. cii.) have yet 
been attempted for the Kenya calderas, but observations 
suggest that the deficit is proportionally greater in the 
case of these weakly 'Krakstoan' calderas than in the 
catastrophic deras cited by Williams. 
Besides the volume deficit, there is a second anomaly 
apparent in the-equation of subsidence oelderas and 
cauldrons. Inwards-dipping feeder-dykes have been 
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recognized, marginal to the calderas of Crater Lake, 
Oregon*, Suswa and Menengai., In the case of Suswa 
the dip can be seen to steepen downwards. A study of the 
literature, however, reveals that ring-dykes associated 
with cauldrons show steep outwards dips or are vertically 
inclmed. Rare exceptions have been attributed to later 
movements. If the ring feeders are the surface reflexion 
of ring-dykes, why this reversal of dip? Belousov™ has 
shown experimentally that &t the surface or near to a 
surface a subsiding cylinder in clay aces ring fractures 
BE S Ga Sahin tes ee edle cn DOS 
and stespening downwards. Anderson’ calculated 
mathematically that such a downward movement should 
produce steep-outward inclined fractures, -which is the 
normal cauldron pattern. The probability would seem 
to be that Ánderson's pattern is valid under strong con- 
taining preseure, but where the rock/air interface above 
the structure affecta the picture, Belousov’s pattern 
develops. In three dimensions, then, ring-dykes at deep 
levels should steepen and flare out into reversed cone form. 

The structure envisaged seams important since ib 
involves vertical movement producing both normal and 
reversed fault displacementa, and suggests a higher 
tensional rone and a lower compression rone. 
are, in my view, annular analogues of the rift valleys 
in which predominantly vertical movements are involved 
(the predominant type in Kenya) and the same proceases 
of magmatio distension, eruption, deflation and sub- 
sidence (the latter probably involving dragging down- 
wards) seem to have produced both types of structures. 
If the fracture pattern combining Ánderson'a 
true one, then the extension 
of this concept to the lmear voleano—tectonio rift structures 
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may solve same of the conflicts of evidence which have 
caused so much controversy. 

With regards to the geophysical evidence from Japan, 
nee eee ne distingtiahed e& “Hreknioen’ aiid 
'Glenooe' overlap, and tha ‘Glencoe’ mechanism is 
the mechanism, not simply of oelderas classified 
as ‘Glencoe’ type, but of ‘Krakatoan’ calderas as well. I 
have oarried out & gravimetric survey over the broad 
shield volcano of Menengai (report awaiting publication, 
Nakuru-Thomson's Falls-Lake Hannington area) and 
have found that & series of high values for the Bouguer 
anomaly are grouped around the caldera, the typical 
example of a ‘Glencoe’ type caldera on which weak 
‘Krakatoan’ characteristics have been superimposed. 
This anomaly, superimposed on the low values which here 
characterize the Rift Valley as a whole, seems related to 
the ridge voloano of Menengai, and not to be direct 
reflexions of the caldera. 
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URANIUM AND THORIUM ABUNDANCES IN POSSIBLE UPPER 
MANTLE MATERIALS 


By Dr. J. F. LOVERING and J. W. MORGAN 
~ Department of Geophysics, Australian Nationa] University, Canberra 


T is of considerable geochemical im that 

accurate determinations should be made of the uranium 
and thorium abundances in possible upper mantle rock 
types since quite severe restrictions can be placed on the 
absolute concentrations of radioactive elements existing 
in the Earth's upper mantle. For example, Birch! has 
shown that the present rate of loes of heat through the 
Earth's crust is equal, within a factor of two, to the 
rate of production of heat if the Earth as a whole was 
ootnpoeed of material with the uranium and thorium 
contents of the chondritio meteorites. Assuming an 
overall chondritio composition for the Earth, MacDonald’ 
has further calculated that the material in the Earth’s 
upper mantle above a depth of 600—700 km should have 
an overall uranium content of about 0-05 ppm. and 
(assuming a thorium/uranium ratio of 3-5) & thorium 
content of about 0-175 p.p.m.. 

Many workers have suggested that rocks of ultra-besio 
composition (for example, peridotites, garnet peridotites 
or dunites) are the predominant materials in the Earth's 
upper mantle. Modern, accurate analyses of uranium and 
thorium abundances in ultra-basic rocks are very few and 
only three different rocks have been examined so far‘, 
and even within this small sample there is not always good 
agreement between different analytical methods. How- 
ever, what little data there are available (Table 1) suggest 
that the uranium and thorium abundances measured m 
ultra-besio rooks are about 50 times leas than MacDonald 
has calculated for upper mantle materials. . 

Following an earlier suggestion by Goldschmidt, 


Lovering* has proposed that a considerable portion of the 


"> Earth's upper mantle is basic in compoeltion but com- 


posed of pyrope-garnet and omphacitic pyroxene assemb- 
lages characteristic of eclogitio rocks. The only data 
available on uranium and thorium abundances in eclogites 
are those of Holmes and Paneth* published in 1986. Their 
resulta (Table 1) would suggest that the uranium and 
thorium abundances in the eclogitio molusions from 
kimberlite pipes in South Africa are very much higher than 
would be consistent with their occurrence in the upper 
mantle. However, the methods than used for the determ- 
ination of the uranium and thorium have been 
by more precise methods (for example, neutron activation, 
isotope dilution, eto.), and it became obvious that a study 
should be made of uranium and thorium abundances in 
eclogites using one of these techniques. Neutron activa- 
tion analysis was selected as the most appropriate tech- 
nique for the determination of the relatively low levels 
predicted for eclogite rocks from the mantle and a method 
was devised to simultaneously determme uranium and 
thorium in the sample after neutron irradiation in the 
Hifar reactor of the Australian Atomic Energy Commis- 
Bion. The details of the analytical method will appear 
elsewhere’; but i$ can be shown that individual 
for both uranium and thorium have relative deviations 
-of about 2-5 per cent. Good general agreement has been 
found with the most reliable methods of analysis used 
for the determination of uranium and thorium in the 
Standard Granite G-1 and the Standard Diabase W-1. 
Eclogitio rocks occur in two main environments on 
the Earth’s surface. There are the pipe eclogites which 
oocur along with ultra-basio and granulitio rocks as 
inclusions in kimberlitio and basic igneous pipes in various 
parts of the world. Some of the pipe eologites contain 


, 
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Table 1. PREVIOUS DETERMINATIONS OF URANIUM AXD THORIUM IN EGLOGTTO AND ULTRA-BASIO ROCKS 






Uranium Thortum 
Rock type Locality ppm Method Reference ppm Method Reference 
Melogites Inoclusions in ktmberiite 0-65 Radtum 0-50 *"Thorium-I" 
pipes, Bouth Africa 125 method 3 $40 method 3 
Duntte Twin Sisters, Washington 0-016 Isotope dilution 4 0-05 Isotope dilution 4 
0-001 Neutron acttvatian 5 — — = 
Peridotite Inclusion tn basalt, Ban 0-007 Isotope dilution 4 — — ad 
Peridotito Inolusion in oat 
Hualalai, 0-006 Isotope dilution 4 — — — 
Table 2. NEUTRON ACTIVATION DUECERNIN (TION OF URANIUM AXD THORIUM IK PIPE EOLOGITES AND CRURTAL BOLOGITES 
` Eelogite Uranium Thorium 
typo Rook Number Locality p.p.m. p.p.m. Th/U 
Pipo Eclogtte Ril Delegate, N.S.W., Australia eH 0 O52 e 48 $45 
Mologites Harnbliende eclogite R117 Delegate, N.S.W., Australis Dore 0-078 Mest 0-20 39 
Olivine eclogite E394 Delegate, N.B.W., Australia von 443 T 15 $5 
Hologite R200 Victor Mine, Orange 0 041 0-24 
: - Froe State, South Africa 0-041 JO 041 0-4 [004 58 
Oltvine eclogite R419 Balt Lake Cons, Oahu, Hawaii Qo 0-043 "EL 10 24 
Orustal Ealogite R388 Junction Heelsburg 0-18 0-48 
Boogie ^ Mig "EM S oo ui 5 MEE 
te 
" gneiss massif, 023 1024 0-88 060 2-5 
Hologtte R871 Hof Bavarra, Germany 004 0-059 "ru 0-28 4-8 
Oltvtne eclogite R872 River Tesatn, Southern oe 0-025 res 0-6 
' Pronxite BSTS 0-084, 0-011 
ee Sittampund! Complex, Madras, 0-014 10-018 oon 0 018 10 


C D Ta a Poria et Cd bae cemeainly EmA at 
depths of at least 130 in the mantle’. There is strong 
evidence that theso eclogites represent material brought 
directly from the upper mantle of the Earth during the 
emplacement of the pipes. . 

."The other class of eologites we have are called the 
crustal ealogites. These i occur as lenses or 
discontinuous masses often 
zones. It is poasible that 
brought directly from the mantle i 

episode which mobilized them, but the evidence for & 
direct mantle origm is very much less ing than 
that of the pipe eclogites. iud ieee ag 

of both crustal and pipe eclogites have been studied to 
give as complete a picture as possible of the uranium 
and thorium abundances in eologitio rocks. 

, Pipe cologites. ee cone ing ena miit: 
sions are known from many parta of the 8 surface. 
Most of these pipes are filled with & matrix rock of kimber- 
litio composition in which fragments of ite and other 
rock types are included (for example, Africa, 
Siberia, eto.) An eclogite (R269) inclusion from the 
Roberts Victor Mine, Orange Free State, South Africa, 
made available by. Dr. F. A. Venter of the South African 
Geological Survey, has been analysed in the present work. 


The Australian pipe containing the least-altered inclusions 
occurs near Delegate in southern New South Wales and 
composition have been analysed from this pipe (for 
example, R117 hornblende eclogite, R11 eclogite, R394 
olivine eclogite). 

The eclogitic samples described so far occur in pipes 
which penstrate the continental crust and presumably 
these ealogites material from the continental 
upper mantle. It is very important to examine pipe 
eclogites in oceanio areas to see whether there are any 
significant differences between eologites occurring in 
continental and oceanio upper mantle regions. Oveanio 
eclogites have been described as inclusions in palagonite 
tuff, Salt Lake Cone, Oahu, Hawaii by Winchell’ and 
samples of an olivine eclogite (R419) from this locality 
were made available by Dr. G. A. Macdonald. 


Orustal eologites. Four eclogites from crustal environ- 
ments have also been analysed.  Eclogite R388 from 
Junction School, Healsburg Quadrangle, California, is a 
relatively unaltered sample of the Californian eclogites 
which are associated with ultra-basio rocks and giauco- 
hane schists’* and was made available by 
ogite R891 


The olivine eclogite 2372 occurs with ordinary eclogites 
and peridotites in lenses within amphibolite facies rocks 
of the River Tessin region of southern Switzerland. Both 
specimens 2871 and R372 were made available by R. O. 
Chalmers from the collection of the Australian Museum. 
Other rocks described as eclogite facies rooks by Subra- 
maniam?* occur with meta-anorthosites in an apparently 
layered sequence within the Peninsular gneisses near 
Sittampundi, Madras. One of these rocks, classified as a 
‘bronxite pyropite’, R375 has also been ahalysed in the 
k. 


wor, 

The results of the analyses of these rocks are shown 
in Table 2, and the following conclusions can be drawn 
from these observations. 

(1) Eclogites from the continental upper mantle have 
very similar uranium (range 0:04-0:07 p.pm.) and 
thorium (range 0-15-0-29 p.p.m.) abundances with mean 
values of 0-052 p.p.m. uranium and 0-22 p.p.m. thorium. 
‘These values are at least an order of magnitude higher 
than those reported for ultra-basio rocks (Table 1) and 
something like an order of magnitude leas than the 
average values usually quoted for basic igneous rocks", 
The levels of uranium and thorium found in these eol 
agree very closely with the estimates made by MacDonald? 
for possible uranium and thorium abundances in upper 
mantle materials. 

(2) The thorium/uranium ratios for the eclogites from 
the continental upper mantle range from 8-5 to 5-8 with 
& mean value of 4-2. This is very close to the value of 4-1 
which Cannon e al. have calculated for the upper mantle 
on the assumption that lead ore deposits have been 
derived from the Earth's mantle. 

(8) The one eclogite analysed which may well represent 
part of the oceanic upper mantle has & uranium content 
identical with continental eclogites; but the thori 
content is somewhat lower, so that the thorium/uranium 
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ratio (2-4) is considerably lower than the ratios in the 
continental eologites. However, as only one oceanic 
eclogite has been analysed up to the present, it is not 
known whether there is in fact a real difference 
continental and oceanic eclogites. 

(4) The crustal eclogites measured had uranium con- 
tents between 0-018 p.p.m. and 0-24 p.p.m., thorium con- 
tente between 0:015 p.p.m. and 0-60 p.p.m. and thorium/ 
uranium ratios between 0.6 and 4-8. Only one crustal 
eclogite (R371 from Hof Bavarra) had & uranium and 
thorium content, and a thorium/uranium ratio within 
the range of the continental pipe eologitee. The others 
show very different abundanoce-levels for uranium and 
thorium as well as very different thorium/uranium ratios 
from those of the pipe eclogites. However, it is not poasible 
to conclude from the present work whether or not the 
majority of crustal eclogites do in fact represent portions 
of the upper mantle intruded into the crust during orogenic 
episodes. It may well be that their present uranium and 
thorium abundances reflect drastic modifications of normal 
upper mantle abundances of these elements after the 
particular eologites became modified by geochemical 
proceases within the upper crust. 

(5) Marshall?! has examined the isotopic composition 
of the lead extracted from the same sample of the Silber- 
bach-Hof eclogite which was studied in our work and 
concluded that in order to account for the lead developed 
during 4-5 x 10° years and observed by him to-day in this 
sample, there should be 0-10 p.p.m. uranium and 0-41 
p.p.m. thorium present. The actual amounts present 
in this sample (Table 2) are oonsiderably higher than 
Marshall’s estimates, and would suggest that the Silber- 
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bach-Hof eclogite has not remained a closed system with 
regard to uranium, thorium or lead over geological time. 

The work is at present being actended to include 
granitic, amphibolitio and granulitic inclusions in the 
igneous pipes described previously on the assumption 
that these rock types probably represent samples of the 
deep continental crust intruded by the pipes. It is hoped 
that in this way a more complete picture may be built up 
of uranium and thorium distributions within the oon- 
tinental crust. Other possible upper mantle materials 
(such as garnet peridotites and peridotites) occurring in 
the pipes are also being studied. 

This work is supported by a research grant from the 
Australian Institute of Nuclear Science and Engineermg 
with laboratory facilities provided by the Australian 
Atomic Energy Commission. 
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LARGE RING STRUCTURES IN A SOUTH AUSTRALIAN PRECAMBRIAN 
VOLCANIC COMPLEX 


By A. R. CRAWFORD 
Geological Survey of South Australia, Adelaide 


N 1961 I noted an arcuate pattern on the outcrop of the 

Gawler Range porphyry 50 miles weet-south-west of 
Port Augusta, South Australia. The Gawler Range 
porphyry is & loose term given to & vast (12,000 sq. miles) 
outerop covering northern Eyre Peninsula. The pre- 
dominance of red-weathered felspar porphyry suggested 
a persistently similar rook-type, comparable rocks being 
known in scattered outcrops 100 miles north of the rail- 
way. Lack of known mineralisation within this outcrop led 
to neglect since its discovery by H. Y. L. Brown in 1885. 

The age of the Gawler Range porphyry was uncertain. 
It was compared by R. Lockhart Jack!" with the richly 
copper-bearmg Moonta porphyry of Yorke Peninsula 
about 100 miles to the south-east. This rock intrudes 
Precambrian gneisses usually described as Archaean. 
Lockhart Jack suggested that the Gawler Range porphyry 
was an effusive equivalent of the Moonta porphyry. 

I dec ele that the oopper-beering Wooltana vol- 
eanios of the northern Flinders Ranges (which are hama- 
tite-rich traohytes underlying unconformably the Sturtian 
glacials), the Moonta Porphyry and the Gawler Range 
porphyry were of common genesis and of much the same 
age. Other volcanics occurring in scattered IM 
between Wooltana and Port A (for example, 
Brunnsohweiler* proved to be of Wooltana type. Theeo 
are often either diapirically placed’ or occur along major 
lineamenta. 

A field check of the aro noted in the Gawler Range 
porphyry showed that it had parallel banding and that 
devitrided obsidian was common. Rocks almost indis- 
tinguishable from typical Wooltana-type trachytes were 
found only 15 miles east of the main porphyry outcrop 


and recently H. W. Fander and I found similar rooks well 
within the main outcrop. 

Eroded venta with diameters of about one mile were 
revealed near the arc. Numerous curved lineaments were 
detected, some concentric with the vents, among innumer- 
able straight lineaments forming part of a superbly 
displayed reotiinear joint pattern. This pattern is 
ascribed to torsional streas associated with blook-faulting. 

An assembly of 40 to one inch to one mile mosaics, 
covering the whole of the main outcrop revealed very 
large circular structures. In the area south-west of the 
southern end of Lake Gairdner, and which forms the 
south-western part of the main outcrop, a valley with a 
constant width of about half a mile extends along a semi- 
circle, having a diameter of about 85 miles. This is 
centred approximately on Yardea head station (that is, 
sheep station).  Diametrio to this valley (which is . 
obviously quite distinct from innumerable straight valleys 
of variable width, most of which are probably widened 
joints) a perfect graben four miles wide extends from 
near Yardea for twenty miles eastward. The graben 
meets the semicircle on the south-westernmost inlet of 
Lake Gairdner, and this point is itself the centre of a oom- 
plex of elliptical shape, with & larger diameter of 12 miles. 

Field examination of the large semicircular structure 
showed no major change in rock-type across the valley, 
which like most valleys m the Gawler Ranges is flat- 
bottomed and entirely covered by alluvium, except at 
Paney out-station, 17 miles south-west of Yardea, after 
which the feature has been named. At Paney low hills 
between higher plateaux are formed of flow-banded 
porphyritic rhyolrtee much paler in colour than most of 
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the porphyry, and showing extremely tortuous, swirling 
textures, confined to a narrow zone about a quarter of a 
mile wide along the line of the semicircle. The rooks to the 
north and south are different, and flow-banding is not 
common. 

A major eagt-north-easterly lineament extends through 
the Gawler Ranges for 100 miles and is almost tangential 
to the Aro. Along this lmeament intense brecciation and 
chemical alteration is common and uncharacteristic rocks 
occur, The area within the Pansy Arc appears, so far as 
can be determined without distant oblique air views, to 
have a io expression which is saucer-like. 

Radial to the Paney Aro (and parallel to the Yartoo 
p ee ETNO windi occupies) Hc Graben like 
area near Hilbebe H.S. This has a longer dimension of 
15 miles, aligned west-north-west. It is a vuggy fluorite- 
bearing granite quite distinct in type from others in 
northern Eyre Peninsula. As it intrudes the porphyry 
to the south of it with a sharp vertical contact it may be 
a large radial dyke. ` 

Numerous smaller ring structures exist, much of the 


southern boundary of the outcrop being formed by their © 
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intersection; some are faulta which havo 
moved in Quaternary time. Evidence for 
other large ring structures is gocumulst- 
ing. On a recent fleld visit during which 
ring patterns south of Lake Everard were 
checked it was clear that these are concen- 
tric with the southern shores of that lake, 
which had an extraordinary shape. This 
area too has a saucer-like topography. 
In so far as the westernmost limbs of the 
lake are also concentric, rb seams almost 
certain that ring structures of at least 55 
miles in diameter exist. The relationship 
of these to sympathetically curved linea- 
mente to the east between Lake Everard 
and Lake Gairdner ıs as yet obscure, but 
structures of 70 miles in diameter may 
exist. If certain lineamenta noticed in the 
bed of Lake Gairdner are related, this 
figure would have to be increased to 100 
miles 


Similar arcs entirely control the west 
shores of Lake Harris farther north (on 
most maps these lakes are all inaccurately 
delineated) and with radial lineaments 
form sector-like bays. Others inoludo 
andeatte dykes in the adjacent Glenloth 
goldfield, the bedrock outcrops of which 

to form part of an annulus. In 
the Tarcoola district andesite dykes 
known to be gold-bearing are radial intru- 
sions into sediments which are apparently 
down-faulted within an annulus. Copper 
minerals oocur at Tarooola in fine-grained 
variants of Gawler Range type volcanic 
rocks. 

Numerous long, lineamenta 

occur. Most are north-weeterly, west- 
north-westerly, or east-north-casterly in 
direction. The most obvious is the Moon- 
areo Fault, which extends for more than 
80 miles weet-north-weetward from the 
weet shore of Lake Gairdner. 
H. W. Fander has already (personal com- 
Tounication) noted many welded tuffs. 
Age determinations by the strontium- 
rubidium method are in progra (by 
Dr. W. Competon) at the Australian 
National University. 

The deeper implications of the largo 
circular structures and their associated 
straight lmeaments are still under study. 
One obvious comparison is with lunar structures. Joffreys‘ 
states that the terrestrial structures most like lunar 


suggested by the saucsr-like topography) m of such 
age is very unlikely but it seems possible that a rejuvens- 
tion of the major structural controls may have assisted 
the development of what can perhaps be described as 
‘palimpsest topography’. 

, The centre of the Paney Aro lies on the projection of a 
line joining the epicentres of South Australia’s largest 
, September 19, 1902, Warooka, 


Yorke Peninsula, and May 10, 1897, 8, 1948, Beach- 
port. The centre is about as far from Warooke ag Warooka 


- 
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is from Beachport. This ling is parallel to the of the 
continental shelf off Eyre Peninsula. ii 
The economic implications are important. The Tarcoola 
and Glenloth goldfields undoubtedly owe their mimeraliza- 
tion to the volcanics. The association with copper is 
significant. Magmatic copper occurs in the Wooltans 
rocks, and gold is known. (The widespread copper 
mineralization of the associated Adelaide System sedi- 
menta has long been regarded by me as sedimentary- 
exhalative in typo.) ‘Porphyry oopper' is therefore 
thought to be a y prospect in at least the north-west 
of the Complex. It may be significant that the only tin 
localities in South Australia are at and near Glenloth. 
Minor gold occurrences within the Complex are known. 
Most interesting of all is the possible connexion with the 
rich hematite bodies of the Middlebaok 
Ranges, all of which lie m & narrow north-south belt 
ed as & major structural lmeament parallel to one 
‘of the most fundamental m Australia, the Torrens lines- 
ment separating the West Australian shield from the 
Adelaide geosynclme. Iron Monarch is the richést body 
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and is the nearest to the porphyry outcrop. Miles ef al." 
believed the Gawler Range porphyry to be much younger 
than the ore bodies and therefore to have played no part 
as a 


magnetio anomaly liée under the northern end of Lake 
Gilles, due west of Iron Monarch, and at a point central 
to the Arc first noted; that the rocks of the are 
invariably rich in hæmatite; and that ‘Gawler 
porphyry’ was recorded under the Iron Monarch 

abt about 650 ft. below surface in one drill-hole. 


* Bronnsehweller, R. O., Awatral, J. Soi., 18, 102 (1966) 
* Webb, B. P., Trans. Rey. Soo, Sew AusiraL, 86, 1 (1061). 
* Jeffreys, H., The Berth (Camb. : 


EQUILIBRIA IN THE SYSTEM 


2CaO.SiO; = 3CaO.P,0; — CaO 


By W. GUTT - 
Department of Scientific and Industrial Research, Bullding Research Station, Garston, Watford 


DETAILED examination has been made of phase 
— 80&0.P,0, — 


stage of the phases present in the melt. This surface 
includes & primary crystallization fleld, extending to 
18 per cent phosphorus pentoxide, for tricalcium silicate, 
ment of Portland 
by earlier investi- 
gators‘. There are two reaction pointe. The first of these 
Ry & ternary eutectic point between COeO, 40a0.P,0, 
n solution and .8i0,/8Ca0.P,0, solid solution, 
has the composition 60-75 per cent CaO, 4:75 per cent 
SiO, and 84:5 per cent P,O, (by weight) and its liquidus 
is 1,0960? O. The simultaneous presence of 

tho three phases at the liquidus at this ing was estab- 
The tie lines i 


path remem ty l by the Mr quM ity triangles 
are baod on ox anita eee aDan Bx ray and chemical 
analysis, and by microscopy, of selected compositions 
in the system after prolonged heat-treatment at 1,500°. 


These compositions were made from reagents at least 90-9 
per cent . A phosphate and lime modified tricaloium 
(co 7^) of the ximate composition 74 per cent 


» 0:5 per cent P,O, (by weight) 
— P88’ and there is solid 

The locus of the joins 
rm Tos and 0,8” — PS8’ was established by ‘free 


lime’ analysis of selected ternary compositions in which 
lime is one of the three stable 


gilios and lime (C,P") of approximate limiting 
60-1 per cent CaO, 8-8 per cent SiO, 36-1 per cent P,O, 
(by weight) existing along the join O,P’ — PSS”, there 
being a region of solid solution between O,P and OP”. 
X-ray analysis of compositions in various parts of the 
system revealed i 
of the s8 
Welch and Gutt!, the products of sub-solidus reactions 
obtained at 1,500° being those predicted by the phase 
diagram due to these with the following exception. 
Their diagram indicates no unmixmg of the continuous 
solid solution series of 2CaO.SiO, and 30a0.P,0, above 
1,500° and would ict therefore that the joms from 
C,8” and C,P’ d be directed to PSS (75-9 cent 
20a0.8iO,, 24:1 per cent 30a0.P,0, (by weight)) the 
ition of maximum liquidus in the binary system 


compositi: 
, and not to the compositions P88’ (86-9 per cent 2CaO0.8i0,, 


18-1 per cent 3CaO.P,0, (by weight)) and PSS” (62-4 per 
cent 20a0.8i0,, 37.0 per cent 3CaO.P,O, (by weight)). 
Vies. vary a alice 
does oocur e 1,500? into two structurally very similar 
solid solutions the composition of which de on the 
temperature. It is suggested that PSS’ and PSS” mark 
gras eager rrr Fie ge apes preter 

on PSS” lies in the small region of the 
patent 800. tee 80a0 . P,O, in which &38CaO.P,O0, = 


-ray diffraction pattern that ib 
gives. This is sharper than is given by other compositions 
in the small region in which 43C&O.P,0, can thus be 
The same argument cannot be advanced with 
to PSS’, which mverts on cooling to the a’ form 

of the solid solution rich in 2080 .8iO,. 

Evidence in support of the significance attached to the 
composition P88’ was obtained by reheating at 1,650° O 
the compositions which led to the join CB” — Pgs’ 
valid ab 1,500° O, and repeating ‘free lime’ analysis. This 
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PSS'= limiting phosphate solid solution at SOC? C 
pss- hmiting phosphate solid solution at 500°C 
S= $105 = P205 
2: - Pes solution 
direction of decreasing temperature 








Fig. L Phase diagram of the system 0,8 ~0,P-020 


point on the 2080-810, = B join from 0,8” towards a 
inb on 20.0 .8i0, — 80aO. Pos join richer in 
P, 


assuming 
ee sd toward 80&O0.P,0, as the 


T pod recu 
and the 20e0.810,/ 
the composition 67:2 per cent CaO, S 
13 per cent P,O, (by weight) and its liqui 
This is a 'risihg 


B, between 8Ca0.Si0, CaO 
.P,O, solid solution oocurs at 
cent SiO, 
is 1,970° O. 


poids and along the third the dekupécavare Hie tomrarce th 


DR 


NSI IN 
e C 
CaPss — P320, Wt % 
The liquidus maximum M, which may be laced. 
somewhat by the movement of PS8” towards .BiO, 


on the 40a0.P,0, — 20a0.8i0,/ 


melting of 80&0.81O, in the system 
C&aO-8iO, may ooour at a 
higher than reported by Welch and Gutt*, but in all other 
respects their findings were confirmed. 

imr a W E dd Chem. Soe., (320) 1077 (1069). 
, 48, 11 (1959). 


MECHANISM OF'THE ACTION OF NITRIC OXIDE ON PARAFFIN 
PYROLYSES l 


By Pror. R. G. W. NORRISH, 


F.R.S., and Dr. G. L. PRATT 


Department of Physical Chemistry, University of Cambridge 


HE effect of nitric oxide on paraffin pyrolyses has 

been the subject of numerous reviews!*. Briefly, the 
addition of nitric oxide in small amounts causes a reduction 
in the initial rate of decomposition of the paraffin. As the 
pyrolysis proceeds, however, the reaction accelerates to a 
maximum rate before the rate falls off towards completian. 
Thus, the preesure-time curve for the inhibited reaction is 
sigmoid in form, in contrast to the normal non-infleoted 
curve observed for the uninhibited ysis. Because of 
this, inhibited rates are usually d by measurement 
of the initial slopes of the preegure-time curves. This 


procedure is sometimes complicated by the existence of 
either initial periods of no (or, on occasion, of negative) 
pressure change? or initial *burste'* of somewhat variable 
extent and duration. It is not olear whether theee are 
genuine or are in some way due to the experimental tech- 
nae but in general they are discounted when obtaining 

the inhibited rate from the initial slopes. For example, 
spurious initial pressure decreases can be due to solution 
of material in stop-cock lubricant, while initial bursts can 
be produced by incomplete (due to the practioa of 
mixing gases in the reaction eal on brane Doo ee 


some 709-80? C .. 


144 


traces of oxygen in the reactants. It is often difficult to 
tell from the descriptions what precautions were taken 
against theee difficulties. An alternative method that 
has been used to eliminate the effect of these ‘disturbances’ 
is to take the inhibited rate as the average rate of pressure 
rise between two fixed percentage preesure rises‘. Oom- 
pared with the initial rate, the subsequent stages of this 
self-acoelereting reaction have received little attention. 
If increasing quantities of nitric oxide are added to the 
paraffin the initial rate of pyrolysis passes through & region 
of minimum rate in which the rate is virtually independent 
of the ‘inhibitor’ concentration, it then increases, eventu- 
ally for large amounts of nitric oxide varying linearly with 
the concentration of inhibitor—m what is called the in- 
duced reaction. The minimum rate reached is sometimes 
called the reaidual or limiting rate. For a large number of 

and indeed some other substances (for example, 
aldehydes and ethers) it has been claimed that chis 
limiting rate is the same under given conditions irrespec- 
tive of whether nitrio oxide or alone aro used to inhibit 
the reaction. 

n-Pentene is an example that is relevant to the follow- 
ing discussion. This equality, however, is known to be 
destroyed by changes of reaction temperature in the cases 
of 2-methyl pentane and n-pentane*, by changes of the 
reaction vessel surface in the case of n-heptane’, and by 
changes of reactant preasure in the case of propaldehyde'. 
The equality is only approximate; for example, in the 
cases of iso-butane and iso-pentane the rates differ by some 
15-20 per oent, which is well outside experimental error’. 
It is well established that the olefines themselves decom- 
pose by radical mechanisms, often at appreciable rates at 
the temperature at which they are used as inhibitors; for 
example, propylene and isobutene have been used* to 
inhibit the pyrolyses of isobutane, isopentane, and 
n-pentano, at 560° C, although theese olefines have been 
found to decompose at this temperature at rates com- 
parable with those of the paraffin pyrolyses’. We think 
that the equality of limitmg rates has not been established 
es exact and general. The explanation of pats baci 
therefore, is not & necessary i t of any i 
postulated for the reaction. Nevertheless, there is an 
overall similarity in the effects of nitric oxide and of olefines 
in paraffin pyrolyses that almost certainly reflects 6 
similarity of mechanism. 

Several attempts have been made to explain the 
obeerved characteristics of the effect of nitric oxide on 
pem, pyrolyses ın terms of detailed mechanisms‘. 

our opinion thoee have paid insufficient attention to 
the fate of the products of the reactions between the 
alky] radicale and nitric oxide. The fate of these products 
is of the greatest significance to a clear understanding of 
“mhibition’. These products are known to include oximes’*. 
The pyrolyees of formaldoxime and acetaldoxime have 
been inveetigated!*:1*, and found to ocour very rapidly at 
temperatures well below those normally used for paraffin 
yrolyses._ The decompositions-of these oximes have’also 
ban shown to be greatly &coelerated by very small 
quantities of nitrio oxide!**, In the case of formaldoxtme 
at about 400° C a violent explomon occurred when nitrio 
oxide was added'*. In the inhibited paraffin pyrolyses, 
where excess paraffin is present, this explosion might well 
exist incipiently. The mechaniam ted to account 
for the pyrolysis of acetaldoxime has been shown to give 
rise to the possibility of chain branching occurring in 
systems containing ethyl radicals and nitric oxide’. The 
reactions involved are: 
NO + C,H, = 0,H,NO — CH,CHNOH 
NO + OH,CHNOH = (CH,OHN) + HNO, 
(CH,OHN) = CH, + HCN 
HNO, = OH: + NO 


It is here that the self-accelerating nature of 
paraffin pyrolyses inhibited by nitric oxide can be ex- 
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plained by the occurrence of such a chain pires 
mechanism in & degenerate form. The initial ‘inhibi 
em d by pao workers, would then corre- 
n 9 situation where the branching has not yet 
become significant. On. thia asia we suggest a impio 
scheme here which gives a good account of the observed 
characteristics of this initial rate. In the absence of more 
direct evidence of the fate of the producta of the reactions 
between alkyl radicals and nitrio oxide within an actual 
inhibited pyrolysis it is evident that any detailed mechan- 
ism proposed for these inhibited pyrolyses must to some 
extent be speculative. Nevertheless, the scheme which is 
proposed here takes account of the facte reoorded above 
a is Mec inis as an adio gd; possibility to previous 
ame: It is based on the concept of a unified mechanism 
for all phases of the reaction. E j 
, The three main stages in the effect of the addition of 
nitrio oxide to decomposing paraffins, that is, inhibition, 
residual reaction, and induced reaction, have often been 
treated separately as virtually independent reactions, the 
overall rate of pyrolysis being obtained simply by adding 
together these three componenta in proportions appro- 
riate to the various stages of the reaction. This approach 
recently been used by Blackmore and Hinshelwood* to 
explain the three phases of the nitric oxide effect in terms 
ofa biens eae oer visus to evaluate the relevant rate 
parame invo comparison with experimental 
resulte. Their approach postulates a true molecular 
decomposition which predominates in the region of 
maximum inhibition, and an attack by nitric oxide on the 
paraffin which predominates in the region of the induced 
reaction!. These authors emphasize that, since the inhibit- 
able part of the reaction rate (k, — ko), in their notation, is 
not very much smaller than the uninhibited reaction rate 
(ky), either value may be used as the rato of the chain reac- 
tion for the purposes of the arithmetical caloulation with- 
out producing very large changes in the values of the 
derived rate . This purely numerical result does 
not alter the fact that the postulate of a molecular reaction 
is essential to their interpretation of the inhibition curve. 
. Thus, the fact that back extrapolation of the linear 
induced reaction curve to zero nitric oxide concentration 
gives a finite rate of pyrolysis, together with the observa- 
tion that the consumption of nitric oxide relative to that 
of paraffin decreases markedly from near unity in the 
induced region to some small unknown value im the region 
of maximum inhibition, has been taken to indicate the 
existence of the true molecular component. This argu- 
ment is only valid subject to the assumption of indepen- 
dence of the various reactions stated above. This inde- 
pendence is a priori very unlikely, particularly so for 
radical chain reactions. Further, the continuity obeerved 
in certain product ratios throughout the inhibition by 
propylene militates against separate concurrent reactions 
in this case!*. A single scheme embracing the whole range 
of reaction would be more satisfactory, but has been 
discounted by Blackmore and Hinshelwood‘ on the 
grounds of the varying kinetios observed in the different 
regions. Such a single scheme which satisfies -these 
kinetics, however, is presented here. 


(for 
C,H,, C.H, eto.), Rs = ‘small’ radical (for example, 
E), M = inactive product, Ol = olefinic product. 


P = Rz; + Rs (1) 

R+ Po M + Rr (2) 
Ry, = Ol + Bs (3) 

Ry, = end-products (4) 


The termination step (4) is written as first order for 
simplicity; its kinetios are not important when the 
extent of inhibition is large. If we represent the oximes 
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isomeric with RNO by Oz, then in the socios a niic 
oxide the following reactions oocur: - 
By + NO = RNO = Oz (5) 
The oximee formed in this manner will undergo both & 
rapid pyrolysis and a nitric oxide catalysed pyrolysis. As 
outlined above this latter reaction cannot lead to signifi- 
cant branching in the initial stages of the reaction, so 
we may write: 
Oz + NO = Bs + producta 

For example (6) could be: 

CH,OHNOH + NO = OH; + HNO, + HON 
If, for simplicity, we assume that the uncatalysed deoom- 
position of Ox yields only inactive producta we may 
include: 


(8), 


Ox = products (7) 
Should this deoomposition, in fact, involve radicala which 
sensitize the pyrolysis", then ib may be shown 
that this not influence the overall kinetics of the 
reaction, but will lead only to some alteration in the 
ta of [NO] in the rate expreasion given below. 
. The reactions (1)-(7) written above constitute a mechanism 
for the pyrolysis of a paraffin in the presence of nitric 
oxide which has been much simplified by the grouping 
of many reactions and the exclusion of many 
o In spite of this it may still be expected to represent 
the basio pattern of the true mechanism. 
Applying a steady-state treatment to Rr, Rs, and Oz (Ox 
is very unstable at the temperatures normally used, for 
example, at 800° K, (k,/k,)>10* for Ry = O,Hi) leads 


to the following result for the rato of paraffin destruction _ 


in the ‘steady’ initial state: 


1 d[P] = 2b, {1 {i+ VERD *oOGEQINO] + E 
IP] dt. + [Us ke) + (kk INO] 


Rue e Pu. ‘inhibition 
curve’, that is, a very rapid in rate for small additions 
of NO, to a minimum rate which is not zero, followed at 
larger concentrations of NO by an ‘induced’ reaction which 
is first order in both [NO] and [P] and which does not 
extrapolate back to zero but to a finite rate, equal to 
BE(I Geb) (kkal at zoro [NO]. This 
order rate oonstant being & complex 

mdi er setae Son bias would a0 De 
to show the normal properties of a single unimo. 
constant. The unusual variations of order and activation 
energy with preesure observed by Hinshelwood e£ al. for 
this extrapolated rate constant which conflict with the 
predictions of present theories for true molecular reactions 
would be explainable on this basis. 

As an example, we may take the case of 100 mm of 
n-pentane at 540? O studied by Blackmore and - 


wood‘. The curves in Fig. 1 are calculated from the fore- 

ion using kı = 1-78 x 10-*(«1), E,/k, = 17-0, 
jode :18 x 10-* (mole o.0.-1), b,/k, = 0-587 x 107 (o.c. 
mole-1). This value of k, compares favourably with that 


evaluated for n-butane by several workers, for example, 
Trotman-Diokenson!' gives 10" exp(—80,000/RT) = 
8 x 103(«3) at 540? O, while Quinn!* gives 101** exp 
(— 806,800/RT), that is, 0-4 x 10-5 (e) EA 540? O. The 
ratio k,/k, is the uninhibited chain length and the value of 
17-6 is tharefore well within the range. If k, is 
taken to be 1044 exp( — 28,000/ ET) as given by Bywater 
and Steacie!® for the oo ding deoompoaeition of the 
butyl radical, this is 6 x 10* (s-1) at 640? O. This, together 
with the above value for b,/b,, gives k, = 8 x 101* (o.c. 
mole-!«-1). This value is only slightly lees than that 
measured for CH; + NO, that is, 10! (c.c. mole-!s-1), and 
this is not unreasonable in view of the radicals 
involved in reaction (5). Further, if k, is in fact slightly 

than that for butyl radicals this will increase the 
estimate of b,. The value of E,/k, for the case Ry = O,H 3 
may be independently estimated from the known accelera- 
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0 100 200 300 400 
Inthtal pressure of nitrie oxide (mm mercury) 
te ; 
3, 
x 
b 
Lac] 
0 10 10 80 40 
Initial pressure of nttrie oxide (mm mercury) 
Fig. 1. Comparison of 


tion of acetaldoxime pyrolysis by NO at 500° K. This 
gives kk, = 4 x 10' (c.c. mole-!) at 500? K. The 
slightly lower value taken here could correspond to H, 
being greater than E, by some 5 or 6 kcal or to 
radicals being involved. Henoe it may be concluded that 
the rate parameters assumed here are all in quite reason- 
Li Cee eee et 

The experimen ints in Figs. 1a and b were obtained 
from the graph hernia E kmore and Hinghelwood*. Fig. 1b 
shows the first part of Fig. 1a on a larger scale to illustrate 
the similarity of the calculated curve to the ‘flat’ minimum 
normally associated with inhibition curves. The experi- 
mental points on the latter are rather rough, being taken 
from the larger graph. Unfortunately, the curve cannot be 
e with the inhibitian data obtained in this region 

tubbs and Hinshelwood* for 100 mm mercury of 
alent at 580? O since their resulta as presented are 
not comparable with those of Blackmore and Hinshelwood 
to which the curve was fitted. In the former work the 
rate was reduced by a factor of seven at the minimum, 
while m the latter investigation only a factor of two 
reduction was obtained. This divergence between resulta 
as variously recorded strengthens the case against the use 
of inhibition curves in the manner adopted by these latter 
workers. The close similarity between these calculated 
curves and those observed experimentally is very striking. 
Clearly, by suitable choioe of the rate parameters the 
curves could be made to fit the data for any other - 
ionlar- oase, and fürthermiore: the velles. ao. obtained 
would be well within the accepted limite for these rate 
constante. 

As further examples, Table 1 gives values of the rate 
parameters obtained by fitting the foregoing expression to 
the graphs of Blackmore and Hinshelwood‘ for the three 
isomeric pentanes at 540° C. The values are somewhat 
approximate, to the error involved in matching the 
curve to a small © graph. 

Md ee ee acne Tene ar osi, deae ol 
bran of the paraffin chain are the same as those 
deduced by Blackmore and Hinshelwood’ and are there- 
fore capable of the same explanations. The trends in k/k; 
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Table 1l. PARAHRTERS TOR THN THREE PEWTANEG AT 540° O 
n-Pentane Tsopentans Moopentane 
k, (13) l8 x 103 2:4 x 103 "0 x 103 
176 128 1:3 
quais isi) 2-3 x 104 1-8 x 107 0:4 x 10* 
6.0. mole) 5&4 x 10* 84 x 10° Q5 x 10* 


and ksk, are also regular. Taking the quotient of the 
second and third linee gives b,/k, to vary in the ratios 8 to 
to 4'5 from normal through iso- to neo-pentane. This, 
therefore, shows a regular trend of i rates of 
addition of nitrio oxide to the more branched (and there- 
fore sterically hindered) radicals. This is in contrast to 
the resulta of Blackmore and Hinshelwood for k,/k, which 
do not show a regular variation, though they agree in that 
this ratio is smaller for neopentane than for normal or 
isopentane. The marked decrease in k,/k, for neo-pentane 
seen in Table 1 is perhaps understandable, as in this case 
some of the nitroso compounds present are unable to 
womerize to the oxime without undergoing structural 
isomerization of the carbon skeleton. Since this process is 
likely to be slow these tertiary nitroso compounds may 
suffer alternative fates. This would increase the rate of 
termination of chains by NO compared with propagation , 
and hence decrease the effective value of b,[k,. 

The present approach, therefore, agrees with that of 
Blackmore and Hinshelwood in producing regular trends in 
rate parameters. Moreover, it has been shown to lead to 
more reasonable absolute values, particularly for k,. The 
value of k, for n-pentane given above (1:78 x 10-5 e) 
agrees very well with that of Blackmore and Hinshelwood, 
that is, 1-7 x 10+ s-!, but the discrepancy increases going 
through iso- to neo-pentane. The value given by these 
workers for this latter case, that is, >1:9 x 104s, 
cannot easily be accepted, however, sinoe it exceeds their 
experimentally observed value for the overall rate of 
pyrolysis in the absence of NO. 

The ratio of the rates of consumption of paraffin and of 
nitric oxide is given by this scheme as: 


gnor (Emo) + mor 
3p OED EE Barno 


Hence, as observed experimentally, this ratio tends to 
unity at large concentrations of NO. During the inhibition, 
- however, at small concentrations of NO this result predicte 
a very small consumption of NO compared with a 
For example, taking the values for n-pentane in Table 1, 
we obtain for this ratio where the induced reaction is 
negligible or corrected for: 


a[NOYdt , (ka/ks)[NO] 
"dpPyár ^ 1+ GVJEQNO] 


6 x 10-* for NO at 25 mm mercury pressure 


ANTIGENICITY OF SYNTHETIC 
AMINO-ACID 
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Thus a single simple radical chain scheme can be con- 
structed using only known reactions to explain the whole 
range of the inhibition curves from true inhibition, through 
a ‘flat’ minimum rate region, to a linear ‘induced reaction’ 
region. It is therefore not neoeesary to consider these 
regions as separate and completely independent reactions, - 
and the back extrapolation of the induced reaction to a 
finite intercept at zero nitric oxide concentration cannot 
be regarded as evidence for a true molecular component in 
the reaction. Nor can the low rate of consumption of 


‘nitric oxide in the region of minimum rate be so regarded. 


Doubtless, numerous other similar sshemes can be devised. 
which will produce a rate expreasion similar to that derived 
here. For example, the following likely reactions could be 
added to thoes used here: 


Ry + NO = Ol + HNO 
HNO = NO +H 


This is equivalent to & catalysis of reaction (8) by NO, so 
that k, is replaced by (k, + &,[NO]). This leaves the 
form of the rate expression unchanged, only the coeff- 
cients of [NO] and [NO]? in the numerator being altered. 
Again, suitable choice of the rate parameters could 
reproduce the experimental curves. 

The mechanism proposed here may be an oversimplifi- 
cation of what actually oocurs in the reaction, but it 
serves to show the importance of a clear knowledge of 
the role of oxmes, their decomposition and reaction with 
nitric oxide, in these inhibitions. 

1 Bleacle, H. W. R., Atowlo end Free Radical Reactions, 107 (Rotnhokd, 1054), 
* Trotman-Dickenson, A. F., Gas Kinetics, 158 (Butterworths, 1965). 


i Y nd Hinahelwood. O, X Pros. Roy. Set. 4.00, 459 (1960), 
, 803, 486 (1980). ' "A " PM Ne 
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* Ji J., Btubbs, F. J., and Hinshelwood, Bir O., Pros. . Soc., A, 
x d Roy. SH, 
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POLYPEPTIDES WITH KNOWN 
SEQUENCE 


By Pror, A. E. AXELROD, ANTHONY C. TRAKATELLIS and Pror. KLAUS HOFMANN 
Blochemlstry Department, School of Medicine, University of Pittsburgh 


LUOIDATION of the precise structural requirements 

for antigenicity constitutes a aritical problem of 
modern immunochemistry. Despite concerted efforts 
in this aree, many of this intriguing question still 
Temain unsolved. rather recent approach to this 
problem involves use of & variety of synthetic polyamino- 
acids of the following types: (1) lineer polymers of single 
amino-acids; (2) linear copolymers of two or more amino- 


acids in varying ratios; (3) branched multi-chain oo- 
polymers; (4) polypeptadyl proteins in which new poly- 
peptides and possibly some unsubstituted amino-acids 
have been coupled to reactive amino groups of a native 
protein. Utilization of these model compounds has 
yielded information on the influence of various structural 
features on antigenicity and the antigen—antibody inter- 
action! But lack of precise knowledge of the sequential 
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Table 1. STRUCTURE AND AOTH ACTIVITIES OF BYNTHETIO PEPTIDES * 


AOTH activity 
Peptides t Ref. Structure 
` XH, T 
. e. 
P-18 $  Ac.mer.Cyr. ser met giu. hts phe arg. iry.gly.lys.pro. val. (8 H4) Inactive 
NA, F F F 
. o 
P-16 4 Anette mek gh A bea Gy aly Igea .valgly.lys.lya.(N Ha) Inactive 
KH, F F F 
. . . e 
P-20 5 Ad eer. tyr.ser.met.gi hts phe. arg. Gry gty.Tys.pro. val giy.]ys.] ys.arg.arg pro. val. (NH,) . Inactive 
KH, y FF ¥ 
ee 
P-83 6 homer tyr ser.met gtn his oca rg toy gly IR ja a Iys EAR ACIE ra Iyn oU ,) Inactivo 
F-23 6  Hoaer.Cyr.ser.mec gn his. phe. arg. Cry.gly.!ys.pro. val gty_lyslys.arg-arg.pro.vallys.valtyr(OH) 116 + 21 
*Ao = acetyl; F = N“formyl 


In eaoh designation, the number refers to the number of azino-ecl4 residues in the peptide, while the letters P and F refer to the protested and free 


+ of the amino-acid residues in these polymers, 
pipere their heterogeneity, restricta their usefulness 
foc (is po. In an effort to circumvent these difficul- 
ties, we undertook an investigation of the possible anti- 
pon oniy O AYDI OUO Peers pol ides possessing 
a defined sequential arrangement o amino-acid 
a, Polypeptides satisfying ihe ‘criteria have 
become available to us as an outgrowth of extensive 
studies in this laboratory on the chemistry of peptides 
related to the amino-acid sequence of the corticotropins*. 
Unexpectedly, it was found that oertain of these peptides 
were markedly antigenio. 

Male albino guinea pigs of the Hartley strain ($50— 
450 g) were housed in individual cages with wide-mesh 
screen bottoms and fed a laboratory chow diet (Purma 
guinea pig chow, Ralston Purina Co., Bt. Louis). Struc- 
tures and ACTH activities of synthetio peptides utilized 
in these investigations are shown in Table 1. Solutions of 
peptides in isotonic saline were emulsified with an equal 
volume of Freund's complete adjuvant and 0-1 ml. of 
the emulsion injected into each of the four foot 
pads. Unless indicated otherwise, a total of 200 ug of. 
the peptide administered in this fashion constituted the 
primary immunizing injection. In a few instances, 
emulsification was accomplished with an inoomplete 
Freund’s adjuvant lacking Mycobacteria. dos Dose 
injections, the peptides were always emulsified in complete 
Freund's adjuvant and administered intraperitoneelly. 
Skm reactions were observed following intradermal 
injection of 10 ug of the peptide in 0-1 mL of isotonic 
saline. Aroa and intensity of erythema, together with 


of degree of reaction’. 
istio of the delayed hypersensitivity type with no response ab 
4 h and maximum reaction at 24 h following challenge. 
No skin reactivity to any of the peptides was observed m 
non-immunixed animals. Reactions at 24 h were classified 
as negative when the diameter of erythema was < 5 mm 
and chango in skin thickness < 0:25 mm; strongly 
positive (+++) reactions exhibited a diameter of 
erythema > 20 mm and a change in skin thickness > 1:0 
mm. Good correlation existed between degree of erythema 
and skin thickness changes. Anaphylaotio reactivity was 
determined by injecting 2 mg of the peptide in 0-2—0-4 ml. 
of isotonic saline via a vein of the penis or intracardially. 
Serum agglutinins were estimated by the hsmagglutina- 
tion procedure of Boyden’ and Steviteky*. For sensitiza- 


vp aot bare dives e ae 

ing suspension coated with 5 mg of the respective peptide 
dissolved in 5 ml. of isotonic saline. Sensitivity of splenio 
mononuclear cells was determined with a previously 
described procedure’. In this method, migration of 
Speo cole a Sinead eon) Inpede ee 


contact with the respective allergen. Similar PU Coi 


cells from non-immunized animals remain unaffected by 
this treatment. 


Studies of the antigenicity of various peptides as 
measured by production of (a) skin hypersensitivity 
(Table 2), (b) anaphylactic sensitivity (Table 8), (c) oir- 
culating agglutinins (Table 4), and (d) $n vitro sensitivity 
of splenic cella revealed the following salient features. 
Peptide F-23 did not effect an immunological response in 
any of the foregoing systems. F this ide 
exhibited no cross-reactivity with P-28, P-20, or P-16 in 
the skin h or én viro sensitivity testa. In 
contrast, both P-23 and P-20 were antigenic. Peptide 
P-23 elicited an immunological response in all four systems 
while the antigenicity of P-20 was evidenced in the two 
reactions studied, that is, skin hypersensitivity and in 
vitro of splenic cells. In these two systema, 
P-23 and P-20 were capable of cross-reacting with each 
other. Animals immunized with either P-23 or P-20 
cross reacted with P-16 and P-18 in the skin tests. 
tide P-16 was leas potent than either P-28 or P-20 in its 
ability to induce delayed hypersensitivity reactions of 
akin and was i of sensitizing splenic cells. 

In this study we have utilized a series of peptides 

to N-terminal sequences of A With 
the excdption of F-23, which possesses essentially the full 
biological activity of AOTH, these peptides are practically 
devoid of adrenocorticotropio activity (Table 1). It is of 


Table 2. DELAYED HYFERSERSIMYITY RHACTIONS IN BKTIN* 


IIT 


o 


4 
3 
2 
2 
6 
4 
1 





B following kin oh Tg HN doaignitol 
TRA EU MEAT of 
Days after imm 
Hhnulsified Freund's adjuvant. 
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Table 3. ANAPHYLACTIO REACTIONS 
Primary 
Peptides uiilirsd for sonal’ 
Cetin sa tiding after primary » 
Qu) Infection (daya) 
F-23 F-23 200 15 
F-23 F-28 100 23 n 
P-23 P-25 200 15 12 
P-23 200 15 4/5 (1) 
P-25 P238 . 100 15 2/3 
P-23 200 2/3 
BB P-23 100 23 3/6 g 
P- P-23 200 87 2/2 (1 
*Wo. of animals exhibiting symptoms of ansphylaxis/No. of animals 
tested, Symptoms tnelude distress, lowered body temperature 
and eonvu No. tn No. of antmals, showing symp- 


indicates 

In on " tiing infection. 
Emulsfied wtth Pilahirna 

- Booster mjectlons of 100 ag 23 and 30 days after the primary sensitixing 


Table 4. AGGLUTIMIN FORMATION * 


Antibod 
Immunixing coated with 
peptide (days) t P- P-20 

F-23 21 0 0 
0 o à 

160 
P-83 21 80 320 160 

10,240 
P-33t 87 10,240 2,500 


* eotprocal peak tt Peak titres of individual antmals are presented. 
Booster Of 100 and 400 mg 23 and 30 after the 
" injecit a mg 15 and 30 days peimary 
considerable interest that protection of the N-terminus 
by an acetyl group and formylation of the lysine «-amino 
groupe eliminates almost completely the ACTH activity. 
The adrenocorticotropic potency of the unprotected 
eicosapeptide is easentially the same as that of the unpro- 
tected tricosapeptide (7-28) (ref. 5). In contrast to their 
protected analogues P-16 and P-18, the corresponding 
unprotected N-terminal de and tridecapep- 
tide also possess ACTH activity albeit of a low order of 
magnitude (< 0:1 U/mg). The observation that antigenic 
potencies of P-23 and P-20 exceed that of P-16 emphasizes 
the correlation between antigenicity of the protected 
peptides and adrenocorticotropic activities of their 
unprotected analogues and suggests that the antigenic 
and oortiootropie determinante may be related chemically. 
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The demonstration that the synthetic tricosapeptide 
(#-23) of established structure* which corresponds to the 
arrangement of the N-terminal 28 amino-acid residues of 
pig corticotropin possesses essentially the full adrenocorti- 
cotropic cy of the natural hormone moiy 
supports structure for this section of 
molecule. Since portion of ACTH has been shown to 
E A A ee EE 
N-terminal sequence of guinea pig ACTH. ‘The non- 
antigenicity of P-28 suggests that the antigenic determin- 
ants of the ACTH molecule reside in this N-terminal 
kia: Failure of P-28 to serve aa an antigen oould 
also be interpreted on the basis that this biologically 
active compound becomes bound to naturally oocurring 
receptor molecules and thus fails to reach sites of antibody 
synthesis. On the other hand, the non-&ttached, biologio- 
ally inactive protected peptides would be free to exert 
antigenic activity. 

Impressive progress in peptide synthesis and purifica- 
tion has provided almost unlmited possibilities for 
structural variations and has served to identify structural - 
features essential for a variety of biological functions. Our 
demonstration of the antigenicity of relatively’ low mole- 
cular weight synthetio Popea has provided a new tool 
for studies on relation cture to antigenicity and 
the antigen-antibody interaction. 

This investigation was supported by grants from the 
U.8. Public Health Service (4-727 and .44M—01128-07). 
We thank Dr. Warren R. Stinebring for help in the 
in vitro sensitivity testa. 

* See papers 21. 33, ee dea , Bela, Michael, Maurer, 
III, Thomas H., and Doty, PauL tn. Polyamino Ards, 


dm , edit. by Stahmann, Mark A. (Univ. Wisoommn 
Press, 1902), for a recent summary of work in this 


1 Hofmann, K., and Yajima, H., Ree. Prog. Hermone Res., 18, 41 (1062), 
* Hofmann, K., and Yajima, H., J. Amer. Chem. Soo., 83, 2229 (1061). 
S Hornan. R., Yanna N., Lande, B., and Yajima, IL, J. Amer. Chem: 


$ Hofmann, K., Ya H., YXanaihara, N., Yanathara, O., and 
Humes, J. L., J. OMEN. s Oa the press). 


caer. Wane eid Lin, T., and Yanaibara, N., J. Amer. Ohem. 
Soo. (m the presa). 

’ A. B., Trakatellis, A. O., Bloch, IL, and Stinebring, W. R., J. 
N (m the press). 

* Boyden, 8. V., J. Ep. Med., 93, 107 (1951). 

* Btavitaky, A. B., J. Immunol., 78, 550 (1054). 


OBSERVATIONS BY BIOCHEMICAL ANALYSIS AND AUTORADIOGRAPHY 
ON LABELLED DEOXYRIBONUCLEIC ACID IN THE NORMAL AND 


REGENERATING 


LIVER OF MICE 


By Dr. FINN DEVIK* 


Statens Radlologisk-fysiske Laboratorium, Montebello, Oslo 


AND 
Miss KAREN HALVORSEN 


Institutt for Atomenergi, Lillestrøm, Norway 


T is generally assumed that the deoxyribonucleic acid 
(DNA) of the cell nucleus is & very stable subetanoe. 
Much evidence has been collected which indicates that 
once DNA has been synthesized, it remains in the cell 
until the cell dies. This is a basic assumption for much of 
the fundamental work which is being done by means of 
labelled precursors of DNA, and subsequent identification 
of labelled DNA. in autoradiographs!". In recent years it 
has been that DNA also has metabolic oharao- 
teristics?, but this view has been contested. The present 
communication reporte data which indicate that DNA, 
as characterized by conventional biochemical methods, 


* Present address: World Health Organization, Palais des Nations, 
Genova, Switzerland. 


displays different physico-chemical properties under 
different physiological conditions. 

The observations which led to the present series of 
experiments were made during & serica of experimenta 
designed to study the possible biological effect of a radio- 
active label incorporated into DNA in long-term experi- 
ments with mice. Tritiated thymidine was used as 
labelled precursor. Thymidine is considered as & precursor 
specific of DNA, and the activity demonstrated in a tissue 
after administration of labelled thymidine as an indication 
of the amount of labelled DNA present. 

We recorded the total activity in several organs of mice 
at varying times after injection of tritiated thymidine. In 
normal mice we obeerved a decrease in the total activity 
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Table 1 
I IH m add n v iter YI VII Yl 
Liver (wo. x 10+ - verage Kidney 
Partial lable fraction (wo. x 103 Liver per ont 
hepotoctemay total activity) activity In DNA per ceni of DNA vi. body-wi. per mg) labelled cells 
1day 11:3 92 (4) 8 (3) 43 22-7 38 e 4-0 (7) 
aries KET 2 98 (4) 2-3 (1) 46 24:4 dA UN 50 (4) 
30 days oo ‘ 97 (4) 2-2 (3) 44 1261 4 Dy 2-0 (3) 
(7-313 8 - 
8-9 96 I4 (2) 43 27:8 1-2 (5) 82 (6) 
"s qe) A (00-18) 
(3) 04 (7) 
1 day 7-3 (7) 81 (4) 18 (3) 46 256 43 
infection (3 0-4-0) 
ros Ef AY 94 (4) 8 (2) 43 20 à 0-28 (4) 
20 days St ©, 87 (4) 18 (2) 47 26-3 1-6 (f) 0-25 (4) 
19 ; T8 (5 17 4:3 28-1 1-1 (5) 0-17 (4) 
116 days dad (5) a) (0-9 1.3) 


Results of analyses for radioactivity, and per ceni labelled cells, 
of mice. The figures in 
characterised by 


of the liver very similar to the resulta published by Gerber 
e&t al. who measured the specific activity in the DNA 
isolated from the liver of normal rate after injection of 
tritiated thymidine. From their data it is seen that the 
activity of the DNA of the liver was reduced to one-half in 
about 15 days. On the other hand, Hecht and Potter‘, 
and Fresco and Bendich* found that the specific activity 
of the DNA in the liver remained essentially constant for a 

period of up to 4 months, after injection of orotic 
pid. 6-40, adenine-1,34N, and glycine-2-“C, respec- 
tively. These latter experiments were, however, per- 
formed with rata that had been subjected to 
hepatectomy shortly before being injected with the 
labelling substance. i 

An t was therefore set up to compare the 
activity of labelled DNA in the liver of partially hepatect- 
omixed and normal mice, following injection of tritiated 
thymidme. The activities in the whole organ, and in the 
léciniod DNA fraction, were determined quan 
and supplemented by the study of autoradiographs of 
' sections of the organs. 

Forty-four male mice of the o Osea rare d 
(85—88 days old, and weighing about 25 By means of a 
thermocauter, about 25 per cent of the lee beatae 
in 22 mice, under ether anesthesia. After 42—44 h 20 uoc. 
tritium-labelled thymidine in 0:25 ml. sterile saline was 
injected intraperitoneally (Radiochemioel Oentre, Amer- 
sham, Great Britain, speciflo activity 4-5 o.[m.mole). 
The same amount was simultaneously injected, in an 
identical manner, from the same solution, mto each of 
22 normal mice fram the same batch, which were to serve 
as controls. The mice were killed by neck luxation 1 day, 
8 days, 80 days, and 116 days after injection. The liver 
was removed and rapidly frozen, and kept below — 20° 0 


until the radiochemical analyses were ormed. For 
these analyses the livers from each sampling were pooled. 
A small part of the livers was not frozen, but fixed in 4 , 


per cent neutralised formalin solution for autoradio- 
graphy. Material from the kidneys was in the same 
way, to serve aa & croes-oheok between the two groupe. 

The pooled liver samples were hom in a Potter— 
Elvehjem homogenizer. Aliquots of the 10 cant 
homogenates were subjected to direct assay of radio- 
activity. The remainmg parte of the homogenates were 
used for separation of the nucleic acide. The nucleic 
acids were isolated as described by Schneider and Potter’, 
and DNA was separated from ribonucleic acid (RNA) by 
alkaline digestion’. 

The concentration of DNA was determined quanti- 
tatively by the specific colorimetric method of Ceriotti*. 
Tritium was measured by dissolution of the sample in 
hyamine and liquid scintillation counting’. Radioactivity 
was determined in DNA,“RNA, and in the acid-soluble 
fraction. No tritium was detected in the ted RNA. 
The acid-soluble fractiona contained amounts of 
tritium. 


4 


The single 
theses of columns IIT and IV tndicate the number of analyses 
symbols, bui the highest and the lowest values recorded have been giren In 


figure in italics tn parentheses of oolumns IT, VII and VIII indicates the number 


to the small numbers variations have not bean 
Owing to the smali numbers the variations ha ve not been 


For autoradiography the fixed material was dehydrated 
by means of ethanol, transferred through xylene, 
embedded in paraffin wax, and sections were cut at 6p 
thickness. The sections were deparaffinized in xylene, 
carried through ethanol to water, and mounted with 
Kodak AR 10 stripping fllm!*. They were exposed for 
80 days at + 4° O before being developed (the 8 day 
series were exposed for 60 days). 

The solutions of tritiated thymidine were stored for 
four months at about — 22° O, when they were subjected 
to paper chromatography. 91-94 per cent of the activity 
were recovered in the thymidine fraction, confirming the 
purity of the preparation. 

The resulta of the analyses have been corrected arbi- 
trarily to a body-weight of the mice of 20 g, by multiplying 
the activities by a factor = body-wt. (g)/20 g assuming that 
changes in organ weight were proportional to those in 
body-weight. No corrections were made for the auto- 
radiographic counts. The amount of liver tissue removed 
was not corrected for, since the weight of the liver one day 
after injection differed lees than one standard deviation 
from the arithmetic mean of all the controls (4-5 + 0:45 
per cent of body-weight). The removal of about 25 per 
cent of the liver tissue had at this time, about 8 days post 
operation, been compensated for by an increase in the 
liver weight to near normal values. The results are given 
m Tables 1 and 2. 


Table 2 
Total Labelling Index ratio 
bepatestomy/oontrol bepatectamy/eontrol 
Liver Liver f 
1day 14 088 10 11 
8 days 15 0-93 18 l4 
30 days 1-6 088 9 o5 
110 days 47 1-09 19 146 
The figures of the total activity and the numbers of labelled cells in the 


2-3 h after injection was 1-6 times higher than the activity 
in the livers sampled 24 h after injection. For the sake of 
argument we therefore consider it safe to state that the 
initial incorporation of radioactivity was similar in the 
two groups. 

The total activity of the partially hepatectomixzed 
group remained at nearly the same level during the four 
months of the experimenta, whereas that of the control 
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found in the DNA fraction in the control group, the 
deficit was consistently bigger. 

(3) The activity in the acid-soluble fraction was low in 
the partially hepatectomized group, but consistently 
higher in the control group. 

(4) The labelling index of the liver in the partially 
hepatectomized group was one order of magnitude above 
that of the control group; the number of silver grains in 
the film above the labelled nuclei was also distinctly 
higher in the partially hepatectomized group than in the 
control group. It should be noted that the autoradio- 
graphs of the two groups were exposed and processed 
together. 

(5) From published data a substantial morease in the 
tate of DNA synthesis was to be expected in the regenerat- 
ing liver at the time of injection, as is apparently borne 
out by comparing the autoradiographs. The high index 
of labelled nuclei observed in the partially hepatectomized 
scries is in agreement with resulta published by Lesher 
et al.U. It is therefore striking that the incorporation of 
activity in the normal liver was of the same magnitude as 
that of the regenerating liver. 

(6) From Table 1 it is seen that the total activity of the 
kidneys was not significantly different in the partially 
hepatectomized group and the control group. 

From Table 2 it is seen that the labelling mdex observed 
in the kidneys was also very similar in the two groupe, 
taking into account the considerable variability of the 
results to be expected from quantitative autoradiographic 
analysis with tritium used as a label. 

Point 6 is taken as supporting evidence that the 
differences obaerved in the liver in the two series by two 
different techniques are real. 

The gradual decrease in activity of DNA of the control 
series, and the low degree of labelling of the same observed 
in relation to the activity recorded, may be explained in 
several different ways: (a) by cell turn-over; (b) by 
metabolic DNA turn-over; (c) by heterogeneity of DNA; 
(d) by labelled DNA precursors. z 

(a) Assuming that the label is located only in DNA, a 
higher turn-over of cells in the normal liver than in the 
regenerating liver might account for the decrease in the 
control series. This in itself does not seam very likely. 
Also, it does not fit well with the fact that mitoses are 80 
rarely seen in the liver and that it is scarcely compatible 
with a cell turn-over of the order of one month or leest, 
though this possibility cannot be completely discarded. 
It does not explain the autoradi hio resulte. 

(b) A metabolic turn-over of DNA in the control series 
is conceivable, though & difference in DNA turn-over 
would have to be assumed in cels of a normal and a 
regenerating liver. The reduced labelling in the control 
series is not explained in this way. 

(e) The differences observed may be due to different 
physico-chemical properties of DNA synthesized in 
normal and in regenerating liver and it may be an expres- 
sion of heterogeneity of DNA". This could account for 
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the different percentage of activity found in the DNA 
fraction of the two series (2), and the differences in tho 
acid-soluble fractions (8). It could also account for the 
different degree of labelling observed in the autoradio- 


. graphs, but not so easily for the decreasing activity of the 


control series. 

(d) The same arguments as under (c) apply to labelling of 
DNA precursors. These would also seam more likely than 
DNA having a metabolic turn-over. 

Taking into account the obeervation mentioned under 
point (6), we favour the opinion that the substance in the 
DNA fraction of the analysis is heterogeneous and may 
perhaps include DNA precursors besides what may be 
termed true, genetically stable DNA. It also seems likely 
that the labelled thymidine is utilized differently in 
normal and in regenerating liver. 

The resulta described have implications for the theoreti- 
cal background behind the use of labelled thymidine as an 
indicator of DNA synthesis. ing that DNA is 
metabolic stable, thymidine cannot be regarded as a 
precursor for the stable DNA only: and vioe veraa, if one 
assumes that thymidine is either promptly incorporated 
into DNA only or degraded, it is scarcely reconcilable with 
DNA. as a metaboho stable substance. 

Most experience with labelled thymidine relates, how- 
ever, to rapidly dividing cells, such as in bone marrow, 
intestinal epithelium, and tissue culture, as also is the 
case in the regenerating liver. It is possible that thymi- 
dine under such conditions is very specific aa a DNA 
precursor, and that it is utilized only or mainly for stable 
DNA, as seems likely from the available experimental 
evidence. 

But the results presented in this communication indicate 
that the substanoce(s) into which the labelled thymidine is 
incorporated may display different physico-chemical 
properties under different physiological conditions, and 
that the label ie not always to be found in the metabolio 
stable DNA. 

We thank Prof. L. Kreyberg, Institutt for Generell og 
Eksperimentell Patologi, Rikshospitalet, Oalo, for provid- 
ing the experimental animals and placing facilities at our 
disposal, Mr. Per Fritzson, Norak Hydros Institut for 
Kreftforakning, Montebello, for advice, and Miss Nancy 
Ljsetad for assistance. 
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MYELOCYTE-METAMYELOCYTE TRANSITION IN THE BONE 
MARROW OF THE DOG 


By MARY A. MALONEY, CHARLOTTE E: WEBER and Dr, HARVEY M. PATT 
Division of Biological and Medical Research, Argonne National Laboratory, Argonne, lllinols 


HE granulocytes constitute a steady-state renewal 
dU. cells being born in the bone marrow and lost 
in the periphery. Although the general chronology of 
granulocyte development is known^!, the dimension of 
time alone reveals only a part of the over-all picture. 
It is neceasary to determine the flow of cells to understand 
the population relationships. This article is concerned 


with the flow of cells from the proliferating to the non- 
proliferating compartments in the bone marrow of the 
dog as revealed by autoradiographic analysis after labelling 
during granulocytopoieeis, that between myelocyte and 
metamyelooyte ae particularly important, since the 
i last the dividing granulocytes and the 
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latter the first of the non-dividing granulocytes in the 


sequenoe. 
Two eight-month-old beagles were: injected intraven- 
ies Ngee T Ee 0- Se ey ee 


(DNA) in preparation for mitosis (S period). 
granulocytes eventually reach a stage of maturation in 
whith mitosis does not occur, some cell types, for example, 
metamyelocyte, will become labeled only with the 
passage of time. Labelled metamyelocytes appear within 
3 h after injection of tritiated thymidine; the percentage 
of labelled cells then increases linearly for a few hours 
Do ee OE Dr RS eee Mn 'The 
resulta dre given in Fig. 1 


Per cent labelled metamyeloaytes 





Ciis yml. (Bach poini w 


from 
metamyelocytes ; rato Seg A340 ; cireles, dog A345) 


It wil be noted that the initial rate of increase of 
labelled metamyelocytes seems to be the same whether 
the phic analysis includes cells with 2 g 
or more (2+) or only cells with 4 grains or more (4+ ). The 
. linear increase extends over about 4 h with 2+ cells and 
2 h with 4+ cells; it begins earlier and persists longer in 
the former instance. These results suggest that the more 
lightly labelled cella may be derived mainly from myelo- 
cytes which were/near the beginning or end of their DNA 
synthetic period, while the more heavily labelled cells 
may be derived from a cohort near the middle of the S 
period. If this is so, the rate of uptake of thymidine must 
morease to a maximum around the middle of the S period 
and then decrease. The period of linear increase of 2+ 


metamyel approximates 4-5—5-h duration of the 
myelooyte 5 period‘; the agreement would ps be 
even closer if the progeny of myelocytes with leas than 


4 grains, which would appear as metamyelocyte false 
negatives, were included. The close correspondence of 
the duration of the 5 period and of the initial increase in 
labelled metamyelocytes indicates that there is little 
variation, in the transitions from myelocyte DNA syn- 
thesis to myelocyte mitosis to metamyelocyte. A second 
rise in labelled metamyelocytes occurs some 10 h after 
the first inorease. The rate of increase is leas at this timo, 
ly because of the variation in the period i 

INA synthesis, and also because of further dilution of the 
label by mitosis with resulting increase in false negatives. 
The 10-h interval may be a reflexion of the minimum 
duration of the myelovyte generation cycle. 

Since the initial rate of entry of metamyelocytes is about 
5 per cent per hour (Fig. 1), the turn-over or transit time 
would be 20 h. Labelled band cells were not seen even at 
18 h after injection of tritiated thymidine, which means 
that the minimal transit time must exceed 15 h. It is 
noteworthy that & 20-h transit time was also obtained in 
earlier wotk by comparison of the time of appearance of 
label in metamyelocyte and band cell’. The initial rate 
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of appearance of labelled motamyelocytes was considerably 
leas in the latter instance, pro because insufficient 


th was given to label all the myelooytes in syn- 
thesis of DNA. Since in the earlier in tion only 
about half the myelocyte mitoses were during 


the first several hours after injection of tritiated thymidine, 
labelled and unlabelled cells must have entered the meta- 
myelocyte bt at the same time. 
The magnitude of the metamyelooyte inftux should 
to the myelooyte efflux, assuming that few 
cells die or otherwise from the proliferating oom- 
partments. The initial i 
of mitosis and the duration of the S period provide & rather 
preciso estimate of the birth or proliferation rate. This 
estimate will not be influenced by the possibility that: (1) 
all cells of a given type may not divide even though all 
may be capable of division; (2) the morphological boundar- 
ies of a given cell type may not include a complete genera- 
fips ej do tics js. ora ths eni of ane zu ORA 40 MUR 
Some 37 per cent of myelocytes are labelled (2+ grains) 
a half-hour after Injection of tritiated thymidine which, 
with an S period of 5 h, corresponds to a birth rate of about 
7-5 per cent per hour. Since the metamyelocyte turnover 
is 5 per cent per hour, and the relative distribution of myelo- 
cytes to metamyelocytes in the marrow smear is 1 to 
0-75, this means that for every 7:5 myelocytes that are 
born, only 38-75 myelocytes are transformed to meta- 


: myelooytes 


Cells are also entering the myelocyte compartment, 
and hence the myelocyte efflux must be greater than the 
myelocyte proliferation rate m the steady state with 
constant population. If we assume that all myeloblasts 

eventually 


become myeloocytes, the 


fee E ee 
40 per cent of myeloblasta, ues ipsa pas inn 
as a group are labelled at a half-hour after injection of 
tritiated thymidine; thus, the combined birth-rate with 
E ee De Pere The proportional 
distribution of this group of cells to metamyelocytes is 
1 to 0-6 and on this besis the relative efflux from the 
proliferating compartments would be 8 and tho meta- 
myelocyte influx 8. Whether we consider only the myelo- 
oyte proliferation rate or the approximate total myelocyte 
cee ths resulta indicate a substantial ‘over-production’ 
or ‘ineffective’ granul iemis. A similar conolusion 
can be reached independently by ing the expected 
yield after mitotic doubling of myelocytes labelled 
initially with 4 grains or more to the number of meta- 
myelocytes with 2 grains or more. We can infer from 
the S period and the metamyelocyte appearance curve 
that all labelled myelocytes will have completed mitosis 
by 8 h after thymidine injection. 

If only a part of the granulocyte production flows into 
the metamyelocyte compartment, it should be possible 
to account for the excess cells. Apropos of this, there is an 
increase in the percentage of labelled myelocytes during 
the first several hours after injection of tritiated thymidine. 
It is difficult to estimate the increase as long as somo 
labelled oells are still mitosis. However. 
when myelocytes with 8+ grains at 0-5 h (21 per cent posi- 
tive) are related to myelocytes with 4+ grains at 8 h after 
injection of tritiated thymidine (30 per cent positive), 
there is a 40 per cant increase. A similar increase does 
not ooour in myeloblastg and promyelocytes. Thue, 
there is an ‘sink’ in the myelocyte 


compart- 
‘ment for accumulation of labelled cells. It follows that 


there must be a substantial number of myelocytes that 
do nob participate in mitosis, but rather that aro in a 
transitional phase prior to their loes in some way other 
than maturation to metamyelocyte. The transition from 
myelocyte to metamyelocyte requires about 1 h (8-h 
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appearance time lees 2 h for post-9 period and mitosis); 
however, this could not be a factor in the accumulation of 
labelled myelocytes 8 h after thymidine administration. 
A prolonged myelocyte-metamyelocyte transition, postu- 
lated in our earlier experiments!, would be inconsistent 
with the present finding that the initial rate of entry of 
labelled cells into the metamyelocyte compartment is 
sufficient to account for ite turn-over. I+ is of interest 
that there is no evidence of metamyelocyte attrition; 
labelled metamyelocytes can be accounted for afterwards 
as labelled band oella!. 

Others have alluded to the poembility of somo ‘ineffeo- 
tive’ erythrocytopoieeis^* and the fact that ‘ineffective 
production’ occurs in the case of the granulocytes is 
perhaps not too surprising. The myelocyte overproduo- 
tion cannot be attributed to possible toxicity from inoor- 
porated tritium? or to possible stimulation by thymidine’. 
If either of theee factors were of consequence, this should 
be apparent in the rate of appearance of labelled meta- 
myelocytes; the metamyelocyte turn-over is consistent 
with data obtained in other ways and after other doses of 
tritiated thymidme. It should be pointed out that this 


NATURE 


January 12, 1963 von. 197 


work was performed on young dogs and, conceivably, the 
degree of overproduction could vary with age. We are 
inclined to think that the so-called ‘ineffective’ granulo- 
cytopoieais representa an important facet of granulocyte 
regulation. Flexibility of the granulocyte system could 
be brought about by adjustment of the balance of ‘affec- 
tive’ and ‘ineffective’ production. Tho population relation- 
ships and their regulation will be discussed in greater 
detail elsewhere’. 

This work was carried out under the auspices of the 
U.S. Atomic Energy Commission. 
, M. A., In The Kinetes of Cellular Pretaferation, 
301 (Grune and 8 Ino., New York, 1050). 
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A PRESUMED OBSTACLE TO MAMMALIAN POLYPLOIDIZATION 


By YNGVE 


MELANDER 


Institute of Genetics, University of Lund, Sweden 


"Dus sex of Drosophila is determined by ratios between 
autosome sets and X’s. The Y lacks sex determining 
genes. From this Muller! inferred that the sex chromo- 
somes might be an obstacle to polyploidization in animals 
by virtue of the difficulty in maintaining the foregoing 
ratio. 

Contrary to ita inertness in Drosophila, the mammalian 
Y chromosome has a strong malo 
Still, the ratio of autosomal seta to X chromosomes (A : X) 
might complicate polyploidization due to the presence of 
sex chromatin or Barr bodies in female somatic mterphase 
cells. 

The transformation alternately of one paternal or one 
maternal X of the female embryo cells into the sex 
chromatin’ is initiated during early embryogenesis by 
anaphase chromatid tension™’ due to peeudo-chiasma 
formation on one of the X’s. 

Most presumably, the X or the part of it which consti- 
tutes the sex chromatin is genetically inactivated’. 
This implies that the female zygote and a few subsequent 
cell generations have two active X's, but the somatic 
cells of later cell tions, only one. Thus, the som- 
atio ratio of diploids would approach 24 : 1X in both 
BeXos 


balance in the soma. In females this balance is the result 


The present problem mainly concerns the resulting gene ' 


of the embryonic X inactivation. Consequently, the 
theories trying to explain how many X’s get mactivated 
should not take end loid somatic cells as models. 
Buch polyploid cells might have originated at a later stage 
and would represent the statically balanced situation of 
their predecessors. The events recorded under II (Table 1) 
are in agreament with all the balance theories pro Ern 

The somatic A : X ratio of polyploide parha 
would be nd :1X because in diploi Riper cabe 
X's are transformed into sex chromatin. However, it is 
not definite that only one X of the polyploid would be 
active. Possibly, the gene ratio of the zygote and the 
succeeding few cell generations before the sama is formed 
determmes whether the mactivation process starta or not. 
One could that the events always start at or below 
the level 4 : X = land stop at A : X = 2, because these 
levels are characteristio of normal diploids. The forma- 
tion of sex chromatin withm presumably haploid 14 : LX 
embryos’ is in agreement with the supposition about the 
starting level. The haploids, however, do not tell us 
anythmg about & final ratio. . 

There are several instances of polyploid ‘ embryos 
Te from experimental mammals+14 the lack of 
information concerning their sex chromosome conditions 
leaves the imaginable courses of X chromosome inactiva- 
tion only to conjecture. 


Table 1. ANTICIPATED X-AOTIVETY If ZYGOTE, GERWLINB, SOMA BEFORE I CHROMOSOME DEAOTIYATION AND Dt BOMATIO CHLIS FROM HENRYOS AT VARIOUS 
Promy Liris 


divisions) ar doubled xygotes!s considered. (Normal ratios and verified numbers 


Diplaidy of one of the gamete (restitution nuclei at one of the two melotio 
of sex chromatin 


bodies in italies) 
" somes 
A before UT (I) Inactivation of Y" the rado (iD) Inastivedion af r. oasbing the normal diploid 
8 s on s approaching ra s 
active at which all but one X’s are Mmacttvated ratio LA LII 
Bex Genotype Bex Bex 
Chromosome A.X ehromaün X, A:X ebromatin I, actrye A'X chromatin 
eomplement bodies CX), tnactrve bodies (I), inactive bodies 
A+X 1 1 0 + 1 0 1* + 1:0 1* 
24 +21 1:1 e útr 2:1 1 yes eres) 2:1 1 
may — 01 d EG 6 1 gB Pe d. 
11 : or :loar 
3A+3I 0 TX-cÉUD) : Miary à 15: » 
0 3442 Y 3:1 1 A+X+ +Y oi :lor or 
34427 +Y 15 1 +I+(I)+ : MAE cy 1$ ot 
3442427 3.1 0 $A--I--2Y 8.1 : 
14 tax 1.1 0 tiii 1:1 3 4A 2I 2:1 2 
4442% 427 SI 0 444204 +2Y 4:1 1 44427 +2 3:1 0 
5 “(ref 0) t(ref. 20) i(ref 11) ; 
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. To my knowledge there are three reports of human 

beings containing a majority of triploid cells in which the 
sex chromosome constitution were analysed!'-". In each 
oase the triploid cells all had the constitution 84 : X XY. 
In two oases the embryos were spontaneously aborted at 
an early stege!*'!' and in one case, where an abnormal 
young male patient was examined, he was found to be a 
mosaic composed of triploid and diploid cells". This 
human triploid-diploid mosaic is another example of 
what has been found in a male rabbit’ and pig’. It is 
at present ible to understand the principles for the 
origin of triploid—diploid mosaics in mammals™, and the 
evidence of their post-embryonic existence is accumulat- 
ing. However, newly ee pe popia eee 
have not so far been found as 

The events connected with the X chromosome activity 
in the zygotes, and at the subsequent differentiation of 
somatic oella from the germline, are summarized in 
Table 1. 

Within q triploid-diploid mosaic there would be a 
selection on the somatic level against triploid cells, be- 
cause they are unbalanced. One of the possible sources 
of this unbalanced condition may be the relation between 
active X and autosomal genes. The lack of a sex chroma- 
tin body™ or the presence of one™ has been reported in 
these cells. This would imply that either two or ono 

i active X functions . From this 
ollows that the two A:X ratios in the 
84: XXY triploid cells, somewhat deviating from the 
normal 2: 1 ratio, are realized. Possibly, cells with one 
and two active X’s have a different survival value. It 
would contribute to a further understanding of the pro- 
blem to know the viability of a human triploid-diploid 
mosaic, in which the triploid cells display one sex chroma- 
tin body instead of none. 

It seems very probable that the diverging relationships 
between ‘active sex chromosomal and autosomal genes, 
which would result in the somatio cells of pure triploids, 
cause the sericus disturbances and lethality which seems 
to be their characteristic". 

Female and male tetraploids would be normally 
balanced both in their germlines and their somatio oelle, 


~ 
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provided the inactivation of X’s occurs to the 
second possibility scheduled in Table 1, which is the most 
probable event. However, if all but one of the X’s are 
inactivated in accordance with the first possibility 
scheduled, the balance in the somatic cells of tetraploids 
would be very abnormal. Of course, the tetraploids may 
have too many chromosomes to function very well even 
if ther A : X ratio is in accordance with the one in 
diploids, both in germline and soma. 

If the present assumptions are oorrect, they would 
imply that occasional tetraploids of both sexes resulting 
from zygote doublings in mammals have a fair chance to 
survive. At least there should not be any obstacles duo 
to 4: X imbalance either in the germline cells at very 
early embryonic life or later on in the soma. The mam- 
malian pure triploids, however, would have & minimum 
chance of survival because of a necessarily abnormal 
chromosome balance in the early embryonic cells of males 
and in the soma of both sexes. 

Thus, the newly obtained knowledge about ‘dormant’ 
X chromosomes would explain why mammalian triploids 
have not been able to participate in the establishment of 
tetraploidy. 
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ELASTASE PRODUCTION BY MICRO-ORGANISMS 


By Dr. ANTHONY J. SBARRA, Dr. JOHN S. BAUMSTARK, Dr. ROBERT F. GILFILLAN 
and Dr. WADI A. BARDAWIL 


Department of Pathology and Medical Research, St. Margaret's Hospital and Tufts University Medical School, Boston 25, Mass. 


Biases of the possible implication of pancreatic 
elastase in the mtiology of vascular diseases!:', ib was 
felt that elastase derived from sources other than the 
pancreas might provide interesting parative charac- 
teristios. Tros, ii oon imation with « Sedy of panarat 
elastase and its serum inhibitor, under way in this labora- 
tory, our attention was turned to the microbial flora of 
soil Soil is a source known to provide micro-organisms 
ee down a barm barates This 
article deecribes some of the characteristics of an elasto- 
dus enzyme isolated from a fungus obtained from soil. 
the possible implication of this elastase-producing 
etn eae of temporal arteritis is discussed. 
propared: goring, to the method described 
by Gilfillan et al.*, was used in the assay system. An agar 
medium con only elastin, agar and inorganic salta 


TEETE in Table 1. 1. About 1 g of soil 
from & flower bed in the hospital grounds was 


dispersed in 99 ml. of sterile distilled water. A 0-1-ml. 
aliquot was spread over the entire surface of elastin agar 
piata which were then incubated at room temperature 


(22°) and at 37° for a 3—5 day period. Isolates which 
showed clearing of the elastin were picked and restreaked 
on elastin agar medium for pure culture clones. 

A 3-5-day culture of one of the organisms 
Fildes tryptic digest broth (BBL), afterwards tified 
as Streptomyces flaveolus, was used for the preparation 


Table 1. COMPOSITION or ELARTIN MIEDUM” 


in stock solution veins S end 
Components of oom; 
Ancewanic nlla 4 25g 
TEPO 5g 
Distilled 250 ml. : 0-5 mL 
Inorganic salts B io 
Mg8SO g 
T TH4O 0.5 g of each 
wir) 
Distilled water 250 ml, 0-5 ml. 
Hasiin* 10g 
Distilled water 100 ml. 10 mL 
Disülled water 87-5 ml. 
Agar 156 
* Wi oxide elastin is used. It is autoclaved for 10 min 


e 
a4 10 Ib. pressure. resulting pH is 7-0. 
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of crude elastase. The mycelial mat was removed by 
filtering through 3—4 pads of cheese-cloth. Extraoellular 
elastase was purified by fractionation with ammonium 
sulphate. Ammonium sulphate was added to 60 per cent 
saturation and precipitation was allowed to proceed over- 
night at 2°--5°. The resulting precipitate was collected 
after centrifugation at 12,000g for 45 min. It was then 
suspended in carbonate buffer pH 8-4 and dialysed against 
this buffer overnight before assay. 


The crude intracellular enzyme was prepared by 
grin the mycelial mat with alumina (80-200 mesh, 
Fisher tifio Oo.). About 2 vol. of carbonate buffer, 


pH 8:4, was added to the extract and allowed to stand in 
the cold for 1h. The alumina was removed by centrifuga- 
tion at 2,000g for 15 min, and the supernatant was clarified 
further by centrifugation at 20,000g for 60 min. The 
resulting clear supernatant was collected and served as 
a source of crude intracellular enzyme. Both intra- and 
extra-cellular enzyme was assayed by the plate technique, 
as described by Sbarra e£ al.*5, and nepholometrioally, as 
described by GiHillan et al.". The crude intracellular 
enzyme was used in all our studies. The extracellular 
enzyme was found active both on plates and nephelo- 
metrically. These resulta will be reported later. 
“Normal human serum was obtained from healthy 
personnel of the laboratory and tested for inhibitor as 
previously described. A number of mice and guinea 
pigs, weighing approximately.20 g and 350 g respectivaly, 
were injected intraperitoneally with a 5-day culture of 
flaveolus. The animals were killed at inter- 
vals, from day 1 to day 150, after challenge, and histo- 
logical sections of liver, kidney, blood vessels, spleen, 
intestine, akin and lungs ere Sie adorn Two sets of 
slides were made, one was i with hsmatorylin 
and eosin, and the other with periodic acid—Schiff stein. 
Five different organisms were isolated from soil which 


Bergey's Manual of Determsnatsoe Bacteriology", as Strepto- 
myces flaveolus, but the other has not yet been assigned a 
oe ee A yellow pigmented organism, cap- 
able of digesting elastin and belonging to the genus 
Floeobactertum was also isolated. In addition, a mould 
and a Gram-positive spore-forming rod were also observed 

to digest elastin and subsequently identifled' as Aspergillus 


enryme was allowed to hydrolyse elastin, in the absence 
and presence of serum, are shown in Fig. 2.-It can be seen 
in Fig. 3 that the optimum elastolytio activity occurs at 
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Without sèrum 


Hlastin solubilized (per cent) 
8 8B 5 E 2 3 gB 





30°. Table 2 shows that the enzyme is completely 
inactivated by heating for 80 min at 54°, Such treatment 
effectively inhibits hydrolytic activity but subsequent 
incubation at 87°, in the presence of the substrate, restores 
activity so that at 24h it is equally as active as untreated 
enzyme. Reactivation does not occur following treatment 
at 100° for 15 min. 

The only pathological changes seen so far have been the 
appearance of granulomas in the liver and lungs of both 
mice and guinea pigs that had previously been injected 
with a 5-day culture of Streptomyces twice weekly 
for one month. Histological sections of liver and lungs 
of autopsied guinea pigs showed the presence of acido- 
philic homogeneous spherules and elongated structures 
which gave a positive reaction to the periodic acid-Schiff 
stain. ‘These structures are tentatively considered as 
spores or mycelial fragments. Animal tissues from 
uninfected animals did not reveal these structures. 7 

The finding that different micro-organisms have the 
a ality fo Bees ae PE ee e EGO. 
of such findings has received little, if any, attention. 
Horton and Magath".’, in an investigation concerned with 


Table LIRILOTIYATION OF HEAT-TERATED Sirepiomyoss faeecius HLASTASN* 
% Niasin hydrolysed aj 37° t 
Inoubeiaon time 


‘Treatment 3h ah 
Xons 50 70 
54° 30 min 0 e 
100* 15 min 0 0 


d Se Ble 3 for composition of reaction misure. Blastase concentration, 
dE ect : 
ui Metro exposes: to: roapostive temperatures and tmmediately assayed 
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the etiology of temporal arteritis, were able to isolate 
an ‘Actinamyces’ from resected temporal arteries in two 
out of seven temporal arteritis patients studied. After 
limited bacteriological studies they concluded that these 
organisms were laboratory contaminants, and thus were 
not associated with mtiology. The organism involved 
could have been a Streptomyoss, a common soil organism, 
according to current classification. Inasmuch as five of 
the seven patients examined were farmers, the organisms 
could have gained entry through the mouth. It is also 
possible that dental procedures might permit entrance 
of an otherwise non-pathogenic organism. The fact that 
Streptomyces produces elastase and since mycelial frag- 
. menta were observed at biopsy may indicate a primary 
or secondary association of theme otganisms in the elastic 
tissue destruction (modification) observed in this disease. 
Further, these observations suggest that epidemiological 
studies in this disease may prove fruitful. 

In limited animal studies, so far, we have been able to 
detect ulomas in the livers of mice and guinea pigs 
injected ait Bteniomposk Masia, It has also been 
possible to stein mycelial-like fragments in the liver of 
guinea pigs and to recover, on oocaaion, organisms from 
the livers of injected mice. No other pathological changes 
have been detected so far. The significance of the liver 
and lung granulomas is, as yet, unknown. The possibility 
that elastese-producing micro-organisms may be associ- 
ated with the ætiology of vascular diseases is intriguing 
and is at present under mvestigation. 

The fungal enzyme, like the pancreatic elastase, 1s 
inhibited by serum. Mandl and Cohen" have 
bacterial elastase’ produced by Flavobacterium yti- 
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oum, that is not inhibited by serum. This bacterial 
enzyme differs from that described sinco it was found 
to have optimal activity between 50° and 55°. The 
fungal enzyme has & temperature optimum of 30°. Thus, 
it appears that these two enzymes are different in at least 
two respecta. On the other hand, the fungal enzyme 
appears similar to the pancreatic elastase in to 
serum inhibition and temperature optimum. e sig- 
nificance of these findings is unknown. ; 
' The reactivation of the enzyme by incubation at 37° is 
of interest. Perhaps the enzyme chain is inactivated at 
54° by a folding phenomenon, and subsequent incubation 
at 37° resulta in unfolding with a concomitant restoration 
of activity. Investigations are under way to further 
ify the : 
Pore Sk eae sup by grants B1962, 05807, 
A2168 and 23286 from the National Institutes of Health. 
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OF THE CARCASS IN LETHAL STAPHYLOCOCCAL 
INFECTIONS OF MICE 


By SHIRLEY S. LINDELL, Dr. IAN M. SMITH, Dr. JOSEPH I. ROUTH and MARGRIETA DELLE 
Departments of Medicine and Biochemistry, University Hospitals and State University of lowa, lowa City 


I5 previous investigations! we found that mice killed 
by injections of virulent staphylococci show a high blood 
concentration of transaminase, alkaline phosphatase and 
inorganic phosphorus associated with a low sodium. 
There was some indication also of loes-deflnite decreases 
in the blood levels of sugar, carbon dioxide and cholesterol. 
It appeared necessary to extend the work to see if the 
alterations of the blood were coincidental or an essential 
, part of the mechanism of death. In order to avoid con: 
clusions from biochemical o restricted to the blood 
stream, we have studied the total biochemistry of the 
animal body. : 
The hemolytic, ooegulase-poeitive Smith strain _of 
aureus, the properties of which have been 
ublished 


viously*:*, was used. The mice used were 
arms (New City, New York) white, Swiss 
males. The animals weighed 15-18 g and were given 
food and water ad libitum before examination. Mice were 
moculated with a heavy dose (0-1 c.o. = 10° organisms) 
intraperitoneelly, as we have shown that the dose of 
organisms (above & certain minimum quantity) and route 
of infection were not important in the production of 
death in mice from staphylococcal infections. Homo- 
genates of whole mice (less skin, tail and feet —whioh did 
not blend* and gut to avoid Gram-negative organism 
contamination) were made by adding the carcass to 
50 ml. of chilled distilled water and grindi i 
at slow speed and 2j min at high ta, 
The carcass homogenates made at death were trans- 
ferred to the biochemistry laboratory and the determina- 


tions were made by standard methods. Sodium fluoride 
(10 mg/o.o.) was added to prevent enzymatic degradation 
of the glucose before analysis. 

Biochemical values for normal and infected Carworth 
Farms white mouse carcasses are given in Table 1. A 
comparison of the results of the normal and its aad ies 
eally infected mice show statistically significant differences 
(P & 0-05) in sugar, total protein, cholesterol, inorganio 
phosphorus and transaminase (Table 1). Í 

Significant and comparable chemical changes in glucose, 
inorganio phosphorus, transaminase and cholesterol are 
found in the blood and carcass. The blood proteins show 
a decrease parallel to the carcass proteins but the extent 
of the change is not significant}. 
inflammation destroys the semipermeable membranes 
of the body leading to an adynamio equilibrium of 
intra- and extra-vascular substances, then the changes 


‘in alkaline phosphatase in the blood are easily explained. 


Possibly a similar mechaniam explains the discrepancies 
in the carbon dioxide values. Further study is needed to 
correlate the sodium loss in the carcass with the sodium 
loss in the blood. 

_Two additional strains of 9. aureus were used for 
challenging the same strain of mice. Analysis of the 
biochemical resulte detailed in Table 1 showed no dis- 
strain. 


Limited studies of carcass biochemical values have been 
completed for other routes of moculation (Table 2). Good 
correlation was observed in all values except inorganic 
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; Table 1. CAxoAs6 BIOCHEMICAL VALUES FOR CARWORTH FARXS WHITE Mion 
; No organisms Live organisms 2 Heat-Killed organisms 

Normal +4.D. S. aureus + 8D. 8. albus + SD. B. eureus + S.D. 
Bugar (mg 96) - 58-6 184 18-8* 9-9 6-5* 4-0 14-8* 34 
beri ( 96) 63 - 0-8 74 36 62 0-4 46° 19 
ý 0:39 017 115 1 90 03* 0 0 23* 0-08 
Urio acid (mg 3-06 1:48 146 17 1:75* 0-36 1-43* 0-47 
00, ( +) 1-84 0-81 2-87 101 0 es* 0-53 0-88* 0-37 
Ohloride s) 4-7 1:6 546 12% 6-18 0-90 7:17* 1-61 
Potassium .) 100 59 173 142 8-42 2:48 145 23 
Bodtum 3 20-1 158 23-5 72 152 4-7 11:08* 4-07 
Total (g *). 178 0-48 . 1-07" 0-04 0 960* 0-27 14 0-3 
(mg X) 31-1 112 10-8* 10-5 18-7 71 141* 12% 
rica ores TEY 9-0 69 212* 0-8 10:8 3-1 17-48% ~ 6-41 
" B.U. 53-7 116 40:3 18-0 31:5* 11:4 37-2" 85 
Acid (8.U.) 18-1 92 606 1-91 141 47 r 171*, 0-24 
Transaminase (8.F.U.)1 1,937 1,508 2,583* 1,166 4,007* , 51 8,436" 007 


* Bignificant by the ( teat (P< 0-06.) 

T &.U., Sigma units, ts5J.U., Sigma—-Frankel Units - 
Because of the turbidity of 

were not made, 


the homogenate caletum, bilirubin, oepbaltn floceulatton, thymol turbidity, xtno turbidity and protem partition estimations 


Table 2. BIOCHEMICAL VALUMM AT DXATH 


Control _ 

Determinations antmals (0 1 ae.) 
Glucose 586 5-00 
Oboleeteral i Tu 

31-1 108 
Inorg. phosphorus - 9-0 212 
Traneaminase 1,087 ^ 2,563 


* Bignificantly different than the Intraperitoneal route (P 0-065) 
T Titre —10!* organisma a.e, 


horus when the results were compared with those 


for glucose. - j 

To differentiate between the consumption of glucose by 
S. aureus and consumption by the mouse host, an $n vitro 
inyestigation was made. Mice were injected with S. aureus 
in the usual manner and immediately killed and the 
caroamses wore ground. After an aliquot was taken for 
glucose determination, the homogenates were placed in 
the 37° C incubator. Glucose determinations were made 
every hour for 6 h and the results were compared with 
those obtained from the in vivo study (Fig. 2). Ib ie 
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= 
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GIuoose (mg per cent) 


10 


At Death 
«^ 





Hours after intraperitoneal infection with staphylococe! 


1. Disappearance of gineose from mouse carcass at stated intervals 
nm infection, Shading, normal mean—1-06 8.D.; vertical |ines, 
. mean +1 -28 S.D. 


Route of inoculation t 











(0:1 aa) (0-05 ea) (0-5 aa) (0-3 0.0.) 
4°76 708 4-83 6-70 / 
8:8 0-9 11 10 
6 15 12:3 16-0 

18-0* - 16-8* 19-3 11-6* 
1,100* 1,440 3.003 


evident that microbial consumption of glucose does not 
explain the loss of glucose from the carcass at death 
from staphylococcal infection. Normal uninfected car- 
casses placed in the incubator and sampled at intervals 
did not change significantly_in’ glucose content. 

Other studies in our laboratory have shown that animals 
infected with the Smith strain of S. awreus (10° = 0-1 o.c. 
intraperitoneally) can regularly be cured by 400 mgm/kg 
Of peris Gute ding ie giva Montanaa ay en are 
infection’. 


Hourly glucose determinations were made to see if 
gluooee-levels of staphylococcal infected mice would 
return to normal after treatment with penicillm. It may 
be seen in Fig. 8 that although there is an initial fall in 
glucose, & gradual rise is evident although not as marked 
as we had . 

Similar challenge with heat-killed (80° O for 80 min) 
Smith strain of S. aureus given intraperitoneally revealed, 
in addition to the changes found with live virulent 5. 


eo 


t g 


2 


Gineose (mg per cent) in carcass 





At Death 


3 
Hours after intraperitoneal inoculation of staphylococal 


Fig. 2. Glucose present in caroamses of animals at intervals after intra. 
Immediately 


4 5 


peritoneal infection 1f antmals are killed and stored at 37° O 
carcasses Milled at stated intervals 


of antmals 
@, i citro 11 40 inoculated, 9°70 
inoculated, 10 65 recovered — . 
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aureus, significant differences in the values for urea 
nitrogen, creatinine, uric acid, carbon dioxide, chloride 
sodium, alkaline phosphatase and acid ph when 

with the values for healthy animals (Table 1). 

live virulent human strains of S. albus (S. epiderm- 
tdis—ooagulase ive) obtained from patients (cases 
6, 7, and 9, ref. 5) were moculated in large doses (0-1 o.c. = 
101° j y in mice. The biochemical values 
for each of the strains were virtually identical so that all 
the values were analysed as & group and compared with 
controls. The findings were similar to those with live S. 
aureus organiams except that creatinine, uric acid and 
carbon dioxide values were decreased com- 
pared with the controls (Table 1). Inorganic phosphorus 
was not significantly elevated. 

The excessive biochemical changes with heated S. 
aureus and S. albus may be caused by degradation pro- 
ducts released by heat or by the destruction of S. albus 
by host phagocytes. 

Because of the roduoible fall in glucose values, 
sodium lactate should, in theory at least, be beneficial 
to the infected animal by providing, as pyruvate, an 
available source of glucose replacement or as blood lactic 
acid a potential source of liver glycogen. 
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It has been observed by Berry ei al.* that certain endo- 
toxins will block the conversion of blood uiis liver 

cogen, thus forcing the conversion to muscle glycogen 
leog Therefore, the only pathway to liver glyoogen 
is by way of blood lactate. If a severe energy requirement 
is pressed on an organism without simultaneous increase in 
respiration, this + is largely met by enhanced 
glycolysis by way of blood lactate. 

Preliminary evidence from biochemical findings in 
patients dying from staphylococcal disease indicates carbo- 
hydrate derangement and protein depletion’. 

We have shown previously that glucose given orally 
was deleterious to ing mice infected intravenously 
with staphylococai’®. This effect could only be detected 
during the initial phase of infection in fasted animals and 
in mice that survived infection; ee ee 
during the fastmg period seamed better destroy 
BIECEYIAORU than tices resting only ATUNA an MARAE 


p ^E show that treatment 
with glucose, 1/6 M sodium lactate or inorganic phosphorus 
will significantly lengthen the survival time of infected 
mico whereas mouse and transaminase 
are deleterious. Oholesterol treatment was ineffective. 

We conclude that the severe ts of carbo- 
hydrate meteboligm in mice dying from severe staphylococ- 
cal infections are part of the death mechanism as survival 
time in mfected animals is significantly increased by 
appropriate replacement. 

This im igation was supported by research grant No. 
#4046 of the U.8. Public Health Service, National 
Institutes of Health and the Iowa Thoracic Society. We 
thank Dr. Elis Ch. Hazard and Mrs. Fern Hulting of the 
Infectious Disease Division Laboratory and the personnel 
of the Clinical Bi Laboratory for their assist- 
ance. Mrs. J. F. McTavish made the statistical analyses 
for us. 
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PASSIVE AGGLUTINATION TESTS 


Bismuth Tannate Test 

HE passive hemagglutination test described by 
Boyden! as well as variations of this method find 
. Widespread application as sensitive procedures for the 
detection of-antibodies. Collodion and latex particles 
have been used instead of the tannio acid-treated red 
blood cells. However, laborious techniques and unsatis- 
factory antigen binding limited the use of these 

In this communication the use of bismuth tannate 
particles for the passive utination teat is described. 

Bismuth tannate is a wnish yellowish powder 
containing 40 per cent bismuth monoxide, insoluble in 
saline solutions. The bismuth tannate particles are of 
varying size and before use the larger particles are 
removed. This is performed by preparing & suspension of 
2 g of biamuth tannate in 10 ml. of a 0:85 per cent sodium 
chloride solution. .This suspension is then h 


omogenixed 
for 15 roin in a standard homogenizer at high speed. It 


is next transferred to a test tube, left undisturbed for 
80 seo before decantation into another test tube. The 
larger particles of bismuth tannate remaining im the first 
tube are discarded. The suspension is centrifuged for 3 
min at 2,000 r.p.m. This stock suspension may be kept in 
the refrigerator for many weeks. For use 0:8 ml. of the 
sediment are added to 9-7 ml. of saline. 

Equal volumes (10 ml.) of the bismuth tannate sus- 
pension are added to an antigen solution in saline and 
kept at room temperature for 80 min with repeated 

. The sensitized bismuth tannate particles are 
then washed three times in 15 ml. of saline to remove the 
unfixed antigen. After the third washing 10 ml. of saline 
are added to the antigen-coated bismuth tannate particles. 

The antiserum dilutions in volumes of 0-2 ml. (in tubes 
14 mm x 80 mm) are performed with & dilution of 1-5 
per cent of normal rabbit serum in saline. To each tube 
one drop of antigen-coated bismuth tannate particles is 
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added. `The tubes are shaken vigorously for 3 min and 
placed in a refrigerator for 2 h. After 2 h the tubes are 
again vigorously shaken and left at room temperature for 
at least 4 h before reading resulta. A second reading is 
performed after overnight incubation of the tubes in the 
racks without any shaking. ial care must be taken 
m order not to disturb the suspension in the tubes. It was 
found practicable to place the tubes in clear plastic racks 
on & glas surface with a mirror underneath at an angle of 
45°. In such & way the sedimentation pattern could be 
observed in the mirror without any handling of the tubes. 
' As the pattern of the bismuth tannate sedimentation 
is different from that of the tannic acid-treated 
passive hemagglutination, it was found practicable to 
run & parallel control of every experiment adding the 
antigen-coated bismuth tannate particles to dilutions of 
& normal serum. This precaution is unnecessary after 
gaining some oe when one tube of the 1:5 per 
cent normal rabbit serum in salme with the antigen-coated 
bismuth tannate particles serves as control. 

The negative controls and the negative higher dilutions 
of the antisorum showed a regular sedimentation of the 
bismuth tannate particles either in the form of a ring with 
or without a central point or as brownish coating of the 
whole bottom of the tube. The positive resulta are recog- 
nized by the sedimentation of the bismuth particles in an 
irregular thick denticular rmg form, as a coarse brownish 
bottom or merely as & ring with a more pronounced design. 
These patterns depend on the antigen-antibody system 
used and on the concentration of these components. 
Therefore, when working with an unknown system, posi- 
tivity must be appreciated only by comparing every tube 
with ite negative control. The test was ees abe) with 
different antigen-antibody systems; it did not require any 
buffers, and gave very satisfactory results also with the 
inhibition technique. Tho inhibiting antigen was added to 
the antiserum 30 min before the addition of the bismuth 
tennate antigen-ooated particles. The coating of the 
bismuth tannate particles with non-protein antigens was 
unsuccessful. Some systems gave better resulta with the 
bismuth tannate particles; others, however, were superior 
when the tannio acid hemagglutination test was utilized. 
' The most probable explanstion for these discrepancies 
are differences of anti coating in the two techniques. 
Bismuth tannate may 3 by allowing an aqueous 
solution of Bi(NO,),.5 H,O, slightly acidified by HNO,, 
to react with an alcalio solution of tannic acid. The 
yellowish precipitate obtamed at room temperature was 
washed five times with large amounts of saline and 
thereafter dried. The residue &fter drying was thoroughly 
grounded and the powder obtained usod as indicated 
above. 

This test was developed in connexion with an investiga- 
tion of immunological of corneal lantation 
and supported by grant NB 02018—04 from the U.S. 
National Institutes of Health. 


Epe@ar Prox 
D. NHLkEzN 


t Boyden, 8. V, J Exp. Med , 83, 107 (1051) 


Barium Sulphate Test 


CornroDION!, bentonite’, tanned red blood ocells’, latex* 
and bismuth tannate (preceding communication) have 
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been used for the detection of circulating antibodies in 
passive agglutination tests. These particles serve as 
vehicles for the antigen which is in solution or a suspension 
of very minute particles. 

In the presence of the corresponding antibody the anti- 
gen-coated particles are agglutmated, precipitated or 
sedimented in an altered pattern. 

As the pattern of sedimentation may easily be disturbed 
by very t shaking, it is convenient to place the tubes 
in clear plastic racks on a glass surface with a mirror 
underneath at an angle of 45°. In this way results are 
read through the mirror without handling the tubes. 

This communication describes the use of barium sul- 
phate for & passive agglutination test. The barium 
sulphate passive agglutination method provides an 
additional, very simple, rapid and sensitive method for the 
detection of circulating antibodies. 

Equal volumes of 3 per cant barium gulphate suspension 


, in saline and antigen are mixed and shaken. After 2-min 


contact at room temperature, the sensitized barium sgul- 
phate particles are washed three times in saline. The 
peoked sediment obtained is resuspended in normal rabbit 
serum 10 per cent in saline so as to regain the original 
3 per cent concentration. 

One drop (0-05 mL) of the sensitized barium sulphate 
suspension is added to each tube (14 mm x 80 mm) con- 
taining 0:2 ml. of the antiserum dilutions. The dilutions 
are performod in normal rabbit serum 6-10 per cent in 
saline. For every antigen-antibody system the optimal 
concentration of normal rabbit serum within a range of 
about 5-10 per cent must be determined, in order to get 
a completely negative control. Tho tubes are shaken 
vigorously and placed at room temperature. Tho pattern 
of the sedimentation of the barium sulphate particles is 
examined after 80 and after 60 min. For another reading 
the tubes may be thoroughly shaken end the pattern of 
sedimentation is again obtained. 

As control, one drop of anitiyen-codted barium sulphate 
suspension is added to 0-2 ml. of the diluent. A negative 
result is indicated by sedimentation in a form of a regular 
ring (Fig. l, right tube). The strong positive tubes show 
sedimentation in the form of denticular curved lineg 
(Fig. 1, five left tubes) and the intermediate positive tubes 
show no well-defmed distribution. 

This test has oertain advantages over other passive 
agglutination methods. It does not require early washings 
or pre-treatment with tannic acid. The moubation periods 
are also very short. The interaction between the barium 
sulphate and the antigen is very rapid and so is the sedi- 
mentation of the sensitized particles. Results may be 
read after 60-90 min from the beginning of the teet. The 
simplicity and the fact that no buffers or expensive 
materials are needed make it cheap and easy to perform 
even in small l&boratoribe. 

The barium sulphate particles are stable; the connexion 
between them and the antigen is firm. The coated particles 
may be preserved for at least 14 days before their addition 
to the antiserum. The sedimentation patterns, both the 
gh hl E M may also be preserved 

days without changes 

No absorptions of the antiserum or of the normal rabbit 
serum are needed as the barium sulphate particles are 
antigenically inert. This method may therefore replace 
the tannic acid hsmaggtutination teet in cases where the 
antiserum contains anti-red blood ccl antibodies. 
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The sensitivity of the passive barium sulphate agglutina- 
tion test is greater than that of agar-gel diffusion, pre- 
cipitation or direct agglutination techniques. In some 
` antigen-antibody systems it is, however, somewhat lees 
sensitive than the tannic acid hemagglutination test, 
while in other systeme the sensitivity is even greater than 
that of the tannic acid tion teat. 

The passive barium sulphate agglutination test was 
performed with the following antigens and their oorre- 


sponding antibodies: (1) whole human serum—rabbit 
anti-human serum; (2) human y-globulin—rabbit anti- a 
' globulin serum; (3) chorionic 

anti-chorianic serum; (4) human ue 


booyte extract—rabbit and monkey anti-human throm- 
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and 
cist Radar da (5) human -leucocyte extract—rebbit 
monkey anti-human leucocyte serum; (6) make venom 
(Vipera)—horse anti-snake venom serum. 
. In all these systems no false positive resulta were 
N. GirpoA-GARBHA 
D. NEXEN 
Department of Clinical Microbiology, 
Hebrew University—Hadassah Medical 
Jerusalem. 
‘Gannon, P. E., and Marshall, 0. B., J. Immunol., 38, 365 (1940). 


1 Tobie, J. H., 3L H., Hoyem, H. M., and Ward, 
B. B., bui Hail Ho. "96, 800 (195). - 

Risus N, ., J. Bap. Med., 98, 107 (1051). 

«Singer, J. ML, and Plots, O. M., Amer. J. Mod., L, 888 (1086). 


BLOOD COAGULATION IN ARTERIOSCLEROTIC RATS 


By Pror. BERNARD C. WEXLER and Dr. MARK J. EPSTEIN 
May Institute for Medical Research, Jewish Hospital of Cincinnati, and Department of Pathology, 


University of Cincinnati College 


ALE and female rats exposed to the trees of repeated 


alterations in mucopolysaccharide 
connective tissue elements (Fig. 1). 
: ee dhs a a ee re Nee 
ity of blood and thrombosis in the pathogenesis of arterio- 
sclerosis. With this in mind, an investigation of the 
ooagulability of blood in these arterioeclerotic rate was 


Virgins and discard breeder rats of approximately nine 


samples were taken by cardiac 
possible anesthesia with ether. Blood was drawn into 
6 ml. siliconized syringes (G.E. dry flm SO-87). Needles 
were coated with ‘Monocote E' (Armour). The whole 
blood clotting time was determined by the Lee-White 
method’. Prothrombin time was determined by the one- 
stage method of Quick*, using Baoto lastin. The 
foregoing procedure was also carried out in saline-diluted 
Plasma (12-5 per cent). Dilution of excess of clotting 





T L Ti Tag pa aCe ret ons ree Se 
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factors present in blood makes possible the detection of 
more subtle quantitative changes. Recalcification time 
was utilized to demonstrate the presence of a circulating 
anti-coagulant in the blood of breeder rats. Anti-coagulant 
activity can be demonstrated by mixing plasma from the 
breeder rats with plasma from virgin rate which show a 
normal clotting time. The plasma was prepared from 
oxalated blood by centrifugation at 1,750 r.p.m. for 6 min. 
Samples containing 0-1 ml. of were placed in clean 
18 x 100 mm test tubes incubated for 3 min ‘at 
87°: Since the recalcification time becomes shortened 
with incubation, it is important that the 


: prolonged 
incubation period be standardized. Calcium ohloride, 


0-2 ml. (0-01 M), was added to the plasma. The tubes 
were tilted at 30-sec, 1-min, and at 20-seo intervals there- 
after. The recalcification time was taken as the interval. 
from the addition of the calcium chloride to the formation 
of a solid clot. To examine the effecta of breeder plasma 
on the recalcification time of virgin rat plasma, 0-05 ml. 
quantities of breeder and virgin plasms were mixed and 
the changes in recalcification times were measured. 

At autopsy, the entire aorta (arch to iliac portion) was 
Temoved, dissected free of extraneous tiasue including 
the adventitia, and blotted dry between filter paper. 
1-g samples of aorta were collected from male and female 
breeders and from male and female virgin rate. The 
samples were homogenized in a Ten Broeck homogenizer 
and extracted with 25 ml. of distilled water. The samples 
were then exposed to ultrasonic vibration in a Raytheon 
sonic oscillator for 30 min at 1-25 amp and at maximum 
‘frying’ noise to break up the complex of bound muco- 
polysaccharides. Next, the samples were boiled for 1 min 
to destroy the protein constituents, diluted to the origmal 
volume (25 ml.) and centrifuged for 5min at 2,500 r.p.m. 
The supernatants were then lyophilized, dissolved in 3 ml. 
of distilled water, and frozen for storage. To facilitate the 
accurate measurement of the effects of aortio extracts on 
the clotting mechanism, the optical density was determ- 
ined during the formation of a fibrin clot at 450 mu 
(Coleman Junior spectrophotometer). A calcium chloride 
solution, 0-6 ml. of 0-01 M concentration, was added to 
& mixture oontaining 0-1 ml. plasma, 0-1 ml. extract, and 
œl ml. distilled water, and placed in microcuvettes 
(10 mm int. diam.) which were fitted with microspace 


' cuvette adapters. The time was noted, and readings taken 


at 10-8eo intervals ee ee rs galvanometer 
deflexion. The changes in 

against time. The intercept 
one drawn through the inital platom and the other drown 


1 


100 


FK . 

through that portion of the curve which shows a linear 
relationsliip between the rate of change of optical density 
and time, was taken as the end point. Control determina- 
tions were made in which 0-1 ml. of saline waa substituted 
for the extract sample. 


First, & comparison was made of the whole-blood 


clotting times of male and female non-atherosclerotic 
, Vifgins and arterioeclerotio breeders. The results indicated 
hat there was prolonged olotting in breeder rata when 
with virgins. 
,, Next; the prothrombin times were investigated to learn 
rif, mn this factor, a similar relationship existed between 
was no significant difference between the prothrombin 
times of virgin and breeder rats. Therefore, these results 
suggested that the active. factor or factors producing the 
prolongation of clotting rhentioned above might be among 
the variables which are not measured by Quick’s one-stage 
prothrombin test. Such variables might be alterations 
in the concentration of factors V and VII, and heparin 
In quantities sufficient to interfere with prothrombin oon- 
version or with the conversion of fibrinogen to fibrin by 
thrombin*. - 
The next question was whether the prolongation of 
clotting could be due to the presence of a ‘circulating anti- 
coagulant’. Six samples of breeder blood with prolonged 


* 


clotting were individually added to six samples 
of virgin blood with normal olotting. average of 
54 per cent prolongation of the clotting time of virgin 


blood was demonstrated on addition of the breeder blood. 
Blood taken from virgi rats was added to other virgin 
blood as a control. Morbus crolouactenciua oles aoa. 
This crude estimation of coagulability indicated that an 
unknown substance, present in the circulation of breeder 
animals but not in virgin controls, would retard the 
clotting of plasma. Further experiments were designed 
to. delineate the nature and activity of this substance (or 
substances). 

Breeder rata show a high concentration of mucopoly- 
saccharides in the' walls (Fig. 1) of their major arteries’. 
We became interested in the ility that the intra- 
mural aortic mudopolysaccharides found in these arterio- 
sclerotic rats may have anti-coagulant activity and might 
sccount for the prolonged clotting. Aortæ from male 
and female, virgin and breeder rata, were extracted 
as previously outlined. Blood samples freshly collected 
from virgin female rata were used as substrato. The 
effect of aortio extracts on the spectrophotometricall 
recorded clotting times was tested utilixing a pool of virgin 
ret plasma as a uniform substrate. The resulta are given 
in Table 1. The aortic extracts, each compared with the 
saline control, uniformly exhibited marked anti-coagulant 
activity. The average value of anti-coagulant activity 
of the virgin females was somewhat greater than that 
of the virgin males. The breeders exhibited the most 
profound anti-coagulant effect in extracta of their aorte, 
that is, an average of 80 per oent. 


Table 1l. ANTI-COAGULANT AOTIVEFY OF AORTIO HITRAOTS* ON PLASMA 
SUBSTRATE 48 MORLSURAD BY THE TIME XNQUIRAD FOR THE FORMATION 


OF 4 OLOT 

Soares of aorta extracta ` Average of ssven 

(oqutvalent to 1 g fresh tine) separate trials 
Baline (oontra!) 163ł 
Virgin arteriosclerosis 101 
fte uie nA M bs eA Oni) 231 
Virgin fermales (no 1229 
Breeder females (minimal to severe arterioscleroaia) 202 


* To collect 1 g of virgin aorta required killing Yerage of 12 : 
for, 1 g of breeder aorta, 7 aia. zA A 
t of clotting (sea) as measured by the spectrophotome&rio procedure. 


lysaocharides (Fig. 1). 
mucopolyseccharides, heparin and chondroitin sulphate 
B, are active anti-coagulanta, and are found in the arterial 
wall’. If these aortic constituente were discharged into 
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the blood stream, they presumably could materially alter 
the ity of the blood. Thrombosea, although 
present m these animals, occur infrequently. The growth 
of atheromate as the result of the deposition of fibrin on 
intimal surfaces with endothelial overgrowth 
and eventual incorporation of the clot, as suggested by 
Duguid‘, does not appear to be applicable to these animals. 
It is interesting that prolonged clotting instead of ácoeler- 
ated clotting was found in these arterioeolerotio breeder 
rats. The initial observation that breeder plasma when 
added to virgin plasma produced prolonged clotting (54 
per cent increase) has suggested the possibility that a 
circulating anti-coagulant is operative.. Gore and Larky' 
and Dyrbye and Kirk* and Kirk* have demonstrated that 
animal and human aortic tissue contains an extractable 
anti-coagulating material which is mucopolysaccharide in 
nature. A search was made for a similar factor in these 
animals. Because of the, diffoulty of separating muco- 


polysaccharides from protei 


the anti-coagulating activity. Testa of the unboiled 
extracts showed acceleration of the clotting process rather 
than prolongation, moet likely due to the presence of tissue 
thromboplastio components and related substances. 
All of the aortic extracts prepared in the foregoing man- 
ner demonstrated anti-coagulant activity. Statistically, 
analysis of variance of these resulta in Table 1 indicates 
that the physiological activity of the unknown factor is 
highly significant (P = 0-005). highest anti-coagulating 
activity was found in female breeder rate. It is suggestive 
that these are the animals which also showed the greatest 
degree of gross arteriosclerosis and the greatest concentra- 


tion of mucopolysaccharides (Fig. 1). Extracta of aorta ` 


from the male breeders exhibited less anti t 
effect and showed less mucopolysaccharide histologically. 
Our findings are similar to those of Gore and Larky' in 
that we have found that the aorta contains an anti-coagu- 


lant.in ita wall. In addition, our resulte show that anti- . 


coagulating activity is actually more ounced in 
animals with arteriosclerctic sorte. prolonged 
clotting of. blood found in these arterioeclerotao rats $n 
vivo coincides with the demonstration of an antl-coagulat- 
ing factor in the tn vitro testa. The present consensus is 
that the normal sorte contains an anti-ooegulant which 
maintains the normal fluidity of blood and prevents the 
formation of mural thrombi*s. It has been suggested that 
during the development of atherosclerosis the nature of 
the mucopolysaccharides of aortic ground substance is 
altered resulting in the loss of this protective mechanism, 
that is, prevention of thrombus formation. Our experi- 
ence with atherosclerotic rate indicates that the latter 
mechanism does not apply in this experimental situation. 
On the contrary, atherosclerotic breeder rate show in- 
creased anti-coagulating activity with increasing. concen- 
tration of aortic mucopolysaccharides which is proportional 
to the degree of advancement of atherosclerosis. 

This work was supported in part by the John A. Hart- 
ford Foundation, iio Gustavus and Louise Pfeiffer 
Foundation, the American Heart Association, and the 
U.8. Public Health Service (H—3874). One of us (B. O. W.) 
was an Advanced Research Fellow of the American Heart 
Association, and the other (M. J. E.) held the Max and 
Ida Hilson student fellowship at the -May Institute 
during the oourse of this investigation. . 
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MATERNAL BEHAVIOUR IN THE RABBIT: EFFECTS OF 
ENVIRONMENTAL VARIATION 


By VICTOR H. DENENBERG, Pror. M. X. ZARROW, WILLIAM D. KALBERER and A, FAROOQ 
Departments of Psychology and Blological Sciences, Purdue Unlversity, Lafayette, Indiana 
i S. ROSS 


- American Psychologleal Association Central Office, Washington, D.C. 
AND 


P. B. SAWIN 
Roscoe B. Jackson Memorial Laboratory, Bar Harbor, Malne 


AMMALIAN reproduction, m ite broadest essence, 
starts with mating behaviour and terminates when 
the young are weaned. Between these two events is & 
complex chain of genetic, biochemical, physiological, 
environmental and behavioural phenomena all of which 
are critical for the survival of the young’. Recent work 
has shown that disruption of this chain at different pointa 
can have deleterious effects on mammalian reproduction. 
Parkes and Bruce! have reviewed the evidence showing 
that implantation is blocked in the mouse if the female 
18 to the odour of & or alien male during 
the four days of pregnancy. Eleftheniou e al.* have 
obtained the same resulta with the deermouse; im addi- 
tion, they found that changes in the physical environment 
also resulted in a significant decrease in implantation. 
Calhoun‘ has reported that pregnant rate living under 
conditions of maximal population density frequently 
failed to carry their young to term; in addrtion, many of 
the litters which were successfully delivered died before 
weaning. In all these species, i tion of dimensions 
of the external environment significantly affected repro- 
ductive physiology and maternal behaviour. The purpose 
of this article is to extend this generality to another 
species—the rabbit. f 





As part of a programme investigating determinants of 
maternal behaviour in the rabbit, & special experimental 
maternity cage was built. This cage permits quantifica- 
tion of various aspects of maternal behaviour including 
nest-building, number of entries into the nest-box, and 
general activity outside the nest-box. Dutch-belted 
female rabbite, born in the laboratory, were maintained 
in stock-room cages after weaning under uniform con- 
ditions until sexual maturity. Thoy were then removed, 
mated and placed mdividually into standard colony cagos 
or into the tal maternity cages. 

The standard colony cage consisted of a battery of four 
cages with an area approximately twice that of the stook- 
room cages. The cages were of wire construction and 
contained a nesting box ll in. x Il in. x 22 m. Tho 
experunentel cages were made of wood with a wire top 
and bottom. These cages had an area approximately four 
times as great as the stock-room cages. A nesting box 
(10 in. x 7 in. deep x 20$ in.) was at one end of the 
cage. Figs. 1-3 illustrate the cages. 


Pr 
3 
" 
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^ The control animals (N = 100) and experimental 
animals (N = 27) were provided with nesting material 
- end nest-boxes as soon as they were placed into their 
respective cages.” The controls were given access to straw 
for nesting material while the experimental rabbits were 
provided with ‘Excelsior’ (this was used as nesting 
material because it could be made into ‘wads’ which 
were easily counted). After being placed in the maternal 
environments the anjmals were minimally disturbed., All 
animals were kept under standard conditions of food and 
water (supplied ad lsbttuen), light (13 h light per 24 h), 
and temperature (70°-72° F). 

The following results were recorded: (1) Length of 
gestation; the day of mating was defined as day one of 
gestation. (2) Number of females building & maternal 
nest, that is, a nest of straw or ‘Excelsior’ into which the 
female had incorporated hair plucked from her body‘. 
(3) Incidenée of scattering, that is, the birth of one or 
more young outside the nest-box. (4) Incidence of canni- 
om d gel nal cir oa y ; 
(5) Tho peroentage young which survived through 
weening. : 

Table 1 summarizes the findings. The mean length of 
gestation did not differ significantly between the two 
Tablo L SUMMARY OF P'ATUFTMOE ON MATEXXAL BEHAVIOUR IK THE RARPTT 


Oontrol 
z Variable (¥ = 100) (y= ET) / 
Length of 318 318 
Bar oni built maternal nest 98-0 452 
Pec scattered young 60 66-7 
Per cent cannihalized young 30 22-2 
Per cant Y= -1 
Tas ggo, ago 
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groups. All other differences aro significant well beyond 
the 0-01 level as determined by x’ or exact probability 
teste. The rabbits which delivered in the experimental 
cages were defloient in maternal neet-building and ex- 
hibited & greater incidence of scattering and oannibalix- 
ation. In addition, 87-3 per cent of the young born of 
control mothers survived until weaning but only 25-9 per 


cent of the young born to the experimental mothers 
survived. 
The cages are approximately 


National Institutes of Health, U.S. Publio Health Service. 
The work was carried out at Purdue University. 
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ACTIVATION PRODUCT AND THE FIBRINOLYTIC SYSTEM 


By CHRISTINE HAWKEY . 
Department of Hematology, St. George's Hospital Medica! School, London, S.W.1 


NAT ee prepared liy Wadati 
by the ‘Celite’ contact activation of factor XII 
(Hageman factor) and ita subsequent interaction with 


fastor XI lastin antecedent). As pre- 
pared, it is free from signi contamination by other 
clotting factors: its ion to blood in a siliooned or 


plastio container leads to a considerable shortening of the 
clotting time. Interest in a possible connexion between 
the initial phase of in vivo clotting and- the activation of 
fibrinolytic mechaniame led to an investigation of the 
fibrinolytic properties of activation A 

Activation product was by the method of 
Waaler. Preparations were stored at — 30° O for up to 
4 weeks before use. Techniques used for identification 
* of components of the fibrinolytic system were the fibrin 
plate method'** using both unheated and heated fibrin, 
- and the standard clot method‘. Plasminogen was activ- 


ated by urokinase or streptokinase. Proactivator activity 
was estimated by the capacity of the test material to 
bring about lysis on an unheated bovine fibrin plate in the 
presence of streptokinase. Acceleration of clotting activity 
was assessed by the power of tle activation product to 
shorten the recalcification time in a plastio tube of citrated 
plasma, collected and prepared without contact with an 


Activation product alone uced no lysis on unheated 
or heated fibrin plates (Table 1), and its inoorporation in 
& standard clot fram human i and 
bovine thrombin did not shorten the alot lysis time 
(Table 2). It was therefore concluded that activation 
product contains no free plasmin or plasmmogtn activator. 

Activation product treated with urokinase or streptokin- 
ase, both potent activators of human plasminogen, failed 
to produce lysis on & heated fibrin plate (Table 1). This 
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Table 1. FIERI PLATE TESTS TO SHOW PRESENCE OR APSENON OT PLAS- 
PLASMINOGEN AQGTIY. 


MINOGERK, ATORB AND “PROACTIVATOR’ IN ACTIVATION 
Paopucr 
Ares af lysis in mm’ 
Test mixture Unheated plates Heated plates 

Product + saline 0 ^" 0 
BK* + same 0 .0 
Human serum + 0 0 
product + SK 80 zi 


on fibrin plates prepared from 

vmo area measured after 18-30 h at 87° C. 

*Bireptoktnase —'8 , 'Varidase'. lLederle Laboratories. 

Table 2, BTAXDARD OLOT TESTS TOR PLIEMTEOGNEW, PLASMINOGEN ACTIVATOR 
AND PLASNIN IN AOTIYATION PRODUCT 


Tost mixture (mL) Standard alot 





Activation BK * Thrombint 
product Baltne 10 untia/ml 500 mg/100 mL 5 untta/ml. 


(min.) 
— 0-7 01 01 01 00 
07 — 01 OR 0-1 25 
07 01 — 04 01 68 
* Human fi Kabi, Stoekholm. 
t Bovine A ori Parr Davis and Oo. 
appeared to indicate that inogen was absent, but as 
the fibrin plate method is to be insensitive to small 


degroes of fibrinolytic activity, this result was not accepted 


ase, lysed in a shorter time than a control clot (Table 2), 
indi tho of some p i This was 

by estimation of the esterase activity of the 
same mixture. (By courtesy of Dr. A. J. Johnson, New 
York University College of Medicine, New York.) 
Attempts to measure the amount of plasminogen in several 
preparations of activation product always indicated Jess 
than five unite to be present, one unit in this instance 
being defined as the amount of plasmmogen which, when 
activated, would form the amount of plasmin necessary to 
lyse a 1:1 ml. volume standard olob in 10 min. By this 
standard, normal human plasma contains 5,000-7,000 
units of plasminogen ml.*, 

Btreptokinase (SE) alone will not activate bovine 
plaaminogen!, but if & small amount of human or 
serum is mixed with the streptokinase, activation of bovine 
plasminogen is marked. This fact is explained by assum- 
ing that the human reagent provides a ‘proactivator’ 
which reacts with streptokinase to form plasminogen 
activator’. Proactivator has nob been isolated and may 
or may not be part of the human i molecule’. 
It was found that the addition of activation product to 
streptokmase on an unheated bovine fibrin plate produced 
&.oonsiderable degree of lysis but, as has already been 
mentioned, lysis did not occur with the same mixture 


Table 3. PROAOTIYATOR ACTIVITY oF AOMYATION PRODUCT AFTER DXOUBA- 
TION AT VARIOUS 
Area of lysis tñ mm’ after inoubation 
Tnoubetion i 
time 0*0 56° 0 80° O 
0 N 120 120 120 
10 min 110 100 36 
20 min 121 100 H 
20 min 96 H 12 
lh 121 124 trace 
ah 120 110 trace 
4h 110 94 trace 
Semples of activation product were tneubated ab temperatures shown. 
were taken ef Intervals, mixed with SK and tested on unheated 
bovine plates* as in Table 1 
* No Iy&s ooourred on heated fibrin pistes. 


NATURE 


investigation was supported 
. George's Hospital Research Fund 


for 10 min (Table 4), while 
remained unaffected after 4 h at this temperature (Tables 


activation product from different samples of normal 
plasma. 


Table 4. THE OLoTTIMG AOONLERATION ACTIVITY or Acrivarion PEODUOT 
AFTER INCUBATION AT VARIOUS TEMFERATUERS 


Seed : of time 
(mL) "es Added reagent (0-2 mL) (seo) 
023 ' Piastic* Saline 587 
oa Glass Baltne nm 
0 Plastic Astrvation product 
043 Plastic Activation produc after 4h at 0° O 102 
02 Piastio Activation product after 10 min st Adi 
- be 
04 Plastio product after 10 min at 
80° O 551 


of activation produet were inoubeied ab temperatures shown. 
‘iis pie ct meee eee the recaletfication time of unacttvated 
plasma was tested at intervals. 


Table 5. PLARMIKOGEN CONTENT OF ÁOTIYATIOK PRODUCT AFTER IXOUMA- 
TION AT VARIOUS TEMPERATURES 


( 
Tnoubetion. ^ Do 

time 0* - 86 8o* product) 
0 30 30 30 75 
10 min 29 33 TI TT 
20 min 30 z 70 74 
30 mn 31 28 T9 76 
lh 30 35 76 70 
2h 30 37 76 e? 
4h 30 38 80 73 


an reis time of a standard clot preparstion* containing activation product 
* Btandard clot preparation as for Table 2. 


Plasminogen, measured by the standard clot method, 
was destroyed by heating at 80? O for 10 min, but pro- 
activator activity remained measurable after 30 min at 
this ‘are and a trace was still present even after 
4h. The fact that proactivator activity could be demon- 
strated in the absence of definable plasminogen may indi- 
cate proactivator to be a separate entity, or may merely 
reflect the insensitivity of the test for plasminogen. ; 

The experiments described fail to provide information 
about possible links between the initiation of clotting 
and i is €» vivo. But it has been shown thad, 


possessed pro- 
activator activity bo & consi le degree. This activity 
was “i dent of the ability of activation product to 
shorten recalcification time of unactivated plasma. 
No clear-cut distinction between plasminogen EE. 
activator ivity was obtamed; variation in b 
stability could be due to difference in sensitivity of the 
methods used. 
I thank Dr. M. B. Howell for helpful discussions and I 
am grateful to Dr. J. L. Stafford for his advice. The 
by & grant from the St. 
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A 'NEW' VARIANT OF H/EMOGLOBIN A; AND ITS SEGREGATION IN A 
FAMILY WITH H/EMOGLOBIN S 


g By Prof. HELEN M. RANNEY and ALAN S. JACOBS 
Albert Einstein Collage of Medicine and Bronx Municipal Hospital Center, New York 


Dx. THOMAS B. BRADLEY, Jun. 
Seton Hall College of Medicine and Dentistry, Jersey City 
AND - 


E 


' Dr. FERNANDO A. CORDOVA 
Veterans Administration Center, San Juan, Puerto Rico 


URING the investigation of the family (Fig. 1) of a 
D with sickle cell anmmia, a a ive 
hemoglobin component was encountered. This hitherto 
undetected hemoglobin appeared to be a variant of 
hemoglobin A,. Since it was first observed in a subject 
from the Flatbush area of New York City, it has been 
tentatively designated hæmoglobin Flatbush (abbreviated 
to Hb. Fleat.). This article deals with some of tho charac- 
teristios of Hb. Flat., and with family studies which 


pov data concerning the lmkage of Hb. Flat. with 


Haemoglobin Flatbush. During electrophoresis at pH 
8-8 on starch gels in borate buffer’, Hb. Flat. igrated. 
in approximately the same position as did Hb. 8, and 
was estimated to account for 1 or 2 per cent of the 
total pigment (Fig. 2). Hb. Flat.-was also detected on 
electrophoresis on starch granules at pH 8-6 (ref. 3), but 
a long period of electrophoresis (40 h) was required to 
achieve separations which were adequate for quantification. 
This new variant was not demonstrated by electrophoresis 
on agar gels at pH 0-2 (ref. 4), or on paper at pH 8-6. 
Preparations of Hb. Flat. purifled by electrophoresis on 
starch granules exhibited slightly greater anodio mobility 
on starch-gel electrophoresis than did Hb. 8; but we have 
thus far been unable to demonstrate directly the presence 
of Hb. Flat., in the presence of Hb. 8. Hamolysates 
containing Hb. Flat. did not contain increased amounts 
of alkali-resistant hæmoglobin, and a sample of Hb. Flat. 
eluted from an electrophoretic separation on starch 
granules had a ximately the same resistance to 
denaturation by i as did Hb. A. 

In each of 9 carriers of Hb. Flat., hæmoglobin A, the 
minor basic component described by Kunkel e£ al.* was 
notably decreased (Table 1). In these 9 subjecta, Hb. A, 
values, ranging from 0-8 to 1-1 per cent, were approximately 
half the values obtamed in normal subjects. In 8 
family members whose hæmoglobin appeared entirely 
normal, hemoglobin A, values of 1:8-3:2 per oent were 
within the normal range in our laboratory. The method 


of direct quantification of Hb. Flat. by elution after a 40-h 
electrophoretic separation on starch granules was eeteb- 
lished late in the investigation and was applied to only 
3 hemolysates. Even m these prolonged electrophoretic 
separations, rb was at times difficult to separate Hb. Flat. 
completely from Hb. À. Hb. Flat. ap tly accounted 
for 1-2 per cent of the total hemoglobin in carriers who 
had Hb. A, Hb. Flat., and Hb. A. In 3 individuals with 
sickle oell trait (Fig. 1, IT, 5; II, 8; and II, 16), Hb. Flat. 
could not be demonstrated direotly, but its presence was 
inferred from the decreased amounts of Hb. A, observed 
on starch gels, and from the family studies. 

ini e£ al.  deecribed the first i variant 
of Hb. A, which is designated Hb. B,. obin B, 
was readily detected and quantified since it migrated 
to the cathode on electrophoresis at pH 8-6. In Hb. B, 
carriers, Hb. A, and Hb. B, each accounted for about 1 
per cent of the hemoglobin. Thus the sum of Hb. A, and 
Hb. B, was approximately equal to the usual A, value 
of 2 per cent. Further evidence of allelism of Hbs. A, 
who noted the absence of Hb. A, in an individual whose 
and B, may be inferred from the studies of Horton e£ al.*. 
Hb. B, amounted to 2-1 per cent. Although this individual 
was probably homozygous for Hb. B, family studies 
could not be carried out. The resulta of fingerprmting 
studies of Hb. B, (ref. 6) have indicated that it differs 
from Hb. A, in a single peptide of the 3-chain. 

A comparable situation was observed in the hetero- 
zygotes for Hb. Flat. While incomplete separation from 
Hb. A probably resulted in erroneously elevated values 
for Hb. Flat., the normal amount of Hb. A, was clearly 
reduced by about a half, and the sum of Hb. A, and Hb. 
Flat. was 2:5 per cent of the total pigment. Hssmoglobin 
A, is a tetramer of two kinds of pol ide chains 
(a$ad*). Since the a-chain of hæmoglobin A, 18 apparently 
identical with the a-chain of hæmoglobin A (ajp}), any 
alteration in the a-chain would be expected to result in 
another major hemoglobin component as well as a second 
minor component. Only 3 hwmoglobins, Ay, Flat. and A, 


Tuble 1. HÆMOGLOBIN ANALYSES OF CLassms OF BUBJEOTÉ IX KinpRep 48 





Normal 
Normal Hb. plus Flatbush 
Siokle cell trait 


Biokle cell ansmia 
Bickle cell trait pius 
Flatbush "^ 


* damed. bo eons Hb. lat. 
Hiectrophorstie separation for 
Tan SAP remark alui conimnination wth Hb. À. 


These components were 


Hiectrophores!s on staroh gels (ref. 2) Inspection 


Hb. A, was pot quantified when Hb. B was present. 


Mlectrophoreasis on starch (ref. 3) per oent of 


^| Per cent component (avorage) 











alkali- 

realstant 

(average) A 
13 97-7 
10 99-0* 

97.6 
18 56 
114 

131 3 46* n 
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I 1 1 a 4 4 4 7 [T 10 12 14 15 16 17 
DEN n Hed I THE pee HH P DENI RERE! Pp HM 
TIL 1 2 3 4 3 LI 7 s , 10 1t 12 13 14 15 16 17 18 yw jn) mn 3 05 14 a2718|23» 30/31 32] 33 34 
HH e HLL o eo A 2 HH 
T 1 1 3 4 8 " ; . , 10 n 
L] Not Examined m Sickle Cell Anemia 
EH Examined — Normal > H Low Ag + Flatbush 
E Sickle Cell Trait m Sickle Cell Tralt 
Normal A3 Low Ag + [Flatbush] 
FX. 1. Kindred segrega and hæmoglobin 8. No Information is avalable concerning tndividuals represented 
by diamond symbol, object IV, 11 was examined at 8 months of age: he had decreased Hb. A, and small amounts of a component with the 
mobiltty of Hb. However, t hemoglobin was present, interpretation has not been made 


were observed in Hb. Flat. carriers. The evidence there- 
fore suggested that Hb. Flat. contained an alteration in 
the 3-chain, and ite formula might consequently be written 
ax. 

Further evidence that Hb. Flat. contained an altered 
3-chain was obtained by recombination experiments 
utilizing hæmoglobin Ipanington (ref. 7). As in the case 
of hæmoglobin A, (ref. 8), recambination was observed 
only after long periods of acidification of the mixture of 
hemoglobin I and Hb. Flat. After acidification of a 
mixture of these hemoglobins (as cyanmethsmoglobin) 
for 96 h, two new species of hæmoglobin of mobility inter- 
mediate between Hb. I and Hb. Flat. were observed: 


REL kph + ULL 
Hb.I Hb. Flat. Hb.I. double Hb.A Hb. Flat. 
abnormal Hb. 


There were several differences between Hb. Flat. and 
the previously described minor components of approx- 
mately the same electrophoretic mobility. obin 
Lepore’, hæmoglobin Pylos!*, and hæmoglobin ‘Œ (ref. 11), 
have about the same electrophoretic mobility as did Hb. 
Flat., but Hbs. Lepore, Pylos, and 'G' occurred in larger 
amounts (6-12 per cent). In the heterozygous state, these 
three previously described hamoglobins have been associ- 
ated with the hmamatological find- 
ings of thalasasmia minor. The 
simultaneous presence of Hb. Le- 


pore (or Pylos) and high A, thalas- II 11 | 
sæmis led to a marked interaction, 

resulting in an illness clinically re- IIl 33 | v 
semblmg thalassæmia major':!9. In 

contrast, none of the individuals IT | ‘ 
with Hb. Flat. had any hamato- 9 4 
logical abnormalities and the simul- EN 
taneous presence of Hb. Flat. and x 1 | i 


Hb. 8 did not result in any evident 
interaction, Currently available 
evidence concerning the structure 
of Hb. Lepore is oonflicting!*:!s, 
ing that Hbe. Lepore from 
ifferent sources may have differ- 


enoes in structure. patterns of 


Fig. 2. Benxütne stained vertical 


A ta (cathode to anode): hemoglobins 
tik 9: toa raa af Hb. porque a Hicks 


B, components (cathode to anode): 
Hb. A, was bui Hb. 


Family studies. The family (Fig. 1) in which Hb. Flat. 
was detected was of Puerto Rican ancestry. Blood 
groups,' including ABO, MN, Rh and Kell, were determ- 
ined on all available members of the family. No evidence 
for non-paternity was found. 
In generation I, the mother (I, 4) and her brother 
(I, 5) were Hb. Flat. carriers. In generation II, four 
hæmoglobin phenotypes were detected: AA - A,As, 
AA — Flat. À,, AS — A,A,, AS — Flat. À,. The aesump- 
tion that the father (I, 8), who was dead, must there- 
fore have had sickle-cell trait was strengthened by the 
finding of sickle-cell trait in his sister (I, 2). In genera- 
tion LI, three individuals (II, 5; II, 8; IT, 16) had decreased 
, Hb. A, and grekle-oell trait. As noted here, the presence 

of Hb. Flat. was inferred from the decreased levels of Hb. 
A,. These three individuals had 12 children; 7 of the 
children inherited the Hb. 8 and the remaining 5 the Hb. 
Fiat. from the doubly heterozygous parent. (The genetic 
contribution of the father (IL, 16) to his children (ILI, 28; 
II, 81; HI, 38) was clearly defined even though tho 
mother (LL, 15) had sickle-cell trait; two of the children 
inherrted Hb. 8 from each parent and had normal levels 
of Hb. A, the third child had the hemoglobin phenotype 
AA — Flat. A,.) None of these 12 children in generation 
III had entirely normal hmmogiobm or Hb. 8 with 
decreased A,. The results from the first three generations 
indicated that, in this kindred, the B-ohain locus responsible 





electrophoretic analyses (ref. 2) in borate buffer pH 8:8 
(concentration 3 g/100 mL) 
11, III, 33, and 
ppeared 


Flat., A. In hemolysate of II 
was noted. Hewnoglobtn of IV, 1 & 
hemogicbins As, 8 


A in erras of TD aed M 16, 
was not detected in the presence of Hb. 8. The 
Beak Hb. Wik Fas mot detected th tho jeseanos or Ib: 1B. Tho Timmdglobin 
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for the synthesis of Hb. B, and the 3-chain locus responsible 
for the synthesis of Hb. Flat. were in the repulsion phase 
in the three doubly heterozygous individuals in genera- 
tion IL The hemoglobin phenotypes -of the 12 critical 


offspring in generation III are consistent with linkage of 
the B- and 3-polypeptide chain genetic looi. 
Evidenoe for the linkage of the 3-chain locus with high 


A, thalassemia was provided in the kindred studied by 
Huisman e al., in which these two loci appeared to be 
in the coupling phase in 8 individuals with thalasssmia 
minor and Hb. B, Of tbe 14 children of the doubly 
individuals in their study, 11 had both 
Hb. B, and thalassemia and 3 were normal. Since the 
looi for high A, thalassemia and for the B-po ide 
chains appear to be linked", the family stu by 
Huisman e£ al. provides evidence for linkage of the 
3- and f-chain loci. Direct evidence concerning 3-- 
linkage had been obtained earlier by Ceppellini*, who 
studied one family in which the father was 
for both Hb. 8 and Hb. B, and the mother had normal 
hæmoglobin. Of their 6 children, 4 had sickle cell trait 
. and the others had hæmoglobin B,. The family studied by 
Horton e£ ai.* yielded leas information con lmkage 
of the B- and 3-loci: while the father was doubly hetero- 
Tremis io hiemoglobuds- By dnd: S. the miciher leg had 
+ Ds. 
The homorygous state for Hb. Flat., in which hsmo- 
globin A, would be expected to be completely absent, 
has not been encountered. Such a finding would provide 
definite evidence concerning the allelic relationship of 
Hb. Flat. and Hb. A, However, when the evidence 
provided by the present kindred with Hb. Flat. is.oon- 
sidered together with the accumulated data on Hb. B,, 
ee ee 
allele of Hb. A, with an alteration of the 3-polypeptide 
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The family studied by Ceppellini! and the present 
kindred together include eighteen o: of individuals 
who were heterozygous for both B- Keri iue chain 
variante. The two hæmoglobin phenotypes which are 
consistent with linkage of the B- and 8-chain genetio looi ' 
were observed in all of the eighteen children. The other 
two possible phenotypes were not encountered. Statistical 
analysis of these results (P = < 0-005 from zy’ test) 
appears to establish linkage of the genetic loci responsible 
for B- and 3-polypeptide chain Men. 
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STATISTICAL VARIATION FOUND AT POCK AND PLAQUE COUNTING 
OF VACCINIA VIRUS 


By Dr. 


K. MAI 


Institut für klinische Bakterlologie und Serologie der Universitat 
AND 


N Nature of March 31, 1902!, the opinion of some 

authors is quoted according to which the count variance 
in the method of counting pocks in the chick chorio- 
allantois is so great that no valid estimate of the over-all 
coefficient of variation is possible. The quotation, 
although verbatmn for the reet, is incomplete, lacking the 
supplement ‘‘—though others used in the 
original text! as & qualification to these authors mentioned 
but not named. 

The conclusions drawn in the review are strongly biased 
in favour of indirect particle counting, represented. above 
all by the rabbit scarifloation method wrth the improve- 
menta given by Kolb e£ al.*, but still based on measuring 
the percentage area. covered either by confluent eruptions 
or individual lesions. The doubtfulness of adding. up 
confluent reactive areas, which may conceal uncontrol- 
lable lote of infective units, together with single. pocks 
is obvious. -- This fundamental disadvantage is similarly 
common to all titration devices establishing relations 
between dilutions and peroentege effecta; it may, however, 
be moderated by correct statistical handling as usual 
Sith the Po galled 1 De ibt: Compared with direct 
counting all indirect methods are highly debited with loss 

* Formerly : Latter des Laboratorruma der Impfanstelt Hamburg. 


Dx. K. BONITZ* 
Zentrallaboratorium des Allgem. 


Krankenhauses Ellbek, Hamburg 


of information and, therefore, not economic, as Cooper 
has recently pointed out on the oooanion of di ing the 


relationship of plaque-forming unite to end-point dilution 


unite. 

For these reasons as well as with regard to our own 
experiehoe with direct pook and plaque oounting of 
v&ooini& virus we should lke to join those ‘others dis- 
agreeing’. Investigations with chorioallantoio membrane 
pock oounting'*-*, cited by Kolb’ as a warning, failed to 
explain the high count variance inherent to this technique. 
We feel that this may be due, at least y, to the 
fact that moet workers im the fleld of pock counting 
neglected to use Fisher’s index of dispersion for small 
sample from a Poisson distribution, first maugurated by 
him m connexion with plating counts of soil bacteria” 
and afterwards conveyed into his famous text-book". 
The only exception seems to be the study of Reid e£ al. 
on fowl pox virus titration which, favoured by the 
additional circumstance’ of low sample means, fulfilled 
the conditions of Poisson ‘expectation. The habit of 
-estimating the counting accuracy by oompermg the 
counta of several dilutions made from the same suspension, 
adopted in the early stages of the method" and thoroughly 
prosorved, may bo of groat secondary help but cannot 
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significance levels are practicable in special 
















9. mE 
EBs A 


Lestona/O.AM 
Te. 1 rig rere pook counts on 100 membranes (CAM) inoculated 
D) Too ine sepopting frevoende of the ulna serios partiront to de mean 
PEUT, 011) aga expectation. Goodness of ft ja ascertained by a y of 10 34 
(adj) resting a probability higher than 0-6, which is exceptional for 
kA membrane samples even of this sire 
replace examinations of the variance in the oounte gained 
i-us die ain : 
The i x of dispersion is caloulated by dividing the 


sum of squared deviates from -the sample mean by 

thé mean iteelf (1) Thus & sum of squared normal 

deviates is obtamed, known as a x?*, provided 

that the variance of the underlying distribution be 
X(r — 2)' 

- ir ae (1) 
numerically equal to the mean, which is in faot one of the 
õriteria natural to the Poisson distribution, here the 

is under test. Note (2) that the index of dis- 
persion, replacing the sampling varianoe € for subsequent 
considerations, ia proportional to this statistic (the sum 

(n — 1).9 
oo (2) 


of squares divided by the number of degrees of freedom) 
since the mean # and the number ^ of observations in the 
sample can be regarded as constants for the actual case. 
For the use of these formule in the way of approximating 
thd Poisson distribution to a normal one with its variance 


x 


equal to the mean, a condition as to'the order of magnitude ` 


has to be satisfied, the product n£ being supposed to be 
larger than about 30, which is the case with our date 
: as ib certainly will be in similar investigations. 

In the experiments leading to this article the ohorio- 
allantoio membrane -formmg units were counted 
by the method of Westwood et al’, slightly modified; 
for counting plaque-forming units & tissue culture of 
bovine embryonic muscle with hsmadsorption plaque 

ing! was used. 

Having obtained - (Fig. 1) sufficient support for the 
actual occurrence of the ned distribution type from 
experiments with enlarged samples (100 embryonated 
eggs or 200 tissue culture tubes respectively, inoculated 
with one virus suspension at & time) we applied the x* 
index to samples of routine size (5-8 choriogllantoic 
membranes, 5-10 tissue culture tubes). The lot of values 
gained by computing each sum of squares following one 
of the usual formule and dividing it by the corresponding 
mean turned out to be useful in several ways: 

. (1) Each sample under consideration can be tested 
for homogeneity by-referring to the 1 or 5 per oent signifi- 


cance points of a tabulated x" distribution; in cases of 
significant from the Poisson hypothesis the 
mean cannot be as reliable, so the countmg 


may have to be repeated, the reason for the development 
of a variation greater than explicable by chance should 
be found out, etc. Modifications of the established 


= 
cases which will be referred to. - 

(2) A more comprehensive evalustion of 
the indexes is at hand if x''s and proper de- 
grees of freedom are added up. Samples 
of different sixe can thus be put under test 
together, and arrangements following certain 
technical characteristics of the samples, for 
example, the dimensions of means, will sup- 
ply particulars about experimental de- 

ea 


(8) Arraying the indexes into a frequency 
distribution for igon with the theoretà- 
cal expectation leads to a most sensitive 
and versatile test. Classes are readily 
deduced from the probability divisions of & 
x* table, their number and ranges depending 
on the number of indexes to be filed up. 

of the observed distribution in 
the direction of high probabilities designates 
a degree of particle dispersion better than 
predictable by chance alone, while the other 
direction stands for an over-all variation 
greater than if not for influ- 
ences depressing the sample means, for example, over- 
crowding. For measuring the extent to which the variance 
is affected by such a shift of distribution (in order to 
rectify S.E. by an allowance fitted to the actual dis- 
crepancy between the ideally and partially fulfilled 
Poisson conditions) Fisher’s own example may be followed, 
set up in connexion with the first display of the dispersion 
index under similar i tal ciroumstencee!*: if a 
distribution of indexes deviates significantly from expecta- 
tion, a factor is easily determined indicating the amount 
of in the variance by means of modifying the 
7s of the distribution class limite ao as to fit the actually , 
found frequencies. 





Since 
suspension diluting procedure, ebo.) also turned out to 
be of no fundamental influence, the overcrowding of 
pooks, already accused or at least taken under ioion 
of seriously interfering with the chorioellantoio mem 
tittation*’, had again to be considered; it is, in fact, 
le to a remarkable extent for the high pock 
counting variability, as is shown by the d values in 
Table 2 increasing with the sample means. (The oon- 
comitant rise of the sample numbers per class is, of course, 
incidental, as provable by adding, for example, the 
samples of the second and third row to obtain from the 
resulting 26 indexes a d value of 2-92 which exactly fits 
the oolumn ranking.) The rise of single pooks out of 
more than one infective unit each, depressing the mean 
and thereby increasing the x* index, is altogether not 
surprising if the invariable smallness of the receptive area 
is kept in mind; this area is sometimes not even fully 
utilized, concluded from local accumulations and sparse- 
neases of chorioallantoio membrane lesions occasionally 
observed in spite of meticulous care taken with the 
inoculation, whereas the area available for tissue cul- 
tare counting depends entirely on the experimenter’s 
choice and is free to observation through the pro- 
ceedings. No support for any overcrowding effect on 
plaque courta is obtained if tissue culture data are 
arranged in the way of Table 2; the d values, most 


+ 
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Table 1. ADDTTION OF y". OOMPARIBOK OF Poox AID PLAQUE 
Oourture METuODS 


^ 








25 4 
Counta per -No. of (degrees af s 
sem ples freedom) x 
z poek-forming unita (OAM 
E 5 100 100 oats 76 
6 100 500 923.2 1Ll4 
7 27 162 370-1 75 
8 “o` 128 4047 ,99 
1,900 2,349-5 176 
plaque-forming units (tisuo eulture counting) 
5 100 cs 320-8 -30 
10 100 900 857-9 —10 
2 1,300 1,1782 —24 
"hi Leid Ook Seth M 
with one-sided limits of d= 164 for P =0 05 i 
SERIE: 


Tho of d ` 
pred designaios.a vartanos lower than predicted by 
Inembrane results from expectaiuon with 
significance, Note the dimena in Doi la rene be tim tao nouns 
(equal sums of df). j . À 


` Table 2. IXFLUENCB OT ÉAXFLR MAX LEYELS OX TUN VARIANON IX Pook 
UNETINGQ 
100 samples, each com: : 6 ehoricallantolo membranes. Distmot 
reco cee Moon be te ee 





No. of 
Sample mean samples df xr 4 P 
up tob, 5 25 30-15 1-85 &bout 0-06 
to 10 10 50 2-38 » OOL 
10 to 15 16 80 127-45 ~ 3-36 », 0-001 
15 to 20 17 85 147-29 417 
10 to 25 23 115 240-63 688 lower ` 
higher than 25 20 145 202,36 7-18 en 
. 500 923-20 11:88 
ý Table 3. Faagun DIFTAIBUTON OT z 
M Oompanson of poek and plaque counting 
Erequepcies of x* observed in groups of 100 samples 
Pook counts (CAM) Plaque 
embryonic musako t.o 
P 5 OAM 6 OAM 5 t.o. tubes i 
peor sample per samplo per samplo 
/ fe» fa» Uon fep? 
ap 
1 — — 1 0 
0-99 ` 
4 2 — 8 4 
kx 5 5 i l 
1 7 08 
0-90 
2 10 . — 6. 1* 04 
0-80 ` pears 
10 7 7 15 25 - 
0-70 
20 16 14 2 02 
0-50 
20 18 7 10 0-06 
. 0-80. 
10 5 n oc 5 25 
010 
10 17 15 7 0-0 
010 m 
5 9 9 1 32 
0-06 
4 9 18 2 1 
0-01 
1 12 12 1 0 . 
15-55 


í higher bx 


of them negative in sign, do not show any tendenoy 
whatever. 

The slight but already significant tendency of the 
indexes derived from tissue culture samples towards a 
perin dispersion than chance alone would yield, might 

explained by mutual repulsion of the particles during 
sedimentation; if the presence of the tissue culture 
fluid were really responsible for bringing about this 
scatter effect, ib would intimate an additional technical 
advantage over the chorioallantoio membrane from which 
small volumes of liquid are almost instantaneously 
resorbed. At last, the fact may be recalled that embryon- 
ated eggs will always represent a whole population of 
hosta, subject to biological variation in many respects; so 
the assumption of a variable susceptibility to virus infec-, 
tion in comparison with the homogeneous tissue culture 
seems to be reasonable. 
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-The chorioallantoio membrane remains, ¥however, 7a 
valuable counting recipient, easy at hand and inexpensive, 
therefore not even dispensable for those laboratories 
familiar with tissue culture work. So we are glad to 
have found a way of expressing the increase of the vari- 
ance m case the Poisson variability 18 not fully achieved. 
Table 4 shows x* table values modified by multiplication 
as to fit a distribution derived from 100 samples of 6 
ehorioallantoio membranes; the allowance of 60 per cent 
designated by the factor adjusted to 1-6 supplies a measure 
applicable to the over-all variance of the group. If one 
of these 100 samples has produced a mean of, say, 24 
pooks, its S.E. can now be stated as being + 2-53 instead 
of + 2, the latter calculated i unrestricted 
Poisson conditions (variance equal to mean, S.E. expressed 
by the square root from the ratio of variance to number of 
counta). The example illustrates the fact that the SZ. 
for each sample m this group has to be raised by about 
25 per cent (strictly 26-5 per cent, the square root of 1-6 
being 1:265). The greatest necessary allowance for the 
variance in & group of samples amounted to 80 per cent; 
thus a raise of the S.F. by a third will include the highest 
possible risk of additional variatign involved with the 
ehorioallantoio membrane technique. "E 
Table 4. YXEQUENOY DUETZIBUTIDX OF x! AEKXAXQED IN QUINTILES AND 


aibi wach oie ee 6 OT TER MNT YOR SUN enn 
membranes (of. obser- 


hi Wa 


100 samples, each 
values column tn Table 3) 
i x* (values " 
z (abe P fep fos niei fobs 14 ux 
values) ‘ by 1 6) 
2 54 28 0-45 
T 2899 0-2 11662 
20 16 24 08 
5-182 04 8-211 
20 8 18 02 
$055. 06 5-848 
10 16 18 245 
£348 08 37149 
?0 7 - 22 02 





-41/' 
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Precautions for practical work can be deduced from the 
foregoing. Significance limits for evaluating individual 
sample indexes properly modified and samples of still 
significant variability eliminated, the standard error of 
the means will not exceed 15 per cent (or 20 per cent as an 
extreme). Analogous calculations are practicable with 
confidence limits, significance testing for differences of 
sample means, eto., all based on the adjusted variances. 
The bearing of this for more differentiated labora 
work with vaccinia virus, for example, neutralization , 
testing of sera, need not be emphasized. 

The conclusion from these findings points 
clearly to the validity of the Poisson distribution for 
pock as well as plaque counting of vaccinia virus. Restrio- 
tions as to the variability of chorioallantoio membrane 
pock counts can be explained by technical circumstances 
and campensated statistically to uphold the reliability 
of sample means. This ought to dispel doubts about 


suitability of an efficient and economic method. i 
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LETTERS TO 


ASTRONOMY 


A Typical Leonid Meteor Spectrum 


OowBIDHRABLE efforts have been made by many 
workers! to obtain meteor spectra. From the earlier 
observations it has been established that all meteor 
spectra from each ahower are remarkably similar to each 
other, having the same general features within the limite- 
taons of photographic resolution and emulsion sensitivity*. 

This communication describes the first taken. 
from India, at Waltair. The meteor appeared at 2h 47 
min 1.8.7. on the night of November 15-10, 1961. Its 
visual magnitude hag been estimated as brighter than — 2. 
It appeared green and had a terminal burst at which the 
wake remained visible for more than a minute. From the 
plot of ite path on a star map it was found to proceed from 
the Leonid radiant. The of this meteor has been 
photographed on an Ilford H P3 film (ASA No. 400) using 
& conventional meteor spectrograph with the roteting 
shutter arrangement. The Agfa 35 mm camera used for 
this purpose carried before ita f/2 lens a Bausch and Lomb 
plane replica transmission grating, with 200 lines per mm 
and blazed for 5000 A. From the durations of the seg- 
menta produced by the rotating shutter, the velocity of 
the meteor has roughly been eetmmated at 71 km/sec, 
which is in close agreement with the mean velocity for the 
Leonid shower. - 

The spectrum of the meteor is reproduced in Fig. l. 
Five segments of the trail could easily be identifled in the 
photograph. The brightness of the trail has gradually 
increased from the first to the last segment. The sudden 
increase in the brightness of the last segment corresponds 
to the terminal flare. The maximum intensity is found to 
occur in the yellow region in the first three segmenta, 
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Table 1. WAVELENGTHS AND IDENTIFICATIONS OF LINAB DX THE BEOONDARY 
SPECTRUM HETWNMN THE FIRST AND BROOXD SEGMENTS 


Wave-lengths Multipleta identified 
2606 1 Bel an 
3923.1 Garr Qe) Ror (20), GIE 
ERA HT s act as) Pol a 
5576-4 o d) 
5691-9 Nal (1 


Table 2. MULTIPLETS OF ELEMENTS IDENTIFIED IK THR PRIMARY BFROTRUM 
IN THE FOURTH AKD Firm BEGMENTE 
Cal 


Fel (1 Fel 11 Fell 3 8m (3 
41 4 9 
3 42 BOT (1 
4 48 2 
is E 2 Xu 5 
5 8 49 3 Wal (1 
16 4 2 5 
20 a QI (2 Mg (4 


whereas it has shifted to the violet in the last segment, 
showing an increased excitation towards the end of the 
trail. This feature has already been noticed by Millman’. 
A weak secondary spectrum having a few lines has been 
recorded in the gap between the first and second seg- 
ments. This is supposed to be produced by the material 
which broke aff from the main mass and trailed behind it”. 
The spectrum of the persistent train has also been recorded 
in between the 4th and 5th segments. The analysis of this 
wake spectrum will be presented in another communica- 
tion. 

Seven lines have been measured in the secondary 

and their wave-lengths are presented in Table 1 
along with their identifications. Five of them are found in 
the secondary spectrum of the Perseid meteor obtained by 
Milman’. A oontinuogs line extending from above the 
first to the third segments has been identifled as the oxygen 
green line. This line has been obeerved in 17 
meteor spectra taken earlier* out of which only 
one corresponds to a Leonid meteor, and most 
of the others also correspond to high-velocity 
meteors. The t observation is consistent 
with the general feature that the oxygen green 
lme occurs at heights greater than that of the 
maximum hght in the meteor spectrum. The 
HI (1) (6568-1 A) and the NI (20) (6656-8 A) 
lines have also been identified in the first 
segment. The presence of the hydrogen, 
nitrogen and oxygen gases seems to lend sup- 
port to Whipple’s comet model’, and also to 
Kuiper’s suggestion that the water of crystal- 
lization of certain compounds may possibly be 
present in cometary meteoroids*. 

-About 35 lines have been measured in the 
primary spectrum, which is clearly resolved in 
the fourth and fifth segments. The various 
possible multiplets, identifled in this Deus. 
are listed in Table 2. There the multiplet num- 
bers correspond to those used in . C. EK. 
Moore's multiplet table’. These multiplets have 
all been identifled in Perseid meteor n 
All the multiplets observed in the Leonid meteor 
spectrum of Millman‘ have been found in the 
present list exceptmg Fel (38). 

i Leonid meteor spectra obtained by 
Millman! have been classified under type Y 
spectra, having the H and K lines of ionized 
calcium as the most prominent feature. The 
present spectrum also exhibits the same feature, 


u 


MgII and Sill in this spectrum supports Millman's 
suggestion! that the excitation may depend on the 


centric velocity. 
ae fei M. Semawa Rao 
B. LOKANADHAM 
Meteor Research Laboratory, 
Department of Physics, 
Andhra University, 


* Wiman, P. ML, presented at the -first Meeting of the Amer, 

Ottawa, June 19 £2. 943 zd 
M. , 15, 875 (1960). 

. M., J. Hoy. Astro. Soc. Canada, b4, 180 (1060). 

-L J., 111, 375 (1050). 


g 
i 
? 


RADIO ASTRONOMY 


Radio-Transit Telescopes steerable in Azimuth 

WHEN considering radio-transit telescopes, one ordin- 
arily speaks in terms of instruments steerable in altitude. 
However, transit tel steered in azimuth have 
potentialities which should be evaluated. Bracewell! and 
Drake! have made suggestions for azimuth steerability. 
Both their designs utilize offset foci and the concept of 
& segmented reflecting surface. 

The instrument proposed here would comprise a parabo- 
loidal dish with fixed altitude supported by an infra- 
structure that is free to move in azimuth. Railway tracks 
may provide the aximuth mount; the 250-ft. Mark I 
reflector at Jodrell Bank is an example of this design’. 
The rotation of the whole structure through the desired 
angle accompliahes the ing. The structure behaves 
like a transit instrument for all sources at the declination 
which corresponda to the fixed altitude and adjustable 
azimuth. As usual with transit instruments, no guiding 
or scanning is poasible. 

The disadvantage of the instrument, with the 
altitude-steerable transit types which are designed to give 
horizon to horizon coverage, is that only a limited band 
of the celestial sphere between two declinations is acceasible 
to observations. The altitude of the paraboloid determ- 
ies the width of the band, and in general any source 
that hes within this band can be observed twice every 34 
sidereal hours. To achieve complete sky coverage a 
number of such transit instruments at varying geographical 
latitudes would have to be erected, the number being 
determined by the altitude. If the altitude is too small, 
observations will be made too near the horizon and the 
height of the instrument may be too great if the diameter 
is large. If, on the other hand, tho altitude is too great, 
there will be amall sky coverage which will necessitate a 
larger number of instruments. Thus, for example, two 
arimuth-steerable transit telescopes each with an altitude 
a= 45? + e (6 ~ 1°), with & ter of D ft. anda 
maximum height A ~ D oos a ft. situated at geographical 
latitudes 46? N. and B., would give complete aky coverage 
plus overlap at the equator with a half-power beam width 
of 112 A/D min of arc at wave- h à om. 

The number-diameter-altitude-cost-capability relation- 
shıp of such a design could well be evaluated because of the 
following desirable features. (l) Greater resolution is 
&ohie by spreading a greater projected surface area of 
the dish over a larger ground area. The rigidity of the 
Earth is therefore used to advantage. (2) The elimination 
of the degree of freedam in altitude simplifies construction 
problems. (3) The angle betwean the direction of gravity 
and any element both of the refi surface and the 
focus mounts will be the same for poartions of the 
telescope, and thus the structural members will not be 
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subjected to varying loads during steermg. (4) The instru- 
ment can be designed with a focus tower built directly 
upon the ground. This possibility would free the reflecting 
surface and ita supporting infra-struoture from the statio 
loads that would occur if the feed were supported con- 
ventionally by a tripod mount, and greater accuracy of 
the reflecting surface might therefore be possible. In this 
case the structure must be designed to rotate about an 
axis coincident with the focus tower and on circular tracks 
with the base of the focus tower at centre. 


P. D. Usuzn* 
Harvard College Observatory, 
Cambridge, Mass. ` 
* George B. Agassis followshtp 1951—02. 
' Bracewell, B, N., Stanford Rado Astronomy Ims. Pub No. 14, 3 (1901). 
` Drake, F. D., op. off. (1001) : 


Gaba Wiky ‘and Bona, Ind. Kew’ York (bss Y SPOe by Radio 
GEOPHYSICS 


Susceptibility Anisotropy Measurements on 
some Silurian Siltstones 

AmiBOTROPY of magnetic susceptibility, in certain 
sedimenta, is probably due to the preferred orientation of 
elongated magnetic grains. Rees! has shown that for 
varved silt redeposited in the laboratory the direction of 
the axis of maximum susceptibility is controlled initially 
by the geomagnetic fleld and in the final stages of deposi- 
tion by water current and ‘compaction’ effects analogous to 
those which have been shown to affect the direction of 
remanent magnetization. This work reported here was 
undertaken to determine whether natural sediments also 
have an anisotropy which can be related to the direction of 
palsocurrent flow indicated by geological observations. 

Orientated samples were collected from siltstone beds 
in the Kerry, south-west Clun Forest and Bishop’s Oastle 
areas of the Welsh borderland. The siltstone beds are of 
Lower Ludlovian age, and it has been s by 
Cummins! that they were deposited by turbidity currént 
flows. Evidence of the direction of these currente is 
provided, at many sited, by sedimentary structures and 
other forms of lineation occurring at the base of, and 
within, the siltstone beds. Fourteen samples were oolleo- 
ted from such sites, and 45 orientated cylindrical specimens 
have been obtained from these by coring. 

The siltstones have a median diameter of 80-60 um and 
are composed of between 30 and 40 per cent of olastic 
quartz in a matrix of finely divided sericite and/or calcite. 
Opaque minerals including magnetite form about 5 por 
cent of the rock. 

For each specimen the directions of the principal axes 
of susceptibility were determined using a simple torsion 
magnetometer’. These directions have been plotted on a 
stereographio net. The maximum and intermediate axes 
of susceptibility lie nearly in the bedding plane, the 
minimum axes thus being perpendicular to it. A mean 
direction of the maximum susceptibility axis was estim- 
ated for each sample, from measurements on 8 or more 
specimens. These mean directions were plotted (Fig. 1) 
with respect to magnetic north, and were seen to have a 
considerable scatter. As an alternative, the mean direc- 
tions were plotted with reapect to the known current direo- 
tions, determined from macroscopic indications, for the 
individual sampling sites (Fig. 2) and this considerably 
reduced the ecatter. The directions of the mean maximum 
susceptibility axes appear to be aligned in the current 
direction and dip.into this direction at an angle of about 
10°. - 

Forces acting at the time of deposition control the 
orientation of the grains. On touch-down on the bed the 
grains tend to take up a position so aa to offer least resis- 
tance to the flow. Rusnak‘ showed, from studies on sand 
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grains, that this is achieved when the grains are lying 
with tbeir axes of tion in the direction of flow. 
However, the magnetic field acting at the time of deposi- 
tion might also be expected to produce some preferred 
orientation of the 
deposition of the occurred under high fluid 
streas conditions, where the affect of the magnetic forces 
in producing grain ali bt was negligible compared 
with the effect of the hydrodynamio forces. Thus the 
present observations agree with Rusnak’s findings. 
Furthermore, the dip of the axes into the upcurrent direc- 
tion is of the same order as that described by Rusnak for 
send of 100 um diameter. 

These results suggest that measurements of the direc- 
tions of the axes of maximum susceptibility of rooks of the 
type described may, in certain cases, prove a reliable 
method for estimating current directions and be a valuable 
supplement to other paleocurrent data. Earlier studies 
of grain orientation in fine-grained sediments, for example 
those of Dapples and Rominger’, and Ourray*, have 
involved measurement of the projections of the grains in 
two dimensions. The present method enables the mag- 
netio grain orientation to be determined in three dimen- 
sions and thus gives a clearer indication of the magnetic 
fabric of the sediment, which for these siltstones is thought 
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to be the same as that exhibited by the non-magnetic 
grains. 

The collection of the siltstone samples was made 
possible by the guidance in the field of R.-J. Bailey, and I 
am indebted to him for permission to draw on unpublished 
data concerning the current directions in the area. I also 
thank the Department of Boientilo and Industrial 
Research for providing a maintenance grant. 


N. HAMILTON 
Department of Geology, 
University of Birmingham. 
1 Rees, A. I., Geophys. J. Roy. Astro. Boc., b, 225 (1061). 
*Oummmms. W. A., [éverpool and Menchestsr Geol. J., 2, 1567 (1060). 
* King, E. F., and Rees, A. L, J. Geophys. Ree., 67, 1565; (1909). 
+ Rusnak, G. å., J. Geol., 08, 884 (1967). 
* Dapples, B. O., and Rominger, J. F., J. Geel., 83, 246 (1045). 
* Qurray, J. R., Bull. Amer. Asoo. Petroleum Geel., 40, 24407 (1954). 


GEOLOGY 


Multiple Solid Solution on Sulphides in 
Sphalerite 

Tu mineral sphalerite is well known as a ready solvent, 
at elevated temperatures, for a number of other sulphides. 
On oooling, such & hi eous solid solution unmixes, 
producing exsolution bodies of the solute aligned, ideally, 
along the structure planes of the sphalerite host. 

i tal work has established certain maximum 
solubilities while chemical analyses of minerals indicate 

ing di of solid solution under natural conditions. 
Sphalerite from St. Agnea, Cornwall, for example, con- 
tains as much as 26-2 per cent iron’. A number of solid 
solutions with sphalerite as solvent are known or are 
inferred from unmixing textures. The most common 
solutes are chaloopyrite, pyrrhotite and tetrahedrite. 
Others have been recorded but are rare. Unmixing 
textures involving more than one sulphide exsolved from 
& given’ sphalerite host are occasionally observed, for 
example, chaloopyrite and pyrrhotite sometimes with 
additional exsolved cubanite and/or valleriite. 

A recent mineragraphio study* of a suite of polished 
sections from a small deposit of silver-rich mixed sulphide 
ore from Rockvale, near Armidale, New South Wales, has 
revealed a hitherto diversity of minerals 
exsolved from solid solution in sphalerite. The trends of 

ixing are shown in Fig. 1. 

The Rockvale ore is extremely complex with twenty- 
five different minerals in intimate intergrowth. The 
principal constituents are arsenopyrite, galena, argentian 
tetrahedrite, sphalerite, chalcopyrite, stannite, pyrite and 
composite grains of several ruby-silver minerals with 





of a solid solution of aight 


Fig. 1. Trends in the multiple 
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pyrargyrite predominating. Other constituents are 
scoessory. Each of the principal constituents was deposited 
directly from the ore fluids and some of them also figure 
in exsolution processes in sphalerite. A number of them, 
in addition to sphalerite, also contain exsolution products. 
These include galenobiamutite and traces of pyrargyrite in 
the (100) planes of galena, sphalerite in the basal planes of 
stannite, chalcopyrite and an unidentifled grey-white 
mineral aa interstitially exsolved solutes in argentian 
tetrahedrite. 

The first mineral to unmix from solid solution in the 
Rockvale sphalerite was argentian te which 
occurs aa small rods in the (100) and the (111) planes of the 
host. A second ixi (Ramdohr's “‘tenterent- 
mischen”) of the exsolved tetrahedrite yielded extremely 
minute wisps of chalcopyrite, the unknown grey-white 
mineral and amall amounts of p ite. The posible 
exsolution status of occasional lamelle of galena, orien- 
tated in the structure planes of the sphalerite and some- 
times oo-linear with tetrahedrite lamellm, is questionable. 

Further unmixing from the sphalerite produced lace-like 
aggregates of two varieties of stannite—an olive-ooloured 
stannite and a brown stannite. These may correspond to 
zino-rich and zino-poor stannites, ectively. 

Minute lamellw of pyrrhotite precipitated in the (111) 
planes of the sphalerite ocour in places. 

Vigorous diffusion during unmixing of chaloopyrite is 
evident with the development of sphenoidal crystals 

. aligned in the, (111) directions of the sphalerite. Some of 
theese exsolved crystals are monomineralio; the majority, 
however, have also undergone second-stage unmiring 
yielding, within the chaloopyrite, irregular areas and (111) 
precipitations of pyrrhotite exhibiting widmanstetten-like 
texture. Other ohaloopyrite crystals show either cubanite 
and/or valleriite precipitated in the (111) planes of the 
chalcopyrite. 

This unique unmixing of an initially homogeneous 
sphalerite haa yielded no fewer than eight distinct mineral 
eni one of which (stannite) consists of two variations. 

o profuse waa the unmixing that single grains of sphalerite 
only 0-5 mm diameter contain up to six or seven of these 
exsolved phases. 

Omitting galena, the arystal structure of which would 
inhibit solid solution in sphalerite but which nevertheless 
has an exsolution appearance, an extended sphalerite 
composition (Zn, Fe, Cu, 8n, Sb, Ag)S is manifest for the 
homogeneous material prior to unmixing. The five non- 
casential metals (as sulphides) were assessed at some 10-15 


per cent of the total. L. J. La on 


School of Mining Engineering and Applied Geology, 
University of New South Wales, 
Sydney. 
! Pala 


O., Berman, H., and O., Dana’: Sysiem of Mineralogy, 
1a (John Wilsy and Sons, 1953). y j 
1 Lawrence, L. J., and Chand, F (in preparation). 


METEOROLOGY 


A Lunar Influence on Ice Nucleus 
Concentrations 

RreonT papers by Bradley, Woodbury and Brier! and 
by Adderley and Bowen’ have shown a remarkable 
relation between the phase of the Moon and precipitation. 

The former showed that using the dates of heavy precipi- 
tation for each month recorded at the 1,544 United States 
weather stations which have operated continuously during 
the period 1900—49, there was a marked tendency for 
extreme precipitation near the middle of the first and 
third weeks of the lunar synodio month. The second 
paper showed a very similar result for the rainfall at 50 
New Zealand stations in the same period, and the authors 
suggested that the Moon might perhaps modulate the 
amount of meteor dust collected by the Earth. 
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If this were so, and Bowon's theory that meteor dust . 
reaches the lower atmoephere about 30 days after ita 
arrival in the upper atmosphere were correct, then tho ice 
nucleus concentrations at the ground should show corre- 
sponding maxima. It is scarcely conceivable that nuclei 
of local or terrestrial origin would be influenced by tho 
Moon to a significant degree. 

For several years ice nucleus concentrations have been 
measured in Australia, New Zealand and South Africa®:+ 
during the summer months. These data have now been 


‘examined for & lunar effect in the following way: adopting 


Bradley, Woodbury and Brier’s convention, the 

difference on apparent longrtudes of the Sun and Moon at 
Greenwich noon was reased as hundredths of the 
synodio month of 29-58 days, new Moon being 0-00 and 
full Moon 0-50. The temperature at which most observa- 
tions were made in a perticular sequence of ice nucleus 
Measurements was then chosen, and the mean oonoentra- 
tions at that temperature for each day waa entered against 
the appropriate 'synodio deormal'. Moving averages over 
0-10 hunar months were taken (roughly equivalent to a 
3-day average), as in the rainfall date, giving the curves 
shown in Fig. 1. In order to compare curves satisfactorily 














ao 
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Fx. 1 Relation between summer joe nucleus concentrations in the 
southern hemisphere and lunar phase 
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the resulting concentrations were expressed as percentages 
of the mean for the lunar month. 

The result is as surprising as the rainfall discoveries. 
In every case, there are two distinct maxima in the lunar 
month, about first and third quarters of the Moon, and the 
total range is three or four to one, even with the smoothing 
used. There appears to be a slight shift with latitude, the 
' peaks oocurring later nearer the equator (the curves 1-5 
are arranged in order of decreasing latitude). 

It is apparent, therefore, that, in addition to the effect 
on rainfall, the Moon has a large effect on the freezing 
nucleus count. It ia well known that the effect of the 
Moon on other meteorological variables like barometric 
i small; the 


freering nucleus count does not originate in the lower 
atmosphere. However, & possible mechanism is that the 
Moon in some way controls the Incoming meteor rate and 
so affecte the number of freezing nuclei falling into the 
lower atmosphere. This possibility will be examined in & 
forthcoming paper. 

In the meantime it is interesting to compare the 
summer rainfall of a continental climate (on which ice 
-nuclei are to exert their greatest influence) with 
those in Fig. 1. In Fig. 2 the daily rainfall of Alice Springs 
' (lat. 24° S., long. 184° E.) during 1873-1952 has been 
analysed in the same way as the ice nucleus data. 


Total rainfall in 01 lunar cyde (in). : 





Fy. 2 aa r o y A I e 
The variations are remarkably similar to those of Fig. 1 
(and those of the earlier papers) and show that the effect 
is present not only in the heaviest rainfalls but also in 
the total daily rainfall at a suitable location. The extreme 
range of three or four to one in the rainfall is the samo as 
in the ice nuclei, suggesting that on the average there is a 
progressive increase in rainfall with increase in the ioe 
nucleus count. 
I thank the U.8. Weather Bureau for its tables of 
i is of Sun and Moon which were used for 
the figures, and the Director of the New Zealand Meteoro- 
logical Service for the Wellington ice nucleus measure- 
ments which have not been published previously in detail. 
E. K. Braa 
C.8.I.R.O., 
Radiophysics Laboratory, . E z 
Sydney. 

inr Tai A., Woodbury, M. A., and Brier, G. W., Soiercs, 137, 748 
1 Adderley, H. H., and Bowen, H. G., Sojence, 187, 749 (1982). 


* Carto, A. E, and Momop, B. O., Geafisios pura e Apphionia, $8, t08 (1057). 
‘Carte, 4. H, and Mossop, 8. C., Bull. Obs. Puy de Déme, 137 (1000). 
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PHYSICS ' 


Re-entrant Motion in Special Relativity 

Purre! has shown that for a disk rotating with edge 
velocity v, the ‘round trip’ velocity vri = o(1—vt/ot) 7 
where v; = circumference of disk/period of revolution. 
The following argument derives & similar relationship 
between observed velocity and ‘round trip’ velocity for 
linear ‘to-and-fro’ motion. 

Consider two rods AB and OD, each of rest length 2, 
which slide along each other. Initially (as viewed from C) 
the rods are end to end, B touching C. A and C (also B 
and D) approach each other at relative velocity v. When 
an observer at O sees A reach C, the relative motion of the 
rods is reversed. O measures the time from B leaving O 
to B returning to C. Because of the relativistic contrac- 
tion of length, O initially observes A at a point P at rest 
relative to O and distant #(1—v*/o*)!/* from C. (This is 
equivalent to stating that O observes the length of AB 
As AB is moving with observed 
velocity v, the time observed by O for A to reach O is 
(m]v)(1— v1/0*):^. This is also the time C observes for the 
return of A to P. When O observes A at P, be aleo 
obeerves B back at O. Hence O measures the time of 
B's journey as (2n/v)(1 — vto)!" Now an observer initially 
coincident with B and O, and in whose frame of reference 
AB and OD have equal and opposite velocities, will 
observe A reach O and B reach D simultaneously. Hence 
if A reaches O, B must reach D. But in O’s frame of 
reference OD = œ and the distance travelled by B is 2x. 
It follows that O measures the ‘round trip'.velooity of B 
to be oy = e(1—v!je?)1n. 

It is of interest that the time observed by O for the 
round trip the time observed by O on a clock 
mounted on B (ref. 2). The clock paradox thus does not 
exist. 

I thank Dr. T. E. Phipps for his comments, and for his 
encouragement to publish this work. 


R. F. N. Murs 


Loakwood, 
Lower Kirklington Road, 
Southwell, Notta. 
1 Phipps, T. B., Nature, 198, 07 (196%). 
'MoOrea, W. H., Netwre, 167, 080 (1951). 


Pulsed Gaseous Maser 


OrrrcAL maser oscillation has been obtained during the 
recombination period following & pulsed radiofrequency or 
d.o. discharge in helium mixed with either neon or carbon 
monoxide at wave-lengths of 1-153 and 1-069p, respec- 
tively. No oscillation occurs during the 10 psec excitation 
pulse although in pure neon a period of apparent optical 
gain and shel ola oscillation at about 1-15p is observed 


TRA ual zen: 

The near-confocal mirror! system is used contain- 
ing & quartz discharge tube 1 m long and 16 mm or 2 om 
internal diameter having end windows at the Brewster 
angle. The tube has been excited either by a high-power 
S-band magnetron or by d.c. pulses of about 1-5-kV, 20 
amp, 10 usec fed in thro tungsten electrodes sealed in 
side arms of the quartz tube. Pulse repetition rates of up 
to 1 ko/s have been used for the d.c. excitation. ` 

With the heli mixtare the optimum gas pres- 
sures appear to be about 1 mm and 70u mercury respec- 
tively, when the oecillation reaches ite maximum power of 
more than 1 W at 30—80 psec after the end of the excitation 
pulse and the oscillation pulse then has & half-power 
width of 40-50 usec. With S-band excitation it is also 
possible to obtain powers of about 0-5 W at 1-:1538u wave- 
length when the helium is raised to more than 8 
mm. The half-power width of the oscillation pulse is then 
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about 30 psec and the pulse occurs immediately after the 
excitation pulse. 

The optimum conditions for helium mixed with carbon 
monoxide involve gas preasures of 2mm and 8u mercury 
respoctively. Peak powers of 0-7 W at 1-069 wave- 
length are produced about 80 useo after the excitation 
pulse and the half-power pulse width is about 40 psec. 

The unusually high powers obtained are thought to be 
due to the ease with which a high density of 239 metastable 
helium atoms is formed during the recombination of a well 
ionized helium plasma’. Moreover, the high metastable 
density is obtained without a correspondingly high electron 
density. These conditions are particularly favourable for 
producing a population inversion in neon by resonant 
exchange processes. 

With carbon monoxide instead of neon, the energy 
required to dissociate the molecule into a ground state 
oxygen atom and a carbon atom excited to the 8p*D level 
is 0-06 eV less than the excitation energy of the metastable 
helium 2*5, and a nearly resonant condition for this pro- 
cees is established. The observed wave-length of 1-069p 
agrees well with the permitted radiative transition in 
carbon from the 8p*D state to the $5! P* state. - 

The COISp!P level being just below the OI3p*D is also 
suitable for selective population by this dissociative 
mechanism. Oscillation originating from this level has 
been observed by L. E. 8. Mathias at these laboratories‘ in 
a continuously excited helium/carbon monoxide mixture. 
The lower level is 8s1P* and the wave-length 1-454, 

This, together with the fact that neither of these upper 
levels is optically connected to the ground state, is indi- 
cative that these oscillations are produced by the dis- 
sociative mechanism proposed above, and not by direct 
electron excitation. 

- We are indebted to R. 8. A. Thorn for performing much 
of the experimental work. Acknowledgment is made to 
the Admiralty for permission to publish. 
H. A. H. Boor 
D. M. OruNIE 


Services Electronics Research Laboratory, 
Baldock, Herts. 
1 Rigrod, W. W., H., Brangaecio, D. J., and Heriot, D. B., 
J. App. Phe., 38, 743 (1062). E 
"Motley, BR. W., and Kunkes, F., Proc. Fifth Intern. Conf. Ionization Phe- 
TOREM in , Munich (1061). 
"Javan, A., Bennett, jun., W. B., and Herrlott, D. R., Phys. Ree. Lettere, 
6, No. 3, 106 (1961). 
‘Mathias, L, H. 8. (private communtoation). 


Growth of Positive Channels in Non-uniform 
Flelds during Impulse Breakdown 


THE investigation reported by Menemenlis! under the 
same title as & communication to Nature of June 27, 
1962, has been continued at the laboratory so that some 
more concrete resulta concerning the growth of positive 
channels can now be communicated. 

The channels investigated were produced in an 18-am 
non-uniform field air gap by applying 1/50 usec nd die 
impulse voltages of a crest value of the full wave lying 
between that causing without chopping 100 per oent 
breakdown and that exceeding this value by 20 per cent. 

The gap consisted of & small sphere, 5-15 mm in 
diameter, fixed at one end of a 75-ohm coaxial cable and a 
circular disk 30 cm in diameter, directly connected to the 
negative high-voltage terminal of the front capacitor of a 
single stage 200-kV impulse generator whose positive pole 
was earthed. The coaxial cable was earthed through a 
68 + 7 ohm (75 ohm) attenuator. The voltage drop of the 
predischarge current (that is, of the first corona discharge 
and of the chopped channel) across the 7 ohm part of the 
attenuator was applied on the upper beam pre-amplifler 
ofa ble beam, Model 555, Teletronix oscillograph to 
obtaih faithful recordi of the time variation of this 
predischarge current. addition, a mixed divider, 
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consisting of a 1,000 ohms resistor in series with a 0-5 pH 
inductance, was connected in parallel to the 7 ohms part 
of the attenuator. The resistance end of this divider 
was connected with the upper point of the 7 ohms resist- 
ance of the attenuator while its inductance end was 
earthed. The voltage drop in the inductance, which is 
practically proportional to the current slope, was applied 
on the lower beam pre-amplifier of the oscillograph to 
register the time variation, of di/di. 

By oorrelatmg both the faithful current records and the 
current slope records with corresponding photographs of 
the channels taken in the way in the afore- 
mentioned communication, the following results i 
the propagation mechanism of the positive channels oo 
be obtamed. 

The average velocity of the channels at various stages 
of their pro: tion was found to vary between 2 and 15 
cm/sec, this being in accordance with the resulta obtained 
during previous investigations. 

The propagation of the channel is effected in steps. At 
the end of each step a corona burst di having 
several streamers paves the formation of the following 
step. The current impulses of these successive corong 
discharges are weaker than that of the first corona pip, 
which is responsible for the formation of the numerous 
stems on the positive electrode; but they are comparable 
to the current corresponding to each stem. 

Under the experimental conditions given here, the 
channels’ steps have a length varying between 0-5 and 
1-5 cm. Longer steps were rarely observed. They can 
then reach lengths up to 4 om. 

As a rule, the corona streamers preceding each successive 
step become thinner and their number increases as the 
channel proceeds towards the negative disk. 

The time-intervals between succeasive corona discharges 
vary from 0-05 to 0-0 psec. The smaller the time interval, 
the shorter the 1 of the step and the smaller the 
magnitude of the e ic charge oorreseponding- to the 
corona current im . 

The front of the initial corona current impulse lasta 
some 10-! ucoul. The successive corona impulses occurring 
during the progress of the channel are less steep; their 
front duration can reach values up to 0-2 psec. - 

The average current through the gap, as it ia known, is 
exponentially increasing during the development of the 
channel. The current jumps caused by each of the 
successive coronas vary between 0-5 and 1:5 amp and are 
superposed to the average current. ` 

The steepness of the current impulses due to the succes- 
sive corona discharges is of the order of 10 amp/useo. 

The electric charge that corresponds to each of the 
successive corona impulses shows a considerable variation; 
the values obtained are from the order of 0-005 to that of 
0-1 psec. They are, however, comparable with those corre- 


- sponding to a single stem produced on the anode surface 


by the initial corona pip. 

Four characteristic types of channels could be dis- 
tinguished among several hundreds of photographs. 

(1) Single channels presenting practically no branching ; 
(2) single channels split up on their way to the cathode 
into two strong channels; (3) multibranched channels. In 
one case, six developing branches out of a common trunk 
have been recorded; (4) twin channels, that is, two sepa- 
rate channels of comparable length and brightness starting 
from different pointe of the sphere. 


As it has been already pointed out!, the application of 


- the correlation method to study the channel development 


is mainly feasible only m the case of single, practically 
unbranched, channels. 

An important question arises now con the 
physical phenomenon that is sasociated with the stepped 
propagation of the positive channel during the impulse 
breakdown in non-uniform flelde. The experience of a 
great number of éxperimente conducted so far shows that 
this propagation can reasonably be interpreted as follows: 
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Tt has already boen mentioned that the gaps investigated 
were directly connected to the front capacitor (4,140 pF) 
of the impulse generator. Oscillograms of the gap voltage 
taken during the growth of the channel showed no appre- 
cia ble differences when compared, up to the bmi aa 
with the no-loed impulse voltage of the generator. ig is 
due to the fact that the charge drawn the capacitor 
during the channel propagation is negligible compared with 
the stored in it, and therefore the voltage across 
the gap is practically independent of the channel current. 
On the other hand, voltage drops were avoided by the 
absence of any series reaistance in the gap circuit. Hence, 
it is reasonable to conclude that the stepped propagation 
of the channel should be attributed to the discharge 
phenomens occurring during its and not to any 
voltage drops or fluctuation oa by the circuitry. The 

resenoe of a series resistance would, of course, affect 
considerably the time constants and the magnitude of the 
phenomena involved. 

Breakdown occurs when the channel reaches the 
negative electrode and bridges the gap. This is possible 
when the crest value of the i a voltage is, at least, 
as high as the minimum impulse breakdown voltage of the 

. Under this voltage, and either when the impulse 
Seltage approaches ita crest or during the first micro- 
seconds of its tail, the first corona discharge occurs that 
produces a stem able to form the starting point of a 
channel. Tho meaning of chee iN A Dore Pon ae 
of a channel towards the cathode is then possible, when 
the first corona occurs under & voltage value comparable 
with the minimum impulse breakdown voltage of the 


BM aloulations of the fleld strength in front of the positive 
electrode of gaps with very pronounced non-uniform fields, 
as those investigated, subjected to the minimum. break- 
down , led to values of 70 kV/cm or more, that is, 
tovalues that are by far than the dielectrio resistance 
of the atmoepherio air, which is roughly 30 kV/om. Hence, 
the first corona discharge, which is followed by a stem 
able to lead to the formation of a channel advancing in the 
gap, must jump from a point of the positive electrode 
where the field strength has at least the above calculated 
value. Corona discharges can also occur, of course, under 
lower field strengths; they have been observed during 
this investigation even by fleld strengths on the positive 
electrode of about 40 kV/cm, but it is believed they are 
also possible by field strengths slightly exceeding 30 
kV/cm. However, these -weaker oorona di are 
not able to pave the formation of & stem sufficiently. long 
and hot for the further evolution of a channel. 

It is well known that the channel starta from a point of 
the stem situated near its end. It has been obeerved dur- 
ing this investigation that the first channel step occurs 
after a coronas discharge has jumped from this point; a 
strong streamer of this corona discharge is then trans- 
formed to this first channel step. The next step is pro- 
duced in the same way: & corona jumps from the end of 
the first channel step and one of its streamers is trans- 
formed to the second channel step. This process is repeated 
many times until the channel reaches the negative disk or, 
eventually, until it stops earlier. . 

It has been deduced from.many oscillograms taken 
during this investigation that, under gap voltages able to 
conse e notable progress of & channel, both the auront 
intensities and the electric charges involved during the 
corona discharges of the successive steps are comparable 
with the i i of the first corona 
streamers that start from various points of the positive 


electrode and become the basis of the stems. Hence, it 
ight be suggested that all corona di leading to 
the formation of the channel steps are ro as strong as 


reaches a value comparable to that producing on the 
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positive electrode the first corona burst, that is, 70 kV [om 
or more. : 
As stated here, weaker corona have also 
been recorded. They were starting from points of lower 
fleld strength but they were not able to lead to & notable 
progress ofa channel. At the limit, even a alight excess of 
the critical values of 80 kV/cm, of the field on the 
stem or on the channel steps surface should be able to 
produce a small discharge. This discharge, however, 
would cease to advance as soon as the fleld strength at 
ita boundary reaches the minimum value required for 
ionization, that is, 80 kV/cm. The cee Me 
that the fleld strength on or near the of the stems 
or of the channel steps would never reach with weak 
coronas the value of about 70 kV/cm which is indispen- 
sable, as mentioned here, for a further channel pro 
tion. Therefore, it seems reasonable to suggest ba 
phenomenon should take place that causes & sudden 
jump of the fleld strength on the streamers forming the 
stems or on the channel steps during their creation from a 
value of 80 kV/am to a value of the order of 70 kV/cm. 
Such a phenomenon could be a sudden ‘constriction’ of 
that part of the corons streamers that have been sufi- 
ciently heated by the electronic current flowing through 
them to the positive electrode, so that the high-tempera- 
ture plasmas of the stems or the channel steps are formed. 
As a matter of fact, numerous constriction cases could be 
noticed after a careful examination of a great number of 
photographs of chopped channels. When they are taken 
and 


under good f: i sensitivity condition, they show. 
a quasi-cylindrical space showing a much woeker bright- 


preceding f 
cluded that such streamers have been constrioted to form 
the thin channels. In many photographs, constricted 


wider streamer. ~ 

The constriction causes a sudden decrease of the 
diameter of the cylindrical area id itech cl gh 
streamer from the order of a few i to that of a 
few tenths of a millimetre, that is, the diameter of the 
stems or the channel steps. This sudden reduction of the 
diameter, as well as the abrupt decrease of the gradient 
along the discharge space, cause the necessary sudden 
increase of the field strength around them so that ib reaches 
ah Dot ner ee ee te ee 
70 kV/om. 

Hence, during the progress of the channel conditions 
are repeatedly established for the production of corona 
i that are strong enough to create the next 
channel steps by means of new constrictions. 

Such constrictions phenomena, known also under the 
name of ‘glow to aro transitians’*.*, are believed to oocur 


in gases under low pressures or of the order of 
1 atm. Bruce‘ has a constriction occurs 
during the formation of leader-stroke darts in lightning 


discharges. Oonstriction is sup to ooour during the 
formation of positive channels along the traces of the first 
streazhers of positive gliding discharges’. The phenomena 
involved during the transitions are not very well known" 
but some conclusions can be drawn from the experimental 
data available: (1) the time of the constriction can be as 
short as 0-01 psec; (2) the electric conductivity of the 
discharge path increases very much during its oonstrio- 
tion; (3) the voltage t along the di path 
aap fall from valua of tha Order of 1,000 Viens able tò 
conserve high-pressure glow discharges, to values of an 
aro di which are of the order of 50 V/om. Such 
differences in the gradient values of the corona streamers 
and of the channel paths are believed to exist by many 
authors. 
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CHEMISTRY 


Polarographic Behaviour of the Hexa-ammine- 
chromium(III) lon: Role of Hydrogen lons 


HEXA-AMMINZOHBOMIUM(ÍIII) ion in acetate buffer 
solutions is reduced at the dropping mercury electrode, 
and gives two phic waves. The first wave, 
which is well is considered to be a one-electron 
reduction of Cr(IIL) to Cr(II)!. Ita half-wave potential 
at 25° O was found to be —0-97, V versus saturated 
calomel electrode in 0:1 M acetate buffer solution which 
contained 0.9 M. potassium chloride and 0:005 per cent 
gelatin (Fig. 1, curve a). The limiting current of this wave 
was diffusion-controlled and proportional to the conoen- 
tration of the complex ion up to 5 mM. Both the half-wave 
potential and the drffusion current remained constant 
when the pH was varied from 4-5 to 5-45. No change was 
observed when potassium chloride was replaced by am- 
monium chloride at the constant ionic strength. The plot 
of log 1/(ts—1) versus E, where 4 means the average 
current, Te, the average diffusion current, and EZ, the 
potential of the dropping mercury electrode, gave a 
straight line with & reciprocal elope of 64 mV, whereas the 
examinations with Kalousek’s circuit and alternating 
current polarograph showed that this wave has nearly 

irreversible character. 

In neutral salt solutions, no well-defined one-electron 
reduction wave was observed (Fig. 1, curve c), as has been 


reported by Maki, Shimura and Tsuchida’. The value 
of the diffusion current at — 1:7 V oo to a three- 
electron reduction, that is, Cr(III)J--Cr(O) On the 


addition of hydrochloric acid, the wave at — 0-89 V began 
12 


i>’ 


Ourrent (semp) 


-12 —14 -18 —18 

V versus saturated calomel electrode 
L Polarograms of 1 mM [ Pat 25°C in 01 M. acetate 
ee 0 8 M pressum Sie rE (€); 1 X potamsium chloride 


NATURE 


Vou, 127 


January 12, 1963 








-10 


—-12 —14 -14 
V versus saturated calomel electrode 
ie M on Bia euo of greeted ad a 


ohloride + 0-006 oont run t 
E aeh IO nS (020 In this case earrent 
was at maximum of current osalllation 


-18 


Fig. 2. Effect 
mo1lM 
ehlorjo 


to appear (Fig. 2). The current at —1-7 V, on the other 
hand, remained constant until the acid concentration 
reached a certain critical value; the wave due to hydrogen 
ion discharge appeared only when this critical concentra- 
tion was exceeded. This phenomenon is an example of the 
‘interfering electrode reactions’ described by Kolthoff and 
Lingane!. In the present case, hydrogen ions diffusing up 
to the electrode are neutralized by the ammonia molecules 
which are liberated by the pas ace of hexa-ammine- 
chromium (IIT) ion; reduction of one complex ion will 
produce six ammonia molecules. The ratio of tho critical 
acid concentration to the concentration of [Cr(NH,),]*+ 
was found to be 1-66, which is m agreement with the value 
calculated by the equation: 


(Cu+/Conara,)3 * er. = (Dawai t/ Da) 


where C is the concentration and D is the diffusion oo- 
efficient of the respective species. The wave at — 0-89 V 
attained ite full development just when the acid oonoem- 
tration reached the critical value. There was no further 
essential change in the shape of the developed wave when 
the acid was added in excess. Hydrogen ions seam to 
play an essential part in the reduction of hexa-ammine- 
chrormnrum(IIT) ion to the divalent state. However, they 
cannot be involved in any chemical reaction prior to the 
electron transfer, because the half-wave potential of the 
one-electron reduction wave was independent of the 
hydrogen ion concentration of the solution. They rather 
act as & neutralizing agent of the ammonia molecules 
which are liberated from the divalent chromium species. 
When hexa-amminechromium(lll) ion is reduced in a 
neutral non-buffered solution, the liberated ammonia will 
make the solution layer near the electrode alkaline, and 
will cause divalent chromium heroas to preoipitate as an 
insoluble film on the surface of the electrode. In 0.1 M 
potassium chloride solution, the current in the potential 
region between — 0-6 and — 1-8 V was almost independent 
5i the concentration of the complex ion, and the currente 

at —1-1 and ee ere 
height of the mercury reservoir. The ion of gelatin 
increased the current between — 1-0 and — 1:85 V. These 
observations support the foregoing conclusion. The fact 
that the electrode is covered with the insoluble film was 
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confirmed by the obeervation of the current-time curves 
during the period of a mercury drop. 

It is, therefore, that any reagent which can 
keep divalent chromium from precipitating will make the 
one-electron reduction wave appear. The polarogram of 
1 mM [Cr(NH,),ICl, in a neutral salt solution (1 M 
sium chloride) containing 1-50 mM of disodium dihy 
ethylenediamine tetrascetate and 0-005 per cent gelatin 
(Fig. 1, curve b) showed that this is the case. 

That the well-defined one-electron reduction wave does 
not appear in neutral salt solutions though it appears 
in acid media is a general character of those chromium (IIT) 
complexes that have one or more basic ligands, unless the 
corresponding divalent complexes are stable enough to be 
maintained in sohrtion. In fact, the following complex ions 
gave the one-electron reduction wave in acetate buffer 
solutions (with 0-005 per oent in added), and did not 
in neutral salt solutions: [ O)(NH,),]**, [Cr(en)s}**, 
trans-[Cr(NO8),(pn):]*, [Cr(ox)- 
(en),]*, and trans-[Cr(NC8),(NH4,),]", where en, pn and-ox 

i lenediamine and oxalate, 
a well-defined one- 


ions. 
"We thank Dr. E. Kyuno and Miss K. Ebete for their 
assistance in the course of this study. 
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Molecular Addition Compounds of Polycyclic 
Derivatives of Cinnollne 


PorrovoLro derivatives of cmnoline are known to form 
molecular addition compounds with picric acid’. Contrary 
to the report by Slack and Slack’, I find that benxo[c]einno- 
line, in common with ite methyl desivatives*, forms a 
mono-picrate. My compound (found, O, 52-9; H, 2-8; N, 
10.8; C4H,4N,0, requirea O, 52-90; H, 2-7; N, 17-1 per 
cent) has the same melting point as that reported by Slack 
and Slack, who based their formula solely on a nitrogen 
content of 17-8 per cent. . 

The polyoyolic derivatives of cinnoline also form addi- 
tion compounds with trinitrofluorenone in ethanol. These 
were found to be 1 : 1 addition compounds except in the 
case of benxo[f}naphtho[2,1-c}cinnoline, which formed a 
1 : 2 compound. 

Orchin‘ has suggested that the melting ints of 
molecular addition compounds of the aromatic hydro- 
carbons, relative to those of the h bon itself, can 
be taken as a measure of the effectiveness of the intra- 
molecular forces between the two molecules. From 
Table 1 it can be seen that the addition compounds of the 
polycyclic cinnolines melt at temperatures close to or 
above the melting point of the cmnoline except in the 
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case of benro[ f Ingphtho[2,1-o]oinnoline. This oinnoline is 
non-planar, as & result of intramolecular overcrowding; 
and it is evident that this non-planarity reduces the effeo- 
tiveness of the intramolecular forces responsible for com- 
pound formation. Tho non-planarity of the molecule may 
also be responsible for the formation of & 1 : 2 compound 
with trinitrofluorenone, since the cinnoline would present 
two planes for attachment of molecules of tzinitrofluore- 
none. A 
J. F. Oonparr* 
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Solvation of the Proton in Humic Acids 

Tuck and Diamond! have described the primary solva- 
tion of the proton in the solvent extraction of strong acids 
by basic organic solvents from dilute acids. Their work 
given aviao fue M iy Ta En nte E 

ydrated hydronium ion, H,O(H,O)x, in dilute acids. 
Others have given evidence from X-ray*, nuclear magnetic 
resonance’, infra-red‘, and Raman’ studies for the exis- 
tence of the hydronium ion, H,O+, in the solid state. 

In this communication, we wish to report the apparent 
existence of trihydrated hydronium ion in humio acids in 
the solid state. 

ion of humio acids. North Dakota lignite 
(supplied by the Bariod Division, National Lead Oo., 
Houston, Texas) was extracted with 2 N sodium hydroxide 
at room temperature until the extract was light brown or 
clear. The sodium humate solution was centri- 
fuged, decanted and treated with hydrochloric acid until 
a pH of 8 was reached. At this point, the humio acids wero 
quantitatively precipitated. separating the humio 
acids by centrifugation they were washed with distilled 
water and dried at 105° for 12 h. » 

The analyses of these acids are shown in Table 1. 


Table 1 
analysis 
«XH %O %N %O (dif) 8 % Molture 

Lignite 20 45-40 0 88 29-04 2-06 12-23 
Humio acids 4-14 50-56 0-70 32-4 1-14 3-66 
Decarbarylated 

and dehydrated i 

humie ackis 302 6171 0-72 31:3 1:35 1-37 


Decarboxylation method. 19 g of humic acids were sup- 
ported on glass wool in a 88 x 280 mm electrically heated 
glass column’. Two thermometers were inserted into tho 
column to measure the temperature of the humic acids at 
two depths. Glass wool was placed on the top of the humic 
nuda te prevent the lose of fine particles trom, the cbimb. 

A variable voltage regulator was used to maintain the 

ture of the column at 150°. Anhydrous carbon 
was introduced into the column at a 
rate of 14 l./h. Carbon dioxide and water were quantita- 
tively determined im the exit gases from the column 
by absorption m U-tubes packed with ascarite and 
anhydrous calcium sulphate. 

The moles of evolved carbon dioxide and water over 65h 
of heat treatment at 150? are shown in Fig. 1. 





Table 1 
Ptorate Triniiroffuorenone addition compound 
m. m. m. 0 HR N e H K 
15b tab x lob a5 26 140 00-5 24 143 
192 216 205 63-8 2-8 12-8 63-0 30 12-8 
157 188 182 63-6 20 130 63-9 30 12:8 
266 245 235 65-7 27 11-6 05-7 27 11:8 
185 236 — — — — — — — 
270 188 148 61 24 12-9 60-9 11 12-7 
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h o œ o be = 


Evolved moles of carbon dioxide and wats (x 105) 


wo 


0 10 20 or 40 50 60 


1. Hoot of hea humo acida at 150° O and 14 L of nitrogen per h. : 
om Moles ck ete dde (O) bai oats OD LL of nitrogen 


The mole ratio of evolved water to carbon dioxide was 
about 4. The rate of decarboxylation and dehydration 
decreased with time. The analyses of the humic acids after 
65 h of heat treatment are given in Table 1. 

The combined water of humic acids appears to be 
associated with the carboxyl groups as evidenced by the 
almost constant ratio of water to carbon dioxide (4 : 1) 
found in the evolved gases on heat treatment at 150°. 
The strong oo-ordinate solvation in the solid state is postu- 
lated, and is very similar to that found by Tuck? in his 
work on extracts from aqueous solutions into organic 
solvents of strong acids. The primary solvation of the 
hydronium ion! and decarboxylation and dehydration of 
humic acids are indicated as follows (where R is the 
remainder of the humic acid molecule): 


H H 
Ly A 
o (0) 
no” h 
`o 3 ó RA+ 00 (0) 
No” N "d 


n x 


These results appear contrary to those expected. Humic 
acids, being weak arids, should be in a non-ionired molecu- 
lar form. Also, one might expect that in the solid state 
carboxylio acids would be un-ionized. 

This work was supported by the Bariod Division, 
National Lead Company, Houston, Texas. 
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BIOPHYSICS 


Effect of Oleic Acid on the Mobility of 
Human Red Cells, and its Effect on Human 
Serum Protein Fractions 


Tun higher fatty acids (C-18 acids such as oleic, 
ricinoleio, arachidonic, eto.) exist both in the adeno- 
carcinomas of the 03H mouse! and in at least some human 
tumours’. They also occur in normal mouse and human 
tissues", where they are combmed, somewhat like the 
fatty acids in tumours, with lipid and protein inhibitors 
about which little is known. This communication is oon- 
cerned with the question whether oleio acid (taken as an 
example of the higher fatty acids) affecta the electrical 
mobility of human red oella (A, below), and whether it 
interacts with human serum protein fractions. 

(A) Method. One volume (about 8 ml.) of M/50 oleic 
acid m ethanol is added to 2 volumes of Dole buffer at 
pH 8:6, and is dialysed for 18 h or more at 20° C against 
large volumes of the same buffer. A suspension of washed 
human red ocells is diluted with the buffer so as to have a 
volume concentration of 0-08. To 10 ml. of the buffer is 
added 0-1 ml. of this suspension. When drawn up into 
the vertical electrophoresis cell‘, such a suspension pro- 
vides about 20 red oells per fleld. It is important to 
avoid working with much more concentrated suspensions, 
which vide an example of a phenomenon in which 
the mobility is partly determined, not by single cella, but 
by groups. To 10 ml. of this ion is added 0-1— 
0-3 ml. of the dialysed oleic acid sol, and the mobility 
of the cells 18 determined before and after the addition. 
Larger quantities of sol are lytio. Alternatively the red 
cells can be suspended in serum or in serum to which the 
oleic acid sol has been added. 

(1) The mobility of washed human red oells in Dole 
buffer at pH 8-6 is remarkably constant at 1-3 u/seo/V /am. 
The addition of 0-15 ml. of oleio acid sol to 10 ml. of a 
suspension of washed human red cells reduces the mobility 
to 0-98 u/seo/V/am, or by 25 per cant. 

(2) If the red cells are im serum which has 
been dialysed against Dole buffer at pH 8-6, the mobility 
is a little leas than 1-8 u/seo/V/om, because the viscosity 
of serum is slightly greater than that of the buffer. 
Addition of 0-1 mL. of oleic acid sol to 10 ml. of a red 
cell suspension in serum reduces the mobility 8 per 
cent and the addition of 0-2 ml. of the sol reduces the 
mobility by 15 per cent, that is, the affect of the oleic 
acid in reducing the mobility is lese than when the 
are in buffer alone. 

(B) Method. ene pe of M/25 oleio acid in ethanol is 
added to 2 parte Dole buffer at pH 8-6 and then 
dialysed against a large volume of the buffer for 18 h or 
more. Because of a volume , the final concentra- 
tion of oleio acid is M/100. Serum is dialysed against 
Dole buffer at the same pH for the same time. 

Equal parts of the dialysed serum and the di 
oleio acid are mixed and allowed to stand for 2 h at 22° O. 
The electrophoretio pattern of this mixture is obtained 
with the Antweiler micro-Tiselius apparatus at 18°, 
and is compered with the pattern obtamed with dialysed 
serum plus one volume of the buffer. A typical result 
is shown in Table 1, which shows the quantities of the 
different serum fractions as judged by the areas under 


their spikes. 
The two im t pointe are that the presence of the 
oleic acid uce an apparent reduction in the quantity 


of B-globulin, and a corresponding increase in the quantity 
of albumin plus a,-globulin. This that the 
addition of the oleic acid sol confers the mobility of the 


Table 1 
A+ [^ P Y Total 
14 ?0 17 177 
Oleie acid M/100 pins serum 188 n 1 Es aH 
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albumin plus «,-globulin fraction on some of the B-globu- 
lin fraction. Sometimes a small new spike appears in 
advance of the albumin spike, as if there were a new 
fraction with a mobility greater than that of albumin. 
By using a larger quantity of oleic acid (M/70), the effect 
tees al lin Pus weitem so that virtually 
Pee oe ye gag 

is work was supported by from the U.S. 
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Esto PONDER 
Ruts V. PONDER 
Service de Biophysique, 
Institut Pasteur, 


Density and Structure of Alpha-Keratin 

A MODHL of the two-phase structure of fibrous a-keratin 
has been evolved, starting with the oo of Astbury 
et al.! and thence via the concept of a-helices to the coiled- 
coil models of Pauling and Corey" and of Crick’, and at 
present to the detailed schemes of packing recently pro- 
posed by Fraser, MacRae and Rogers‘ and by Johnson and 
Sikorski’. The succeasive stages of this development have 
resulted primarily from attempts to give a more accurate 
explanation of the observed X-ray diffraction patterns. In 
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laining the ‘high’ densities found for keratin, 
and all have found wanting because they led to lower 
crystalline densities than the values measured 
(definitive values given by Fraser and MacRae‘ 
1:283 g/o.o. for cow horn to 1:385 g/o.c. for echidna 
tip; at 25° O). This reasoning appears to rest on a 
analogy with polymers, involving the assumption that the 
density of the crystallme phase is necessarily greater than 
that of the non-crystalline phase. Because this assumption 
is still influencing current thought on keratin ultra- 
structure it seems worth while to point out three deflcien- 
dies in the polymer analogy. 

(1) For many polymers, the density in the crystalline 
phase does indeed exceed that in the amorphous phase 
(whether liquid or glassy). These are y non-polar 
materials where the intermolecular forces are relatively 
small and the increase in order associated with crystalliza- 
tion is synonymous with denser packing of the molecules. 
However, when the intermolecular forces are stronger, as 
in polar materials and, particularly, in hydrogen-bonded 
systems, the disordered structure may be more dense than 
the orystalline state. An outstanding example of this is 
shown by the 10 per cent inctease in density when ice 
melts. Of more inimediate relevance is the work of 
Bradbury’, who has recently measured density increases 
of the order of 1 per cent associated with the helix—> 
random coil transition in synthetic polypeptides in 
solution. 

(2) The polymer situation relates to a material com- 
posed essentially of a single molecular species. There is 
now ample evidence that keratin contains at least two 
distinct molecular fractions with differmg amimo-acid 
compositions, as shown by the separation into keratoses or 
other high- and low-sulphur fractiong**. Although the 
direct relation of these components to the crystalline and 
non-crystalline phases in keratin is still controversial, it is 
reasonable to presume that the two phases will also differ 
in cemposition and therefore in density. Johnson and 
Sikorski’ have recently noted that a-keratoee contains “a 
greater proportion of the bulky amino-acid residues” and 
suggest that this argues against the general belief that the 

- and y-fractions are derived from crystal and from 
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ee ee 
better packing” in the crystal. Mou Ne ER 
observation; but the corollary is fallacious because “better 
packing” is not in thia case necessarily identifiable with 
more dense packing. N 

(3) The high oystine content of keratin is probably 
derived more from the matrix than from the 
microfibrils and the presence of the additional disulphide 
cross-links implies a considerable relative densification of 
this phase. 

To selata ihe polati to aieia lymer, consider a 
atip of unvaleanised intera rubbar hating à dansir of 
0-91 g/o.c. in the amorphous, unstrained state. If this 
strip is stretched to 700 per cent extension at 0? O, ita 
density increases! by approximately 3 per cent. The 
erystelline density, using Bunn's unit cell", is 1-00 g/o.c. 
oe are 20 pee oant by: volume pi the Mbien i 


T his matiran waren ow a bs n tinsel Gea qe. 
ity could be increased to a value equal to or even greater 
than that of the crystallites. In the simplest case where the 
cross-links are direct —O—O— bridges a volume contraction 
of 124 Å" per cross-link has been found! which is somewhat 
larger than the average volume per amino-acid residue in 
keratin. As there are about nine residues per cystine 
cross-link in the whole wool fibre, density inoreasee in the 
matrix of at least 10 per cent are thus conceivable on the 
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An even more striking increase in density is observed 
when the rubber is cross-linked by heating it with sulphur. 
Fig. 1 shows the variation in density with degree of croes- 
linking, using the data of Martin and Mandelkern?; tho 
degree of cross-linking is represented by n, the number of 
monomeric units between cross-links, this being estimated 
by reference to the work of Moore, Mullins and Swift. It 
can be seen how the density increases rapidly as n decreases 
towards the levels appropriate to keratin. In particular, 
the crystalline density is reached at & value of approxim- 
ately 140 monomers between cross links. As this compari- 
son may be pxaggerated by the high density of the sulphur 
atom, the dotted curve has been drawn in to show the 


‘corresponding increase in sterio density, that is, the 
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fractional volume oocupied by the atoms ing normal 
van der Waals radii and covalent bond-lengths. evan con 
this basis, the crystal density is reached at the compara- 
tively low level of one cross-lmk per 66 monomers. It 
should be observed that in this there is extensive 
intra-molecular combination of sulphur with the main 
hydrocarbon chains quite apart from the intermolecular 

eroes-linking?*. Thus this cross-linked polymer oen be 
enres thane e phase on the grounds of. both 
of the foregoing pointa (2) and (8). 

The foregoing discussion emphasizes the possibility that 
in keratin the matrix may be denser than the crystallites. 
It may be noted that Haly and Bwanepoel!* found it 
necessary to 
denser component in order to account for the form of 
their observations of birefringence at different water 
contents. 
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BIOCHEMISTRY 
P of [?'1}3-Monol Ine and 
p” A Diledotrrodne of Very High Specific 


Iw the oourse of work on the extraction of iodinated 
from human plasma and their subsequent 
estimation, it was necessary to determine the losses which 
might occur during the series of manipulations. For this 
purpose we decided to add quantities of [1*11]-3-monoiodo- 
tyrosine ([*I]-MIT) and [!*!1]-5,5-diiodotyroeine ([!*!I]- 
DIT) small enough to be below the lower limite of estim- 
ation by our method but having a sufficiently high [47I]- 
activity to be counted easily in a well-type scintillation 
counter. 
The highest published specific activities of these com- 
pounds we have found in the literature were those 
by Lemmon, Tarpey and Scott? using the method of 
Harington! and Harington and Pitt-Rivers* adapted to 
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tions. The specific activities reported 
./pmole for [II] MTT, and 996 uc./umole for 
[22I]-D In these preparations tho specific activity was 
of necessity reduced by the addition of carrier iodine-127. 
The chloramine T radioiodination procedure used by 
Hunter and Greenwood‘ for human growth hormone was 
therefore adapted to prepare the ["I]-iodotyrosines so 
far as possible 'oarrier free’. 

All solutions were prepered with de-ionired water, and 
all the used was, after cleaning, finally rinsed 
with de-ionized water. However, minute traces of iodine 
(even & small fraction of a ug), which might be difficult to 
exclude from glassware and solvents, can multiply many 
times the actual amount of iodine contained m tho 
‘carrier free’ [?!I]-iodine solution used in any single 
preparation. A typical preparation of prr] MIT pro- 
ceeded as follows: 

[T]-iodide in dilute (N/50) sodium hydroxide (2 mo.; 
10-20 ul; carrier and thiosulphate free from io- 
Seated Osis, desc qp de No, IBS. 3) was added 
to a solution of r-tyroeine (California Biochem., Res., 
peat ey Nudus lpg in 25 yl. Borate ap LA A 

solution of chloramine T (B.D.H.; 
erat borate buffer pH 8) was then added, es 
stoppered and gently swirled. After 1-2 min, & solution of 


Table 1. SUMMARY OF IODINATIONS ILLUSTRATED IN Fig. 1 
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Mintmal spectfio activities 











(eg) IX. [ang e.[nmole 
MIT MIT 
DIT -0-1198 DIT-60-06 DIT —2-8 
MIT —0-1061 MIT —4-07 MIT —1-55 
DIT —0 0807 DIT -7-07 DIT =3 -07 
HIT =1:558 HIT = 0 -006 MIT 0-214 
DIT =0-1948 DIT =1 012 DIT =0 438 


of lodine-181 taken for fodinations were wore measured with an tonimtion chamber (type 1383 4 General Radiological Lid., London, with ampiifier 
London), previous determination of total 


de: bypo 1208 P, ATO tiee in whieh there had been made a 
of this sample was gtren D7 e tho Radiochemical Centre. Amersham. 
ae S the (o activity and gum of the activities of the aliquots, 


E 


the 
An error of about 10 per cent In the 


of the sample of lodfne-127 ; the absointe 
was indicated by the difference 
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freshly prepared sodium metabisulphite (B.D.H.; 1-2 
mg/ml. in borate buffer pH. 8; 100 ul.) was added. When 
required for ease of subsequent manipulation, tho volume 
of tho mixture after reaction was increased by the addition 
of 0-1 N ammonia in 10 per cent isopropanol. 


An aliquot of the reaction mixture was subjected to ` 


chromatography in n-butanol/2 N acetic acid 
(1 : 1), and the dried paper strip was scanned in an 
flow chromatogram counter (Baird and Tatlook Co., Ltd.) 
to givo the percentage of the totel activity incorporated 
into [!*T]-MIT. Assuming that all the r-tyrosine had 
been iodinated, a minimum specific activity could then be 
calculated. This way of calculation obviates the necessity 
of assuming a definite abundance of iodine-181 isotopes in 
the ‘carrier free’ iodide used in the preparation. These 
estimates are conservative, and the actual specific activity 
may be higher. 

Fig. 1 gives the autoradiogram of three of our prepare- 
tions, and Table 1 the relevant data. 

For ent tracer work the spote were cut out, 
eluted with 0-1 N ammonia in 10 per cent isopropanol, and 
stored in a deep freeze. The identity of the material was 
checked by re-chromstography and autoradiography, 
running markers alongside the eluted material, which were 
revealed by spraying with ninhydrin. Chromatograms 
and autoradiograms of the eluted material mixed with 
various markers were also used for the identification of 
the spota. 

Work is in progreas on the stability under various 
conditions of these very highly active preparations, and 
also on the extension of the method to radioiodination 
of various thyronines. 

These resulta are part of an investigation on the occur- 
renoe of iodotyrosines in human plasma; we thank the 
Medical Research Council for a grant in support of this 
work. 

We also thank Sir Brian Windeyer, Prof. J. E. Roberta 
and Dr. E. 8. Williams for their interest, and Prof. A. 
Neuberger and Dr. R. Pitt-Rivers for reading the manu- 


script and for helpful discussions. W.B. Rum 
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Middleeex Hospital Medical Sohool, 
London, W.1. 
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Effect of Acetaldehyde on the Resorcinol Test 
for Fructose 


Tum Seliwanoff colour reaction of ketohexoses with 
reeoroino| and hydrochloric acid is the basis of several 
quantitative procedures for the determination of fructose 
in biological materials in which the absorbance is measured 
at 470 my}, 480 mp’, 490 my’, 510 my‘, 520 mu’, and 540 
mu’. Roe reported that the addition of ethanol*'' 
acetic acid’ to the reaction mixture has the effect of 
increasing the absorbance of the coloured uct at 520 
my. The cause of the effect produced by these solvente is 
obscure. Roe suggested that the dehydrating conditions 
of the reaction were improved by introducing ethanol’ and 
that the hydrolytic properties of the reagent were improved 
by the addition of acetic acid’. While some workers have 
noted that the quality of the solvents affected the absorb- 
ance at 480 mu?! and the absorption spectrum’, the fact 
that impurities in these solventa may be largely responsible 
in some cases for the effect attributed to the solvente them- 
solves seanms to have passed unnoticed. In this communica- 
tion we wish to direct attention to the effect produced by 
acetaldehyde, an impurity in commercial acetic &oid!* and 
ethanol”, on the colour formation in the resorcinol test. 
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The resorcinol test which was developed by one of us)" 
to determine 3,6-anhydrogalactose in marine algal poly- 
saccharides was modified to examine tho affect of adding 
acetic acid, ethanol and acetaldehyde on the visible absorp- 
tion spectrum of the coloured product. The reagent was 
prepared by adding 100 ml. of 12 M hydrochloric acid to 
10 ml- of 1:2 x 10° M resoroinol in aqueous solution. 
The reagent (10 ml.) was put into a test-tube 
Iml of 1-8 x 10+ M fructose in aqueous solution and 1 ml. 
of the additive being tested. The tube was covered with a 
glass marble and the reaction mixture was heated for 10 
mim at 80? C. 
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L ton formed in resorotnol 
tok ig ax Didi mee text for details of ): 1, water; 
2, commercial aceto aud; 8, purified acctio aci Spectra determined 
with a Beckman -2 spectro ter using a 10-mm light path 


Fig. 1 shows absorption spectra obtained using, as 
additives, water (curve 1), commercial acetic acid (curve 2), 
and the same commercial acetic acid after purification by 
fractional distillation (curve 3). Thus purification of the 
acetic acid resulted in shifting the wave-length of maxi- 
mum absorption (Amex) from 555 my to 480 my and 
decreasing the absorbance at Amex from 0-4 to 0-2. The 
similarity between the absorption spectra obtained using 
water (curve 1) and purifled acetic acid (curve 3) should 
be noted. Spectra similar to thoee described for acetic acid 
were obtamed with absolute ethanol. From these resulte 
we conclude that purifled acetic acid and ethanol have a 
negligible effect on the Seliwanoff reaction carried out 
according to our procedure. 

A consideration of known impurities present in com- 
mercial acetic acid and ethanol led us to study the effect of 
acetaldehyde on the colour reaction. When purified aoetio 
acid (curve 3) containing 0:06 umole of acetaldehyde per 
ml. was used, the absorption spectrum was identioal to that 
obtained with commercial acetic acid (curve 2). It waa 
shown that the shift in Amax is indépendent of the presence 
of organio solvents in the reaction mixture sinoe it was 
also obtamed when 1 ml. of an aqueous solution containing 
0-06 umole of acetaldehyde was used in the foregoing pro- 
cedure. Further work was carried out with 1,1-diethoxy- 
ethane rather than acetaldehyde smce the formor com- 
pound is less volatile and more stable at room temperature, 
and is readily hydrolysed to acetaldehyde with a mineral 
acid catalyst. Its effect on the colour reaction waa indis- 
tinguishable from that of acetaldehyde. The absorbance 
at 555 my. was dependent on the concentration of 1,1-di- 


.ethoxyethane in the reaction mixture, maximum absorb- 


ance being obtamed when equimolar amounts of 1,1-di- 
ethoxyethane and fructose were present. Beer’s law was 
obeyed unless the molar ratio of 1,1-diethoxyethane to 
fructose was lees than one. 

The complete details on factors affecting the production 
of colour in the resorcinol test for the determination of 
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fructose and 3,6-anhydrogalactose will be presented in 
forthooming publications. In view of our resulta, and since 
a large number of colour reactions used for detecting and 
determining carbohydrates is based on the condensation 
of phenols with products formed from sugars by the action 
of acids", it may be expected that the absorption spectra 
of other colour reaction products would be affected by 
aldehyde impurities in organic solvent. 
The absorbance at 555 mp in the resorcinol test for 
fructose is not only affected by acetaldehyde but also by 
other n-aliphatic aldehydes. This is the basis for a sensitive 
procedure for determining n-aliphatic aldehydes which 
will be published shortly. 
G. P. AnsuNAULT 
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Lipase and Glycerokinose Activities In the 
Adipose Tissue of Obese-Hyperglycemic Mice 


Ir has previously been reported that free fatty acid 
mobilization from the adipose tissue of hereditary obese— 
hyperglyosmie mice after inoubetion with epinephrine or 
fat-mobilizing substance! or prolonged fast is far gmaller 
than is seen with tissue from non-obese litter-mates"*. It 
has also been shown that lipogenesis from acetate in 
adipose tissue from this animal proceeds at 10-15 times 
the normal rate‘. The diminished free fatty release and 
the increased lipogenesis from acetate oocurring in spite of 
a decrease in glucose uptake’ and utilization’ * suggested 
to us that this syndrome might entail two abnormalities, 
possibly interrelated: an impaired lipolytic activity 
directly related to the epinephrine-sensitive lipolytic 
system _in adipose tissue described by Rizack*; and an 
ability of this tiseue to utilize ‘non-active’ glycerol m the 
esterifloation process possibly through a specific 'glyoero- 


kinase 

Accordingly, lipase was determined in the 
epididymal fat from eight obeee-hyperglyosmio mice and 
nine non-obese litter-mates obtamed from the Jackson 
Memorial Laboratory in Bar Harbor, Maine. The animals 
were approximately four months old and fed Ralston 
Purina rat chow ad kbitum until the time of death. 
Rizack’s method for the estimation of lipase activity* was 
used with the exception that the total tissue homogenate 
(after removal of the fat cake) was used for the determina- 
tion of enzyme activity. In the second series of experi- 
ments, six obese-hyperglycemic mice and five non-obese 
litter-mates (all male) about 4 months old were used. 
Epididymal fat pads were incubated in Krebs-bicarbonate 
buffer. Glyoerol-1,8-140 was obtained from New England 
Nuclear Corporation and was added to the medium at a 
level of 2 uo. per flask (containing 8 ml. medium). Un- 
labelled glycerol was added to bring the total concentration 
of glycerol to 8 mM/L In order to provide optimal con- 
ditions for tissue fatty acid synthesis, 5 mM glucose and 
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80 mM acetate were also added to tho medium. Acetate 
was added as sodium salt in substitution for sodium 
chloride*. Incubation of the adipose tissue was carried oub 
as described by Winegrad and Renold’. Tissue glyoeride- 
glycerol was isolated according to Cahill e£ al.*, oxidized 
with periodic acid, buffered and dimedono reagent was 
added to precipitate the formaldehyde derived from the 
a-carbons of glycerol as formaldimedone. The formal- 
dimedone was washed, purified by recrystallization from 
acetone, washed twice, plancheted, counted and caloula- 
ted’. 

Activity of the lipolytic enzyme system which appears 
to be responsible for the release of free fatty acids is 
significantly decreased in the adipose tissue from obese— 
hyperglycsamic mice (10-50 + 0-92 moles free fatty acids/ 
mg tissue nitrogen/1 h incubation) as compared with that 
of non-obese litter-mates (14-29 + 1-69, P< 0-02). 
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Incorporation of glyoerol-1,3-140 into glyoeride-glyoerol 
in adipose tiesue of obese—hyperglycemic and non-obese 
mice is shown in Fig. 1. When no hormone was added 
to the moubation medium, the incorporation of labelled 
glycerol mto glyoeride-glyoerol by the adipose tiasue from 
the obese—hyperglycsamic mice was three and & half times 
greater than that by the adipose tissue from the non-obese 
mice (0-33 + 0-026 umole/mg tissue nitrogen/3 h icuba- . 
tion in the obeee-h; cosmic mice, 0:089 + 0-007 tn the 
non-obese mice). addition of insulin or epinephrine 
to the incubation medium, the ratio of the rate of inoorpor- 
ation of glyoerol-1,8-O in the adipose tissue fram the 
obese—hyperglyceamio mice to that in tissue from the non- 
obese mice rose to 5 (0-27 + 0-026 umole for tissue from 
obese mice, 0-05 + 0-004 umole for tissue from non-obese 
mice in the presence of insulm; 0:20 + 0-029 and 0-045 + 
0-003 umole for adipose tissue from the obeeo-hyper- 
glycæmic and non-obese mice, respectively, in the presence 
of epinephrine). 

These results strongly suggest the existence of a glyoero- 
kmase in the adipose tissue of mice with the hereditary 
obese—hyperglycamio syndrome, even though it is recog- 
nized that part of the apparent increase in labelled glycerol - 
Incorporated could be due to decreased dilution with the 
leesar amount of glycerol synthesized from glucose in this 

me. 1 ts now in progress should make it 
possible to rule out definitely this complication. 

This work was sup in part by Publio Health 
Service grants H—4969 and A-2911, and in part by grants 
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Proton Magnetic Resonance Investigation 
of Enzyme-Coenzyme Complexes 


actions in solution are well reoognired!'*. 
‘applicability of the method to the examination of inter- 
actions in biological systems has been hampered by its 
low sensitivity, requiring the use of comparatively cancen- 
trated solutions (~ 0-05 M-or higher). 

‘We have now applied a technique which has allowed us 
to perform a series of crude but informative experiments 
on the binding of diphoephopyridine nucleotide (DPN) to 
the enxyme yeast alooho! dehydrogenase (ADH) in stoichio- 
metric proportions. Our procedure has been to couple the 
output of a Varian model 4800B high-resolution spectro- 
meter operating at 60 Mo/s to & 400 channel digital 
average response computer, the Mnemotron model 400 
computer of average transients. Tho sweep of the com- 
puter was iri through a Tektronix model 535 A 
oscilloscope from & marker placed in the sample tube. By 
an appropriate choice of delay times, calculated from the 
known chemical shifts of the marker and the DPN peaks, 
it was synchronized with the desired linear portion of the 
fleld sweep, with excellent reproducibility on succéesive 
sweeps. sweep rates found in the b 
work were of the order of 2-5 mG/seo and tho total fleld 
change in the course of & single computer sweep was 
approximately 25-30 mG, corresponding to & spectral 
region of 100-120 o/s. At this rate the spectrum was 
converted into digital form using 4 channels per c/s. 
Since the DPN peaks have a width at half-height of 
the order of 3 o/s, the resulting resolution was as good as 
that obtained on a conventional spectrum at higher DPN 
concentrations. Approximately 500 sweeps were required 
ieee a well-defined spectrum of & dilute solution 
o : - 

Figs. 1 a and b show tho n magnetio spectrum of 
0:1 M DPN in deuterium oxide, pH 7-2, and the average 
response nuclear magnetic resonance spectrum of 0-002 M 
DPN in deuterium oxide, pH 7-2 (on an expanded scale). 
The assignment of peaks in the aromatio region follows 
from the spin-spin coupling pattern and is consistent with 
that given for other pyridine and purine derivatives". A 
comparison of line widths to the coupling constants on the - 
two spectra indicates that errors which could be expected 
to arise from sweep broadening and random drifts between 
successive sweeps are of the order of 10—20 per cent of the 
Ime widths. 

The of 0-002 M B-DPN in the of 
0-0005 M ADH, pH 7-2 (calculated on the basis of a molecu- 
lar weight of 148,000 and & stoichiometric ratio for binding 
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of 4 DPN molecules/molecule of ADH’) is shown in Fig. 
lo. The two adenine peaks can still be reproducibly deteo- 
ted, while the pyridine region of the gives ran- 
dom patterns on repeated scans. This would not have 
been : in the case of a simple non-specifio broaden- 
ing, since the ratio of intensities of the O,H of pyridine to 
the O,H. of adenine should have remained approxi 
l : 1 as it is in the case of the controls^*. The same 
observation can be made more olearly on & solution con- 
taining a slight excess of DPN, as is shown in Figs. 1 d and 
6, which represent spectra of a control solution of 0-005 
M. B-DPN and the of 0-005 M B-DPN in the 
presence of 0-0005 M ADH. Whether this disappearance 
of the pyridine portion of the nuclear magnetic resonance 
spectrum representa a shift, selective broadening, or & 
combination of both, cannot yet be settled with certainty." 
A soan of other regions of the average nuclear 
magnetic resonance spectrum has thus far failed to 
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reveal either these peaks, or the characteristic pyridine 
peaks of DPNH"™*. We therefore tentatively favour 
selective b ing (with or without an accompany- 
ing shift) as the more likely explanation. The possi- 
bility of the broadening being due to a difference in pH 
between the control and the enryme-containing samples 
was carefully eliminated, since a pH dependent preferen- 
tial broadening of the yridine peaks has been observed 
above pH 8:5 and attributed to an exchange between the 
uncharged and the cationic form of the ring*. The possi- 
bility of a reduction of DPN to DPNH cannot be entirely 
excluded, but is made unlikely both by the absence of a 
substrate and by the failure to find the Hw and the Hy) 
peaks of the dihydropyridine ring. 

The fact that the spectral changes in the pyridine region 
are observable even when DPN is present in excess (10 


molecules of DPN/molecule of ADH) suggests otther bind- . 


ing of additional molecules through the pyridine Ting or an 
exchange between the free and the bound species. Data 
available thus far do not allow a distinction between the 
two possibilities. 

A precise interpretation of the present findings in terms 
of molecular events must therefore be deferred until the 
completion of a more detailed study at present in progress. 
However, regardless of the ultimate specific explanation, 
the observations made so far provide direct physical 
evidence for the involvement of the pyridine ring in the 
interaction between DPN and the enzyme, and provide a 
basis for defining the role of individual portions of the 
DPN molecule in this interaction. They also unequivo- 
cally demonstrate the feasibility of extending the applica- 
tion of nuclear resonance to the study of ifle molecular 
interactions at biochemically meani 
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Adenosine Triphosphatase of 

Glycerinated Muscle Fibres In a M ical 

Field ' 

MUuBOLM is a ‘mechano-chemical’ system which can 
convert chemical energy into mechanical energy. The 
glyoerinated muscle fibre is a typical example of the model 
system where the mechanical work (contraction) is closely 
coupled with the chemical reaction (dephosphorylation of 
adenosine triphosphate (ATP)). In such a mechano- 
chemical system, it is expected that the chemical reaction 
is also closely coupled with the mechanical work which is 

lied to the 
"PDEiUE the ei ern musole flbre, such & mechano- 
chemical coupling is studied, and it is observed that the 
ATP-ase activity of the muscle fibre is markedly acceler- 
ated under mechanical fleld. 

Glyoerinated psoas muscle fibres of rabbits were 
prepared by the method of Szent-Gyorgyi'. Seven fibre 
bundles (each 0-05—0-1 mm in diameter, 30 mm in length) 
are mounted between two levers which can stretch a fibre 
with various frequency and various amplitude. After 
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washing the flbre with & medium (0-15 M potassium 
chloride and 0-002 M magnesium chloride buffered at pH 
7-0), the reaction is started by immersing the fibre into 
10 ml. of the same medium containing 2mM ATP. The 
solution is continuously stirred and the temperature is 
kept constant by thermo-electronio elementa? (Komaten 
Hlectronics Ino., Tokyo). An aliquot of 0:5 mL of the 
medium is taken out at the proper intervals and an 
inorganic phosphate liberated is assayed by the Heranol- 
Celite column method?. 

When the lever is fixed, a steady rate of dephosphoryl- 
ation is observed after an initial burst of dephosphoryl- 
ation‘. If the fibre is repeatedly stretched by the lever 
(frequency: 1-5 o/a, amplitude: 2 mm), the rate is imme- 
diately increased as shown in Fig. 1. This acceleration 
disappears when the movement of the lever is stopped, and 
the dephosphorylation rate returns to that of the original 
state. 


Liberated! norgan!o phosphate (ag) 





10 

Time (mtn) 
Fig. L Heoti of the borylation of ATP. 
Gtycerinated m ties ores on fio dephosphocyiai mm damn., 


30 mm long) were m 15 M potaamum chloride, 0 002 M 
appin hlode, pH 7-0, and 0002 M ATP T O. M 
repeated stretching (frequency, 15 o/s; de, 2 mm) 


The mechanical acceleration of the ATPase ia also 
observed in muscle fibres under sonic vibration field just 
as observed in F-actin solution by Asakura’. When 
myofibrils prepared from the glyoerinated muscle flbre (ar 
rabbit muscle fibre) were put in the sonic field of a mag- 
neto-strictive sonic oscillator (frequency: 10 ko/g; input 
power of the final amplifier of the generator is about 15 W), 
the ATPase activity is accelerated (Fig. 2). 


8 


Liberated ph 
yg marini 
t 





Sp "Erud en TRIP Y 
. oonoen! ; ' 
OR ERI UEM EE DR . M indinates 


No.ases January 12, 1963 


In the presence of EDTA (musole-relaxing reagent), the 
ATPase activity of the myofibrils is suppressed and the 
mechanical scceleration disappears. The accelerated 
ATPase activities in Figs. 1 and 2 are nearly equal to the 
ATPase nativity at the initial contraction (initial 
burst). Therefore, it is probable that the interaction 
between myosin and actin filaments at the contracted 
steady state is enhanced by the mechanical work and 
that the ATPase activity is accelerated to the level at the 
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PHYSIOLOGY 


Measurements of Tubular Fluid pH in vivo in Rats 


Ix reoently reported micropuncture experiments on the 
mechaniam of urine acidification in the rat, pH of tubular 
fluid was measured after the, finid had been withdrawn 
from the 14, A theoretical objection to this 


method is that carbonio acid may nob be in equilibrium 
with carbon dioxide in the tubular lumen*'*. drawal 
of the fluid would allow tho reaction OO,-- H,O 3*H400; 
to reach ium quickly with the result that both the 
concen on of carbonio acid and the pH would change. 
That this may be the case is suggested by recent estimates 
of tubular fluid pH in vivo by Rector, using a series of 
indicator dyes’. His results suggest a much greater 

of acidification in the proximal tubule than pre- 
viously thought from tn vitro measurements. 

In the i here, a new method devised 
in this laboratory was used to obtain direct measurements 
of tubular fluid pH in the lumen without disturbing the 
physiological state of the nephron. Two micropipettes 
were inserted into the same tubular lumen along ite 
longitudinal axis. One of the micropipettes contained a 

inhydrone electrode and the other a allver—silver 

ide reference electrode. Liquid junction was made 
via Ringee’s solution. Tubular fluid was withdrawn under 
anaerobio gonditions into the micropipette containing the 
quinbydrone electrode and pH measured as soon as eleo- 
trical contact with the electrode was made. Then, this 
pipette was withdrawn from the lumen, tho tip sealed with 

i chloride-agar, and pH determined in vitro at 
37° O with a calomel reference electrode. The resulta are 
shown in Table 1. 

These results confirm the findings of Rector that tubular 
fluid pH in vivo is much more acid than plasma and oon- 
siderably more acid than in vitro. The fact that pH rose 
after the fluid had been withdrawn from the nephron is 
most readily explained by & fall in the concentration of 
carbonic acid. This in turn is compatible with the view 
thas carbonic acid is in a state of disequilibrium in the 
tubular lumen. 

Two hypotheses, diametrically to one another, 
to account for acidification of the urine are at present 
being held^*. One pro that bicarbonate ions are 
removed from the tub fluid by & specific transport 
process, and tho other that hydrogen ions are secreted by 
the epithelial cells. Either of these two mechaniams is 
compatible with the low in vieo pH values found in the 
experimente reported here. However, the fact that pH 
rose after the fluid had been withdrawn from the nephron 
favours the hydrogen ion secretion theory. If bicarbonate 
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Table 1. OoPARIBOK OF TUBULAR FLUID pH in wie AND in witre DURING 


0-5 M. BODIUM 
Proximal tubule 
Æp. No. In vivo pH In vitre 9H Blood pH Bladder urine pli 
1 5-40 7-03 — — 
2 5-04 7-02 745 5:25 
5-96 6-05 7-45 5:35 
3 508 0-84 744 487 
5-45 7-02 7-44 487 
485 7-00 THA 4-87 
4 “738 7-31 7-53 — 
5 5-96 06-94 747 4°75 
460 7-02 747 4:75 
6* 5-81 660 7-40 5-37 
575 6-68 T40 5-37 
ye 5-98 0-08 TOT 4-53 
6-00 7 00 1-57 4°83 
6-96 7-08 TET 483 
Distal tubule 
2 5 60 540 745 5-35 
4 406 5-02 153 — 
e* 5-08 5:25 7-40 5-37 
5-25 6-06 7-40 5-37 


*In these experimentis, carbonle anhydrase was administered 
venoualy; 6-4 giren and 0-13 mg/min in the sodium 
Cms fans aep SE hater mime by the method ot Philpot and 
(ref. 8) showed enzyme to be present. 


removal wére the primary event, the reactions taking place 
in the tubular lumen would be: 


(1) H400,—H*--HCO,7 
(2) 00, + H,0— H400, 


The concentration of carbonic acid might be expected to 
rise, therefore, after the fluid had been withdrawn from 
the nephron if the hydration of carbon dioxide (equation 2) 
had not reached equilibrium in vivo. The pH measured 
in vitro would be more acid in these circumstances than 
$n vivo. In contrast, if h ion secretion is the basic 
mechanism, reactions 1 and 2 would be ing toward 
the left in the tubular lumen as hydrogen ions combined 
with bicarbonate to form carbonic acid. Removal of the 
fluid from the nephron would allow the dehydration of 
carbonio acid to continue to equilibrium with the result 
that carbonic acid concentration would fall and in vitro pH 
would be higher than in vivo. 

Tt is of interest that carbonio anhydrase, in amounts 
large enough to cause its excretion in the urine, was 
unable to accelerate the dehydration of carbonio acid 
sufficiently for equilibrium to be reached $n vivo. mel n 
amounts might have been more effective, but it is 
conceivable that factors other than presence or absence of 
this , such as the rate of hydrogen ion secretion. 
the geometrical relationship between luminal surface aree 
and fluid volume, and the rate of flow along the nephron 
preclude a state of equilibrium for carbonio acid. 

The concentration of carbonic acid in the tubular lumen 
can be ximated from the tion: pH =3-2+log 
HOO,-/H,00,. Ata pH of 5-5 a bicarbonate concen- 
tration of 25 mm/l. carbonio acid would be 0-1 mmjl. or 
almost 100 times that of plasma. At the same pH but 
carbonic acid concen- 
onally smaller. This could 


po 
using the simplified Nernst equation: Em = 61-5 log 0,/0,. 
The results suggested that hydrogen ions are distributed 
passively between proximal fluid and plasma in rospongo 
to the electrical potential. On the basis of the present 
findings, however, it seams certain that an active transport 
mechaniam for hydrogen ions must be in operation since 
the highest recorded proximal electrical potentials oan 
account for H+ gradients of leas than 1 pH unit. 
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Vitamin Bi; in the Serum of the Rhesus 
Monkey 

Mosr investigations of the physiology of vitamin B,, 
have been carried out in man or laboratory animals other 
than the sub-human primates. Indeed, it has been 
specifically noted that vitamin B,, deficiency has not been 
produced experimentally in monkeys!-*, and those maoro- 
cytio ansmias which have been induced are known to 
respond to treatment with folio acid (sometimes in associa- 
tion with ascorbio acid) but not to vitamin By, (ref. 4). 

Recently, two rhesus monkeys in our colony developed 
& paralysis which called to mind sub-acute combined 
degeneration of the cord in man and which improved 
following treatment with parenteral vitamin By. This 
led us to measure the serum-levels of the vitamin in other 
monkeys in the colony. Using the microbiological assay 
method with Euglena gracilis’, the level of vitamin By, was 
estimated in the sera of three male and 18 famale normal 
untreated adult rhesus monkeys (Macaca mulatta) which 
had been in the colony for 1-15 years. The mean figure 
of 56-6 pug/ml. (S.D. 20-8) is very low with the 
levels found in other mammals (not lees than 200 ug/ml. 
by the same techniquo*), and with the range of normal in 


man (mean value 390 uug/m).*); in fact, it is the value to - 


be expected in cases of pernicious anzmia in relapse. 

Low levels similar to those which we have found have 
already been observed by Wilson and Pitney’ in 17 young 
rhesus monkeys which had been on a standard laboratory 
diet for many months. The mean serum-level of 120 uug/ ' 
ml. was accepted by them as normal for the species. Das 
Gupta ef al.* found even lower levels in six healthy young 
rhesus monkeys (mean value 56-8 uug/ml.) living on the 
"usual animal room dist”, and they commented that the 
higher figures obtained by Wilson and Pitney’ 
might have been due to the higher vitamin B,, content of 
their ‘natural’ laboratory diet. 

Repetitions of the tests on our monkeys have shown that 
the levels of vitamin B,, remain consistently low. On the 
other hand, monkeys that have been in the laboratory 
environment for only a short period showed higher levels 
at the time of the first test, but the values fell to the low 
figure characteristic of the rest of the colony within three 


months. Estimates on a group of 29 monkeys examined ` 


within five weeks of captivity and immediately on arrival 
in Britain gave a mean value of 208-2 uug/ml. (S.D. 93-2). 
These i imply that monkeys in their natural 
habitet have satisfactory amounta of vitamin B,, in their 
serum as judged by the standards of man and other 
mammals, perhaps as the result of a more varied diet in the 
wild state. 

The ordinary diet fed to our monkeys consiste of 
potatoes, bread, carrote and other root vegetables, green 
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vegetables and fresh fruit, and is supplemented with 
‘Bemar’, ascorbio acid and halibut liver oil. This diet bas 
been thought to be adequate since monkeys have been 
kept on it in apparently good health for long periods of 
time—aup to 24 years—and since hematological examina- 
tions have never revealed any notable changes. Further 
examinations of the blood from these monkeys now known 
to have low vitamin B,,-levels have also failed to show any 
significant evidence of anmmia. 

This overall picture of very low levels of serum vitamin 
Bı» usually without obvious signs or symptoms of 
deficiency, in monkeys on a vegetarian diet seems closely 
to resemble the findings in strict vegetarians’ !°, where 
low serum B,, values are not necessarily associated with 
anemia or gross neurological changes. In many other 
oe however, there is evidence that vitamin Bu 

efloiency may lead to a range of disorders including retard- 

ation of growth, congenital deformity, increased incidence 
of damyelinating disease of the norvous systam and & 
number of lesser effects (for review see ref. 2). Speaial 
mention may also be made of the many reporte that the 
deficiency has some ill-defined influence on the repro- 
ductive proceases!!-14, We intend particularly to study 
the influence of vitamin B,, supplements in our group of 
breeding females the fertility of which has proved to be 
disappointingly low, and would suggest that other usera of 
laboratory primates might consider the possible affect of 
low levels of vitamin B,, in the serum in the interpretation 
of their resulta. 
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Serum Iron in Normal and Castrated 
Mammals 


Most authors are agreed that there is a sexual differehce 
in serum iron values m man. 

Previous work!" carried out on six kinds of mammals 
has not, however, shown this difference. On the other 
hand, it seems beyond doubt that the gonads have a definite 
effect on iron metabolism in some species. The castration 
of r&te* and rabbits‘ modifies the level of serum iron and in 
the former affects hepatioal depoeit*. : 

The injection of sex hormones has also a certain influence 
on other species, and it has been seen how the 
reduce the serum iron in rats‘ and in rabbita*. 

In the work recorded here, I have examined the influence 
Bae ee E E 
binding capacity in 5 ies of mammals—b arse, 
ee and D For tis purpose the values for normal 
and castrated i are compared. The results 
obtained with the first three species have already been 
given’. 
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The serum iron values and -the total iron-binding 
capacity aro determined using Ramsay'e methods*’. The 
& values of both the normal and castrated specimens 
haven bear submitted to a test of statistical signiflcance 
(Student's t). : 


Table 1. AVERAGE VALUAS FOR BERUM IRON AND TOTAL IRON-EINDING 
Gupactry (TIBO) FOR THE SPECIES OONCERNED 





Normal Castreted 
Bpecies No. Serumtron TIBO Ro. BSerumtron TIBO 
y Fo y Fo y Fe y Fe 
(per cent) (per cent) (per cent) (per cent) 
Bovine 4 2 102-6 208 —13 91-8 317-21 
(45—155) (225—472) (40-155) (135—517) 
' Hquine at 7-18 vat m 
d 15 99— 317-1 - - 
(00—100) (£17 —445) (65—120) (310—420) 
0-18 om 55 g-14 0-47 
Am d -6 -8 94—4 2041-9 
(45—180) (195—337) (50— (187 —345) 
gc-129 gm 85 ge17 g-38 
Sheep d 181—8 323 — 20 19 135-9 274 —14 
(70—180) (200— 600) (56—250) (185 — 428) 
g-31 g- 85 om BO c-00 
Porotne d 8 -11 432-21 -5 454 —18 
(40—120) ($30 -— 408) (40—140) (836-630) 
0-18 gw 55 om 24 am 78 
Pareine 9 20 -6 491 —23 20 -b 507 —18 
(40—185) (312— 735) (650—140) (345—650) 
om th o=mQ7 - gw-?2 0-78 


The resulta given in Table 1 shows that in the species 
studied no clear influence of castration on the serum iron 
values is noted. In a decrease in values can be 
observed, but the oes which appear are not 
statistically significant. An evident decrease in serum iron 
following castration has been quoted in the horse’, but 
the average of only 5 specimens was taken. With respect 
to the values of the total iron-binding capacity we have 
only found a significant difference existing in the bovine 
species (t= 2,181), being lower in castrated than in the 
normal types. í 

The effect of castration on serum iron values does not 
seem to be uniform in the different mammals referred to, 
and for the moment every attempt to generalize the action 
of sexual hormones on iron metaboliam should be treated 
with reserve. 

The opinion of certain authors" that it is difficult to 
obtein an explanation of the sexual difference in man from 
the endocrinous effects found in other mammals now 
appears to me more justified than ever. 
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HÆMATOLOGY 


Types of Haptoglobins in Araucanian Indians 
: of Chile 

Sroa the discovery of the polymorphism among hapto- 
A human serum made by Smithies! with starch- 
ge phoresis, information concerning geographical 
distribution has increased rapidly. 

The Hp 1 gene is known to be common in Africa, but 
rare m Asia, especially India. In Europe, from east to 
west Hp 1 increases slowly. In America, Sutton’ has 
noticed an morease from Mongolian and Amerindian 
population from south-east Asia (0-22 in the Japanese), 


NATURE 


.their blood groups (Table 1)‘. The po 
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through Alaska (0-33) and North America (0-45 in Navajos 
and 0-59 in Apachos) to Central (0-50 in the Mayas) and 
South America. In the last-named area the values are: 
Venezuelan Indians (0-55) and Peruvian Indians (0-73). A 
limited series of 34 Mapuche Indians from Temuoo has 
been reported by Parker and Bearn’ finding 0-74. 

Serum i were obtained from 229 ‘full blooded’ 
Araucanian Indians of the south of Ohile: 113 of the 
Pehuenche sub-group and 116 of the Mapuche sub-type. 
They speak the same language, but their habitat and 
customs are quite different. The Pehuenches examined 
live in Lonquimay, in a hidden valley of the Andes; they 
are very isolated and originally were nomads. Their 
admixture with white is very low, as can be seen from 
tion is rather 
scanty and very endogamio. A very high incidence of 
goitre exista in this region‘. 


Table 1. OLASSIO BLOOD GROUPS oF ARAUCANJAN INDIANE OF CHILE 


Total 
individuals o A B AB 
450 358 50 43 0 
n PE RA | m QO OP o» o 
Tute ODIT eo aD ©) 
Pereentages in parentheses, 

The Mapuche Indians examined were from the Central 
Valley of Chile, near Temuco. This tion constitutes 


the main group of the Araucanian Indians. They are 
classified aa an agricultural and sedentary population aince 
the pre-Columbian period. Their proximity with white 
cities has elevated admixture to 80 per cent more or less, 
an estimation based on their blood groupe. These findings 
are consistent with earlier surveys made in the same region 
in relation to blood groups*. 

The Negro admixture of the two groupa must be very 
low, if any. Neither glucose-6-phosphate deh 
deficiency nor abnormal haxmoglobins were found*. 

Serum was separated the same day, and stored at 20° 
O for 20-60 days when starch-gel electrophoretical analysis 
was performed in a vertical set, with borate buffer (pH 8-6), 
and stained half with amido black 10B and half with 
benzidine-peroxide reagent. Hramoglobin was added to all 


samples except when they were obvi hamolysed. 
Table 2, HAPPTOGLOBINS OF ARAUGANIAWN INDIANS OF CHILE 
Haptoglobin types 
11 31 %3 Total pHpl SE. 
(s) Wien aote e 
Unrelafod m2 14 1 37 
Related 2 8 6 1 15 
i 3 65 1 0 6 
4 4 0 0 4 
i es 078 — 004 
Qum "2s n o 39 
Related 2 4 3 1 8 
4 3 0 4 
51 0-80 004 
118 O78 0-08 
QI) Mapuches (Temneo) 
Unrelated 65 30 12 116 on on 


Table 2 shows the resulta with both Pehuenche and 
Mapuche groupe. The Pehuenches are divided according 
to consanguinity and size of the family, and according to 
[pre of goitre. The Mapuche were all unrelated and 

no goitre. The differences among these two groups 
reflect the endogamio and endemic goitre characteristic of 
the first group. As the population examined was partially 
related, we calculated the gene frequency according to 
Cotterman’s method’. i 

The highest frequency of gene Hp 1 was found in 
Lonquimay, where we suspect a low admixture with 
white. In Temuoo, instead, where the admixture ig very 
high, the frequency falle. There are sufficient facta to 
suggest that all the Araucanian sub-types were very much 
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related before the arrival of the Spaniards, so that subse- 
quent admixture seems to be the best lanation for the 
differences found in the Hp 1 gene ency. This 
suggests also that the primitive Araucanian Indians of the 
pre-Columbian period must have had an Hp 1 gene 
frequenoy of more than 0:80. 

Our results are in very good agreement with what would 
be expected under Hardy-Weimberg equilibrium (P more 
than 0-30). 

In summary, the Hp 1 frequency of the Araucanian 
Indians is as being 0.72 (S.B. 0-02) for the 
Mapuche and 0-78 (S.H. 0-02) for the Pehuenchee, in 
accordance with the increase described from south-east 
Asia to South America. Endemic goitre does not seem to 
be related to this gene distribution. 

We thank Dr. O. Guzmán, Dr. A. Hille, Dr. E. 
Covarrubias and Mr. A. Montenegro for their d as 
participants in the expedition, Dr. E. Giblett and C. 
Parker for providing reference serum and advice, and 
Dr. Danko Brnoic and José Barzelatto for interesting 
discussions. 

This work was supported by grant No. 60038, project 
62-121, in a joint programme of the Faculty of Medicine 
of Chile and the Rockefeller Foundation. 


RoNALD NAGHL 
Institute of Physiology, 


RAUL ETOHEVHRRY 
Medical Service E, 
Hospital del Salvador, 
University of ilo, 


, Mariko 
+ Nagel n R., aver P ad Chae a 0; 16 oe J., and 


* Bandoval, L., and Henckel, O., Human Piol., $0, 234 (1054). 


Inactivation of Thrombin by Normal Human 
Urine 


OoNTINUING our investigations of thrombin inactivation 
in blood and other body fluids!-4, in order to determine 
their antithrombin aotivity, we decided to examine the 
influence of normal human urine on the activity of added 
thrombin. 

(1) The standard thrombin solution is obtained by 
dissolving a small quantity of thrombin pulver ("Thrombo- 
fort’ Richter) in physiological sodium chloride solution. 
By addition either of thrombin or physiological saline we 
fixed the activity of thrombin solution, that is, 0-1 ml. 
mixed with 0-1 ml. of physiological saline coagulated 0-2 
ml. of standard dry plasma solution during 30 + 2 sec. 
(2) The plasms substrate is prepared by dissolving the dry, 
lyophilized plasma (produced at the Blood Centre, 
Krakow, Nowa Huta) in distilled water in gravimetrio 
proportion 7:5 : 100-0. This concentration corresponded to 
that used for intravenous infusions. (8) The urme is 
obtained from normal, fasting, healthy adults of both 
sexes. The urine is cen (10 min, 3,000 r.p.m.) in 
order to eliminate the morphologioal elementa. 
further examination only the upper layer of oen 
urine is used. We examined: reaction ie acid, 
neutral, alkaline), specific gravity, colour, transparence, 
contenta of proteins, sugar and a microscopic picture of 
sediment. A more exact determination of pH was made 
with universal Indicator paper (Labo Moderne, Paris 19), 
having a sensitivity of pH 0-1. The findings did not differ 
from normal values. We examined 85 specimens of urine 
with pH’s of 5-0—-10-0. 


NATURE 


January 12, 1963 von 197 


110 - 








100 

















Coagulation tine (seo) 
2 
































pE of urine 
a RIA of ooagilakon thina after 0 iis DisibeMon. A, values 
coagulation 


Fig. L 

of time after 10-min. incubation; x, values of 

time after 20-mm incubation. The are based on the mean 
Values: of coagulation. Himas ct the p Hmita: 800-0, 6-0-7-0 and 


To determine thrombin inactivation, 0-1 ml. of thrombin 
standard solution was mixed with 0:1 ml. of examined 
urine, and immediately after (10-15 sec) 0-2 ml. of plasma 
substrate was added and the coagulation time of the whole 
mixture determined. The same volumes of thrombin 
solution and urine were mixed and incubated in room 

temperature for 10 and 20 min. also. After that time 0:2 
ml. of plasma substrate was added again and the time of 
coagulation determined. In the control reaction instead 
of 0:1 ml. of urine the same quantity of physiological 
saline was used. All resulta are given in seconds. These 
are presented in Fig. 1. It shows that when thrombin is 
mixed with urine the pH of which.is leas than 7:0 (acid 
urine) the time of coagulation becomes immediately 
prolonged as compared with ite control values (0 min 
incubation). The degree of prolongation depends on pH; 
the nearer to ite neutral ue of 7-0, the lesser becomes 
the prolongation of coagulation time. Besides this relation- 
ship one can observe that the urines having the same 
value of pH do not prolong identically the coagulation 
time as compared with ite control values. 

When the urine is neutral or slightly alkaline and the 
pH equal to or higher than 7-0 the coagulation time under- 
goes only amall or no prolongation. The strongly alkaline 
urines cause a moderate prolongation of the coagulation 
time. 

The 10- and 20-min. incubation period of all urines pro- 
longs little or not at all the values of times of coagulation 
in comparison with initial value (0 min incubation). 

The influence of pH on the coagulation of blood and 

lasma and the thrombin activity is well known’. 
Various? investigators find the optimal activity of thrombin 
at the pH 7:2—7.5; the maximal activity of thrombin 
appears at the neutral or alightly alkaline pH (7-0-8-0). 
The further from those values and the nearer to strongly 
acid or alkaline pH the weaker becomes the action of 
thrombin. Our resulta confirm those already published. 
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Schulx!* investigated among other problems the 
influence of normal human urine, obtained in the morning 
from fasting individuale, on the coagulation time of 
recalcified, oxalated blood and plasma and did not find 
any action of urine on the recalcification time under the 
conditions of his experiments. 

Conclusions. (1) Normal examples of human urine with 
acid or strongly alkaline pH inactivate’ immediately the 
added thrombin. The degree of inactivation depends in 
great part on the distance of urine pH from its neutral 
value. This mactivation is very amall or none when the 
' urine pH. is neutral or slightly alkaline. The incubation 
of urine with thrombin increases little (or does not increase 
at all) the initial inactivation. (2) The results of in viro 
investigations prove that the alkaliration of urine obtamed 
by appropriated diet or pharmacological remedies may in 
~vivo exercise a favourable influence on threatening or 
already existing hemorrhages of the urine-excreting 


system. 
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HISTOCHEMISTRY 


Histochemical Demonstration of Amino- 
peptidase Activity in the Cells of the Blood 
and Bone Marrow from Various 
Hamatological Disorders 

AMIWOPHPTIDASH. activity has been demonstrated 
histochemically in the leucocytes of the blood and bone 
marrow of man using alanyl §-naphthylamide as the 
substrato'*. Cytoplasmic aminopeptidase activity was 
localized in the neutrophils, monocytes and eosinophils 
while lymphocytes and basophils failed to exhibit a positive 


reaction for ammopeptidase activity’. Durmg granulo- 
poiesis, aminopeptidase activity initially m the 
late B myelocytes and gradually during later 


The procedure used in this investigation has been 
detailed by Ackerman! and entails the fixation of air-dried 
filma with cold 0-5-1 per cent osmium tetroxide in di- 
methylformamide for 2 min, washing in running water and 
placing the films in an incubation medium containing 4 mg 
of alanyl §-naphthylamide dissolved in 5 ml. of distilled 
water, 5 ml. of 0-1 M Sorenson’s phosphate buffer at pH 6-7, 
pn pu sapi eoo eee 
GBO. Incubation periods of 6-18 h at room temperature 
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were used routinely. Following incubation the films were 
washed in running water, blotted dry and mounted in 
glycerine or glyoerogel; oounter-steining with 0-5 per 
cent aqueous methyl green was optional. Alanylp-naph- 
thylamide hydrochloride used as the substrate was 
synthesized in our laboratory using the method outlined 
by Burstone*. 

Blood and bone marrow films obtained from patients 
with various hamatologioal disorders were processed with 
blood and/or bone marrow films from individuals exhibit- 
ing no hematological disfunction. Ninety-one patients 


with hematological dyscrasias were examined: chronic 
myelocytic as a (12); acute-sub-acute myelocytic 
leukmmia (5); &oute-sub-acute monocytic leukemia (15); 
chronic lymphocytic leukmmia (16); leuoo-lymphoear- 
coma (14); Hodgkin’s disease (4); lymphoma (3); poly- 
cythsmia vera (8); secondary polyoythemie (2); throm- 
bocytopenio purpura (5); pancytopenia (3); iron defloienoy 
and hmmolytio anæmia (6) and infectious mononucleosis 
(3). The relative activity, judged by the intensity of the 
reaction, of the cellular elementa in the hamatological 
disorders were evaluated and compared with similar 
cells from the normal individual. The processing of normal 
films with abnormal blood and/or bone marrow fibys per- 
mitted an important controlling factor minimizing possible 
variations in the histochemical procedure. 

In general, increased aminopeptidase activity was 
observed in the myelocytes and mature neutrophils in 
chronic myelocytic leukesmia as well as in the younger 
myelocytes in acute-sub-acute myelocytic leukemia; 
myeloblaste and ocytes were non- The 
exhibited relatively normal reactions 
aminopeptidase in acute-sub-acute myelocytic leukemia 
while the neutrophils and develo granulocytes from 


ia receiving 
antileukmmio therapy exhibited normal to slightly de- 
creased aminopepti activity with the procedures used 
in this investigation. In acute-sub-acute monocytic 
leukssmis, the young and relatively mature monocytes 
usually exhibited increased aminopeptidase activity as 
compared with normal mature monocytes; monoblasts 
were non-reactive and the mature neutrophils exhibited 
an essentially normal aminopeptidase reaction. During 
the differentiation of the neutrophilio myelocytes and 
monocytes, aminopeptidase activity appeared initially in 
the region of the cytocentrum and became more general- 
ized durmg maturation. Aminopeptidase activity was 
demonstrable only after the development of peroxidase 
activity in these calls. 

Lymphocytic cells present in chronic lymphocytic 
leukemia and lymphosarcoma were non-reactive, and the 
mature neutrophils and developing myelocytes present m 
the bone marrow of these individuals were normal in their 
histochemical reactivity. Normal reactions for amino- 
peptidase were observed in the neutrophils and myelo- 
cytes from individuals with polycythmmia, hmamotytic and 
iron-deficiency ansamias, thrombocytopenic purpura, pan- 
cytopenia, Hodgkin's disease, lymphomas and infectious 
mononucleosis. Increased aminopeptidase activity was 
noted in the neutrophils from patiente with pyogenic 
infections. 

No attempt was made to place tho histochemical 
reactions for aminopeptidase activity observed in the cells 
of the blood and bone marrow on the same level of semi- 
quantitative evaluation as has been utilized in the study 
of leucocyte alkaline phosphatase activity sinoe our 
experience indicated the capriciousness of the reaction and 
the not infrequent variation in cellular reactivity in 
different areas of the same tion. In spite of these 
inherent difficulties, our investigations revealed what 
appear to be significant variations in leucocyte amino- 
peptidase activity in certain hematological disorders, for 
example, myelocytic and monocytic ias and in 
pyogenic infections. Differences between aminopeptidase, 
alkaline phosphatase and peroxidase activities were 


' patiente with chronic myelocytic 
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evident and of mterest. Although the present histo- 
chemical procedure for aminopeptidase activity may nob 
assume a significant role in diagnosis of various hmmato- 
logical disorders, it does merit further study and adds to 
our knowledge concerning the histochemical alterations 
occurring in the cells of the blood and bone marrow in 
disease. Improvements and refinaments in both the 
histochemical substrates and techniques can be expected 
to improve the sensitivity and reliability of methods for 
the histochemical determination of aminopeptidase 
activity. 

This work was supported by research grant H—4061 from 
the National Institutes of Health, Bethesda, and grant 
IN-16B from the American Cancer Society, Now York. 
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Nuclear Deoxyribonucleic Acid Content in 
Corona Radiata of the Ovary of the Rat 

Tum mere situation of the corona radiata in the follicle 
is highly suggestive of the existence of inter-relationship 
between the granulosa and the oocyte. Experimental 
work revealed that the granulosa cella assume a role in 
transporting hormonal!“ and nutritional’ substances 
towards the oocyte. Furthermore, morphological evidence 
of a pathway between both was given recently‘. 

Numerous investigations, especially in endocrine organs, 
showed the DNA content of the nuclei to be closely 
related with cell function’. Simcoe the variations of the 
DNA content of the components in the rat ovary were 
particularly marked'-!*, I tested whether the DNA content 
of the granulosa oells of the follicle wall would differ from 
that present in the corona radiata. For that the 
DNA content in i hasio nuclei of both elementa was 
determined by Lison's histophotometrical method? on 
Feulgen-steined ovaries of rate in and cestrus 
containing w ll-developed tertiary follicles. After fixation 
in & mixture of alcohol 75 per cent, formalin 20 per cent 
and acetic acid 5 per cent, the ovaries were treated under 
the usual standardized conditions‘. 

The determinations of DNA were carried out in 9 
tertiary follicles out of 8 series of ovaries. In each series 
the individual values were assembled in a pool (Table 1). 
In every case significant differences were noted betweon 
the corona radiata and the granulosa of the follicle wall: 
in the first series the DNA content of the periovocytary 
nuclei is 35 per cent ( P < 0-001) higher than in the peripheral 
nuclei; in the second and third series the differences are, 
respectively, 30-5 (P<0-001) and 24:9 (P«0-001) per 
oent. This difference seems to be limited to tertiary 
follicles. No significant distinction in DNA content 
appeared between the granulosa ocells surroundmg the 
oocyte and those belonging to peripheral layers in sscond- 
ary follicles without antrum formation (Table 2). The 
difference of 4-6 per cent falls within the limite of error. 

In order to check possible gonadotropic influences, the 
work was extended to the hypophysectomized animal. 
Five days after hypophysectomy, the difference m DNA 
content between the nuclei of the corona radiata and the 
peripheral ones of the follicle wall in some well- ed 
tertiary follicles was only 16 per cent and had no statistical 
significance (0-2 « P «0-3) (Table 3). However, a signifi- 
cant differance seems to be restored after gonadotropio 
replacement. After daily administration of chorionic and 
serous gonadotropin to the hypophysectomized animal 
during 5 days the difference of the DNA content agam 
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Table 1 m x 
LI . logs 8 fogs 
Series T Folhele wall 119 1,000 3-0000 (0-093 
(ER 14-15-10) Perwvocytes 65 1,350 38-1803 0106 00131 
Series II Follicle wall 151 1,000 380000 0-003 00082 
(KR 18-19-21) Periovocytes 97 1,506 31155 0-106 001852 
III Follicle wall 146 1,000 3-0000 0008 00077 
(KER 111-115-123) — Penovocytes 54 1,249 $0906 0-078  0-0107 
Table 2 i 
KR 19 and KRM a s log © 8 Sls 
Peripheral 87 1,000 3-0000 0-183 0-0143 
Periovocytes 964 2-9797 0-106 0-0097 
Table 3 - = 
š * s log s s y 
Periovocytes 2 rete 30008 0311  0-0046 
Hypophysctomy 
oboarionio Follicle wall 199 1,000 380000 0065 0-0070 
peated Lo Perjovocytea 49 1,959 31332 O112 0-012535 
T 
serous Folbele wall 152 1,000 80000 0-085 0-0069 
gonadotropin Pactovocytes 65 1,847 31208 01% 00150 


attains, respectively, 85-9 (P « 0-001) and 34-7 (P « 0-001) 
per oent. 


of the follicle wall and the corona radiata. This finding 
argues in favour of a functional distmotion, between these 
follicular components. This distinction, which is probably 
related with the special transfer functions of the corona 
radiata, seams to depend on gonadotropic influences. 
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Soluble Glucokinase Activity in Bovine 
Tissues 


PREVIOUs investigations of glucokinase activity in 
ruminant tissues have involved the measurement of 


~ glucose or oxygen uptake (in the presence of glucose as 


substrate) by tissue homogenates, mitochondria or super- 
natants efter centrifugation of homogenates at 9,000g 13. 
These methods showed glucokinase activity in brain and 
intestinal mucosa, but not in the liver of sheep. The 
apparent lack of glucokinase activity in the liver prepar- 
ations may have been due to the presence of powerful 
glucose-6-phosphatase activity*. The interfering enzyme 
can be removed by oentrifugation of homogenates at 
100,000g, and this step has revealed appreciable activity 
of soluble glucokinase in rat livers, which was previously 
thought to have only slight glucokinase sotivity. This 
technioal development suggested that glucokinase activity 
in ruminant tissues should be re-ev ted, for it ig of 
interest in at least two respects. First, from the compara- 
tive view, overall glucose utilization is less in intact 
ruminants than in other mammals’, so low glucokinase 
activities may be expected in some tissues. Secondly, 
some metabolio diseases, such as di epi toxmmia in 
sheep and &aoetonzmia in cows, resemble diabetes in some 
regards, and the hepatic glucokinase activity of fasting or 
&lloran-diabetio rate is only about 40 per cent that of 
normal, fed rata’. 
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The present method was based on thoee of DiPietro and 
Weinhouse* and Grignani and Lohr’. Tissues ware taken 
from seven adult cows at a sla ter-house within 10 min 
after . and from five iis eeuele rete Fen UA 
been fasted overnight. Homogenates were prepared by 
disin ting 1 g of tissue in 10 ml. of ice-cold buffer 
(0-15 M potassium chloride, 5 mM sodium ethylenediamine 
tetraacetate, 5 mM magnesium chloride. pH 7-0) in a 
Waring blender. Supernatants were obtained by centri- 
fuging the homogenates at 100.000g for 80 min in & 
Beokman/Bpinco model L oon 

Assay of the soluble glucokinase involved measurement 
úf the rate of increase of optical density at 340 my of a 
reaction mixture in a Beckman DU spectrophotometer. It 
depended on the generation of reduced niootinamide- 
adeninedinucleotide-phosphate (NADPH) in the presence 
of added giucose-6-p. Lis aye dehydrogenase. Final oon- 
Gentrütons in th "eaction mitur wore 50 mM. glyoyl- 
glycine at pH 7.6, 8 mM magnesium chloride, 1 mM 
sodium fluoride, 0-75 mM adenosine triphosphate (ATP) 
grege in tho banta, 0-25 mM NADP, 2 mM EDTA, and 

ition each cell contained at least 0-02 Kornberg units 
of glucose-6-phoesphate deh: (Sigma Ohemical 
Oo., Bt. Louis, Mo.). The final volume was 2-1 ml., and up 
to 0-3 ml. of supernatant could be inoluded. The reaction 
was started by the addition of ATP except in the blanks. 
Increase in optical density was linear for at least 10 min. 
Micromoles of NADPH generated were calculated from a 
molar extinction coefficient of 6-22 x 10* am*/mole. 

The results are shown in Table 1. AN tissues tested had 
soluble i i 
was gland, mammary gland 
dtum. moderato ta bra ivr ond Edaey and low in 

kae orgy Hine Gluookinase activity in rat tissues 
-$ to 6-3 times higher than in corresponding bovine 


Thune Cows, 7 Bata, 7 
Baltvary giand 30-7 + €8T — 
Mammary gland 36-0 + — 
Doodenom 962 + 23 81-0 + 18-5 
Bratn ?9-4,t 3-3 190-6 + 93 
Kkiney 25-2 + 22 1004 + 93 
Liver 17-4 + 1:8 4474 45 
Muscle 88 + 08 $621 61 
Adiposa 31 + 083 195 + 28 
* One unit represents the formation of 0-01 «mole NADPH/min/g fresh 
tissue under the conditions deseribed tn the 


The comparative significance of these results is difficult — 
tò assess because of the problem of body-size. Ifa relation ` 
to the three-fourths power of body-weight which holds for 
oxygen consumption of intact animals’ applies here also, 
the rat tissues should have about 7 tires glucokinase 
activity of the cow tissues. SIUS this ia'approsched only 
in the case of adipose tissue, it seams that the 
ation does not apply. Krebe’ has found this also to be the 
case for oxygen consumption of tissues in vitro. Abt 
present, we can only note that the raminant glucokinase 
activities are leas than those of the rat, without deciding 
on tho relative mfluence of body-size and of different 
patterns of metaboliam. 

The results do tell us sometking, however, about the 
pattern of ruminant glucose metaboliam. The tissues 
which appear to utilize little ghucose are skeletal muscle 
and adipose. Roid!’ has suggerted that acetate uptake 

the utilization of. plasma glucose by muscle in 

. Acetate might also be taken up by the adipose 
tissue and be synthesized into fatty acids in a way similar 
to mammary lipogenesis in the cow. The uptake of 
plasma glucose by the mammary gland and ita utilization 
for synthesis of lactose and glycerol are well known!!; but 
we have found no information on glucose metabolism by 
salivary gland. The high activity of duodenal glucokinase 
is provocative, since the glucose-6-phosphatase activity is 
low*. Perhaps glucose taken up by intestinal mucosal cells 
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is transformed d tho- process of absorption. Tho 
of soluble tic glucokinase supporta the 
that tho deficiency of glucokinase activity found 
by Gallagher and Buttery* was to gluvose-6-phosphat- 
ase activity in their preparation&'-. Further work is in 
progress on tissues from normal sheep, and from cases of 
toxrzmia and acetonemia. 
This work was sup by the U.S. KT 
Commission, contract AT (11-1)-84, and the U.8. Pub 
Health Service, grant A 4927, of the National Institutes of 
Health. Dr. Livio kindly provided the ultra- 
centrifuge, and Dr. W. U. Sxuggar provided the bovine 
tissues. 
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Therma! Injuries and Formation of Muco- 


polysaccharides In the Skin 


Wa have recently demonstrated that in tuberculous 
tissue’, in carcinoma*, in varicose ulcer* and in siliootio 
amounts of a periodic acid—Schiff-positive 


correspond to neutral mucopolysaccharides?. 
examinations disclosed that under physio- 
logical and pathological conditions the thyroid gland has 
&n important role in the regulation of the muoopoly- 
saccharide contents of the organism'-'. Tt is probable 
that the mucopolysaccharide metabolism of a tissue in site 
is dependent on its vascular supply. As a consequence of a 
poor blood supply a state of hypoxia or anoxia ensues and 
oxybiosis must give place to & more primitive kind of 
rastaboliant whioh will then ensure ior € cartein (ime the 
energy supply of the damaged tissues. In the course of 
this new metabolism, neutral mucopolysaccharides arise 
as metabolic derivatives’. Neutral mucopolysaccharides 
are produced in tissues whenever a stage of hypoxia or 
anoxia seta in in the tissues, but the degree of the histo- 
logical damage is not so severe as to involve the immediate 
destruction of the entire tissue. 

Knowing that injuries of the skin caused by burning or 
freexing lbad to hypoxia or anoxia, we carried out experi- 
ments to determine the alteration of the metaboliam with 
special regard to the formation of neutral muoopoly- 
saccharides. 

Our ts were performed on 15 guinea pigs and 
10 rate. akit or ihe guinea piga waa burned o» frosañ 
under ansethesia. The rate were submitted to 
soalding (4 sec). Freezing was carried out by applying dry 
ice (120 seo). The effect of time factor of the injuries was 
studied on specimens of skin examined daily from 
animals of each series, for a period of a week. 

The hjstological preparations were stained by Ritter— 
Oleson's, hamatoxylin—eosin, and Van Giesen's method. 
The staining of Ritter-Oleeon was supplemented by enzyme 
digestion, acetylation and studies of metachromasia. In 
Tats determinations of serum hexosamine were also made. 
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Our experimental resultas seem to give strong support 
to our presumption that in injuries of the skin caused by 
burning or freezing, especially in the vesicles and in the 
cutis, large quantities of periodic acid—Schiff-positive 
material arise which in all probability correspond to 
neutral muocopolysaccharides. Shortly following the 
injury, increase of acid mucopolysaccharides may be 


' observed, but beginning with the second or third day 


following the injury, the local appearance and the increase 
of neutral mucopolysaccharides are striking. The hexos- 
amine content of the blood was found also to double 
ahortly after the mjury and slowly decrease from the 
third or fourth day following the injury. 

We think that our results add support to our statement 
that the histological appearance tn situ of neutral muoo- 
aati is the consequence of a metabolic process 

ollowing a general biological rule—a process which seems 
to occur whenever & local hypoxia or anoxia arises in the 


"tissues without the immediate destruction of the whole 


tissue. 
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HISTOLOGY 


Collagen and a Cellulose-like Substance In 
Fossil Dentine and Bone 


Tun first direct evidence that certain organio com- 
ponénte are retained in the fossil remains of vertebrates 
comes from the analysis by paper chromatography of 
specimens of Dinéchthys of Middle Devonian age (8380 
million years old). This work has shown that degradation 
producta of collagen oen still be recognized. More recently’, 
it has been demonstrated that fossil dentine and bone-like 
timsues in Devonian ostracodemms are capable of being 
decalcified and sectioned on a microtome. Further work 
at the Royal Dental Hospital, London, using normal 
histological staining techniques, has now indicated the 
presence of polysaccharides as well as collagen in the 
dentine and bone-like tissue of the ostracoderms. Using 
foasil bone bel to a bison from the most recent Ice 
Age, and to pss Noui from the Miooene (25 million 
years old), electron microscope photographs have been 
obtained at the Nuffield Orthopaedic Centre, Oxford, 
showing collagen fibrils and the intect walls of canaliculi’. 
Furthermore, X-ray diffraction of the same material has 
established that it is the tubular form of collagen that is 
present. 

In the work now in progress, an attempt has been made 
to isolate the organic content in the bone of a prosauropod 
dinosaur from the Upper Trias (200 million years old), and 
in the dermal armour of further Devonian ostracoderms. 
One of the main difficulties encountered, however, has 
been that since only dilute acids or alkalis at room tem- 
perature can be used to isolate the co , although most 
of the mineral content can be remo certain minerals 


> have so far resisted solution. In the dinoeaur, a manganese 


phosphate has been the major obstacle, while in the ostta- 
coderms there is a residual aluminium silicate. These 
minerals have been identified by their VE diffraction 
patterns. 
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Nevertheless, electron microscope investigations of 
patches of almost completely demineralized bone in the 
dinosaur, and dentine and bone-like tissue in the oetraoo- 
derms, reveal & fibrillar structure; an electron-diffraction 
examination of the same material shows a mixture of 
mineral and collagen patterns. In addition, in the dentine 
of the dermal armour of the ostracoderms, electron 
microscopy shows that the dentine tubules are intact, 
while the electron-diffraction pattern indicates that their 
walls are composed of an organic compound. The material 
is similar in appearance and staining characteristics to 
other mammalian tissue components, which have been 
isolated for X-ray diffraction and have given a cellulose- 
like pattern. 

Our sincere thanks are due to Prof. J. Trueta of the 
Nuffleld Orthopaedic Centre, Oxford, and to Prof. R. B. 
Lucas of the Royal Dental Hoepital, London, for the 
provision of facilities. Financial assistance from the 
Nuffield Foundation is gratefully acknowledged by one of 
us (L. B. H. T.). 
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PATHOLOGY 


Paired Helical Filaments In Electron 
Microscopy of Alzheimer’s Disease 

Ix the light microscope, the characteristic change in the 
neurones of the cerebral cortex in Alzheimer’s disease is the 
presence of dense bundles of argyrophilio fibrils. They 
are coiled into skeins or ‘squash racket’ shapes. and appear 
to fill most of the perikaryal cytoplasm, sometimes giving 
the cell & swollen appearance. It has been suggested by 
Divry! that the fibrila are extra-cellnlar except in the later 
stages of the change. The fibrils stain with congo red, and 
this resulta in a type of birefringence ing the 
presence of longitudinally arranged micelles in the fibrillar 
bundles. These well-known findings would lead one to 
expect the presence of fine filaments associated with these 
cells in the electron microscope, and if intra-oellular, 
these might be neurofilaments, which are suggested by 
Gray and Guillery* to be the basis of neurofibrillary argyro- 

hilig. 

p This is a preliminary report of obeervations in the 
electron microscope on cortical biopsies from three cases of 
Alzheimer’s disease, confirmed by light microscopy. In 
each case the biopsy was taken from the parietal lobe 
through a burr hole prior to ventriculography. The 
specimen was cooled rapidly below 20° O after removal 
and out into small pieces in the fixative within 5 min of 
removal. The fixatives were 1 per cent OsO, or 0-6 per 
cent KMnO, buffered to pH 7-2, and fixation was con- 
tinued for 4h. The tissue was then dehydrated in alcohol 
and embedded in ‘Araldite’. Most of the observations 
were made on material which had been stained in 1 per 
cent alcoholico phoephotungstio acid before embedding. 

Most of the neurones seen were normal, being similar 
to those seen in biopsies from normal animals and from 
human oortex exposed for removal of tumours. A number 
of neurones, however, were very different from normal. 
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"hey contained thick bundles of parallel filaments of 
ndefinite length, sweeping round the nucléus, often leaving 
mly a thin rim of normal cytoplasm near the oell mem- 
xango. In places the filaments diverged or formed whorls, 
ind some planes of section gave the impression of a ring. 
Thay could also be found m coll prócceses In the neueoptL 
n the later stages of the change the cytoplasm outaide 
he bundles still appeared normal in fine structure, but 
xumpreesed against the cell membrane, so that the ribo- 
omes appeared as a dense maes. In the middle of the 
yundlee, however, some lamellated bodies were found, 
ümilar to those described hy Webster’ as degenerating 
nitochondria. Other bodies were found in the bundles 
»onsisting of vesicles 500-1000 A in diameter embedded 
n a dense granular mass of irregular shape, about lp in 
liameter. j 

At high magnifications the filaments oompoeing the 
yundles were seen to be double helices. These consisted 
of two 100 A filaments 150 A from centre to centre, and 
sompleting one full turn in 1600 A. Their appearance 
varied with tbe thickness and obliquity of the section. 
When parallel to the plane of section they appeared as 
ielioes, though this single appearance could be interpreted 
18 & regular series of fusiform swellings, or at high i 
Jensities, as tubules, as described by Terry‘. thick 
oblique sections they appeared as ical shapes, 
rough on one side and smooth on the other. Thin oblique 
or transverse sections did not show dote or circles, as 
would be shown by sin fllamente, tubes, or fusiform 
swellings, but dots paired with short curved segments, or 
two curved segments, or, very ocoasionally, a pair of dote. 
All these forms could be explained by a uniform helix 
with the dimensions described. 

It.is diffüicult to speculate on the nature of these struc- 
tures. It is possible that they are neurofilaments occurring 
in vastly increased numbers and associated in pairsí 
though the individual filaments of each pair seem to be of 
higher density than neurofllamenta, especially in unstained 
preparations. The tendency of theese pathological fila- 
mente to stain with congo red suggests & si ity to 
amyloid, but the latter is known to be extra-cellular, and 
these filaments are intra-oellular. 
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Relationship of Gamma-Globulin to the 
Fibrils of Secondary Human Amyloid 

AMYLOIDOSIS is the &ocumulabsion in characteristic 
locations of an eosmophilio substance or substances which 
are homogeneous when viewed with visible light and which 
often rhow characteristic staining reactions, consisting of 
metachromasia with crystal violet and positive staining 
with congo red. Recent electron microscopic investiga- 
tions indicating that amyloid of diverse origins has a finely 
fibrillar ultrastructure: have been substantiated in a 
number of laboratories*. The exact nature of amyloid, 
however, remains obscure. Since amvioidosis often occurs 
in human beings tn relationship to chronic inflammatory 
disease and in animals subjected to repeated antigenic 
stimulation, it has been that there is a close 
[ono ipia of this disorder. The fluorescent antibody 

vestigations of several workers*^* demonstrating the 
preeenoe of y-globulin m association with amyloid deposits 
has to some that y-globulin is an integral oom- 
ponent of amyloid. Immunochemical work’, however, as 
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well as investigations of the disappearance time of human 
y-globulin labelled with iodine-131 injected into patients 
with severe amyloidosis’, have suggested that y-globulin 
may nob constitute a significant part of the structure of 
amyloid. ; 7 

The isolation of the fibrillar ent of amyloid in 
relatively pure form’ and the recent development of & 
method of conjugating immune globulins to ferritin’ 
provide a more precise method of detecting and localizing 
y-globulin. The purpose of this communication is to 
report the use of the latter technique in investigating the 
interaction of anti-human y-globulin with isolated amyloid 
fibrils. 

Amyloid-laden liver, obtained at post-mortem examina- 
tion from a patient with secondary amyloidosis, was 
homogenizod, .&b 5,000 r.p m. and the layer of 
amyloid fibrils ramoved and washed five times in saline, 
all operations being carried out in the cold. The conjuga- — 
tion of anti-human y-globulin to ferritin was acoomplished 
by the use of meta-xylylene diisocyanate according to the 
technique of Singer*. Conjugation was verified by the 
use of and immmunocelectrophoresis; retention of 
antibody ifloity and potency by Ouchterlony plates. 
Dialysed, lyophilized amyloid fibrils were m 
saline, incubated with ferritin conjugated anti-human 
y-globulin for 30 mim at room temperature and tben 
"eentrifuged for 10 min at 8,500 r.p.m. The supernate was 
discarded, and the precipitate was washed twice in oold 
physnlopoal salme and twice in douhle-distilled water. 

control experiments, the fibril suspension was incubated 
with unconjugated anti-human y-globulin prior to-incube- 


` tion with the conjugate in an effort to block any reaction 


between the latter and fibrils. Also, moubation of fibrils 
with unconjugated ferritin was carried out. As a positive 
control, typhoid-paratyphoid vaccine was agglutinated 
with hyperimmune human serum; these coated organixms 
were afterwards treated in the same fashion as was the 


ga ip of amyloid fibrils. 

al] test systems aliquota of the final suspensions were 
suspended in 1-2 ml. of double-distilled water, & drop of 
suspension placed on an Athene grid for 2:5 min, and then 
treated with 1 per cent phosphotungstio acid by the hang- 
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Fig.1. Unshadowed of human amyiotd fie (4) exposed 
tasse gal aida coma (F) Note random 
Telationshtp of the ferritin conj antibody to the Abrils. (x 60,000) 
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positive control adherence of the tagged antibod: 
to tbe pice could be demonstrated. "Thoso 
results have been obtained consistently in other amyloid- 
laden tismies. These experiments gu the 
that undenatured human y-globulin is not an intrinsic: 
pe of the amyloid fibril of secondary human amyloid- 
os 
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Excretion of Orotic Acid and Orotidine 
In Heterozygotes of Congenital Orotic 
Acidurla 


A xuxBER of purine and pyrimidine bases have bean’ 


in human urine in health or in disease’. 
Urinary excretion of orotic acid was found in studies of 
the propositus and so far only described case of ital 
orotic aciduria*. Both orotic acid and orotidine (formed 
by the irreversible dephosphorylation of orotidine-5/- 
phosphate) are excreted in large amounts during therapy 
with 6-axauracil or 6-axauridine, compounds which on 
conversion to 6-azauridylic acid competitively inhibit the 
decarboxylation of órotidine-5'-phoephate to form uridine- 
b'-phoephate*. In work reported here evidence is presen- 
ted for urmary excretion of orotic acid and orotidine by 
normal subjecta, and for an abnormal pattern in presumed 

of congenital orotio aciduria. 

Twenty-four urine collections (under toluene or in 
hydrochloric acid) were obtained from five’ previously 
described subjects with the enzyme pattern of 
ia A er ital orotio acidurint. rou from two sub- 
jects clinical gout, .and from seven normal controls. 
After preliminary observations failed to show any dietary 
influence the majority of determinations were made 
without dietary control except for the ‘R’ family, who were 
examined while òn a low purine—pyrimidine diet. Oroti- 
dine-“C was p from orotidine-5’-phosphate labelled 
with carbon-1¢4 (ref. 6) using E. cols alkaline phosphatase; 
orotic acid-'*O was obtained from commercial sources. For 
isotope dilution studies labelled orotic acid-!4O (2-5 umole) 
and orotidine-!40 (2 umole) were both added to a 10 per 
cent aliquot of a 24-h urine specimen and were initially 


purified by oonoentration on & charooal oolumn and. 


hy on a ‘Dowex I-chloride’ column as 
previously described’. The radioactive peaks, again con- 
centrated on charcoal, were purified to constant speoiflo 
activity by repeated ascending paper chromatographio 
separations, using several systems: n-propanol/formic 
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 ecld/eatez (70 : 10 : 20) "Rp'e: orotic 0-39, orotiding 0-31; 
n-butanol/ethanol/formio acid/water (50 : 15°: 10 : 25. 
Rg's: orotic 0-41, orotidine 0-30; n-propanol/water 
(00 : 40) Rp’s: orotic 0-58, orotidine 0-47. Concontrations 
of purified orotic acid and orotidine were ‘determined 

spectrophotometrically in 0-1 N hydrochlorid acid at, 286 
my and 266 my. respectively, and radioactivity measured 
in & Packard Tri-Carb scintillation counter. The validity 
of the isotope dilution technique as used was supported by : 
similarity of chromatographic and ultra-violet “spectro- 
scopic characteristics of producta purifled to constant 
specific activity with those of authentic orotic acid and 
orotidine; experimenta with added authentic 
compounds; reproducibility ‘of resulte using varying 
aliquote of urine; and conversion of recovdred orotidine 
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1. -four-hour urinary exoretion of orotic aoid by contro] sub- 
fea, two is with tdlopashio gout the ia and two siblings of 
of af oroi ackduria UI family) and by J. B. 
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` < URINARY OROTIDINE 


p mole OROTIDINE /24 Hr. 





"R. FAMILY 


Tn urinary exeretion of orotidine by the sub. 
described in Fig. 1 d Jd 


vx D 


to oroti yr MM ETE 
jo oretig ei of the mma 100° C, 1 h). 

Norinal urinary exoretion of orotic acid was found to be 

epproxunetely 0 umole (4 ms) per 24 h (Fig. 1). Mem- 

bers of the `R’ family, that is, the parents and two siblings 
of thé propositus of congenital orotic aciduria, exoreted . 
otic acid at“approximately four times the normal rate. 
[n subject J. 8:, unrelated to the ‘R’ family but previously 
Jemonstrated to exhibit decreased erythrocyte activity of 
orotidylio- pyrophoephorylase and orotidylio decarboxy- 
lase*, urinary orotic acid was found to be 165-177 umole/ 
24 h on 8 repeated determinations on two urine collections. 
Excretion of orotidine averaged 9 umole (2-5 mg) per 24h 
in control subjecta, with no abnormality observed in the 
five tes of congenital orotic acidurla 
(Fig. 2). Alterations in the pattern of trace purines and 
moreased excretion of 5-riboayluracil (pseudouridine) have 
been described in gout*. No change in urinary 
3rotio acid or orotidine was found in two gouty patients 
Jespite one collection being obtained during an untreated 
attack of acute gouty arthritis. 

In summary, the normal urinary excretion of orotic acid 
and orotidine is in the range found for a number of other 
purine and p compounds. Each represents 
approximately 0-1 per cent of the estimated daily rate of 
le novo pyrimidine syntheeis*. The increased uri 
orotio acid in presumed of ital orotic 
aciduria is consistent with the previously described 
decreased activities of orotidylio pyrophoephorylase and 
orotidylio decarboxylase in erythrocytes from these 
subjects, and in contrast to the simultaneous increase in 
inary orotic acid add orotidine produced by specific 
inhibition of orotidylic decarboxylase with 6-azauridine. 

This work was supported by grant A-1608, National 
Institutes of Health, U.S. Public Health Service. 
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Plasma Triglycerides and Thrombosis in Rats 

TunowBosrs of the cardiac chambers oocurs in rats 
riven hypercholeeterolemio dicts containing 40 per cent 
»utter, 5 per cent cholosterol, 2 per ‘cent cholic acid and 
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0-3 per cent £hiouracil!. ` TE putter ia roplaned by acach’s 
oil, thrombosis dos not oodur, but fibrous atherosclerosis - 
of the proximal aorta is seen instead?: Other fate besides 
butter, such as beef fat and hydrogenated arachis oil, are 
also thrombogenio, and thé essential factor is'a triglyceride . 
containing a saturated fatty acid such as distearin-mono- 
olein*. The ired triglyceride for atherosclerosis is lees 
clear, but linoleic acid may be involved. Butter alone is 
not thrombogenic, and cholesterol, cholic acid and thiour- 
acil are all essential for thrombosis, but thiouracil can be 
omitted if a highly saturated fat such as oocoa butter is 
used. 

Later work has concentrated on finding the casential 
biochemical differences between the: athorogenio and 
thrombogenic systems. Major differences were found 
between experimental and normal rata but not between 
rata showing thrombosis or atherosclerosis. In both 
groups an increase in ooegulability was demonstrated, 
caused by an elevation of coagulation factors and decreased 
fibrinolysis‘. Biochemical examination of the plaama 
showed markedly increased cholesterol’ and phospho- 
ipida* and total glyoeridee (triglycerides and p Bo 
A Of the total plasma fatty acids, arachi 
acid was diminished and oleio acid was increased’, In the 
present te attention has been given to tho 
plasma yoerides. High levels have P een found 
only in those rata given a diet which cause throm- 
boeis. f 

Groupe of 8 rats were given various hyperoholesterol- 
samic diots containing different fata previously investi- 
gated (Table 1)*“. After one month of feeding, the rats 
were fasted for 24 h, killed with carbon dioxide and blood 
taken from the inferior vena cava using i- 

*. Plasma triglycerides were separated from 


and estimations of triglycerides’, cholesterol‘ 
and phospholipids carried out on the appropriate eluant 
from the silicic acid column. Free fatty acids were also 
estimated ing to the method of Dole*. The reeults 
given in Table 1 also include pathological data from 
ee ee ee ee 
diets until or on conclusion of the experiment at 
6 months*“. There is a marked correlation between the 
ability of a diet to produce thrombosis and ita effect on 
plasma triglycerides but no obvious correlation with chole- 
sterol, phospholipid or free fatty acid levels. Thus the 
atherogenio arachis oil group has normal trigivcerides. 
When thiouracil is omitted from the dict high levels 
are séen only with cocoa butter but not with 
butter. 

Although comparison of the thrombotio system in the 
rat and the disease of coronary thrombosis in man has 
evoked some criticism’, our group has always maintamed 
that the system might provide valuable leads to future 
research in the field of thromboeis!*. It is of interest, 
therefore, to note that the major lipid abnormality in 
patients with eoronary heart disease is an increase in tri- 
glyoerides!!, and it has been suggested that the incidence 
of the disease may be linked with plasma triglyceride 
levela’*. The current results omphasize the importance 
of glyoeridee, and current investigations are concerned 


Table 1, Erricr oF HYPEROHOLESTEROLADWIO DIETS OX VASCULAR PATHOLOGY AND PLASWA LIPIDS 


Itptds Free 
TOR E bn. uei tom aoe 
mg/100 ml. 3 aequtv./100 ml. 
1 Laboratory rat enbes - — 80 AO 131 32-4 
, € 40 per cent batter t Tt -— 4691 2,410 6:0 $8-8 
$ 40 per orent arachla oll+ — T 75 1.600 inet 21:8 
4 40 per cent bidrogenated arachis ollt + — 2971 ZANT 4241 — 
B 40 per oeut butter without thlournc!l§ — — 105 BH t 175 — 
6 40 per cent enena butter without T s 1941 l,R10f 07t - 
T 40 per oent butter 1 = a: TI 06 171 — 
* Other constituents in Gresham and Howard (ref. 3). + Also tneinding 5 per cent cholesterol. 2 per cent cholle acid, 0-3 orat thiom 
[ue Ra Pie ja $ Also Inatuding 5 per cent cholesterol, 2 per eent aholie acid. 4 Kot Ine'uding cholesterol, eholle acid or thiomraeil. 
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with the mechanism by which they may exert their throm- 
botic action. 

This work was supported by grant No. H 6800, National 
Institutes of Héalth, Bethesda. 
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A Factor in the Serum of Tumour-bearing 
Rats which is Deleterious to Cells in Tissue 
Culture 

Iw attempts to rove the growth of a transplantable 
M e MONI te oles by theaddiics 
of rat serum, it was obeerved that sera from rata bearing 
S.O.K.1 did in fact exert a deleterious effect 
on the cells. This observation was inves- 
tigated. 

S.C.K.l is a squamous cell kidney car- 
cinoma which arose spontaneously in ‘John’s’ 
isogenic strain of rate. The tumour is 
regularly transplanted subcutaneously in 
these rats and up to the time of writing has 
been through 23 transfers.” Primary cultures 
of the tumour were grown in a lactalbumin 
hydrolysate medium with 20 per cent calf 
serum and all tests were put up in a modifled 
Parker's 199 medium!. were grown 
for 24 h or 48 h before addition of the rat 
serum and resulta were recorded after a 
further 24 h incubation. 

' The effect of serum from §.0.K.1 bearing 
rate on cells in culture was to cause them to 
lose ther ability to adhere to the glass. 
Ultimately the cells died, but it was impos- 
Bible to tell whether death was due directly 
to some deleterious factor in the serum or to 
the inability of the cella to survive in an 
unattached state. Some oell lysis occurred, 
but again this could not be definitely 
attributed to this factor. - 

In order to teat the point, 32 sera from 
tumour-bearing rata have been examined as 
10 per cent solutions in 199 medium and 
compared _with a normal serum oontrol. 
Results are shown in Fig. 1. It can be seen 
that the effectiveness of the sera against 
S.0.K.l cells in culture increased with the 
tumour size. Fig. 2 illustrates the results 
of & single experiment. 

Experiments showed that the tumour fao- 
tor was also active other cell lmes, 
namely, rat embryo, RI.B.5* (a transplant- . 
able rat sarcoma) and Hep. 2. 

Sera of rats examined after operative re- 
moval of S.0.K.1 showed the usual activity in 
- tieeue culture immediately after operation but 
it was completely lost after 7 days. The activ- 
ity was, however, restored by a regrowth. ' 
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Interstitial fluid from §.0.K.1 caused complete o1 
almost camplete inhibition of cell adhesion when addec 
to cultured cells. Normal tissue fluids tested did not have 
this effect. This gives further confirmation of results 
reported here. The factor was also found on dialysis 
to appear in the dialysate so presumably is smal 
enough to pass fairly freely into the rate’ oirouls. 
tion. 


A similar dialysable factor which is cytotoxio for 
strain L cells m culture has been demonstrated by 
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Fig. 2. S.C.K.1 cells treated with 10 per oent sera from rats with:s, no tumour; b, 123 mm; 
6, tumours 


$0 mm; d, 38 mm; 6, 4$ mm; f, 70.mm 
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B. Holmberg in Walker carcihoma and mouse Erblich- 
Landachuts hyperdiploid transplanta. 


Welloome Research Laboratories, 
Langley Court, Beckenham, Kent. 


* These tumours were kindly supplied by Dr. H. Thomltnson, Medical 
Comel, Hammersmith. 


J. WATTS 
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i J. F., Cambell, M. E, and Morton, H. J., J. Net. Cancer Ins., 
18. 658 (1665). 
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Renal Disease associated with Positive 
Lupus Erythematosus Tests In a Cross- 
bred Strain of Mice 


A STRAIN of mice NZB/BL suffering from an a&uto- 
immune type of hmmolytic ansia has been described?-*. 
Bince then it has been shown that approximately 4 per cent 
of this strain have positive lupus erythematosus cell testa 
and that many of the animals show renal changes resem- 
bling those seen in human systemic lupus tosus?:’, 
In this paper it was also shown that F, and P, progeny 
derived from a oroes between mice of tho NZB/BL and 
tho NZY [BL strains showed a low incidence of hæmolytic 
énemia but 25 per cent of the animals had positive lupus 
erythematosus cell tests and all had renal changes resem- 
faihıre within 18-24 months of age. , 

Recently, hybrids derived from a aroes between the 
NZB/BL strain and an inbred strain of white mioe known 
as NZW have been shown to die of renal failure within 
'8-10 months. AIl animals show positive lupus erythema- 
toeus cell testa and all have florid renal changes showing 
close identity with those seen m human lupus nephritis. 

The kidneys may appear enlarged, dusky pink in colour, 
flecked with multiple red specks, or contracted, typically 
café au lai coloured and granular. Early 

are hypercellularity with unfolding and thickening 
of the capillary walls to form typical wire-loop deformities. 
Lymphoid deposits around the hilar vessels spread along 
their course towards the cortex and are usually heavily 
populated with plasma cells and Russell body forms. The 


renal tubules contain hyaline casts of periodic acid- : 


Schiff-positive material and often granules or droplets of 
similar material may be seen in the cytoplasm of the 
proximal convoluted tubules. 

Other lesidns are found according to the stage or 
intensity of the disease process. In the most florid cases 
large areas of fibrinoid necrosis involve the basement mem- 





Fig. l. Wire-loop deformity of giomernll (hematoxyiin—eosin, x c. 810) 
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Fig. 2. Hypercellularity and flbrinotd neorosis of glomerular tuft 
(hematoxylm-eosin, x e. 820) 


brane and oellular elements of the glomerulus, while 
others show numerous so-called hyalme thrombi and 
occasional hssmatoxylin bodies. proximately one- 
third of cases show fibrinoid necrotic lesions in the walls 
of medium and amall renal veesels. In these cases similar 
vascular changes have been noted in the spleen, lymph 
nodes, stomach, thyroid and myocardium. 

It is believed that this hybrid strain will prove invaluable 
in research into the nature and therapy of systemic lupus 
erythematosus. à 

B. J. Harvyma 
J. B. Howm 
Department of Pathology, 
University of Otago Medical School, 
Dunedin. 


1 M. , B. J., and Howie, J. B., Proc. Univ. Otago Med. 
Sohool, y, 9 (1059). 


? Helyer, B. J., and Howie, J. B., Brit. J. Heemet. (in the presa). 
, B. J., and Howie, J. B., Proc, Ums. Otago Mew. School, 89, 3 


RADIOBIOLOGY 


Czslum-137 in Dried Milk Products in 
Relation to Phytoclimatic Zones 


A xmouwT evaluation of radiological data gathered by 
the U.8. Atomic Energy Commission's Health and Safety 
Laboratory includes a statement that the concentration of 
fission products in commercial milk is eesentially indepen- 
dent of total rainfall’:*. However, the precipitation values 
were presented as arbitrary ranges and the landscape 
units used were not strictly biological regions. The 
pore of this communication is to show that if radio- 
ogical data from the.same source are arranged according 
to natural landscape unita & relationship between phyto- 
climatico zones and the cæsium-137 oontent of milk is 
indicated. 

For our purpose, the geographical region considered is 
the north-western portion of the United States where broad 
areas are mapped as distinctive natural vegetation zonee*. 
Such broad areas are neceasary to allow reasonable 
assurances that milk sample stations actually derive milk 
from an aree representative of a particular vegetation zone. 

Ten of eleven milk sampling stations in the north-west 
region were grouped into one of three natural vegetation 
zones (Table 1). Portland, Oregon and Burlington, 
Washington, were a ous to the Pacific north-west 
coniferous forest zone. Bismarck, Bottinean, and Cando, 
North Dakota; and Mitchell, South Dakota, were 
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assigned to the dzone. Sunnyside, Washington; To teat statistically the effect of vegetation zones in 
- Paysite and Idaho Falls, Idaho; and Monroe, Utah, were relation to the osxium-187 content of milk an analysis o! 


assigned to the sage-brush zone. Because of its proximity 
to the Wasatch Mountains, which provided a diversity of 
vegetation zones within a small area, the milk sampling 
station of Ogden, Utah, was excluded. 

Cesium-187 is deposited on aerially exposed plant parte 


directly from the atmosphere and the amounts ingested ` 


and assimilated by grazing animals are dominantly from 
this source rather than from plant uptake via contaminated 
soilst. Total precipitation is regarded as important in 
depositing ossium-187 over landscapes and the amounta 
deposited are related to the amount of precipitation; moist 
regions receive more cwseium-137 than regions of less 
moisture’. 

The cægium-187 content of milk samples in po./g potas- 
sium from stations grouped according to vegetation zones 
is ‘presented in Table 1. Milk producta from sampling 
stations in the coniferous zone averaged 90 po./g potassium 
as compared with only 54 and 37 for grassland and sage- 
brush zones. Total precipitation from weather stations 
near the milk sampling stations showed the coniferous 
forest rone stations as receiving an average of 61 in. from 
January 1, 1959, until June 1960. This was compared with 
an average of only 29 and 12 in. from grasaland and sage- 
brush zones respectively. It is realized that precipitation 
readings from a few stations probably do not represent 
an accurate measurement of the precipitation over the 
entire milk harvest areas; nevertheless, natural vegetation 
reflects the biological effectiveness of precipitation and the 
boundaries of these may be used to delimit long-term 
biological climates. It has long been recognized by plant 
ecologists that total annual precipitation in the north- 
western United States is hot sufficient to differentiate 
sage-brush and grassland zone climates*. The seasonal 
distribution of precipitation in the sage-brush zone is 
concentrated in winter months, while that of the 
xone is concentrated in spring and summer (Table 1). 
Seasonal precipitation could greatly influence the amounta 
of os:eium-137 deposited on foliar surfaces. In temperate 
climates having a definite seasonal agricultural yield foliar 
deposited cæsium-137 reflects the amounts largely accumu- 
lated during the summer photosynthetic period. Forages 
grown in the semi-arid sage-brush zone seldom experience 
summer precipitation and growth water is supplied by 
irrigation. In the grassland zone growth of forage crops 
and summer precipitation coincide to yield higher oeeium- 
187 values in contrast to the non-aynohrony of biological 
and meteorological events and lower ossium-1$7 values in 
the sage-brush zone. 


Table 1. AYXRAGB O &31t73(-137 P0./G Potassium IN DRIED MILK PRODUOTS 

AXD PRECIPITATION FOR MILK BAXPLDIG BTATIONB IN THE NORTH- 

WESTERX UXITAD BTATES. JANUARY 19050-JUXM 1060, GROUPED AOOORDING 
TO NATURAL VEGETATION Zo 


- Trot m oL of ppt 
Vegetation No.of avg. "Os trun total 
zone Sample station samples peg EK Inobes aire 
Coniferous Portland. Org. 05 89 67 52 
forest — Burlington, Wash. 76 92 55 47 
URS "vs 
Grassland Bismarck, NT: 67 10 
Bottineau TT BL £29 5 
Mitchell uD? 58 41 37 12 
Cando, X.D. 31 48 — 
& 54 avg 2 
fage- i Bunnvalde, Wash, 78 9 55 
Pavette, Ida. 70 43 18 49 
Idaho Falls, Ida. T3 49 9 28 
Monroe, Utah T5 H — — 
avg. 37 avg. 11 


The higher average oresium-137 content of dried milk 
products produced in the moist forest rone appears 
related to the greater precipitation in this zone in contrast 
to the graseland and sage-brush zones. The lower average 
cæsium values in’ milk producta produced in the sage- 
brush zone in contrast to id zone appear as a result 
of a non-eynehrony of phenological and meteorological 
events induced by land management practices. 


variance was performed which included seasonal effects 
The hypothesis of no zonal effect was rejected at the 1 pei 
cent level of significance. Additional inferences wert 
obtained by subsequent testa for judging contrasts”. Al 
three contrasts between means were significant at the 
1 per cent level. The computed values: $4,512 po 
exmeium-137/g potassium; 9,2- 32 cesium-137 po./g potas- 
sium; where d, is the difference between the means of the 
grassland zone and the sage-brush zone and d, is the 
difference between the means of the forest and grassland 
zones. 

This work was performed under contract No. AT- 
(45—1)-1350 between the U.S. Atomic Energy Commission 
and the General Electric Co. 

W. H. RIOKARD 
A. D. Wiaarws 
J. K. FENXBTAD 
Biology Laboratory, 
Research and Syntheeis Operation, 
Hanford Laboratories, 
General Electric Co., 
Richland, Washington. 
us rug rime A: E.. p T TE , Anderson, H. O., and Langham 
Beiance, 188, 1768 
* Hath and Safety Lab. Strontium Program, Quart. Summary Rep., HASL-77 
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Decreased Incorporation of Phosphorus-32 
In Radiosensitive Organs after Whole-body 
Irradiation in Rats 


CowmrpERING the significant role of phosphorus in 
transferring and in passing en into the organism, we 
investigated the distribution of the intravenously applied 
Na,H"™PO, in the individual organs of tho non-irradiated 
[ad RSS a yd act 

ray dose of 600 r ion was carried out with the 
Mackrophos 250 X-ray apparatus of 200 kV, 15 m.amp, 
filtration 0-5 mm copper + 0:5 mm aluminium, fooue 
distance of 120 om. dose rate of 10 r./min. The irradiation 
doses were controlled by a Mekapion dosimeter. 

Na,H*"fPO, was applied to the experimental animals, 
25 uo./200 g weight with an original specific activity ol 
13-1 mg phoephorus/ml.. pH 7-2. 

The rats were divided into groups (each group consisting 
of five rats) and the application was made for one day for 
all animals. The rate were killed by decapitation after 
24 h, 3, 7, 14 days and the activity in blood, bong, marrow, 
brain, thymus, spleen. liver, kidney, small intestine, 
muscles, testes and bone compacta was examined. The 
activity was determined individually after scoring organs 
by means of the end-window Geiger-Müller tube (type 
83/50), window thickness 4:0—-5-2 mg/cm*. 

The mean error was calculated from the formula 


TENES the mean error is shown in Fig. 1, 


without making use of the samples of bone marrow, since 
we were short of sufficient material for the investigatior 
and therefore we summarized samples of five animals. 
The results obtained may therefore be divided int 
three groups. The first group consista of the radiosensi 
tive organe: bone marrow, thymus. spleen and intestine 
As is apparent from Fig. 1, the peroentege of the inoor 
porated phoephonrus-32 in these organs of irradiatec 
animals ia significantly smaller during the whole perioc 
of investigation than in the case of non-irradiated animals 
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Days 


L Incorporated phosphorus-82 in radiosensittve organs and bones 
re i controls and whole-body irradiated rats 


138 714 138714 


Together with the progreasive regeneration of the post- 
irradiation changes we found, on the fourteenth day of the 
investigation, that the values of the incorporated phos- 
phorus-82 were normal. 

A rather different character of incorporation is observed. 
in the compact bone where the degree of uptake of phos- 
phorus-32 is greater during the whole period of investiga- 
tion in the irradiated animals. 

The level of phosphorus-32 in the blood is significantly 
higher the first day after the'irradiation, and from the 
seventh day it increases substantially. 

Our reeulta are in agreement with the findings of Olson 
ei al. and Florshein and Morton’; but they differ from 


TP and for 


decrease of the phosphorus content in 
nucleic acid after irradiation**, we conclude that our 
results are in agreement with the aforementioned 


findings. 

It has been shown that the radiosensitive organs are 
unable to make use of the applied phosphorus meta- 
bolically after irradiation. 

o Z. DIENSTBIER 
F. VÍTE 
Biophysical Institute, 
Medical Faculty, Charles University, 
Prague. 
1 B., Mtwards, O. F., Heggen, „G. X, Weinstein, A. 3., Olerk, 
oe kad Kaulfuss, x, Ted. Be 132 eat (1000). = 
* Viorshein, W. IL, and Morton, M. B., Amer. J. Physiol. 176, 15 (1054). 
' Sbr, T G., and Forssberg, A., Arch. Biookem. and Biepkys., 48, 293 
4 Koloušek, J., and Dienstbier, Z., Becond Intern, Cong. Radiation Research, 
Harrogate (1902) 


r D. F., Pitech, F. W., and Du Bols, K. P., Proc. Sec, Exp. Biol. 
end Med, BB, 304 (1085). i 


Factors modifying the Post-Radiation Effects 
of Homologous Spleen 


Ix 1954 Barnes and Loutit!, investigating an unrelated 
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what is now recognized as ‘secondary disease’. Using 
different mouse strain combinations, Schwartz ef al.* noted 
that administration of adult parental splenic cells into 
supra-lethally X-rediated F, hybrid animals results in 
an early death of the injected recipients, to the extent that 
they die even earlier than the uninoculated irradiated 
controls. A similar phenomenon of early mortality was 
also observed by Cole e£ al.*, who showed that parental 
adult mouse spleen cells induce death within a week 
when given to sub-lethally X-radiated F, hybrids. Splenic 
cella from the same parental strain were also able to 
induce death within 8 weeks in some of the injected F, 
non-irradiated recipiente. Makinodan e£ al.‘, using com- 

letely homologous combinations and gupra-lethal 

-radiation, were also able to confirm the observations of 
the early death induced by the infusion of the splenio adult 
celle. 

As an explanation for the ‘killing effect’ induced by 
injection of homologous adult spleen cells the hypothesis 
was advanced that immunologically competent donor cells 
are rapidly established wi the defenceleas host and 
kill it by an overwhelming versus-host reaction. With 
infusion of infant homologous spleen cells the early 
‘killmg effect’ is avoided ly because the donor 
cells are immature and incapable of immunological reac- 
tion. The recipients are protected and survive the early 
lethal effects of acute X-radiation; they succumb, how- 
ever, later as a result of a secondary disease appearing as 
soon as maturation restores the immunological competence 
of the donor oells. In this case the sequence of events 
bears a striking similarity to the phenomena observed 
when adult homologous bone marrow is infused in similar 
circumstances. Adult marrow differs from adult „spleen 
in that the former contains only few immunoldgically 
reactive elamenta. Similarly, and in contrast to the adult 
x pie the infant spleen consiste largely of hsmopoietio 
e is while the immunologically active cells are 
limited in number. It is, therefore, conceivable that the 
chronological difference in the appearance of the graft- 
versus-host reaction produced by the ive infusion 
of adult and infant splenic cells in a homologous recipient 
is merely an expression of the difference in the number of 
immunologically competent cells present in the two organs. 
The differences, in other words, between adult and infant 
spleens in their behaviour as homologous donors could be 
explained on & simple quantitative basis. 

In order to investigate this hypothesis it is necessary to 
examine influencmg the phenomenon of the 
‘splenic death’: (a) dose of irradiation; (b) degree of 
histo-incompatibility ; (c) time of the radiation splenic 
injection; (d) dose of splenic cells injected; (¢) age of the 
donor of splenic cells. This communication deals with the 
examination of the first three parameters. 

BDF, female mice 18-25 weeks old were used as 
reoipiánte. Splenio cell suspensions were prepared from 
female OBA, A and O,H mice. The animals wore irradi- 
ated with a clinical X-ray unit operating at 200 kVp, 20 
m . with 0-50mm aluminium and 0-25mm copper added 
filtration. Target distance was 7 cm and dose rate 
118-120 r.fmin. Total doses used are referred to in the 
text. All splenic infusions were given at a standard dose 
of 12-5 x 10* cells via tail vein, within the first 24 h after 
exposure. Non-infused animals served as controls. No 
supportive therapy was given. The animals were observed 
for a period of 60 days. 

Table 1 summarizes the effects of various X-ray 

levels on the ‘killmg effect’ of the spleen. 
With doses varying from 400 to 500 r. no deaths were 
observed either in tbe control or among the treated 
animals. at 600 r. caused death within three 
weeks to all the animals treated with OBA or A spleen 


problem, observed that splenio cell suspensions from infant cells. During the same period the animals infused with 
mice as ui adult homologous recipients from the * O,H spleen cells as well as the control animals survived. 


induced by supra-lethal X-radiation. The 
30 days apparently from 


early 
protected animals died after 


With O,H spleen cells tho ‘killing phenomenon’ was 
demonstrated at the 675-r. X-radiation level. All recipiente 
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Table 1. OUXULATIYR DATA ON THE SURVIVAL OF MICE INFUWED WITA 
Dirraxumt HOMOLOGOUR o CELIS FOLLOWING VARIOUS HIPOSURIS 
TO X-RADIATION 


X-ray No.of Donor sirain Survival expressed as dead/altve 
dose BDF, 125x10* animals af the end af days 
(r.) spleen cells 8 15 21 80 60 
400 110 None 
450 88 OBA All antmals survived 
500 u A 
44 €,H 
600 44 Nm 44 7 a 
66 OBA 18/64 87, st "B Nn 9/35 
66 43 68/0 — — 
60 CH 60 0/60 0/60 2/58 5/55 
675 $3 N 0/23 5/28 = 12/21 
u ORA HT I 44/0 — He 
33 OH 7B5 sve wo = Z 
750 22 K 0, 4 11/11 1 
n OBA zn Sie e Ec 
22 OH wo sgo > LZ I 
800 148 K 0/145 10/188 115 "75/08 1 
i Gna of Ht SA15. 00: -184/7 
n 6H is 5 $0 Z ZI 
900 44 N 9/35 O 44/0 — — 
E: ORA iy mp 9 zZ = 
11 A 9/1 11/0 — — — 
11 OH 8/8 11/0 — — — 


were dead within three weeks in contrasb to the radiation 
contro] animals, which showed an insignificant rate of 
mortality during the same period of time. Above this 
radiation-level, no homologous splean recipient survived 
more than 21 days. In fact the majority of the animals 
died within the first 15 days. The results suggest the 
existence of a radiation threshold, above which all injected. 
animals die. Within the given strain combinations, the 
phenomenon is reproducible when the splenic cell dose and 
the post-irradiation time of injections are kept constant. 

In mice, apart from other apparently non-critical 
systemio damages, sub-lethal radiation seams to inflict ita 
major effect on the retiouloendothelial system of the 
animals. The difference between survival and death after 
varying amounts of X-radiation may depend on the degree 
of damage to the immunologially competent RE cells in 
the host. When immunological nsiveness was not 
sufficiently impaired by X-radiation the hoet could reject 
the donor spleen cells and survive. Larger amounta of 
uradiation presumably destroyed this capacity to react 
against the donor spleen cells, which were therefore able to 
act against the host. This postulate is attractive, and it 
could be greatly enhanced if the X-radiation threehold 
proved to be dependent on the number of splenio cells 
infused. Should this not be the case, however, other 
explanations must be sought, for example, a possible ‘all- 
or-none' ing effect of sub-lethal X-radiation on the 
RE-host system, which either survives or is destroyed as & 
whole. 

The results also indicate that histo-incompatibility 
plays an eesential part in the induotion of the ‘killing 
effect’. They also indicate that the H-3 locus is not the 
only locus which determinee the degree of histo-inoom- 
patibility. Spleans from OBA and 4 animals although of 
varied H—2 locus composition show identical X-radiation 
threshold as to the ‘killing effect’; on the other hand, OBA 
and O,H donor spleen have different thresholds in spite 
of their H-2* similarity. 

Another aspect of interest is that the ‘killing effect’ 
depends on the time of the post-radiation administration 
of the homologous spleen suspensions (Table 2). The 
‘killing effect’ is always present when infusions are made 
within 20 h following X-radiation. The phenomenon 
disappears when the spleen cells are given 5 days after 
Table 2, EFFECTS OF THE POSI-X-RADIATION INFUSION TIME AXD THE 

X-BADILATION Doss OX THE LETHAL MYFEOT oF HOMOLOGOUS BFLENN 


X-ray Donor strain No. of Post-rad. Survtval 
dose of 12-5 x 10* BDF, infusion for 
(r.) spleen celis times ?1 days 
600 A 22 “h none 
600 A 22 5 days all 
075 A 11 7A h none 
675 A 11 5 days none 
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exposure to the threshold dose of X-rays. It is interestir 
to note that the lethal effect of homologous spleen is st: 
Present) daya later if the recipient is exposed to high 

-ray doses (Table 2). An explanation for this ‘tim 
effect could be that the recovery of the host RE syste: 
allows the rejection of the splenio graft. Supporting th 
explanation is also the fact that mice infused at day 5 nı 
only survive but do not develop secondary disease at 
later stage. 

Addendum: During the preparation of this manuscript 
dublication (Transp. Bul., 30, 29; 1962) by G. E. Conagrox 
e&t al. appeared describing similar resulta, in parental X 
hybrid mice combinations. 

This work was supported by U.S. Publio Health Servic 
grante Nos. CA—05213 and 2G-818 Stud. and Atomi 
Energy Commission grant AT-1982. 
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Unfavourable Response of Radiation 
Nephritis to Administration of L-Trilodo- 
thyronine 


RADIATION injury is a dynamio state, not a statio one 
and therefore feasibly modiflablet, Numerous compound 
have -been tested for possible advantageous effects o) 
radiation injury, but with the exception of 8,5,8’-L-tri 
iodothyronine (T-8), administration of theee agente witl 
established has not been beneficial. It is o 
interest that in spite of the apparent property of T-3 t 
sensitize tissues to irradiation’, this same material i 
able to alter favourably tissue injured by irradiation. 

I-Triiodothyronine was initially selected for investiga 
tion by Glioksman e al. as a possible modifler of radiatio 
injury on the baais of observations that thyroid analogue 
caused decrease in established radiation damage of aki 
and subcutaneous tissues in patiente previously irradiate 
for carcinoma of the thyroid. Their recent reports* 
demonstrate a favourable response of radiation ski 
necrosis, ulceration, and fibrosis in humans and experi 
mental animals to T-3 administration. 

T-8 causes marked decrease in subcutaneous filbrosi 
and improvement in the blood supply. Since the respons: 
of kidneys to high doses of radiation is, as in the skin 
primarily a fibrotic and atrophic process, it seamec 
reasonable that T-3 might also have a salubrious effec! 
on heavily irradiated kidneys. 

To test this hypothesis the left kidneys of 14 youn; 
adult New Zealand rabbita, weighing an average o 
1-9 kg, were irradiated in vivo to a total doee of 3,90( 
rads (three treatments of 1,300 rads a week apart) witl 
oobalt-60. Hight weeks after conclusion of irradiatior 
the animals were randomly divided mto two gro 
Thereafter, the first group of rabbita received 25 nae: 
T-3 subcutaneously daily. The other group was oom 
posed of control animals and received no further treat 
ment. 


Table 1. STRIPPED KIDNMY Wants (G) AT NECROPSY 


Weeks T-3-treated 
ias end Left kidney Tui xaney Left kaodney Right Side, 
20 40 168 16 123 
20 45 77 2-3 114 
20 4-0 06-4 2-8 110 
28 18 120 19 13-0 
29 12 180 05 195 
26 2-6 94 10 106 
25 24 18 23 10-0 
Average 34 11:9 18 xrT 
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At , 20 and 26 weeks post-irradiation, the 
stripped ki weights were recorded. As shown in 
Table 1, the average weight of the control left kidneys 
was 3-4 g and that of the kidneys from the T-3 treated 
animals was 1:8 g. The difference in weighte is statistically 
signifloant (P < 0-01) in spite of the small number of 
animals. The average weights of the right kidneys were 
11-9 g and 11:7 g respectively. At necropsy the control 
animals were slightly heavier (2-9 kg average) than the 
animals treated with T-8 (2-5 average); but the 
absence of difference.in the right ki weigh 
the importance of this di ; 

uation of histological 7o in the kidneys of the 
two groupe is in progress. imi i i 
suggests correlation with the gross findings; that is, more 
severe histopathologic change in the irradiated kidneys of 
the T-3 treated animals than in the irradiated kidneys of 
the control group. ` ] 

One can argue that the dose of T-8 used was too large 
to alter the severe radiation nephritis uced. How- 
ever, Gliok&man and amsociateg*:* ir patiente &nd 
experimental animals at near toxic levels to achieve 
modification of the skin damage. In spite of T-8 admin- 
istration the rabbits in our experiment maintained their 
average weight of 2-5 kg, so the dosage was not apparently 
excessive. 

Possibly at lower radiation doses there would be less 
severe reaction which could be altered by T-3. However, 


involving the kidneys of rabbits. 

This work was supported by the U.8. Army Medical 
Research and Development Command as project 6297— 
85—001. 
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Rodriguez U.S. Army 
Hospital. 
Rosser W. THOMASSAN 
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Occurrence of a W Layer in Vascular 
Cells of Plants 


ELSOTRON microecopic observations have revealed 
that mature tracheids of conifera are lined on the inside 


eee It develops during the last stages of cell 
tiation and consiste of the remnants of the proto- 
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tron microscope demonstrate that this structure corre- 
sponds to the warty layer (Fig. 1). 

The presence of a warty layer has been reported so far 
only for lignified cell elementa of woody species. If the 
origin of this layer is connected with the death of proto- 
plasm in the final stage of differentiation of vascular cella, 
it might exist in such cells of herbaceous plante as well. 


granular layer. 
ing degrees of clarity. For a more detailed invest 

Hon Ploniago major L. was selected. Vascular bun 

embedded in epoxy resin, and the sections were stained 

with lead acetate. 

‘Vessels and also fibres show in the late stages of differen- 

tiation a distinct lining of the wall, which consists of two 
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membranee—the plasma membrane and the tonoplast— 
with the remaining cytoplasm between them. Particles of 
varying size are present within the dying cytoplasm. With 
progressive differentiation the cytoplasm condenses and 
the tonoplast is brought closo to the plasma membrane. 
The particles which remain are sandwiched between these 
membranes and form excrescences-into the cell lumen 
(Fig. 2). In surface view these particles give the appear- 
anoe of a warty layer. Thus the origin of the warty layer 
in Planiago is similar to that recently found by Wardrop 
and Davies’ for the tracheids of Actinostrobus.- However, 
in the case of Plantago we do not regard the warte aa local 
thickenings of the cell wall, even in part, but rather as 
components of the cytoplasm which have become cemented 
to the wall in the last stages of differentiation. 

The observations recorded here have shown that the 
warty layer is not only present in the lignified cells of 
woody species, but also in the vascular cella of herbaceous 
plants. Therefore its occurrence can be regarded as a 
general structural feature of plant cells, which is derived 
from the dying protoplast. 

The work was supported by the Deutsche Forschungs- 
gemeinschaft and tho U.S. National-Scienoe Foundation. 

WaALTER LresgE 
Institut für Forstbotanik und Holzforschung. 
Universität München. 
Myron C. LapbpmswTTHA 
Biological Laboratories, 
Harvard University, 
Cambridge, Maas. 
! Liese, W., and Johann, I., Plants, 44, 200 (1084). 
? Harada, H., J. Jap. Wood Res. Soc., 1, 85 (1055). 
* Lieso, W., Ber. deutsch. Bot. Ges., 70, 21 (1957). 
weet. A. B., Liese, W., and Davies, G. W., Holsforschwwg, 13, 115 


iurc J., Davies, G W., and Wardrop, A.B, Holxforsokung, 18, 115 


' Liese, W., Naiurwlss., 44, 240 (1987). 
' Wardrop, A. B., and Davies, G. W., Nature, 194, 407 (1962). 


Nature of Vestured Pits in Anglosperms 


^ VzSTURHD (cribriform) pite occur in many families of 
the dicotyledons and in many instances serve as taxonomic 
criteria between families. The nature of the vestures waa 
first recognized by I. W. Bailey! as “minute outgrowths 
from the free surfaces of the secondary wall". General 
confirmation of this view has been obtained in a recent 
electronmicroscopic study of the vestured pita of Eugenia 
sp. In Fig. 1 the general form of the vestures and their 
attachment to the cell wall are apparent. In the un- 
shadowed section in Fig. 2 1$ oan be seen that the vestures 
represent outgrowths of the secondary cell wall and in some 
instances appear to arise from the pit membrane as well. 
It may be noted from Figs. 1 ae eee 
vestures is heterogeneous in that the outgrowth of the 
wall appeara to be covered by & membrane which is 
extremely dense to electrons. This membrane is continu- 
ous over the veetures and forms a lining around the inner 
surface of the oell wall adjacent to the lumen (Fig. 1). 

Bections cut after maceration with hdryogen peroxide 
acetic acid ahowed that this treatment removed the lining 
membrane, but the enclosed outgrowth of the cell wall 
forming the vesture was attacked at apparently the samo 
rate as the cell wall itself. The lining membrane (Figs. 1 
and 2) was strongly absorbing in ultra-violet light. In 
some instances the vestures extended laterally beyond 
the aperture into the cell lumen (Fig. 3). 

In view of recent investigations 1n this laboratory into 
the nature of the wart structure of gymnosperm tracheids 
which showed it to consist of a number of outgrowths of the 
inner layer of the secondary wall, ıt is reasonable to 
suppose that the vestures represent an analogous type of 
cell wall soulpturing in angiosperms. In cells where the 
vesturing extended beyond the pit aperture structures 
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4. . Part of a transverse section of 
amg? Marie PE i MORE the wart s 
platinom—pellediom 


Harada (private communications*). It is assumed, by 
analogy with studies of the development of the wart 
structure’, that the dense membrane lining the cell 
lumen (Figs. 1 and 2) corresponds to the “terminal 
lamella” of Frey-Wysaling’, and, as pointed out else- 
where‘, arises from the denatured membranous elements 
of the cytoplasm. 
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An investigation of the development of vestured pits 
a special aspect of the general problem of cell wall 
rmation is in progress. 
Incidental to the fi ing observations, it may be noted 
Fig. 1 that at the pit border the inner ($,) and outer 
1) layers of the secondary wall are not confluent. 
3 A. B. WARDROP 
j H. D. Inara 
O.8.I.R.O., G. W. Davins 


Division of Forest Producta, 

Melbourne, Victoria. 
* [See also preceding oommuntoation.— Editor.] 
alley, L W., J. Arnold Arboretum, 14, 259 (1983). 
Tardrop, A. B., and Davies, G. W., Mature, 194, 407 (1002). 
rey-Wymlmg, À., Die Pfanshohs Kelhokmde (Springer, Bertin, 1950). 
Tardrop, å. B., and Harada, H. (In the presa). 


Soluble Components of the Cambial Zone 
of Eucalyptus regnans F. Muell. 


BzvuHRAL investigators have shown that the nutrient 
ids in the phloem and, in same instances, the liquors in 
e cambium of arborescent gymnosperms and angio- 
arms contain some of the following constituents! : mono- 
scharides, chiefly glucose and frpnotoeo with traces of 
ntosea (mainly xylose); uronic acids, sorbitol and 
annitol; disaccharides, chiefly sucrose; trisaccharides, 
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including raffinose and 1¥-8-fructosylsucrose ; higher oligo- 
saccharides such as stachyose and verbasoose; phenolic 
glycosides; oxalic, succinic, citric and lactic acids; amino- 
acids and peptides; inorganic salta: eto. 

The work reported here represents an attempt to identify 
and to estimate quantitatively the major soluble carbo- 
hydrate substances of the cambial zone of Eucalyptus 
regnans. Shortly after the vernal resurgence of cambial 
activity, the bark was stripped from freshly felled trunks 
of several 18-year-old trees of E. regnans. Immediately 
after removal of the bark, the soft outer layer of the logs 
was collected by means of a ‘Perspex’ scraper’. The 
scrapings, which included the cambium and adjacent 
differentiating xylary elementa (that is, the cambial zone), 
were plunged into boiling ethanol (final concentration 80 
per cent) in order to inhibit enzyme activity. The subeo- 
quent examination of the cambial material and the resulta 
obtained are outlined in Fig. 1. The sub-division of 
soluble materials into acidic, neutral and basic fractions 
was achieved by the use of ion exchange resins ‘Amberlite 
IR 120’ (H) and 'Duolite A 4’ (OH). 

The substances present in acidic fraction I were identi- 
fled by paper chromatography. The presence of a spot 
corresponding to glucuronolactone and the absence of a 
brick-red colour when the uronic acid spot was sprayed 
with the basic lead acetate reagent of Gee and MoCready* 
indicated that the uronio acid detected was glucuronio 
acid rather than galacturonic acid. The occurrence of 


Fresh Comblol Material 


Non-volctlie material Volatile materici,incipding water 
(el [o2 ^e] 
Fresh Cambial Material 
- BO per cent. ethanol. extraction 
fold residoc | a 
Ae sco 
folkd residue II E Acidic fraction | Neutral fraction I Basic froction I 
(43%) (sl [7 4*5] (29 6%) 147%) 
(Not exumned) Citric malic, [inorganic] 
+Ethonol to urone acds, 
75%, concentration galic and dox 
: acids, elogitonnins 
and HCl 
ER [Si] 
TA [No carbohydrates) 
N-H_80 Socross Q-Giucose - Fructose 
5a | li] fos) P poU Peay 
Solid residve IH Hydrotysate 
t (01 
(Empirical formuia] 
Ie, H9] 
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Wig. L Fractionation of extracts from the cambia! zone of F. regnans 
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* Wxpremed on the basis of fresh weight of material: 
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all o£ber resulta are on the bests of 
oven-iry material. 
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&ppreciable quantities of malio, citric and tartaric acids 
a ros LM the operation of the oitrio acid 

ither wi e areas of secondary growth or within 
photosynthegizing cells; in the latter case excess produc- 
tion of these acids may result in their excretion from the 
Photosynthesizing cells and their accumulation, after 
‘translocation, in the cambial zone. 

Sucrose, D-glucose, D-fructose and myo-inositol, which 
were d quantitatively by chromatography*, 
ropresent more than 90 per cent of neutral fraction; they 
were characterized by the formation of derivatives, by 
physical _Properties and by infra-red spectroscopy. 
myo-Inositol has not been isolated previously from cambial 
samples, and is of particular interest as a possible inter- 
mediate between carbohydrates and aromatio compounds 
and as a possible precursor of D-gluouronic acid’. 

The water extract of solid residue II contained material 
which could be precipitated on the addition of ethanol. 
The precipitate, gum hydrolysis with dilute acids, 
yielded substances which were ohromatographiocally 
identical with rhammoee, , arabinose, xylose and 
galaoturonio acid. The relatively large amounts of galao- 
tose and arabinose suggest that pectic substances may be 
present m the water-soluble polymer. 

It has been suggested that substances with reactive 
groups are transported, generally in an inactivated state, 
to the regions of active secondary growth’. For example, 
glucose, fructose and galactose are usually translocated, 
in the aasimilate stream, as sucrose and as higher oligo- 
saccharides of the raffinose series of sugars’. Henoe the 
water-soluble polymer may represent an inactivated 
mobile complex of monosaccharide residues which could be 
utilized, following enzymatic hydrolysis in the cambial 
regions, a8 base unite which are immediately synthesized 
into cell-wall polysaccharides. 

The water-soluble polymer appears to contain certain 
very reactive unite because, during hydrolysis with dilute 
acids (even at room temperature), the insoluble material 
(solid residue IIT) is formed rapidly. Onoe formed it will 
not rediseolve either in organic g&olvente or in aqueous 
solutions of acids or of alkalis. It does not seam to be 
related to lignin because it gives a negative Wiesner teat’, 
it is not aromatio (from imfra-red spectroscopy) and it 
contains very fow methoxyl groups. Infra-red spectros- 
copy indicated that the insoluble material is predominantly 
organio in nature and contains carbonyl and hydroxyl 
groups but does not contam carboxyl groupe. The 
empirical formula (0O;,H.,,0,,)« of the insoluble substance 
considered in conjunction with the foregomg evidence 
suggests that it may be formed by the acid-catalysed oon- 
densation of very reactive carbohydrate unite. 

We thank the Australian Micro-analytical Service for 
microanalyses, Mr. K. J. i and Mr. H. G. 
Higgins for help in the preparation and interpretation of 
infra-red and Miss Ann Carlo for help with the 
chromatography of polyphenolic substances. 


O. M. BrHWART 
Sua O. AUBBI 


O.8.I.R.O., 
Division of Forest Producta, 
South Melbourne. 
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Induction of Callus on Decapitated Hypocoty!: 
of Helianthus by Escherichia coll and other 
Bacteria 

In vitro cultures of angiosperm organs in association wit 
several common free-living bacteria have resulted in call: 
formation. Tho groes morphology and histology of the 
calluses are similar to crown gall tumours produced t 
the same timo under similar conditions. Controls Íaokir 
the associated bacterium show little proliferation of ct 
surfaces. 

Seeds of Giant Russian annual sunflower were surfac 
sterilized by removal of testa and immersion for 20 min i 
20 vol. hydro peroxide and germinated on 25 o.o. : 
complete Whrbe's medium agar in tubes. When ti 
etiolated seedlings had expanded the cotyledons, the hyp: 
cobyls were severed below the cotyledonary node and tl 
cut surface was inoculated with a loopful of a 48-h-o. 
nutrient broth culture of the bacterium under test. Fi 
comparison, hypocotyls were also inoculated with Agr 
bacterium tumefaciens and controls consisted of ot 
hypocotyls either with a drop of nutrient broth or wit 
no treatment. Tho tubes were incubated at 25° O in tł 
dark. 

Within a week the hypocotyls with A i 
showed evident callus formation; both sets of controls ha 
either formed wound tissue with no further proliferation 
the terminal tissue had died. Over the same period 
rather low proportion (about 25 per cent) of the cut ends : 
the hypocotyls inoculated with the bacteria under te 
began to proliferate and, by the time the nutrients in t! 
agar were exhausted, had formed calluses comparab 
in aize to those of the crown gall (Fig. 1). The bacter. 
producing positive results were H. col, Pseudomon 
aeruginosa, Saroina lutea and Aerobacter asrogenes. 

Since E. colt produced the most pronounced effects, 
was chosen for further study. Strains of this Tu: 
Te-isolated from the callus proved more virulent. The 
induced a high proportion (more than 75 per cent) : 
positive results and the callus grew more rapidly. 

Examples of the callus produced by E. coli and Agr 
bacterium wero fixed and sectioned. In both there wa 
similar proliferations of the vascular tissue. The prolife 
ation induced in the ground tissue by E. coli appeare 
more regular but inoluded i differentiation 
tracheary elements.  Oocasio associated with tl 





Fig. L Proliferation of decapitated hypocotyl of Helientkes Inoculated 
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callusing induced by several bacteria was a distension of 
the hypocotyl, which t reach & maximum some 
distance below the cut . A full description of the 
morphogenetio responses will be published elsewhere. 

In the early stagea of these experiments, while the cut 
surfaces were still moist, the controls formed wound-healing 
tissue which simulated a small callus. This is consistent 
with the proliferation of wounded surfaces of many plants 
in humid atmosphores!. It seamed possible, therefore, 
that the bacterial cultures merely allowed callusing to 
continue by maintaining moisture at the cut surfaces. 
When the work was repeated with the surfaces of the 
controls kept moist, ter proliferation resulted, but 
nothing comparable with the baoteria-induoced callus was 
produoed. : 

Attempts to induce callus formation by inoculation of 
wounds on intact sunflower seedlings in ouse con- 
ditions were unsuccessful with E. coli, though 100 per cent 
guocessful with crown gall. This meffectuality of E. cols 
we attribute to rapid wound healing in relatively dry air. 
Decapitated i of sunflower grown on White's 
medium in the light, and intact ings grown on White's 
medium in the light in a humid atmosphere, have produced 
‘local stem swellings when a wound was inoculated with 
E. cols. 

No reports of callus-induction by non-pathogenic 
bacteria are known to us and comments on these resulte 
would be appreciated. Zielinski? reports accelerated 
growth of carrot tissue cultures in association with an 
unnamed bacterium and Fallot? records increased rate of 
growth of tissue cultures of Vitis rupestris in association 
with Baotllus megaterium. 

We thank Miss L. Williams, Department of Micro- 
biology, University of Queensland, for confirming the 
identity of the cultures of E. coli used in our origi 
inoculations and also those recovered from induced 

We also acknowledge the controlled environment 
facilities made available to one of us (D. E. G. 8.) by the 
New Zealand Universities’ Granta Committee. 
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“Fallot, J., O.R. Acad. Sei., Paris, 848, 205 (1958). 


Succession of Nematophagous Fungi during 
the Decomposition of Organic Matter in 
: the Soil 


ALTHOUGH nematophagous fungi have been intensively 
studied in agar cultures containing nematodes, and soil 
organic matter has commonly been used as a source of 
these fungi?-3, little seams to be known of the succession of 
fungi in this biological group during the decomposition of 
organio matter in the soil. imi work has acoord- 
ingly been done to determine the nature of any succession 
with the view of further investigation. 

A soil with a wide variety of species of indigenous nema- 
tophagous fungi was selected for examination. These 
comprised three retiary trap-formers, Arihrobotrys oligo- 
spora, Dactylaria psychrophila, and Trichotheotum oysto- 
sporium; Dachjlella oionopaga, a fungus producing modi- 
fied adhesive hyphal branches as trapping organs; an 
unidentified zoopagaceous fungus with aseptate adhesive 
hyphæ; an unidentified fungus with constrioting-ring 


mares and three endozoic parasites Aorostalagmus obo- - 


vatus, Harposporium anguillulas and Nematoctonus lepto- 
sporus. In pure culture and on nematode-infested agar the 
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retiary trap-f fungi vigorously and sporulated 
intensely. Pata perd grew much more slowly 


and sporulation was relatively sparse. Neither of the 
unidentified fungi was isolated in pure oulture but on 
agar containing nematodes both showed sparse and slow 


The soil was used fresh and unsterilized after being 
passed through a 7-mm mesh sieve and its moisture 
content was maintained as 50-55 per cent of the total 
water-holding capacity. Direct observation of the fungi 
in the soil was made using the agar disk technique’. A 
characteristic succession pattern was noted during the 
decomposition of both manure, in the form of 
cabbage-leaf tissue, and carbohydrates ss glucose or 
sucrose. The period during which the fungi were seen to 
be y active continued for 7-11 weeks after the 
addition of amendments to the soil. . 

The nematophagous activity of the retiary trap-forming 
fungi increased, and, having reached a peak, declined 
during the first half of this period. The roopagaceous 
fungus and Dactylella cionopaga, having played 6 gub- 
sidiary part as nematode-desiroyers durmg this tine, 
then increased in activity during the half of the 
period and became tho predominant components of the 
nematophagous complex. After reaching a peak of 
activity these in turn declined. The ring-forming organiam 
was rarely observed and then only in the final stagos of 
the succession. The endozoic parasites sporadi- 
cally during the whole of the succession, attacking a 
proportion of the nematodes available for infection. 
Exoluding the eigen ad ee the pattern of succes- 
8ion appears to bear no tion to the numbers of nema- 
todes in the soil at any particular time and would seem 
rather to depend on growth rate and spore-production. 
organiams more vigorous in these respects appearing first 
followed by those less vigorous. However, the sequence 
may be related more fundamentally to the o in the 
nutritional status of the goil microhabitats with time. 
Investigation of the nutritional requirements of tho 
nematode-trapping fungi may help elucidate the problem, 


RopERIO O. Oooxm 
Botany Department, 
Royal Holloway College, 
Englefield Green, 
Surrey. 

1 Duddington, O. L., The Frisadly Fungi (Faber and Faber, London, 1057). 
2 Duddington, 0. L., Treas. Brit. Mycol. Soc., 88, 97 (1055). 

"Cooks, R, O., Nature, 191, 1411 (1061). 


Chemical and Immunological Comparisons 
of Allelic Immobilization Antigens in 
Paramecium aurelia 

PunmmrED immobilization antigens of Paramecium 
aurelia (syngen 1) were obtained from stocks containing 
different alleles at the D locus! and compared by the 
technique of ‘fingerprinting’*?. Previously** the antigen 
has been shown to be a protein of moleoular weight 
approximately 250,000. It was oxtracted by the salt- 

hol method of Preer* and purified by ammonium 
sulphate preoipitation and chromatography on carboxy- 
methyl cellulose. Tryptic digests were prepared from 
anti denatured by reduction with 2-mercaptoothanol, 
alkylated with iodoacetic acid* and ‘fingerprinted’ by the 
method of Katz, Dreyer and Anfinsen?, except that the 
chroma: io solvent was n-butanol/water/acetic acid 
(17 : 9 : 4) and the electrophoresis buffer had a pH of 4-2. 

Nine naturally occurring allelio D types were oxamined 
and all were found to differ in the peptide patterns pro- 
duced. Tho patterns were of the samo form, 
however, in contrast to two G (90G and 60G, 
controlled by alleles at another locus) which showed a 
radically different distribution of peptide spots. This 
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FM. 1. of a fingerprint of 1D., a matography 


confirms tho observations of Steers’ with the A, B and D 
sorobypes of syngon 4 of P. aurelia. 

In our study of the D antigens, we found that genes at 
tho D locus alone were concerned in specifying the struc- 
ture of the isolated protein. This was shown by com- 
paring two preparations of antigen 90D: one from stock 90 
iteelf and the other from a strain containing the allele D**, 
which, by repeated back-crossing, had been made nearly 
isogenic with the unrelated stock 60. The peptide patterns 
of the two were indistingui le. 

Since the patterns contain about 80 spota (Fig. 1), 
detailed analysis has so far been impracticable. However, 
comparisons were made between the nme D antigens by 
counting the numbers of differently situated spota, and 
these resulta are shown in Table 1. These numbers aro 
assumed to be twice the number of altered peptides but 
represent only a minimum estimate of amino-acid replace- 
monts. 

The immunological relationship between the various 
antigens was investigated by observing cross-reactions by 
the immobilization test. These results are shown in 
Table 2. The correlation between immunological diversity 
and number of peptide differencea is quitd evident. All 
members of the group of five D types which aro indistin- 
guishable from 60D show only small differences in i 
panain wills tba dy poe Sin Rodley Aer dabie 
immunologically have many more peptide differences. 
The type 145D, which croes-reacta very strongly with 00D 
but can be differentiated, shows an intermediate number of 
differences. 

As shown in Table 2 the antigens investigated were 
derived from material of exoeedingly diverse geographical 
origin, and it is assumed that they can have only a very 
remote evolutionary connexion. It would thus be 
expected that mutations involving portions of the mole- 
oule not concerned with its antigenic specificity would be 


Table 1l. PAIRWISBE COMPARISONS OF ‘FINGERPRINTS’ OF ALLELIO IWMOB- 
ILIRATION ANTIGENS 


(Blank spaces no comparisons 
60D nD 90D 103D 

178D 2 
181D 4 
521D 3 
535D 6 
145D 10 ?0 10 20 

ND 20 — cae — 

90D 20 10 — EI 
103D 20 20 20 — 
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Table 2 DOUT OF Noa Dormer D-TY?) 
IXXOBILIXATION ANTIGENS In P 
An 
Anti- Origin of Ant Antti Anti Ant 
ges stocks 60D 41D 108D 33D An 
(192) (74) (172) (92) (178) (181 
YD — Bantlago 
Che 
181D Tokyo | 109 104 «b <5 «b <5 
521D Parts 
535D Adelaide 
145D Paris e 100 20 <5 <5 «b 
2 Baltimore 4 iD <5 1e p ao 
lvanía « 1 1 
103D Phin <5 <5 10$ <5 «b 18 
are indicated as of homologous reactions 


randomly distributed throughout the stooks. That so fow 
peptide differences were found between types indistin. 
guishable immunologically but of independent origin 
suggeets that the antigenic site is a major portion of the 
molecule. Otherwise the number of peptide differance 
would be more nearly independent of the antiganio 
relationship. 

It appears, therefore, that antigenio specificity is hero 
due, not to a small number of chemical groupe as is known 
for certain polysaccharide antigens, but to the cumulative 
effect of many amino-acids. 

This work was supported by a granb from the Medical 
Research Council, and much helped by the Microbio- 
logical Research Establishment, Porton, with bulk pre- 
paration of material. 


Hypergammaglobulinzmla In Mink initiated 
- by a Cell-free Filtrate 

ALHUTIAN disease in mink is a spontaneous, trans- 
missible disease which can be used as a model for study: 
the pathogenetic mechanisms in certain aood 
and connective tiasue diseases". H: bulinsamia 
is a constant feature of the disease'*.*, and the severity of 
the natural and i tal disease appears to parallel 
the rise in Seoba %5, The histological^* and histo- 
chemical’ changes resemble those of the connective tissue 
diseases of man. A genetic predisposition! as well as a 
familial occurrence’ have been demonstrated. 

We have shown that hypergammaglobulinzmia can be 
experimentally produced by the injection of tissue sus- 
pensions fram naturally affected mink". The active prin- 
ciple was found to be resistant to 0-8 per cent formalin at 
5° O for 2 weeks but not for 40 weeks". The work reported 
here was carried out to characterize further the active 
principle by filtration and ultra-centrifugation of affected 
tissue suspensions. 

The mink used in these trials were from our own herd in 


which Aleutian disease has never naturally occurred. The 


number of mink m each treatment group as well as the 
genotypes are given in Table 1. The genotypes are desig- 
nated as homozygous recessive (aa), heterozygous (Aa) or 
homozygous dominant (4 4) for the Aleutian gene‘. ` 
The tissues used for the preparation of the mocula were 

from aa mink with the natural disease. The spleens, livers, 
and kidneys were collected immediately after death and 
kept at — 26° C until used. Portions of these organs were- 
ground in a Waring blender and diluted to 10-! with 
phosphate buffered saline (pH 7:5). The suspension was 
then centrifuged for 1 h ab 10,000 r.p.m. in a Servall 
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(del RC-2 refrigerated centrifuge with an SS-34 rotor | 
10,5007) and the supernatant fluid removed. The 
ipernatant fluid was then filtered through a Krueger ‘W’ 
ad and the filtrate was centrifuged for 1 h at 85,000 
pm. in & model L Spinco ultracentrifuge with a 40-3 
igle head rotor (95,000g). The supernatant fluid was 
moved and the pellet resuspended in an equal volume 
` phoaphate buffered saline. 

All mink except the non-mjected controls received 2 ml. 
iboutaneously of inoculum. The original 10 per cent 
rude tissue suspension was injected into group I. Folow- 
ig filtration and ultracentrifugation at 85,000 r.p.m., 
coup II received the supernatant fluid and group III 
»eived the resuspended pellet. Group IV served as non- 
ected controls. 

Serum samples were collected prior to inoculation and 
zain when the trial was terminated 2 months followmg 
woulation. Filter-paper zone electrophoresis and total 
xum protein determinations were carried out as prev- 
mely desoribed!. All the mink had normal serum protein 
alues before inoculation. 

"The post-injection serum protein values were com- 
ared with those of 19 experimentally affected animals and 
9 non-affected animals origiatmg from our herd’. The 
‘iteria for hypergammaglobulmemia included: (1) y- 
lobulm values of 2-0 g or more per 100 ml. of serum 
sontrol mean + 2,9.D. = 1:99 g/100 mL) with a- and B- 
lobulins within the normal range; (2) normal or elevated 
ytal serum protein values; (3) normal or decreased 
fkumin levels; and (4) albumin/globulim ratios of 1-0 or 
es. Gross and histological studies on all mink will be 
2e subject of another report. 


able 1, TOTAL NUMBER OF ANIMALS BY GENOTYPE IX MAOH TREATMENT 
GROUP AND THE NUMBER DEVELOPING HYPERGANMAGLOBULIN AMIA 


genotypes Total No. 
A total 
Troup Treatment discon Injected Afooted/ 
I suspenzion 5/5 1/3 2/2 8/10 
Supernatant following 
" fogation an 1/5 0/4 1/6 2/15 
B cation MER. EC NE dU 10/18 
oen 
IV Non-tnjected controls 0/4 0/6 0/7 0/16 


The reeulte are summarized in Table 1 and indicate that 
n elevation of y-globulin occurred in treatment groups I, 
[and III. All the homozygous receasive mink in groupe I 
nd III showed a rise in y-globulin, but only part of the 
eterorygous and hamozygous mink responded in this 
wanner. This difference in genotype susceptibility has 
een previously noted!. Two of 15 mink in group II had 
ypergammagiobulmemia. One was an aa mink and the 
ther an AA. The mean serum protein vahies and the 
wandard deviations of all groupe are given in Table 2. 
tatistical analysis using analysis of variance® revealed & 
gniflcant inoreage (P < 0-01) m y-globulin and a signifl- 
ant decrease (P « 0-01) in albumin in groupe I and DI. 

The filter excluded viable tissue oells and bacteria. If 
ie cause of Aleutian disease were a soluble substance, 
ich as a soluble protein, it is probable that the active 
action would remain in the supernatant fluid. A part- 
ulate substance would be e to settle durmg the 
ond centrifugation (95,000g for 1 h). 

Changes in serum protein occurred in 66 per cent of the 
nimals given the sediment and in 80 per cent of the 
nimals given crude tissue suspension. The supernatant 
uid evoked & response in 18 per cent of the mink. The 
mneentration of the initiating factor, therefore, was 


Table 2. Maan SERUM PROTEIN VALUES AOOORDIXG 


Total serum 
"oup Treatment protetn Albumin 
I Crude tissue suspension 740+0 55* 2-350 72 
I Supernatant finid 7-30 +048 3-96--0-47 
I Resuspended pellets 7-554068 3-200: 
T Non-injected controls 7531060 4:17 x0-61 
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higher in the sediment than in the supernatant fluid and 
the activity of the sediment was close to that of the crude 
tissue suspension. It would appear that the cause of hyper- 
gammaglobulinamia in mink is a filterable substance 
which can be almost completely removed from aqueous 
suspension by ultracentrifugation at 05,000g for 1 h. It 
seams possible that this filterable substance could produce 
h; obulmæmis and other o through one 
of several possible mechanisms: (1) stimulation of primi- 
tive mesenchymal cells to proliferate and form many 
plasma cells which produce hypergammaglobulmsemia ; (2) 
initiation of an auto-immune response; or (3) initiation of an 
alteration which in turn is responsible for the pathological 
changes. At present, it is not known whether the elevated 
y-ġlobulin is antibody directed againsb a tissue or other 
antigen, but initial studies to characterize this y-globulin 
indicate that it has an ultracentrifugation constant of 


ximately 7 85. 
Erbe finding of a filterable, cell-free substance which 
initiates changes in mink that resemble certam connective 
tissue diseases in man raises speculation as to possible 
similar mechanisms mvolved in these human diseases. -`` 

This investigation was supported in part by U.S. Public 
Health Service grant 45400, training grant 2G—414 and 
the Mink Farmers’ Research Foundation. 

Note. While this work was in progress, Dr. J. D. Russell, 
Madison, Wisconsin, was able to cause h 
globulmemia in mink using Berkefeld N filtrates. 

Janse B. HENSON 
Joms R. GORHAM 
RoBERT W. LEADER 
Department of Veterinary Pathology, 
Washington State University 
and Animal Disease and Parasite Research Division, 
U.8. Department of Agriculture, 
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Vitamin Bi; and the Detoxification of 
Hepatotoxic Pyrrolizidine Alkalolds in 
Rumen Liquor 
Ix Australia chronic liver disease, with sometimes a high 
death rate, has occurred in flocks of sheep which have 
a pees contaming the summer-growing annual 
plant, Heliotropium europaeum L., for two or more oon- 
secutive seasons. Pyrrolizidme alkaloids have been 
isolated from the plant and their structures determined?:*, 
The may contam up to 3 per cent of alkaloid, mostly 
as N-oxides'. We have studied the disease in grazing 
sheep and by administration of the ified individual 
alkaloids to rate’, and we have the essential 
pathology as an atrophic hepatoais with megalocytosis of 

the parenchyma cells. 

By extending these investigations to a wide range of 
pyrrolizidme alkaloids we have concluded that only those 
which are allylic esters are hepatotoxic, and have put 


TO TREATMENT GROUPS MXFERSBED if 2/100 ML. OF RIRUN 


a-Globulin £-Globulin y-Globultn ajy 
0-62 +40:11 1:28--0-44 2-63 0°70 06 
0-75 +0-10 1'130 17 1-52 +079 11 
0-70+0-10 1:2440-14 2-37 +-0 60 0-7 
0-7140-28 13252047 1:87 +0-31 12 
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forward the is that they act in the tissue oell as 
ae agents by a mechanism involving alkyl-oxygen 
on1*, 

The relatively small amount of liver damage suffered by 
sheep after graxing on pure stands of H. for 
only one season suggested to us that much of the alkaloid 
must be in the rumen, and we have, therefore, 

to determine the arising from heliotrine, 
in rumen oontenta of sheep several hours after an oral 
dose. We found the major product to be a 1-methylene 
derivative, 7-a-hydroxy-1-methylene-8a pyrrolizidine (1), 
together with some unchanged heliotrine and the hydro- 
lysis product, heliotridino. We had isolated the optical 
enantiomer of the base (1) from Crotalaria goreensis! and 
found it devoid of hepatotoxic properties both in acute 
testa and in a prolonged course of repeated injection in 
rata. We have synthesized (1) and found it likewise to 
testing of this enantiomer is not yet completed, no 
pyrrolixidine alkaloid has been found to cause a hepatosis 
1f it did not produce liver necrosis in the acute test. 
~-To study this conversion in vitro we incubated heliotrine 
with rumen liquor under conditions commonly used in 
artificial rumen studies. A sample of ramen contenta was 
taken from a sheep with a rumen fistula, filtered through 
oheese-cloth, lightly centrifuged (400g, 8 min) and inou- 
bated ab 39° O with a constent stream of carbon dioxide 
bubbling through it. Under these conditions the heliotrine 
(0-5 mg/ml.) was recovered unchanged even after 48 h 
incubation. However, since the administration of cobalt 
by mouth to sheep, which materially raises the vitamin 
B,, dontent in the rumen!*, has been clearly shown to 
protect sheep against Phalarts 13 and since this 
disease is believed to be due to a toxic substance produced 
by the plant Phalaris tuberosa!*, we examined effect 
of adding 0-4 ug/ml. vitamin B,, (Glaxo—Allenbury’s 
preparation of cyanocobalamin, ‘Cytamen 1000’) to the 
prepared rumen liquor with which the heliotrme was 
incubated. 

Under these conditions the heliotrine was all converted 
within 24 h to the 1-methylene derivative (1), which was 
isolated and identified by gas chromatography and infra- 
red spectrum. We also found that there was a partial 
conversion without added B,, in rumen liquor that was 
strained but from which the B,,-rich particulate matter 
was not removed by light centrifuging. On the other hand, 
if all the mi i were removed by ifugi 
at 4,0007 for 1 h the heliotrino was recovered 
after 24 h incubation even when 1 pgm B,,/ml. had been 
added. The rate of conversion of beliotrine to (1) was 
increased as the B,, concentration was increased up to 


l pgm/ml. It was decreased as the pH was lowered from ' 


6-7. In all instances there was a lag period of 6-10 h 
during which no breakdown of heliotrine oocurred. Neither 
the rate of conversion nor length of the lag-period was 
affected by addition of glucose. The lag-period was not 
eliminated by pre-incubatdon of the rumen liquor with 
Bı, for 24 h before addition of heliotrine. Vitamm B4, 
(hydroxocobealamin) was less effective in concentrations up 
to 5 ugm/ml. 

Other pyrrolizidino alkaloids have been examined by 
incubation for 24 h with filtered and lightly centrifuged 
rumen contents with and without the addition of 1 ugm/ml. 
of Bis The alkaloids were broken down only in the pota 
to which B,, was added, and in each instance in which the 
product has been characterized it has proved to be the 
I-methylene derivative. Thus, of the other alkaloids from 
H. europaeum, lasiocarpme was converted to 7a-angelyl- 
oxy-1-methylene-8«-pyrrolizidme; supinine and heleurine, 
esters of supinidine rather than heliotridine, yielded 
1-methylenopyrrolizidine. Holiotrine-N-oxide was reduced. 
to heliotrine in the absence of added B,,, but in its presence 
(1) was the only product. 

Two retronecine bases tested, echimidine, isolated from 
Echium  plantagineum | L., and moncroteline, from 
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Oroialaria retusa L.1*, were stable in our test system unles 
Bi, was added, and then they were converted to 1-methy] 
ene derivatives as judged by colour reactions on pape 


These i tal observations are being continue 
and and detailed results will be publishe 
elsewhere, but this preliminary report is made because o 
the possible practical applications which they suggest. 

Sinoe ib has been shown that adequate cobalt is provide 
for the protection of sheep against Phalaris staggers ove 
extended periods by the deposition of heavy pellets oon 
taining cobalt in the ‘rumen-reticulum’!?, our result 
suggest that these pelleta, which are available com 
mercially, may well protect and cattle from chroni 
intoxication by pyrroliridine oid-oontaining plant 
such as Heliotropium, Senscio and Crotalaria species. Wi 
have set up field trials and pen experiments to assess th 
protective action of cobalt pellets in sheep exposed t 
eee. Poe but since the chronic diseas 

y slowly, results will not be available for a 
least two years. : 

We thank Glaxo—-Allenbury's (Aust.) Pty., Ltd., for i 
gift of vitamin B. 


A. T. Dror 
A. T. DANN 
L. B. BULL 
Division of Animal Health, 
C. C. J. Cunvaxxon 
Division of Organic f 
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Axenic Culture of Two Trichomycetes from 
Californian Mosquitoes 

Taa Trichomyoetes are & group of primitive fungi which: 
with a few exceptions, live attached by holdfasta to the 
gat linings of arthropods. We have encountered twe 
Trichomycetes, Rubetella culéois (Tuzet et Manier, 1947) 
and È. sp., inhabiting the reotums of mosquito larvæ in 
Oalifornia; both these fungi have been found infesting 
several species of mosquitoes. 

To our knowledge, the only successfol axenic culture 
heretofore made with any member of the Trichomyoetet 
was by Whisler’, who cultured the ectocommensal 
Amoebidium Lis. from Oladocera on a trypton: 
agar medium. Tuzet, Rioux and Manier! attempted t< 
culture R. culiots and observed some elongation of hypha 
filaments; however, they did not obtain germination o: 
conidia. 

Our first isolation of R: cultcis (Fig. 1) was made from e 
fourth-instar larva of Ades melanimon Dyar collected from 
an irrigated in Merced County. Rubetella sp 
(Fig. 2) was first isolated from & fourth-instar larva oi 
Guliseta inoidens (Thomson) collected fram rock pools ir 
the foothills of the Sierra Nevada Mountains in Freenc 
Oounty. ` 





Heavily infested larve were surface disinfected with a 
l : 1,250 concentration of ‘Roocal’ solution (Withrop 
Laboratories, New York), rinsed in sterile distilled water, 
ind blotted on sterile filter paper. The rectums of the 
ER DP 
)-675 per cent saline solution, pe meer oru ut 1,000 ug 
of streptomycin and 8,000 unita of Q per o.c. The 
:*ecbums were transferred to a storilo alido where they were 
lisseoted open with fine needles; individual thalli 1-2 mm 
n diameter were scraped free from the chitinous rectal 
ining and transferred through 5 succeasive baths of 
iterile saline solutions containing antibiotics. Finally, 
she thalli were placed in culture medium. 

Our first succeseful culture was established on SNB-9 
nedium, & biphasic blood 
Diamond and Herman? for the culture of hmmoflagellates. 
Equally good growth was later obtained on Difco brain- 
1eart infusion agar slants, using a broth overlayer com- 
2osed of 2 per cent neo-peptone and 0-675 per cent sodium 
shloride in water; good cultures were also obtained using 
Difoo N.I.H. thioglycollate broth. 

Initial isolatea required about 2 weeks to reach 5 mm in 
liameter; conidial production’ usually occurred after the 
saltures were a month old. The production of aberrant 
nidis was common; however, sub-cultures were readily 
»ocomplished, and mosquito larvie were readily infested in 
she laboratory by exposing them to older cultures contain- 
gio heavily oonidisting thalli. 

colonies of both species of Rubetella appeared soft, 
vhite, and compact on agar; owore each species took on 
* characteristic form in broth. R. ouliois colonies were 
almost spherical and billowy me 3), while Rubetella sp. 
»olonies were more stringy or lacy in form (Fig. 4). 

The axenic culture of these fungi has provided an impor- 
ant step in the elucidation of their nutritional require- 
tec life-oyclea and relationships with their hosts. 

Bourg dc pae was supported in part by research 
«rant E—8496 from the National Institute of Allergy and 
nfectious Diseases of the U.8. National Institutes of 


Tealth. Truman B. OLARK 
Warum R. KELLEN 
Janes E. LINDHGEREN 

California State Department of Publio Health, 
Bureau of Vector Control, Freano. 
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Cellulose Acetate Membranes for detecting 
Peroxidase in Mycobacterla 


A qQuIOXx and simple test for detecting peroxidase m 
cultures of mycobacteria has been outlined recently’. The 
test consists in exposing micro-organisms in or On & 
suitable culture medium to a reaction mixture of catechol 
and hydrogen peroxide in an acetate buffer at a pH of 4:0. 
In the presence of oxygen the catechol is oxidized by 

xidase, forming a dark brown compound, probably 
hevWeqainonie, This change in colour sharply distinguishes 
peroxidase-poeitivo organisms from peroxidase-negative 
ones, which remain colourless. The test can also be 
carried out in a liquid medium, but where suitable solid 
or semi-solid media are used, colonies of each type can be 
distinguished in mixed cultures. As the presence or 
absence of peroxidase is intimately bound up with suscepti- 
bility or resistance to isoniazid, the demonstration of 
sensitive and reaistant colonies in a mixed populdtion 
without exposure to isoniazid is made easy. 

In expermental work where artificial mixtures of 
isoniazid-sensitive and resistant strains have been used, 
best resulta were obtained where colonies have been 
numerous but discrete and uniform in size. In addition a ` 
medium is required which is easy to prepare, consistent in 
performance and capable of furnishing a rapid growth 
which is convenient to handle should further tests bo 
needed. With the view of these requirements sevoral 
media have been investigated, namely, Fisher’, Kirchner’, 
Tarshis*, and Dubos and Davis*. Of these, the last has 
proved the most suitable. 

Tho modification of Tirunarayanan and Vischer’s method 
described here makes use of cellulose acetate membranes 
laid on & nutrient medium in the manner detailed by 
Knox and Smith* for the detection of penicillinase- 
producing organisms. 

For the detection of peroxidase, Dubos and Davis 
medium containing 0-4 per cent bovine albumin and 0-5 
per cent agar was used, poured into plastic Petri dishes 
and overlaid, when set, with 5-cm or 8-cm Oxoid mem- 
brane filters. Plates were allowed to dry (closed) over- 
night at 37? CO and inoculated with 2 drops (0-04 ml.) from 
a mixed aqueous 10-* dilution of 6-7 day-old stock Dubos 
cultures of H37Rv isoniazid-sensitive and resistent strains. 
These manipulations were carried out in an inoculating 
cabinet with air extraction. Incubation in large air-tight 
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glass or metal containers has proved more successful and 
oonvénient than individual sealing of plates, and con- 
tamination rates have been very low. Sufficient growth 
for the catechol test has been obtained after 10 days’ 
incubation, but in general a 14- to 21-day period is to 
be preferred. Colonies of tubercle bacilli grown on 
Dubos/membrane agar were smooth, convex, well separ- 
ated and white in colour. With the strains used, colanies 
of peroxidase-negative, isoniazid-resistant cells were 
generally larger than colonies of the sensitive strain. 

The catechol teat was simply performed by transferring 
the growth-bearing membrane to a second Petri dish oon- 
tainmg two or three thicknesses of 9-om Whatman No. 1 
filter papers impregnated with the reaction mixture, 
which was made up as follows: 0-2 M sodium acetate, 
2 ml: glacial acetic acid diluted 1 in 85, 8 ml.; 2 per 
cent catechol (aqueous), 2 ml.; 1 in 100 hydrogen peroxide 
(30 vol.), 1 ml. Darkening of peroxidase-positive colonies 
occurred after 15 min or 60 at room temperature, and the 
change in colour was at a maximum in 30 min-l h. 
Peroxidase-negative colonies remained quite colourless 
and this contrast was maintained for several hours at 
least. Incubation at 37° O did not appear to hasten the 
reaction. 

The sensitivity of the test is such that ane peroxidase- 
positive colony is readily detectable among 400—500 
peroxidase-negative colonies on & membrane of 8 om size 
after 2-8 weeks’ incubation. while one negative colony oan 
be differentiated from some 200-300 positive under similar 
conditions. As peroxidase-positive colonies represent the 
isoniazid-sensitive cells, it will be seen that a small number 
of isoniaxid-sensitive individuals may readily be detected 
among large numbers of isoniazid-resistant cells’ when 
neither of them has been exposed to the action of the drug. 

Bub-eulturee made from cells treated with the reaction 
mixture at the time when the test was read failed to grow, 
and it seems that exposure to the reagent kills them. It 
follows, therefore, that further testing involvi is 
not pomible with cells “used iy the mee Dar this 

isadvantage could be overcome by means of replica 
plating techniques. < 
R. Knox 
J. K. Pickeam. 
t of Bacteriology, 
Guy's Hospital Medical School, 
London, B.E.1. 
! Tirunarayanan, M. O., and Viseber, W. A., Amer. Fev, Tubero., 76, 02 (1987). 
!Yhber, M. W., Amer. Hes. Tubero., 69, 707 (1964). 


J. d MoCartnay, J. H., Handbook of Bactsriolegy, tenth od., 
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Reversal of o-Nitrobenzoic Acid Inhibition 
of Microblal Growth by Amino-Acids 

SavrRAL benzene derivatives reportedly inhibit miaro- 
bial growth by blocking easential metabolic reactions but, 
in some instances, the aite of inhibition has not been 
established. High concentrations of p-aminobenzoio acid 
inhibit certain bactoria^ and the bacteriostatic activity 
toward Escherichia coli strain W is reversed by p-hydroxy- 
benzoio acid and, to a limited extent, by shikimic acid 
or 5-dehydroshikimio aaid!. p-Amimobenzoic acid also 
su growth of Saccharomyces oerevisiae, which can 
be reversed by aromatic amino-acids such as phenylalanine, 
tyrosine and tryptophan’. Utilization of p-aminobenroio 
acid as an oxidizable substrate by a Flavobactertum' is 
competitively inhibited by p-aminoealioylio acid’, and’ it 
has ji suggested that p-aminosalicylic acid competes 
with the substrate for the specific transport mechanism(s)*. 

Inhibition of Aspergillus niger by m-dinitrobenrene is 
influenced by the age of the culture and can be reversed 


xm by casein hydrolysate or a mixture of amino-acids similar 
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in ion to casein hydrolysate’. The toxio effect c 
2,4-dimitrophenol on E. col can be counteracted by a 
amino-acid mixture similar in compoartion to that obtaine 
from ocow’s liver’. m-Nitrobenzoio acid inhibited oxidatió 
of o-nitrobenzoio acid by Nocardia opaca and utilixatio 
of p-nitrobenzoio acid by N. erythropolis*. Similar studie 
revealed the para-isomer did not inhibit oxidation ç 
o-nitrobenzoio acid and the ortho-isomer did not influen? 
oxidation of the para form. oat x 
Investigations have revealed that o-nitrobenxoio aq) 
inhibits growth of a Flavobacterium capable of usin 
p-nitrobenzoio acid as the sole source of carbon an 
energy for asrobic growth. This investigation was under 
taken to elucidate the mechanism of this antagoniam. ` 
Growth studies were conducted in a defined mediuz 
composed of: sodium chloride, 0-1 per cent; potassiur 
dihydrogen phosphate, 0-82 per cent; i i 
hydrogen hate, 0-42 per cent; and p-nitrobenroi 
acid as the car and ni source. When sucami 
acid replaced p-nitrobenzoic acid as the carbon an 
energy source, 0-2 per cent ammonium chloride wa 
added as the nitrogen source. All substrates were use 
in a final concentration of 0-02 M unless indicated other 
wise. The medium was adjusted to pH 7-0, autoclave 
at 121° O for 15 min, and mineral salts added as previousl: 
described*. The amino-acids and other additives wen 
sterilized separately and added aseptically. 
Inoculum cells were grown on p-nitrobenxoic acid aga 
slants, washed by centrifugation, suspended in steril 
i phosphate buffer (pH 7-0), and om 
drop ad to each reaction tube. AI tubes were incu 
bated on a reciprocating shaker at 87° O. Growth ww 
followed by measuring optical density at 540 my in ¢ 
Bausch and Lomb Spectronio 20 hotometer. 
Addition of o-nitrobenxoio acid (0-06 M and 0-12 M) t 
the medium containing p-nitrobenzoic acid (0-02 M) a 
the source of carbon and energy resulted in a markec 
inhibition of growth (Fig. 1). The degree of Teseior 
is a function of the inhibrtor concentration. trols 
indicated the organism was unable to utilize o-nitro. 
benzoic acid as a substrate for growth. ' 
Investigations were made to determine if growth wa 
“inhibited when compounds not structurally related to the 
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ttrobenzoio acids were used as substrates. Fig. 2 shows 
iat o-nitrobenzoic acid also inhibited growth when 
02 M succinic acid was used as the substrate. 
Viable cell counts were made during the 6 h imme- 
ately following inoculation of the medium to determine 
o-nitrobenxoio acid was killing the cells. Growth was 
easured spectrophotometrically and, concurrently, ali- 
10ta were withdrawn and the number of viable oells 
Meri quada ass Gia inda oer: No aig- 
ficant decrease in viable calls was obeerved in systems 
the inhibitor, denoting that o-nitrobenzoio acid 
jaa, At the cells but impairs growth by interfering 
ith an essential metabolic process. Washed cell suspen- 
ons, usod in respirometrio studies, oxidized suociic or 
nitrobenzoic acid at the same rate in the presence or 
yeence of o-nitrobenroio acid. Thus, the inhibitor does 
xt influence uptake of the substrate by the cells or the 
te of substrate oxidation. 
Growth studies were conducted in which the substrate 
‘Inhibitor ratio was varied. Results indicated that the 
groo of inhibition was related to inhibitor concentration 
‘igs. 1 and 2). Increasing the substrate concentration 
ither succinic or p-nitrobenroio acid) while maintaining 
e same inhibitor concentration did not decrease the 
hibition. Binoe similar inhibition trends were obtained 
gardleas of concentration of substrate, these resulta 
tablish that the inhibition was dependent on the oon- 
atration of inhibitor and not the ratio of substrate to 
hibitor. 
Reversal investigations with various additives were 
iderteken using the succinate-salta medium in the 
esence and absence of 0-04 M o-nitrobenzoic aoid. 
aeults indicated casein hydrolysate (0-05 per cant) or a 
ixture of 17 amino-acids completely reversed the inhib- 
on. Additional studies demonstrated a combination of 
ro amino-acids (pDi-aspartio and r-glutamio acid, DIL- 
ethionine, r-leuoine, glycine) gave good reversal of the 
hibition but was not so effective as the mixture of 
amino-acids (Table 1). Tho results indicate that either 
gintamic or Di-saspartic acid could be omitted from the 
»dium but not both. Growth was evident when either 
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Table 1. IXFLUEXGOM OF AMINEO-ÀCIDS OK e-NITRORENZOIO ACD INHIBITION 
OF MIOROBIAL GROWTH 
Medium corfiponents* Optical density 
540 mu 
10h 14h 
Bao ' 0-36 0-06 
Buc + 17 amino-amd mtxturef 0-38 100 
Buo t ONO a 17 e Oot 
+ oRO, + 
Buo + o NO, + Gint dir Mech; Leu 0-20 0-70 
Bue + o-NO, + Glut, Gly, Meth, Lea 0-17 0-58 
fuo + o- NO, + Asp, Gly, Meth, Leu 0-17 0-59 
Buc + o-NO, + Asp, Glal, Lea 0-13 0-41 
Buo + o NO, + Asp, Glut, Gh, 0-12 0-40 
fuo + o NO, + Asp, Glut, Gly, Meth O15 0-42 
Bue + o-NO, + Asp 0-13 0-28 
Bao + o-NO, + Glot 014 035 
Sus + o-NO, + Gly 0-05 0-16 
Bue + o-NO, + Meth 0-07 0-19 
Sue + o NO, + Leu 0-06 017 
Buc + o-NO, + Asp, Glut 0-14 0-40 
Buo + o NO, + Gh, , Leu 008 028 
* Buecinio add (Sue), 0-02 M; acd (e-NO4, 0-04 M; 
DLI-aspartio Asp) acid (Glut), 40 ag/ml.; L-lendtne 
Qon) and Di- ) 16 mg/mL; and (Q1 ), $ sinl 
Jed lysine, Genre phenyl 
; L-arginine , Ll- D DL- - 
K ^ DI-Lhreontne, DL-tryptopben Ce Simo DL-valine, 
L-leteme, L-proiine, L-tyrogine (8 ). 


glycine, DL-methionine, or 1-leucine was omitted from the 
mixture but reversal was not equivalent to the growth 
obtained with the five amino-acid mixture. Thus the 
presence of pi-methionine, r-leuoine, and glycine enhances 
reversal but these amino-acids do not appear to be 


Oe e diverse iological compounda including vitamins 
and oo-faotors were tested, but none significantly reversed 

These findings establish that o-nitrobenzoic acid is 
not bactericidal to Flavobaoterium oells but inhibits 
growth by interfering with an essential metabolic reac- 
tion(s). Since the inhibition can be reversed by certain 
amino-acids, one mechanism by which o-nitrobenzoic acid 
apparently supproeses microbial growth is by interfering 
with synthesis or interconversion of specific amino-acids. 

This work was aided by contract None-3448(00)N R 108— 
504 between the Office of Naval Research, Department of 
the Navy, and Oklahoma State University (Agricultural 
Experiment Station Project 1027). 
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An O elle confined within the Cell Wall 


Nitrosocystis oceanus (Watson) 


Ox of us isolated a nitrifying organism from the open 
ocean and callod it Nitrosocystis oceanus’. In the course of 
examining this organism, observations woro mado on the 
fino structures shown in sootions of ombeddings made in 
*Vestopal W' following the preparative proscriptions of 
Ryter and Kollonbergor?*. A number of structural 
peculiarities were observed, which will be described in a 
separate paper, and among them there was a structure 
that seems to bo without procedent so far as wo aro nwaro. 
It was an organelle of regular and recognizablo form lying 
between the major layera which make up the cell wall of 
this bacterium. 

A high proportion of sections of theese cells shows a 
peripheral separation of tho layers of the oell wall oon- 


x m 5 Pe: ' sE 
ee cy F LI 








Fig. 2. Clearer evidenoe of the oomponenta of the cell wall. (x e. 70,000) 


3., Mierogiaph MON showing partiotpation of the inner cell wall 
Ps brane in the structure of the organelle. (x o. 70,000) ud 


m observed. OW, Cell wall; 
FW S Diagram ed qe mierographs 


taining a number of more or lees distinct bars of material 
running between inner and outer wall (Fig. 1). Many 
Sy oe Mec o in And E E S. 

that each cell has several of them disposed over its 
- surface. The ovoid ee ee vr E 
xisot about 0-6). ena üborb axinet about 0-1 
pospssstubd te ali el aed eee oe 
several of them occupy 4-0 sections so that the other 
dimension would be of the order of 0-25-0-5u. It would 
appear, then, that these structures are plaques within the 
cel wall and are oval or round in plan. 

The abeolüte boundaries of the structure are formed by 
the outermost membranous component of the cell wall, 
which is a very thin layer of about 25 A thickness, and the 
inner boundary consists of a triple structure (two dense 
layers separated by one of low density) that has an overall 
thiclnoes of 70-96 Å. In the norma! portion of the wall 
these two layers are separated by an interposed layer of 
about 60 A thickness, and it seems obvious that this layer 
‘must thicken when this organelle is formed (Fig. 2). 


' - However, the organelle does have other components: 


-membranous structures and whatever substance it is that 

separates them. Same sections show vertical bars con- 
' aisting of two slightly separated unit membranes. Others 
Rm does tU Me Quies een, and a great 
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many others look almost empty. A few of these latter wit] 
little complicating structure show the possible origin o 
the bars or tubes as intrusions from the inner side of » 

on of the inner double membrane of the cell wal 
(Figs. 8 and 4). It may be a bit more complex than thi 
because in a few instances (Fig. 1) one can recognire tha 
there is a single or possibly double unit membrane laye 
lying just outside the inner border of the organelle as w 
have described it here. It may then be, since the spac 
ings are very similar, that the membranous oomponen 
of the inside of the structures is formed by intrusions of thi 
new layer and perhaps even that this layer encompasses th 
whole structure. It is somewhat difficult to decide eve 
in serial sections what forms the exact border of th 
structure and whether it is self-encloeed. 

The chemical complexity of the bacterial cell wall ha 
long been recognized‘. It is a structure in itself that ha 
some of the attributes of an organelle and may eve 
require some of itself as a starter or scaffold on whic 
the new structure is built’. Certainly it seems to play a 
essential part in cell division, and it seems to confer othe 
attributes such as shape on the oell, thus contributing t 
the individuality of this. cell in nature. This seems t 
imply that it must not only have structure but also 
balanced anabolic and catabolic machinery within itse. 
to deal with some of ita own needs; to allow acceptans 
and incorporation of the building blocks that the oe 
provides, and control of the edifice that is built. It is the 
perhaps less surprising that this discontinuous structur 
may be found within bacterial cell walls; or, perhaps on 
should say that it is ing that disoontmuous struc 
tures have not been f before within bacterial cell waD 
consid: all the complicated things that bacteria hav 
to accomplish in order to wrest a living out of obdurat 
environments. 

We have no idea of what the function of pee dcum 
structure might be. It seems to be regular 
enough to expect some function to be Salant pss th 
moment it must be added to the list of beautiful structure 
without obvious function, to be found in nearly all sort 
of living cells. One is reminded somewhat of the elogantl 
ordered fibres of the ‘organite antapical’ which wer 
described in T'Movulum majus by Fauré-Fremiet an: 
Rouiller'*. 

However, the work of de Boer, la Rivière and Houwink 
has shown more clearly than ever that this structure lie 
below the plasma membrane of the dell and that it divide 
80 that the resulting daughter organelles are partitione 
with the cells at division. 

Our cell wall organelle is definitely outside of the plasm. 
membrane and has not yet been noted to show any patten 
symptomatic of division. Since it is not yet recognizabl: 
defined in light microscopy it is rather hard to get evidenc 
on this latter point. Despite all the unknowns it seem 
certain that this is an unprecedented organelle because o 
the site in which it is formed and maintained. 

This work was supported in part by funds from th 
Medical Research Council of Canada, by the U.S. Atoms 
Energy Commission under contract 4T($0-1)-1918 an 
by a National Science Foundation research grant G—1889" 

R. G. E. MugznAY 
Department of Baoteriology and Immunology, 
University of Western Ontario, 
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EDUCATION BY MASS MEDIA IN EMERGENT COUNTRIES 


sen dna peregi rA opu npcutg 
Co-operation in South and South-East Asia on Tech- 
yal Co-operation under the Colombo Plan in 1961—62* 
knowledges the help given by several private American 
undations, such as the Ford Foundation, in rekindling 
mmunity spirit and co-operation in depressed neigh- 
urhoods of large cities in India and Pakistan, and the 
tia Foundation in promoting social science research in 
ikistan and basic agriculture and rural development in 
etnam. Particular reference is made to the Rockefeller 
vandation’s support of a programme for the improve- 
ent of English language teaching in the Philippmes 
gun in 1957, for which & second grant of 480,500 dollars 
8 been given. A major feature of the report is the 
aphasis placed on. technical training, and here even more 
an in the provision of experts and equipment the 
lestion of effective communication is all-important. 

A survey of training facilities at the technician-level in 
o area made in 1960-61 (the Mills Report) and financed 
r & generous grant from the Ford Foundation has not 
dy focused attention on the urgent need to improve the 
tput of middle-grade technicians in the area but has 
30 emphasized the need to eliminate or minimize the 
yobologioal, administrative and other diffloulties in tho 
ay of maximum utilization of training facilities in the 
ea. Effective communication is no lees important in 
inging home to the leaders and people of the countries 
tho region the nature of the challenge which the aoceler- 
ed economic development they are seeking representa. 
ie necessary conditions for a fuller and better life for 
o peoples of the area cannot be created without a wide- 
read understanding of this moral challenge, any more 
an the shortage of tramed manpower required for a 
gher tampo of economic development can be achieved 
ithout efficient communication. 

In this context it should be noted that the report 
gards education as probably the most important single 


ctor in achieving rapid economic development and 


chnological progress, and that there has been a sig- 
floant increase in the sharing of training facilities within 
p area—on which the Mills Report already mentioned 
rected particular attention. This Report, moreover, while 
moerned especially with the economic advantages of 
ilizing akill and knowledge already available within the 
ea instead of seeking assistance from outaide, did not 
il to emphasize the need to take due account of human 
ctors such as traditions and prejudices. This is all part 


' the general problem of effective communication, and-it -. 


against this background that the establishment of the 
homson Foundation is to be espécially weloomed. 

This Trust was established by Mr. Roy Thomson in 
ovember by’ a grant of £5 million essentially to enable 


= of Techninal Co-operation. Technical Co-operation under 
> Da re Report for 1981—02 of the Oounell for Technica! Co- 
eration im Bouth and Bouth-Mast Asin, Colombo, October 1962. Pp. 
: H.M.8.0., 19062.) Os. net. Bee also p. 237 of this iamue 


Kilmuir is chairman, include Field Marshal Lord Alex- 
ander, Lord Williamson, Mr. K. R. Thomson and Mr. 
J. M. Coltart, and the Trust Deed defines the purpose of 
the Trust as ‘‘the provision of facilities for and the enoour-, 
agement of education and technical and vocational - 
training and for the dissemiation of news and informa- 
tion regarding tho affairs of the world for the purpose of 


- promoting the general atlvancement of knowledge and 


mental and spiritual enlightenment of all peoples with a 
view to achieving closer understanding between them and 
encouraging and enabling them to play an informed and’ 
responsible part in their own affairs and in the affairs of the 
world". It includes also the provision, or maintenanoe for 
this purpose, of schools, technical colleges, training centres 
and other educational establishments and facilities, the 
provision of educational books, lectures, television and 
wireless programmes, and all other media for the dis- 
germination of learning, and the provision of courses and 
facilities for training teachers, journalists and others 
employed in any industry or service connected with the 
dissemination of news or information to the public. 

That the Trust is particularly intended to help the 
emergent nations is made clear in a leaflet which outlines 
the purpose and plan of the Trust. In the belief that 
education is the greatest need of the developing nations 
and that effective use of mass media is the best means of 
providing the education that will enable thes» hundreds ` 
of millions of normally backward peoples to make as 
much progress in the next decade as the Western World 
has made in the pest century, the establishment of an 
honest information and truthful Press allied with radio 
and television stations, magazines and books, all imbued 
with the essential quality of integrity, is seen as the 


It is, of course, the urgency of the situation that leads 
the Foundation to streas the importance of the mass 
media, and the real purpose is to have available the 
literature that will be required by the millions of young- 
sters now learning to read and write as new countries 
adopt compulsory education. Moreover, while aid in this 
flald requires experience as well as capital, it needs also 
honesty of purpose, and here the private foundation has 
an overwhelming advantage over Government aid. Tele- 
vision cannot build a relation of trust with the viewer 
unleeg it is seen to be disinterested and at the service of 
the public. For this reason the Foundation intends to 
devote much of its resources to television as an insiru- | 
ment of education, although it is aleo hoped to enable 
the new nations to develop their own Preas and television. 

The new television services overseas will need trained. 
men from their own countries, and for these the Thomson 
Centre, which is being established near Glasgow, will 
primarily cater. It is designed so that the actual studios 
used in overseas operations are exactly recreated and 
trainees will take courses in programming, engineering 
and administration. It is also proposed to supplement the 
local training of journaliste by co-operating in the estab- 
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‘lishment in Britain of a residential training centre near 
Glasgow, such as the National Council for the Training 


& of Journalists advocates, where aspiring journalists can 
receive intensive training. It is also proposed to make 
. available highly i 


, qualified journalists, newspaper tech- 


nicians and administrators to assist countries in training 
the requisite personnel for establishing and developing 


universities to promising students expecting to take up 
careers in mass media in the hope that studenta who 
thus benefit from a wide and deep education will be 
firmer in their attachment to freedom and integrity and 
more fully aware of their responsibility to the publio. 
The magnitude of the oontribution which the propoeed 
Trust will make to a fleld as yet comparatively neglected 
may not be immediately apparent. However, tho British 
Government’s contribution under the Colombo Plan alone 
in 1961-62 of some £1,572,000 included £862,571 for 
equipment, and the £844,000 for trainees and £365,000 
for experte covered 80 new training places out of 278 in 
the fleld of transport and communications under the 
Plan, which also supplied 253 experta in this fleld, of 
which telecommunications can only be a fraction; it is 
obvious that the Foundation could make a very signifi. 
cant contribution to a field which is still comparatively 
neglected. Moreover, technical assistance under the plan 
in this fleld is concerned in the main with the provision 
of equipment and experts for the actual transmission 
rather than with programmes and the effective use of the 


. means of broadcasting and television. 


It should not be forgotten that there is also the Over- 
seas Visual Aids Contre, sponsored jointly by the Govern- 
ment and the Nuffield Foundation, which was established 
some four years ago with a grant from the Foundation, 
and in December 1961 the formation of the Centre for 
Educational Television Overseas, with matching oon- 
tribution from the Nuffleld Foundation and the Govern- 
ment of £100,000 over five years, and substantial help 
from the British Broadcasting Corporation, the indepen- 
dent television companies, the Gulbenkian Foundation, 
industry and commerce, was announced by the Secretary 
for Technical Co-operation. The main function of this 
Centre for the next five years is to be a clearing house 
for requeste for programme material, advice and training 
facilities from any country that wishes to take educational 
television seriously. The Centre will help to meet these 
demands by arranging training courses, and by adapting 
or producing television material which will enable the 
teacher m the overseas studio to make the most of his 
own gifts and local knowledge. 

The Thomson Foundation contemplates working in 
this way and over a much wider field. However, it should 
not be thought that the Foundation is limited to work in 
the British Commonwealth or even in under-developed 
countries. It is empowered to concern itself with raising 
standards of journalism in the Press and on television 
anywhere in the world. From what Lord Kibnuir has 
already wiitten, the Foundation is seeking to help existing 
bodies in Britain to foster high standards of journalism 
and responsible use of the film and television screen and 
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mass media gensrally—ita scope could range over a 
the activities covered by the conference on “The Proble 
of Communication: Science and Industry" arranged » 
April 1961 by the Department of Scientific and Indu» 
trial Research*. If primarily concerned with educatin 
through informing the general citizen rather than th 
technologist, the scientist or the industrialist, the problerr 
of communication often have much in common, and muc 
that was said in the discussions following the papers c 
Dr. M. R. Hopkins on information as an educations 
problem, the late Mr. P. Cudlipp on industry, science an: 
ihe Preas, Mr. F. Anstey on filme to illuminate an 
persuade, or Dr. T. Margerison on television, is highl, 
relevant to the work of the new Foundation. 

It is well, therefore, that the Trustees of the Thomsa 
Foundation propose to make the fullest possible use o 
joint effort and to stimulate other developments by othe 
people. The Foundation is now a pioneer effort thougi 
it will be working in a field comparatively neglected ans 
undeveloped. Furthermore, little is known how per 
manent is the impact of educational broadcasting 
whether by sound or television, and there may be sam 
danger that the urgency. of this immediate problem o 
educational development in the emergent countries ma: 
lead us to use or rely on the mass media to an exten 
that fuler knowledge will indicate to be unjustifled 
However, this is no reason for rejecting the aid which th 
mass media can give. It pointa rather to the vital need fo 
co-operation with others working in this field and Lb» 
other means, to the importance of circumspection and 
above all, to the urgency for further research into nev 
methods of teaching, their use and impact. If the aim 
of the Thomson Foundation are to be realized swifth 
and fully, much will depend on the scale and urgeno 
with which educational research, and especially that con 
cerning the use of the mass modia, is carried out. Abov 
all, ib should be remembered that high standards of pro 
fessional conduct and practice are not rapidly achieved 
They take time to grow. It is not sufficient to propagat 
the idee of impartial and disinterested news, of tellin; 
the truth in the belief that it will prevail, unleas we Bee) 
simultaneously to foster the climate of opinion in whic) 
high standards of professional conduct are respected an: 
encouraged. 

* Department of Belentiüe and Industrial Proosedings c 
15-18 Apri," 1961 arem Hal Swansea, Pp yale (London 
EMAI 1662)" ios Bo ature, 190, 005, 1061. i 


COMPTON LECTURES ON THE 
UNIVERSE 


The Universe 

By Dr. Otto Btruve. (Karl Taylor Compton Lectures 
1959.) Pp. ix+159. (Cambridge, Mas.: The M.I.T 
Prees, 1962.) 4.95 dollars. 


SES their inception in 1957 the Karl Taylor Comptor 
Lectures in honour of the ninth preeident of th 
Massachusetts Institute of Technology have attracted » 
distinguished group of leoturers—Bohr, Struve, Lwof 
and Rabi. This book is the second series of six lecture 
delivered in 1959 on '"T'he Universe” by Dr. Otto Struve 

The audience must have been thrilled and stimulate 
by Struve’s six talks. They are so beautifully done tha 
the speaker obviously had a particular interest in his 
subjects. Indeed, Struve makes it clear in his preface tha: 
the lectures were not intended to give a complete &oooun 
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Two features exemplify the lectures. Pies cook 
rith elamentary calculations of orders of which 
underline the essence of the problems considered, and their 
mtlook is entirely contemporary. Although the book 
an be read without any particularly deep knowledge of 
wtronomy, it is too specialized in its selection for those 
vho mi expect the broad treatment indicated by the 
itle. For example, 8 of the 25 pages devoted to radio 
wirononry are concerned with flare stars of the UV Oeti 
ype and & discussion of the possibility and consequences 
of detecting radio emission from them, and a further third 
of the cha describes the condition of the central region 
of the as observed by the Leyden 21-omn work 
and the 4-cm observations at Green Bank. Both these 
;»pios are of great importance, but readers from other 
lisoiplines might well form an odd impression of the 
Jalance of the researches of the world community of radio 
astronomers. This contains the somewhat 
pargobial alaia thnit ta Hia piir saa WO onean 
ber “was thus first in having discovered discrete radio 
sources other than the so-called ittarius A souroe. . . ." 


And in terms of the reality of a discrete or 
localized source, until Hey and his colleagues observed 
the fluctuations and the source was 


Cygnus 

afterwards isolated by Bolton and Stenley in Australia. 

Tho faturistic outlook which Struve displays in the last 
obapter—and indeed throughout the book—is remarkable 
in a scientist of his generetion.' There is no doubt that 
the pleasure which Struve gave to his audiences will now 
be communicated to a wide circle through the publication 
of this book. A. O. B. Lover 


VEMA OCEANOGRAPHIC RESEARCH 
` SERIES 


Abyssal Crustacea 

By J. Laurens Barnard, Robert J. Menzies and Mihai O. 
BabBeecu. Pp.ix+228. (New York and London: Colum- 
bia University Press, 1962.) 10 dollars; 80s. 


(J'en. ay seus has 
Geological Observatory’s research programme has 
been based on data gathered by the Oolumbia University 
research vessel Vema. Her seventeen wide-ranging cruisea, 
primarily for the study of marine geophysics and sub- 
marine geology, were planned to permit of co-operation 
with veesels and scientists of other nations; and future 
expeditions are envisaged. Limited attention was also 
given to areas of oceanography and marine biology with 
an application to the main fields of interest. Previously, 
work done on the Vema was reported in standard scientific 
journals. Now, through the generosity of the Trustees of 
the Vetlesen Foundation, funds are available for the 
ication of a new Vema Research Series of reporta. 

It is rather odd, therefore, to find this, the first number 
of the series, masquerading as & book with the 
misleading title of Abyssal Orustacea. It is not a general 
account of abyasal crustaceans as the unwary might be led 
to suppose. Indeed, such a work would be premature 
when much of the material collected on recent deep-sea 
expeditions still. awaita determination. Nor does it deal 
with more than a fraction of the astonishingly rich Vema 
collections of abyssal amphipods, isopods and cumaceans. 


Tk 
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This in no way detracts from the merita of these three first 
reporta, each by a competent specialist. : 

Dr. Laurens Barnard’s paper entitled “South Atlantic 
Abyseal Amphipods collected by R. V. Vema” is the first’ 
of & series on the extensive amphipod collections from 
severel &byseal areas such as the Caribbean, eastern © 
Pacific, Indian Ooean"and Red See. He briefly discusses 
adaptations to abyssal conditions, the food of some 
abyasal species, endemism in the deep-sea, the relationshi 
of the abyssal to the shallow-water fauna, and lists 
previously recorded abyssal species of Amphipoda from 
depths exceeding 2,000 metres. Nine new genera and 
thirty-eight new species of Gammaridea are described and 
fourteen other ies are recorded. 

Dr. Menzie's ‘ Isopods of Abyasal Depths in the 
Atlantic Ocean” covers a wider region and inoludes 
Russian date from the Arctic polar basin. A reasonably 
complete list of previously known &byseal benthic isopods . 
from all oceans is given by region and tho “excluded 
probable pelagic species” are listed separately. Nine new 
genera and 107 new species are described and 69 other 

ies are included. The ecology, zoogeography and 


"Rb rlogonobis relationships of these isopods will be dealt 
. with in a subsequent 


report. 

Dr. BaSesou’s short paper is devoted to a study of the 
abyssal cumaoean genus Makrokylindrus Btebbing; five 
new species are described in detail, and a key to the 
determination of the twenty-five species at present 

i to this genus is 

price seems reasonable for a bound volume copiously 
illustrated with excellent line drawings. Other numbers 
wil be awaited with interest. .  IaABMLLA GORDON. 


PROBLEMS AND RESEARCH IN THE 
HISTORY OF SCIENCE 


History of Sdence 

An Annual Review of Literature, Research and Teaching, 
Vol 1. Edited by A. O. Crombie and M. A. Hoskin. 
Pp. vii--133. (Cambridge: W. Heffer and Bons, Ltd., 
1962.) 30s. net. 


HE first volume of this annual review appeared within 

a few days of the launching of the first issue of the 
British Journal for the History of Science. This coincidence 
may be weloomed in the light of the increasing interest in 
the subject prin feel Britain. The scope of History 
of Science ia in its sub-title: An Review 
of Literature, Research and Teaching. The editors point out 
that the aim of the Annual is to perform a function not 
systematically carried out by any of the existing journals 
in this field. blo squr (md aber Mice 
these older journals in publishing original historioal 
articles, but to complement them by systematically 
providing critical reviews both of problems and materials 
for research in specific flelds and of recent publications." 
A study of the first volume shows how ably the editors 
have achieved their objective. In the first half of the book 
six articles appear covering a variety of problems: “The 
Physical Sciences in the First Half of the Nineteenth 
Oentury: Problems and Sources” by L. Pearce Williams; 
“The Expanding World of Newtonian Research’’ by 
D. T. Whiteside; ‘Science and Technology in the 
Eighteenth Century" by D. 8. L. Cardwell; “The History 
of Medicine in 1960-61” by F. N. L. Poynter; "History 
and Philosophy of Science at Oxford" by A. 0. Orombie; 
“History and Philosophy of Science at Cambridge" by 
Gerd Buchdahl An example of the critical approach, 
and its value, may be seen in the following quotation from 
Dr. Whiteside’s contribution: “The fallacy of all sum- 
maries of the history of ideas by the analysis of Great 
Books is that the great thinker is made to stand or fall by 
one expression of his thought, and we see none of the 
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hesitancy, vagueness and quick changes of opinion as his 
thought develops". T. T 
Not least important.of these articles are the two deali 
` with the history and philosophy of science at Oxford an 
Cambridge respectively. They provide thought-provoking 
- themes especially with regard to the relation of history and 
philosophy of science to other disciplmes. Indeed, they 
raise questions of fundamental importance in the teaching 
of students and the training of future instructors. 

The remainder of the book is devoted to eesay reviews of 
nine books. Here again the valuo to the reader is the 
critical nature of the review, which may extend to as many 
as ten pages. Shorter reviews of some twenty other books 
occupy the last few pages of the volume. which also include 
& note on the importance to historians of science of manu- 
soript records of scientista, a list of doctoral theses in 
preparation, and of books received. 

The book is well—and very legibly—produoed, and fills 
an obvious gap in the record of the history of scienoo. 

H. D. ANTHONY 


GENETICS AND HUMAN BEINGS 


Genetic Mechanisms In Human Disease 

Chromosomal Aberrations. Edited by M. F. 
Montagu. Pp. xviii+ 593. (Spri d, Il.: Charles C. 
Thomas; Oxford: Blackwell Scientific Publications, 1961.) 
1565. 


An explosive burst of fundamental discoveries about 
abnormal chromosome oonstitutions in human 
beings occurred in 1959-60, as a consequence of the new 
techniques for short-term oell culture (bone 


this effort at bringing these together into one handy 
volume. 

Evidently, the responsibility of the editor is to seloot 
the most important and fundamental discoveries, to put 
them in a sequence for the most coherent reading, to 
select, if necessary, such additional papers from this fleld 


or olosely related fields (medicine) which may make tho. 


presentation fuller and place the discoveries in their 
proper relief, and lastly, to see that the selected papers 
are presented in the best way, technically. 

Although the editor of the present volume has collected 
most of the basio contributions throwing light on the 
chromosomal origin of a variety of ‘diseases’ in man, 
one cannot help feeling that a better collection might 
have been . Bomo papers have been included to 
the embarrasament of the authors who no longer would 
subecribe to ther interpretations. Other 
articles discussing topica without sufficient general know- 
ledge of genetica and cytology should not require a repeated 
publication, while other, more informative discourses, 
well deserve this repetition. 

The papers appear almost chronologically, which tends 
to destroy the possible cohesion ono might have obtained 
by bringing them into some sectional t. An 
introductory peper by K. Hirschhorn and H. L. Cooper 
attempts to give enough basic information so that the 
uninformed reader may understand the following pages. 

lt is remarkable that so few of the workers m the field 
of human cytology have any experience from plante or 
lower animals in cytology and genetics. This has led to 
& number of suggestions and interpretations strangely 
unreal to the cytogensticist—suggestions which aioe the 
papers appeared have been utterly refuted. Similarly, 
terminology in the non-cytological papers is not always 
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Gu pair M pene ey concepta in cytogenetics. Detailes 
criticiam is, however, beyond the scope of this review. 

In spite of some lack of critical judgmont m sélecting 
the papers, the fundamental contributions are go exciting 
and outstanding that they override the few leas illustrious 
ones. The discoveries of trisomy in mongoliam, tho 
Turner and Klinefelter syndromes explained as sex 
chromosome aberrations, the superfemale, the ohromo- 
some constitutions of true intersexes and of testicular 
feminization, & new trisomy syndrome (chromosome 18) 
previously not recognized as a clinical entity, Barr’s 
work on sex chromatin, and finally, the abromosomal 
basis of chronic myeloid leukramia—all represent outetend- 
ing contributions to our knowledge. 

One cannot but weloome this effort of making available 
in a single volume so many of the original articles, and 
the type and illustrations surpass in many instances tho 
original presentations. : 8. MULDAL 


NOT ALL MY EYE 


The EIE 
Edited by Hugh Devson. Vol 1: Vegetative Physiology 
and Biochemistry. . xv+440. 100s. net. Vol. 2: 
The Visual Processes. . xvii +796. 18575. 6d. Vol. 8: 
Muscular Mechanisms. Pp. xiv+328. 868. Vol. 4: 
Visual Optics and the Optical Space Sense. Pp. xvii+ 
482. 100s. (New York: Academio Prees, Ino.; London: 
Academic Press, Inc. (London), Ltd., 1962.) ; 
"[ HE Aadmi Pros assembled a galaxy of stare, 
planete and satellites and produced this useful source 
book on the eye. Divided into four volumes covering 
ocular physiology and biochemistry, vision, intrinsic 
and extrinsic ocular muscles, and optics and space paroep- 
tjon respectively, the book is further subdivided imto 
separate sections, written by eighteen authorities. One 
Tejoices over the splendid section on ocular ion— 
much neglected in other comparable texts, and happily 
plods through the lucid pages on optica. The sections 
on the cornea and intra-ocular pressure show far and away 
the best balance, with those on eleotrophysiology and 
photobiology of the visual pigments as runners-up. Tho 
difficult tasks of describing anatomical, embryological 
and comparative ideas have aleo been tackled, although 
one begins to suspect in Volume 1 that oollaboration 


poses what Alpern and van Heyningen have to say on the 
ine lens. 

Granit’s contribution to Volume 2 is magisterial. Hero 
writes not only & research worker but also a teacher. 
The mtroduction to the visual system (not referred to m 
the section on anatomy in Volume 1) is classical, and that 
to the eloctrical behaviour of the visual system a model. 
Anyone unfamiliar with the detailed ideas underlying 
many of the experiments mentioned will be grateful to 
the writer for his pains, although his ready acceptance of 
some criteria—like the amplitude of the b-wave when the 
whole ERG should be ecrutinized—may one day necessi- 
tate some changee in hasis. 

One is a littl uncertain se regards the eudienoe for 
whom these volumes are destined. This is a ommon 
diffüiculty. Thus the optics section contains ophthalmo- 
logical applications, and the sections on the lens (the 
approach to which could be more up to date) and on 
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binocular vision have also much to interest the clinician. 
If knowledge of the eye is assumed, the section on anatomy 
and embryology is redundafit; if it is not assumed, more 


information would be helpfal—especially on the lateral. 


body &nd beyond. 

Most of the sections are thoughtful, and the reader is 
amlikely to find any part dull He may, however, differ 
from the authors in opinion or in interpretation, as when 
Ogle reaches a questionable conclusion from a wholly 
i ie theory of the Pulfrioh effect. Again, Pirenne, 
quoting Fick (with & faulty reference), relates chromatic 
aberration of the eye to visual sensitivity, but fails to 
note that his argument need not apply to hypermetropes. 
The section on vision is bedevilled by deference to rather 
ambiguous resulte obtained by fundus reflectometry, and 
unnecessary repetition of the associated fallacious state- 
ments. Turning to Volume 8 the reader will readily notice 


that Alpern soft-pedals acceptance of Fmcham’s capsular’ 


theory of accommodation because we know of no quantita- 
tive data on capsular elasticity, yet peddles Gullstrand’s 
theory we have no quantitative date on the 
functional size of the ciliary muscle. This is no isolated 
example of bias, and the reader may well decide that, in 
this section, the references form the focal point of interest. 
The volumes reveal several lacuns: Stark’s and Bleichert’s 
important work on the pupil is forgotten, nor is there any 
mention of Stone’s on lens and eye implanta, or of Gaze's 
experiments on optio nerve ion. The recent 
work on the extent to which in vivo photochemistry 
governs the gamut of visual intensity is not discussed, 
nor_is the fact that the n a ai 

as shown 


stimulated is more important retinal area 
by Ten Doesschate. - 
: When these points are made, however, all that is 
adverse has been said. When they have been considered, 
one may almost find oneself in & position to answer the 
ion: Who will read it? Biochemists will scarcely 
look at the chapters on biochemistry—of interest to other 
ase es ed ien et E Ue ee 


psychologists will (please !) read Volume 2 before: 


embarking on their next experiment. Ophthalmic 
surgeons will want to browse through Pirenne’s chapters 
before interpreting ‘normal’ visual fields. In short, 
there is a bite here for everyone. If the connoisseur geta 
up from table without the fond illusion that he has been 
served a meal at the Parisian Savarin, at least he will not 
feel starved. R. A. WHALE 


SUMMIT DISCUSSIONS ON 
DEOXYRIBONUCLEIC ACID 


Deoxyribonucleic Acid, Structure, Synthesis and Func- 
tlon 
Proceedings of the 11th Annual Reunion of the Société de 
Chimie Physique, June 19001. Pp. xi+235. (Oxford, 
London, New York and Paris: Symposium Publications 
Division, Pergamon Press, 1962.) 60e. ' 
HE organizers of this very successful conference 
deserve special credit on two counts: first, for holding 
their meeting in such an-original place, in the bracing 
mountain air of Haute-Bavoie; and secondly, for initially 
ublishing the proceedings (in the Journal de Ohim4s 
hysique) only a few months after the meeting. On the 
seóond count, it is therefore lamentable that the pub- 
lishers of this bound edition, which differs mainly from 
the earlier proceedings in having an index, should have 
taken & further nine months or so to produóe it. The 
interest of the volume will thus be to some readers mainly 
historical; since the broad field to which it refers has 
undergone & major convulsion since the papers were 
presented. There was at that time no public announce- 
ment of the dramatic results obtat in the United 
States on protein synthesis with synthetic polymers as 
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molecules’; these results added a great deal 
of knowledge, and helped to confirm what were previously 
only hypotheses, about the way in which the genstio code 

-is ede una T of purine and 1 
bases along a nucleic acid chain, into a sequence'of amino- 
acids in & protein. , ae dU era 
The volume is redeemed from obsolescence by the high 
quality of the papers it contains. They are ‘written by 
an exceptionally representative group of authors, and 
d eee ‘of DNA are covered. The thorny question 
of DNA molecules contain sub-unita is discussed 
by Sadron, while Levinthal shows that the DNA of 
bacteriophage 72 can be isolated in a single giant mole- 


’ 


pyrimidine > l 


‘oule. Wilkins reviews X-ray diffraction work, and - 


explains why the Watson-Criok scheme for purine- 
pyrimidine base pairs ia preferable to various alternative 
schemes. lLuzzati reports low-angle X-ray diffraction. 
Theoretical papers 
DNA bases, and with their interaction ‘when stacked 
together in & helix. Hurwitz et al. contribute a paper on 
the biosynthesis of RNA (ribonucleic acid) by DNA— 
part of an initial trickle of papers, now became & raging 
torrent, which has confirmed beyond reasonable doubt 
the first half of the famous central dogma which says 
that ‘DNA makes RNA’. This dogma, first publicized by 
Oriok, has always aroused strong feelings in the broasta 
of nucleic acid workers, either of enthusiasm or of irrita- 
tion. The second half of the d ‘and RNA makes 

in'—was really beyond the scope of the conference, 
Bab was implicit in mach of what was said. Ita proof or 
disproof has absorbed the energies of an increasing num- 


ber of workers since then. i . . 
physical chemistry to 


The i ious application of ] 
DNA is in a paper read by Marmur: quite 
simple techniques have been used to make hybrid mole- 


cules of DNA, in which one of the two strands comes from 
one strain of bacteria and the other from a related 
strain. The bearing this work has on genetic crossing-over 
is obvious. In this connexion, Stehl vided what 
appeared at first to be intelligent light relief by inviting 
the conference to consider a hypothetical chromosome 
structure consisting of a series of linked circles. When 
the amusement had subsided it became clear that nobody 
. could seriously fault the model, and it, remains open for 
further study. Work on many otber im ios was 
also reported, including the biosynthesis of DNA and the 
action of various external agents on DNA structure. This 
latter aspect has been studied with a wide variety of 
techniques, too numerous +o list here. The volume oon- 
tains papers from many workers i in this field. 
One may reflect while looking down the list of par- 
ticipanta in this conference on the remarkable variety of 

unds which they display. The conclusion seams 
. inevitable that really o ive work on nucleic 
acids and their function cannot be expected to flourish 
easily in universities where all the research has to be 
fitted into labelled ‘‘Chemistry’’, “Biology”, 
“Physics” so on. In Britain, unfortunately, such 
univerarti Eis aro stall very engl a the 708) 

M. CHB 


MOLECULAR BIOLOGY FOR THE 
CYTOLOGIST 


Organization of -Cellular Activity *o3 
By Prof. Oh. M. A. Kuyper. Elsevier Monographs: Bio- 
chemical Seotion. . x 4-272 (186 figures). (Amsterdam 
and New York: vier Publishing Company, 1962.) 
D £1.20. 

HE author has made a valuable attempt to bridge the 

gap between morphological observations and bio- 
chemical data, the accent being placed on cell physiology. 
Prof. Kuyper pointa out that morphology and biochemistry 


deal with the electronic structure of . 
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i should supplement esc’ other, and he tries to break down 
e existing barriers of mistrust between morphologista 
and biochemists. He places the emphasis on what is now 
being called ‘molecular biology’ rather than on ‘classical’ 
‘biochemistry: little is said about the description of 
natural substances, except, of course, nucleic acids and 
proteins. If Prof. Kuyper’s book succeeds in breaking 
down existing barriers between cytologists and molecular 
biologista, it will have served a most useful purpose. The 
best way, for molecular biologists, to get the confidence of 
the oytologiste is to show them that the structure of the 
nucleic acids and their role in the synthesis of specific 
proteins can be understood without too much effort. 
Cytologists must realize that the concepts of molecular 
biology must be transferred from the ‘H. ook + phage’ 
system to real cells. 
` The book begins with a general introduction: the main 
cytochemical methods, the chemical EUR of the 
cells (with the accent placed on nucleic acids and proteina, 
as already mentioned) and a brief description of. the cell 
are i examined. Ohapter 2 deals with the 
production and ‘storage of : ATP, enzymes, oo- 
enzymes, glycolysis, trioarborylio acid cycle, oxidative 
Phosphorylation, mitochondria, hexoee-monophoephate 
shunt, photosynthesis and chloroplasts are well presented. 
Chapter 8 is devoted to the "organization of frontiere”: 
the main topics are, of course, the cell membrane, ita 
permeability, active ort, pinocytosis and related 
proceeses. In Chapter 4 author deals with protein 
synthesis: the role of nucleic acids and ribosomes, the 
genetic control, the secretion of proteme—imoluding the 
pose role of the Golgi apparatus—are discussed. 
pter 5 (the organization of mechanical activity) is 
devoted to the structure of musole and the mechanism of 
Its contraction; cilia, and the mitotic spindle are 
compared with muscle calls. The next deals with 
mitosis and meiosis, chromosomes, DNA structure and 
reduplication. In Chapter 7, Prof. Kuyper discusses the 
organization of specificity and diversity: biochemical 
genetics, transfer of information from the nucleus, the 
organization of the interphase nucleus, giant and lam 
brush chromosomes, differentiation are presented in little 
more than 20 pages (excluding the figures). Chapter 8 
deals with the organization of regulation (induction of 
enrymee, regulation of their activity, Pasteur effect, 
cellular homeostasis, hormonal tions). The con- 
cluding remarks end with the wish that more theoretical 
chemists and solid-state physicists might become interested 
in the organization of cellular activity. 
. The aims of the author are obviously excellant. How- 
ever, criticiams cannot be avoided: if the presentation of 
the book (there are many good electron micrographs) is 
pleasant—despite too many misprinta—ite ing must 
often be confusing for beginners, university studente in 
- particular: for example, mitochondria, Golgi, periodic acid 
Schiff Feulgen ‘coloration’, DNA, RNA, RNase, DNase 
are mentioned on pages 6 and 12; but one must wait until 
p. 33 before nucleic acids are discussed and until p. 41 
before the general morphology of the cell is described. 
Another very serious drawback—which is admitted by the 
author himself—is the almost complete absence of 
bibliography: references are limited to reviews and books, 
and the reader is left with a dogmatic impression. 

There are very few factual errors; but the lack of 
quotations makes it almost impossible to check doubtful 
statements. For example, to which species might belong 
the gastrula, made of 128 oella only, in which nuclear 
transplantations were made (p. 242): not the amphibian 

eoi d i King, Moore and Fischberg, I 

The attitude of the author towards biological and 
cytological problems is often over-sceptical: he does not 
believe much in the virtues of histological fixation or 
autoradiography with  tritium-labelled precursors. 
Although he does not admit it, Prof. Kuyper obviously 
retains some sympathy for & **vital foroe’’. Therefore, 
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virusee—which are not “known” for certain to be “living” 
—have been barred from the book. It is true that they are 
“decidedly not cellular in nature", but... they multiply 
in cells and change the organization of the latter after 
infection. Unfortunately for the author, the book was 
written and published a little too early: RNA 
is barely mentioned, the Monod—Jacob theory of gene 
regulation is not discussed and the work on coding of 
Nirenberg and the Ochoa school was not yet known. 

But Prof. Kuyper is certainly not to blame, if molecular 
biology is advancing at full speed, too fast for writers of 
acientific books. Despite a number of DUREE 
prosent Pook is very welcome end ehouid-interogt mo 

iologista as well as aytologiste. J. Bnaousr 


AIRBORNE RADAR AND WEAPONS 
SYSTEMS 


Airborne Radar 
By Donald J. Povejsil, Robert S. Raven and Peter 
Waterman. (Principles of Guided Missile Design.) Pp. 
xx+ 828. (Prinoeton, N. J.: D. Van Nostrand Company) 
Inc.; London: D. Van Nostrand Oompany, Ltd., 1961., 
131s. 6d. 

HE books issued in the series Principles of Guided 

Missile Design are, in many respecta, successors to 
the Radiation Laboratory Series of the 1948/49 period. 
In the early series the emphasis was on the techniques of 
radar and engineering design details were given, but in 
this present series the emphasis is on the principles of 
operation. This volume on Airborne Radar is an excellent 
book, which should be of great value to designers of 
airborne radar systems and to serving offloera, giving them 


a insight into concepts of weapon systems. 
ts A treatment is well handled, and the 
physical significance is olearly brought out in many 
examples. The volume is most up to date, and it is 
probable that because-only the general principles of the 
systems and devices are described, security for 
publication has been given. There is & possibility that 
attempts have been made to cover too much ground and 
descriptions are given of many devices, the omission of 
which would not have lessened the value of the book. 
After briefly describing the general oharaoteristios of 
radar and the types of operation of which they are capable, 
the importance of considering radar as a major component 
in an overall weapon system is stressed. In the example 
dealing with air interception the inter-relationships of the 
many sub-systems are examined and the requirementa of 
tbe air interception radar derived. ; 
The range performances of various radar systems are 
examined, taking into account the propagation factors, 
including the effect of the atmosphere and the baok- 
nasa Maecen of the terrain and precipitation. A 
concise ical treatment is given of signal and noise 
analysis with many examples. general properties of 
many different types of radar are given, and their advan- 
and disadvantages are clearly brought out. 
the folowmg the principles of operation of 
the radar system are discussed with the topics including: 
the receiver; sutomatic gain control; automatic fre- 
quency control; stabilization during searching and 
ing; sutomatic angle and range ing; the 
microwave properties of aerials, radomes and waveguides; 
power generation using magnetrons and klystrons; the 
basic features of display systems and their inter-relation 
with the human operator; the mechanical design and 
ing of airborne equipments. Many chapters are 
concluded with references to new techniques and devices 
which may have possible future application. In the final 
chapter, the application of radar and infra-red radiation 
is described for use in airborne navigation and air to 
ground surveillance systems. R. ASPOTALL 
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AN EXPERIMENT IN SCIENTIFIC COMMUNICATION , 


By Dx. ALMA HOWARD* 
British Empire Cancer Campaign, Research Unit in Radiobiology, Mount Vernon Hospital, Northwood, Middx. 


Hune number of pepe cee p TOAT 
congresses, and the arrangement of the oP 
aa to make the contributed material widely available, 
present a major difficulty for the organization of inter- 
national meetings. At the second International Congress 
of Radiation Research, held at Harrogate during August 5— 
11, 1902, Bo atape wpa made To Siad a sene GC AN ME 


this problem. 

The by the Aæogistion for 
Radiation Research. 'The pro to hold the Congress 
in Great Britain was first put forward at a meeting of the 
Association in September 1959. At that meeting a number 
of members expressed dissatisfaction with the usual 
arrangement of the scientific programme at large meetings, 
in which most of the time is devoted to the tation 
of numbers of short papers in multiple seasions. 
Prof. J. Rotblat that the rapporteur method 
should be used, and bis experiance of it at one 
drew Desin ce wbiah te fad Mende. Members were 

with his enthusiastic endorsement of the 
method. The Congrees Organixing Committee thus began 
ita work with & reoommendation from the sponsoring 
body to try to devise & plan for the programme which 
would reduoe the number of parallel seesions, and to 
consider the use of the rapporteur method for this purpose. 

In ita early meetings some of the advantages and 
difficulties of the rapporteur method were weighed and 
discussed by the Committee. It was recognized that some 
time would be saved by the presentation of by @ 
rapporteur. Papers read by their authors coal bap 
ted at the rate of four an hour; in & 
this rate could be increased by a factor or perhaps 
more. It was also that thew method had 

advantages for topics of widespread interest 
which would attract large audiences, and therefore that 
plenary rapporteur sessions would be appropriate. In an 
attempt to meet the wishes of the Association, to give the 
rapporteur method & fair trial, and at the same time to 
exercise caution by retaining a conventional plan for part 
of the programme, the Oommittee decided to devote the 
five of the Congrees week to plenary rapporteur 


session 


Radiation research workers all over the world were 
invited to bend abstracts of papers describing their recent 
unpublished work, on the ing that if- their 
papers were chosen for the rapporteur sessions they would 
be asked to submit & full version before the Congress. 
Abstracts were due by January 16, 1962, seven months 
before the ; most of them arrived by January 25. 
During February 9-14 fifteen members of the Sciantific 
Programme Committee met at a hotel. Each abstract 
was assigned to 8—6 members for and classification 
under a number of headings. When all the material was 
classified, groups of abstracts were selected and examined 
by. small sub-committees of two or three members. In 
these small groups the subject-matter, soope and pattern 
e a oi bx ai dicem iul: to emerge, and 
the subatance and arrangement rapporteur 

e roe ae ee wok cibus Dy de 
Congress members. Rapporteurs, all of them workers 
in Great Britain, were suggested and approached, and 

Ld . 

Present address: Paterson Christie Hospital and Holt 


abstracts were submitted to them. Usually a few more. 
abstracts were gent to a rapporteur than he was 
to cover, giving him the opportunity to refuse particular 


papers. 

The total number of abstracts received (772) was nearly 
double the number expected, making both possible and 
desirable an increased number of ra peagions. 
Nine separate programmes running in parallel were. 
required an each afternoon, and one of these comprised 
three rapporteur sessions. Altogether twenty-five rap- 


teur ranged from ten to nineteen. There were 

reasons for putting more papers into each rapporteur’s 
list than had been originally planned. One was the 
pressure of the number of abstracts submitted; a second 


“was the impression that some of the abstracts represented 


rather slight pieces of work, which would justify no more 
than a brief reference; and a third was the expectation 
that a considerable proportion of authors would fail to 
submit their papers when requested. This last expectation 
proved to be exaggerated; im fact, of the 383 papers 
requested, 814 were received in time to be included in the 
rapporteurs' Moreover, it became clear that 
the extent and value of a piece of experimental work is not 
always explicit in ite abstract. The result was that some 
of the rapporteurs had to deal with a greater bulk of 
material they felt was desirable, even though at the 
start each rapporteur consciously on the basis 
of the abstracts, all the papers on which he finally had to 


report. 
Abstracts of all papers, arranged in their seasions, were 
rinted and circulated to all Congress members six weeks 
ore the meeting f. Full papers were by June 
1, 1902; most had been received by June 15. Rapporteurs . 
were aaked to produce the manuscripta of their reporte by 
July 20, and most of them did so. Meetings were arranged 
between authors and rapporteurs so that questions could 
be raised before the time of the seasion. By good fortune, 
all twenty-five were able to attend the 


min of & 1-b session. The remaining time waa all to 
discussion. The ing authors of the pepers included in 
the report sat on the platform, and in many sessions their 
comments were given priority in the discussion. A dis- 
cussion secretary was appointed for each session, with the 
duty of writing an account of the discussion for publication 
in the Congrees Proceedings, in which the : 
reporta, but not the original papers, will also appeart. 

On the fourth and fifth days "dam of the onum ved. 
members were asked to write down their comments on the 
suitability of the rapporteur system for large congresses. 

to an unfortunate accident some of the replies were 
lost. Of the 214 available for analysis (and believed to be 
a random sample), 174 (81 per cent) expressed the view 
that the system was suitable. 21 regarded it as unsuitable, 
and 19 did not answer the question. 


or aedes available from the Hon. Beoretary, on for 


Associati. 
Pocpwc nn res stn ny ee at cat 
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Among those members who were not in favour of the 
rapporteur method, the most common reason was that an 
audience would gain more from a review of the fleld by an 
expert who was not encumbered by having to report on 
* the papers which were submitted to the Co . Bome 

members also felt that the lack of contact between 
audience and the individual authors was an overriding 
disadvantage of the method. A few thought it intolerable 
for an author to have his work reported by someone else. 
Many of the replies expressing approval of the Tap- 
porteur method contamed comments and suggestions on 
. how it might be more effectively used. The most common 
criticism of the Harrogate practice was that the number of 
papers per session was too large. Many members thought 
that it should be not more than ten. There waa also a 
large body of opinion in favour of a more rigorous selection 


of papers with the aim of greater uniformity in material, , 


methods and approach. Some members thought that 
only the poorer papers should be put into rapporteur 
sessions; others, only the best. 

With regard to the rapporteur himself, almost everyone 
pointed out the obvious fact that everything depends on 
his quality, and many expreesed their appreciation of 
the high level of performance attained at the í 
‘Rapporteurs had been asked to introduce their ject 
and to synthesize the results of the several authors. A 
number of members thought it very important that this 
ahould be done; a few were of tho opposite opinion. It 
was suggested that the rapporteur’s report should be 
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printed and circulated to all authors in the seasion, or even 
to all congress members. Some members would have liked 
to have had fuller abstracts or pre-printe of the full papers, 
to read at, or before, the Congrees. Some felt that authors 
should be allotted time to in the discussions, and an 
equal number thought that the authors had been given 
too much time, and that more of the discussion should 
involve the audience. 

The Harrogate experiment showed clearly that if, as is 
undoubtedly true, new techniques must be found to solve 
the problem of communication at co where 
numbers of papers are offered, a poesis and acceptable 
one is the rapporteur method. As practised at the 
Second International Congress of Radiation Research, it 
had the effect of providing up-to-the-minute reviews and 
discussions on topics chosen because they were shown by 
the proffered papers tó be the ing points of radiation 
research. For the non-specialized audience interested in 
keeping abreast of new developments on a broad front, 
this was of great advantage in a field which covers a very 
wide range of disciplines. The comments of Congress 
members showed that as listeners the t majority 
found the rapporteur sessions valuable. ds authors and 
would-be speakers, they were much lees favourably 
1nolined. 

For those at least who attend congresses primarily to 
listen and to learn, the rapporteur method offers an 
attractive alternative to the multiple parallel seasiqna 
arrangement of congreas programmes. 


INTERACTION OF TECHNOLOGIES* 


By L. HOLLIDAY 
Research and Development Manager, Shall Chemical Co., Ltd. (Plastics and Rubbers Division), Carrington, Manchester 


Gish ee increases inexorably in the world of 
technology. In the Stone Age there were no special- 
ists and every man in the tribe was fully tramed to carry 
out the laborious tasks which were necessary to keep him 
alive. Every man was concerned with the problems of 
food, of defence, of shelter, and with the straightforward 
issue of survival. Specialization began at the time of th 
neolithic revolution in the Middle East, when farming 
began and urban communities sprang up. This was 
accompanied by the emergence of craftamen—of potters, 
weavers, smiths and farmers. It had taken about one 
million years for specialization to begin.  ' 
. Within the space of about ten thousand years, we have 
reached the stage of specialization in technology at which 
we operate to-day. We have brick technologists who 
know nothing about plastics; we have plastics tech- 
nologista who know nothmg about metals; we have metals 
technologists who know nothing about wood; we have 
wood. technologists who know nothing about textiles, 
-and so ib goes on. This is an exaggeration, of course, but 
it is the pattern which seems to be emerging. Can we 
therefore look forward to a time when we have special- 
ization in low-density pol ylene of density 0-925, or 
of polyurethane foams from polypropylene glycols ? 
If this were to happen, progress would slow down because 
communication between technologista would be further 
impeded, and technologists would be trying to solve an 
increasing number of problems with unsuitable raw 
materials. Quite apart from this, to attempt to organize 
the fleld of technology into broader disciplines represents 
a fascinating intellectual challenge. 

If we step aside and look at the fleld of science for a 
moment, the situation is quite differant. The human 
mind has an urge to understand the external world, and to 


-* Substance of a paper read before Section B (Chemtafry) of the British 
Association meeting in Manchester. 
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produce order and system out of facts. The scientist 
wants above all to produce statements and laws of the 
widest poæible validity. A consequence of this is that & 
coherent and interrelated structure has been built up 
in the sciences. It is true that, viewed from Olympus. 
the realm of science would seem to be a continuum, and 
the branches of physical and biological science would 
appear to merge into one another and would seam to 
extend into further fields of knowledge and activity such 
as mathematics, philosophy, psychology and so on. 
However, even though the boundaries which exist between 
the sciences are arbitrary, there is an order and a system 
in science which is lacking in technology. 


Problems of Tech nology 


One of the first problems in technology is a problem in 
semantics. The word ‘technology’ is of necessity vague, 
since it embraces a vast span of interests and activities. 
If we qualify it in some way, for example, by saying 
polymer technology, we immediately describe a subject 
with certain boundaries. These boundaries may then 
become restrictive and artificial. Technology is, in fact, 
the science of industry, and comprises the application 
of science and of scientific method to industry.. The 
classical way in which technology has been subdivided 
has been to group together industrial activities, using as a 
key certain commercial and technical intereste which 
they have in common. Thus we talk of space technology, 
glass technology, petroleum technology and of many 
others. This is the first stage of evolution of technology, 
and represents a major step forward, since it stimulates 
the internal development of each particular technology. 
It does not necessarily, however, lead to the stimulation 
of one technology by another, which is the second stage 
of technological evolution. If technologists are to advance 


} 
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more rapidly as the result of mutual interaction, rt is- 


necessary that technology should be subdivided differ- 
ently and reorganized so that the maximum number of 
fundamental similarities emerge. 

This need becomes even more obvious when. one 


examines the list of research associations in receipt of 


Government grants. This ingludes the followmg: 


Baking ~ Food Tron and Steel Rubber and Plastios 


Brush Frult and Vegetable Jute Bolentifio Instrumenta 
Cast Iron Canning Lace Shipbuilding 

pes - > Galatige and iu Leather Stool Sastings 
en Hosiery Motor Water 

Felt Hydromechanios Paint Whiting 

Files Internal Combustion Eng Wool 

Fior, Hngines 


To what extent can one achieve a synthesis with these 
pieces ? If they are part of a-jig-aaw puzzle, how can one 
best produce a recognizable picture ! We need to-day 
someone to do for the evolution-of technologies what 
Mendeléeff and Darwin did a hundred years ago for the 
growth of chemistry and biology. This raises the question : 
Who is responsible for producing ordér, out of the chaos 
which exista in the field of téchnology, and who is to 
perceive the technological skeins which run through 

' industry ? i 

One approach is to olasmfy technologies in relation to 
man’s needs, in which case we achieve a measure of 
simplification as shown in Table 1. 

Table. 1 gives only examples, but serves to show how 
technologies can be grouped on a more rational basis. 
Some of these major technologies are already well recog- 
nized—for example, mining, food and chemical tech- 
nologies. Others, such as materials technology and 
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Table 1. Basico TEOHKOLOGIES 
Biological MU Food technologies 
Forestry Environmental iecknology 
Aitning technology ains 
orea Hosting and ventulation 
Coal A 
Gas technology 
Chenvioal technology rad 
Polymers Air 
Metals Sea 
Matinals Space 
Plastios Communications 
Glass meni technology 
Motels T phy 
E ry teoknology 
Steam M 
Nuclear energy 
environmentel technology, have not attained the same 
reoognition. ^ 


Materlals Technology . 


. Let us take one example—materials technology—and 
consider it in a little more detail in order to demonstrate 
that certain fundamental principles can be Been to apply 
to & number of technologies which at the moment are 
considered to be quite separate. 

This is & fleld where there should be great possibilities 
of cross-fertilization and interaction, for example, in the 
manufacture of intermediate raw materials, such as 
plastica, glass, metals, bricks or paper. Ifit can be accepted. 
that this is, in fact, but one large technology, this will 
already represent an enormous simplification in the 
technological field. Can this statement be justified ? 





A 


Fig 1. Extrusion of plastio monofilament. This 1s followed by quenching and hot drawing 
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There is & unity about simple and complex 
solid materials which is as fundamental as 
the unity which exista in the science of 
chemistry. The unity in chemistry is based 
on the concept of the atom and the molecule. 
The unity in materials science is based on 
the concept of a solid, since all solids by 
definition have certain features in common 
with all other solids. These features are tho 
physical properties such as tensile strength, 
whether an object is a solid or not. That 
there is a fundamental science of materials 
has only recently been recognized. ‘It is 
true that there was already a considerable 
body of knowledgé from metallurgy and 
orystallography which was waiting to be 
pressed into service, but the subject of 
materials science had not been investigated 
in & systematic way. " 

If materials science is the investigation of 
the properties of all solid materials, with the 
view of relating these properties to the 
ultimate molecular structure, there must 
also be & subject which we can call materials 
technology which deala with the fabrication 
and processing of these materials. Further- 
more, since the physical properties of a solid 
aie indteiately ‘bound Gp debe way ta 
which it is made, it will be very difficult to 
draw a sharp line between materials golenoe 
and technology. There are clearly two 
skeins or threads connecting together differ- 
ent branches of materials technology, (a) a 
process akain and (b) & product skein. Let 
ts consider the proces skein to begin with. 


Process Skelns—Unit-forming Processes 

Ductile materials. A simple starting point 
is the processing of ductile materiale—metals, 
thermoplastics and inorganic glasses. In- 
organic glasses ‘are not ductile at ambient 
temperatures, but are ductile at, say, 500° O. $ 
Metals and lastics aro not ductile at very low 
ductile "in the temperature: 

of ductility is, in fact, a 
function of temperature. Since similar proceases are used 
foe fabricating these materials, one can introduce the 
concept of 'unit forming processes’ to describe them. 
Table 2 shows some processes which are in normal oom- 
mercial use with these materials, from which it will be 
seen that similar processes are used, even though the 
temperature used varies. These processes divide them- 
selves into true geometrical forming processes, and 
Processes which set out to change the miaro- or macro- 

- structure of the material. 

Although on an atomic or molecular soale the structures 
of these materials differ—from ordered crystalline lattices 
containing regions of disorder such as metals, to amorphous 
structures which show little order such as some polymers— 
they nevertheless show basic similarities in the ductile 
stage. In all cases, is required in order to chan 
the physical form of the product. This work is required 
to overcome inter-molecular forces, and in some casee 
chemical bonds are broken in the process. If the mole- 
cules are large, as in the case of thermoplastics, the 
molecular orientation may be changed. In all cases, 
streases may be set up in the product which may affect 
its physical properties, and these may have to be 
removed. 

It will be seen that processes which have grown up in 
the older technologies of glasses and metals are being 
applied in many cases to t lastics (this shows the 

. 800bé for the simplest form of invention—invention by 





. 2. of plastic bottles, bottle being removed from the mould. The 
I rh Ern roles ut Loue baing remoted from this r 


analogy). Fig. 1 shows the manufacture of a thermoplastio 
monofilament and Fig. 2 the manufacture of plastio bottles. 
There has been an obvious interaction here, although it: 
is not complete. It is surprising, for example, that three- 
dimensionally expanded metals (to quote one example) 
have not yet been developed commercially. There are 
other new developments in the fleld of forming processes 
which have not yet spread to all ductile materials, for 
example, extrusion sccompanied by air blowing, the 
float glass process, impact extrusion and explosive 
forming. 

Ohemosstting materials. It will be seen that there is 
ample justification for studying unit-forming processes 
as & class, particularly since the concept of unit-forming 
processes can be further extended to other materials 
which at an earlier stage of manufacture will flow like 
ductile materials. These include bricks, ceramice, many 
thermosetting resins, rubber, concrete—the list is very 
long. This class of material is proceased at some stage as 
highly visoous, non-Newtonian liquids which are shaped 
to the desired form. After they have been shaped, they 
are usually (but not always) heated in order to cure or 
set them, after which they are no longer ductile at any 

ture. The transition from the liquid to the solid 
state is the result of a chemical reaction which is in sharp 
distinction to the class of ductile materials shown in the 
eerler table. This second class of material can be called 
‘chemosetting’. Ohemosets in the liquid state may be 
homogeneous (as raw rubbers) or dispersions (as concrete). 
and the chemical reactions which are responsible for 
achieving the solid state are diverse—from the formation 


s 
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Fig. 3. Photomlorograph of oell structure of expanded polystyrene (x e. 75) 


of carbon-sulphur bonds (in the case of rubber) to the 
formation of aluminates and silicates (in the case of 
concrete). 

It is clear that a large number of unit-forming processes 
which are utilized for ductile materials oan be used for 
chamosets, and vice versa. However, this analogy between 
bricks and ceramics on one hand, and metals or glasses 
on the other, has not been clearly sean. In fact, these 
have usually been as being completely different 
classes of materials, which has inhibited the cross-fertil- 
ization of ideas which we are looking for. On general 
grounds it can be claimed that it will repay the brick 
technologist to study metals processing for example, 
and vice versa. 

Filameni processes. Clear analogies also exist in the 
field of weaving. All the ductile materials shown in 
Table 2 will form filaments which can be spun or woven. 
Woven motels, glasses and thermoplastics (like nylon, 
terylene and polypropylene) are important commercially. 
There has been very little interest in weaving chemoseta, 
although this could be done. Presumably, the reason 
has been that woven materials in the great majority of 
i are usually 


Metals Thermo- Inorganto 
(1) Forming opima pe 
Met processes f 
Binbertng +h + + 
Casting + — + 
Flow Processes 
Moulding + + + 
Dra H i + 
Bire — + = 
Eolltng/fi + + = 
Beating + Š = 
Stes Reduction 
Grinding + + + 
(2) Structure- modifying Processes 
Missing Proossees : 
+ + — 
Dispers + + + 
+ + + 
Surface cnn 
hardening + — € 
Burfaoe treatment + + + 
Surface coating + + + 
Laminetion + + = 
Heat Treatment Processes 
Annealing 2 + + + 
Quenshing + 4 + 
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non-woven fibres. Cellulose fibres, from 
whioh is made, are produced from 
wood by chemical digestions and extractions 
which remove the non-cellulosic materials, 
such as lignin. Their approximate dimen- 
sions ere: . - 


Bofterood 35 mm 40s 
Hardwood 1-3 mm She 


These fibres are thus very long and thin. 
The manufacture of paper and board de- 
pends on the fact that these fibres can readily 


be dispersed to form & on in water. 
ten Ab eacpoasion da fülterod, à flbeods 
mat ig formed which, on rolling and drying, 
roduoes a coherent sheet. This sheet can 
be built up in layers to produce a thick 
board of considerable mechanical strength. 
Superior mechanical properties can be ob- 

tained by impregnating this board with 
thermosetting materials such as urea-formaldehyde resins, 
which replace the air between the fibres by a rigid plastio. 

The binding forces between the fibres m paper occur 
at tho points where the fibres touch. Since the fibres are 
made up of cellulose, the binding consists of hydrogen 
bonds between the oxygen atom of a glucose unit in one 
fibre and a hydrogen atom of a glucose unit in an adjacent 
fibre. The result is a closely knit network of fibres. 

Tt is apparent that a web or mat can be produced from 
any fibres of the correat geometry (that is, a high length/ 
diameter ratio) if some self-bonding mechanism existe- 
(as with paper) or some other bonding mechanism can be 
introduced, for example—the use of an adhesive. The 
key to using matting processes in & more general way is to 
recognize that the geometry of the system is not confined 
to cellulose fibres and the bonding forces are not restricted 
to hydrogen bonds. This has already been i 
in the case of non-woven fabrics, but the principle should 
be capeble of extension. 


Product Skelns \ 

Materials may be simple or complex on & macroscopic 
scale. The simpler structures like metals, glasses or 
organic polymers may show either long-term or short- 
term on a molecular or atomic scale. It is one task 
of materials science to relate obeerved physical properties 
to molecular structure, and good progress has been made 
in the past twenty years in the fields of metals and glasses. 

There are, on the other hand, a large number of solids 
which are complex on a macroscopic scale. A typical 
example is expanded polystyrene (Fig. 3). Table 3 gives 
a few examples of such materials. 


Table 3. BOWE COMPLEX SOLIDS WHICH OOXAEINT OF Two OR MORE PHARES 


Oonorete Cement Sand and gravel 
Bitumen Bitumen Btone and air 
Filed Linear polymer filler 
Reinforced bers Cross-linked polymer Carbon black, silica 
Asbestos coment fibres 
Laminates Two continuous phases 

Glass fibre/resin systems = Croas-mked fibres 


One of the important features of these complex materials 
is their geometry, and phase relationship. They usually 
comprise & continuous phase and one or more disperse 
phases. Examples of complex materials with more than 
one continuous phase are rare, although they do exist 


(an open polyurethane foam has & continuous gas phase 


` 
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and a continuous polymer phase—expanded polystyrene, 
which has a closed pore structure, has a disperso pas phase 
and:a continuous polymer phase). 

Principle of ical similitudes. In understanding 
the properties of complex materials it is important to 
consider those aspects which are affected by the geometry 
of the system. This point can be illustrated by taking a 
particular example, although the approach is a general 
one. Let us consider a filled thermoplastic in which a 
thermoplastic material like polyethylene constitutes the 
continuous phase, and a filler like ohalk or carbon black 
constitutes the disperse phase. The geometry is defined 
by such factors as particle size and shape, volume fraction 
. of the disperse phase, size and concentration distribution, 
orientation if the particles are non-sphencal, eto. The 
Prhamon Ga parameters aro the same in a concrete road or a 

itumen aggregate. Z, i8 any physical property of the 
complex material, then: COUTE 


Zs = f(ta, £0, Zab, Zod, Ce) 
where te = 


not only are there a number of degrees of freedom which 
enable one to change the physical pro ies of the system 
by modifying the geometry but, in addition, it is possible 
to change the intermolecular forces at the interface by 
coating the particles before incorporating them into the 
matrix. This is done in such different fields as thermo- 
plastica and bitumen aggregates. 

Interaction term tyy—between particles of the disperse 
phase. This interaction term is very dependent on 
particle sire and concentration. It is therefore only 
significant in special cases. A typical example is in the 
reinforcement of rubber with carbon black or silica, where 
the particle size is below 1 micron. At below 10 per cent 
by volume, each particle is operating independently and 
only z,, is important. As the volume concentration is 
increased. the particles begin to form filament-like aggre- 
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gates and the term £5» begins to play a part. This change in 
geometry shows up in the increased electrical conductivity 
of tho system and in the elastic properties of the 
rubber. 


Conclusions 
These ulustrations drawn from the field of materials 
technology illustrate the theais—that benefits accrue from 
searching for the fundamental principles in individual 
technoldgies and for the relationships between them. 


"This can only come from adopting a more analytical 


approach to technology as a whole, and by encouraging 
technologists to look beyond their individual specialities. 
What can be done to improve the situation 2 

'(1) We should first look to the universities which havo 
technological departments, and to the colleges of advanced 
technology, to bring together their technological depart- 
ments into the largest possible units. As an example, 
instead of having in one university twenty professors of 
technological subjects each the head of an mdependent 
department, one should have a few largo departments of 


‘technology, each with a number of professors. This is 


the way in which the Manchester College of Science and 
Technology is evolving. The department which now looks 
after textile chemistry and paper technology will in tho 
future include polymer technology. We also need some 
profeasors of technology who are not concerned wrth 
narrow specialist fields, but who are concerned with 
industrial research and development as a whole, and with 
the philosophy of industrial research and development. 

(2) There are too many technological societies and 
institutions, and too many technological journals. Some 
of these should be amalgamated. 

(8) There is, in addition, a great need to cut down tho 
number of industrial research associations and to bring 
them together into larger unite. At the moment these 
Tesearch associations are scattered all over Britain in 
splinter groups. To have too many individual research 
aseociations means that the basic and fundamental 
research is frequently being carried out by teams which 
are too small to be really effective. The Department of 
Scientific and Industrial Research is aware of this fact, 
but will have a formidable task to improve the present 
situation. The situation in Holland, with ita Toegepast 
Natuurwetenschappelijk Onderzoek Institutes, represente 
a pattern which Britain might follow. Most of the Toege- 
past Natuurwetenschappelijk Onderzoek Institutes are 
grouped together in one large laboratory complex, and 
this laboratory complex is situated on the campus of the 
technical university at Delft. Thus not only do the de- 
votees of specialist technologies rub shoulders with each 
other but they also rub shoulders with the univermty 
scientists. 

The Department of Scientific and Industrial Research, 
as a major spender of public research funds, has probably 
the key responsibility to promote the interaction of tech- 
nologies. It is keenly aware of these responsibilities; 
but it will have to work hard even to stay abreast of a 
situation which daily becomes more complex. 


RICHARD TOWNELEY AND BOYLE’S LAW 


By C. WEBSTER 
City Grammar School, Sheffield ; 


H.E year 1962 was the teroentenary of the publication 

of one of the best-known laws of science, Boyle’s 
law, which stated that the volume of an enclosed 
was inversely proportional to the pressure applied to it. 
As origmally verified, the law only applied to air, which 
was at that time not understood to be a mixture of 
gases. 


The law’s establishment has been traditionally con- 
sidered to be the work of Robert Boyle (1627-91), and 
ib is one of the major researches on which his reputation 
as @ principal scientist of the seventeenth oentury is 
based. Modern authorities, when commenting on the gas 
law, occasionally mention that Richard Towneley (1628— 
1706-7) has some claim to priority in the discovery of the 
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gas law; but the evidence. concerning his role has not been 
critically examined. . 

Both Boyle and Robert Hooke, his closest associate, 
referred to the gas law as "Mr. Towneley's hypothesis", 
and it is clear that it was on Towneley's initiative that 
they embarked on experiments which confirmed Towne- 


Touching the Air in 16627. 
in the first edition of 1660 that-Boyle was making investiga- 
tions which would lead to the law, and olose scrutiny of 


fined to Chapters 4 and 5 of Part 2 of the 
work, in which Boyle was concerned with 


ments using Toricelli tubes in 1653 in the Halifax region, 
after Power had reach Pecquet’s New Anatomical Experi- 
monte..." which contained Pascal’s views on air pressure 
as well as the famous observations on the lymphatic system. 

Publication of Boyle’s work in 1660 created a new 


uel poles esting a Tanian: wi wl ii 
to become the Royal Society. As was the custom of this 
group of scientists, the manuscripts were passed on to 
interested. and Croone wrote to Power informing 
him that was in posseasion of the manuscripts 
concerning the 1660-61 experiments’. Further, he 
informed Power that Boyle was using the information 


The title which Power used for the experiments which © 
particularly ińterested Boyle was ‘‘Additional experiments 
made at Townley Hall, in the years 1660 and 1661, by 
the advice and assistance of that Heroick and Worthy 


George e 
from Power, it is quite 
e pair et 
from the title. Examination of Chapters 4 and 5 
of Boyle’s appendix show that the author leant heavily 
on the information from the foregoing manuscripta. 
Power himself was mentioned by Boyle, when the latter 
ee ee ee 
time from Additional Experiments ...*. Boyle quoted a 
section of ʻA Confutation of this Funicular Hypotheeis of 
Linns, b A 


manuscripts 
collection of articles which were published as Part 2 of 


Power’s only lished work’. 

Because o of publoation of Boyle's over 
Power's work, ecoond part of Baperimental Philosophy 
"has been its contents apparently Jacking 


novelty in the light of Boyle’s illustrious publication. 
Even _Power’s succinct microscopical observations were 
shortly to be eclipsed by Hooke's rambling Mtiorographia’. 
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Towneley and Power's experimenta do indicate the main 
‘which led to the apprehension of the gas law. In 
1653 Power introduced into England Pascal’s famous 
experiment in which the decrease in air pressure with 
increase in altitude could be illustrated by carrying 4 
Torricelli tube up & hill. He measured the fall in the 
mercury-level with the ascent of Halifax Hill near his 
home at Elland. 
In the same yeer the authors repeated sala nite 
experiment in which a small volume of air was enclosed 
above mercury in a Torricelli tube and they noted that it 
caused a lowering of the mercury column owing to two 
causes: "Ayr, beaides its gre has & nobler rarefactive 
faculty, by which it forces the icksilver to so oonsider- 
able a descent, . 
On April 27, 1661, 1, they combined the effecta of the two 


ee ee. 
at two atmospheric 


They compared the pressure 

san) and its consequent volume (v1), with the same 
made ai a different preasure (p2 v2). They 

called these figures four *"propor&onals". They examined 
the relati: between these figures, which was made a' 
little difficult their use of two different units, either 
mohes or smaller arbitrary divisions of the Torricelli 
tube. This necessitated conversion of the values into a 


common. unit. 

At the end of their experimenta they 
express the rather io conclusion: "Bo that here is 
now four Proportio and by any three given, you 
may strike out the fourth, by Conversion, Transposition, 
and Division of them. Bo that by these Analogies you 
may prognosticate the effects, which follow in all Mer- 
sura oer snl serian Reape tec aiT caloula- 
tion, before the senses give an Experimental (eviction) 
thereof’. 

Thus they consider that if four euch proportionals as 
those mentioned previously are known, they will have 
the following relationship: 

plvl = p2v2 

1 any one le a a Re ee 
division will enable it to be calculated. For example, 
if plis unknown: 


were able to 


` pl m P2 
ple 
There follow from these equations the common expres- 
sions of Boyle's law: 
pv = K (K = constant) 
K 
T 
^ p v 
Power and T stated only their experimental 
resulta ; but they did include sufficient information in 
their tables and diagrams for the simple calculations to be 
made. The resulta shown here are after my conversion 
of all figures to Power’s arbitrary unite. It is not possible 
to convert the figures into inches, using the information 
given in the experiments. The main barrier in making 
the calculations was the profuse typographical errors 
which bedevilled the whole published work. 


Pressure Volume of Constant 
. Locality and barometric height (P) atr (9) Frak 
Exp.1 
Pendle Hill Beacon (1,800 ft.) 66-58 55-32 84-75 4,687-4 
Barlow (800 ft.) 6m 57B “BQ 4,T95-0 
Ip. 2 
Pendle Hill Beacon 2266 — 10-80 17-80 334-04 
$386  À 1049 - 17.85 537-03 
Barlow 33-86 17-58 345-63 
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The variation from the constant in these results is 
small enough to be accounted for by experimental error, 
and ‘the authors themselves were well aware of frequent 
fluctuations in barometric height and they considered 
temperature to be one of ita causes", Boyle pointed out 
that their tubes were lable to be of non-uniform bore!*. 

Examination of the evidence summarized here suggests 
that Richard Towneley and his collaborators played an 
importent part in the postulation and tal 
support of Boyle’s law, and that Boyle was well justified 
in expressing his respect for the work of these minor 
scientific authors. It is overlooked that both Boyle and 
Hooke utilized the same apparatus, devised by Power 
and Towneley, in performing their own experiments on 
the gas law. They modified ita use for their laboratory 
experiments, and obtained satisfactory results with it, 
although this original apparatus is leas well known than 
the new apparatus which Boyle devised m which air was 
enclosed beneath meroury, in the short arm of a J tube. 
While Towneley’s apparatus allowed the influence of 
reduced preasure on the volume of air to be measured, 
Boyle’s J tube enabled the preasure to be increased. 

Boyle’s role in the establishment of the gas law remains 
important; his experimental resulta were accurate and 
extensive ; the apparatus which he devised has become the 
standard one for illustrating the gas law ; most signifloantly 
he gave the weight of his great reputation to the law, and 
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published rt in a highly influential work. He became the 
publicist of the gas law, which would have remained 
unnoticed in Power’s work and Towneley’s correspondence 
with Boyle. 

However, the process of history has led to a loss of 
perspective in the examination of the achievements of 
such major figures as Boyle, leading +o their excessive 
glorification, with the complementary neglect of such 
authors as Towneley and Power. 
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COMETARY COLLISIONS AND TEKTITES 


N a recent communication to Nature, Adams and 

Huffaker! have presented arguments purporting to 
show that tektites cannot originate- from the Earth on 
mechanical grounds. They argue that it is not possible 
to propel small objecta through the atmosphere of the 
Earth to high altitudes because of the enormous accelera- 
tions that are required. They also discussed the question 
of whetber very large objects could be propelled from the 
Earth’s surface through the atmosphere. Ba ch proposals 
are 80 obviously impossible that it has seemed to me 
unnecessary that they should even be discussed, and no 
proposals that they could occur have appeared in the 
literature. But since the Sctenitjico American has recently 
D ee arn E Ofen dtu: 
cuss the subject briefly. 

I proposed that a cometary oollision produced “the 
tektites’. It was pointed out that a collision of a comet 
head with the Earth might be an exceedingly energetic 
event. It was estimated that one such event could occur 
every 50 million years. Prof. Z. Kopal (personal communi- 
cation) pointed out that this was much too low an estimate 
for the frequency of such evente. The qualitative descrip- 
tion of this process quite clearly envisaged that the 
cometary material and the atmosphere would be propelled 
to a very large distance with high velocities and would 
probably carry with it some material from the surface of 
the Earth. No suggestion that small objecta would be 
propelled through the atmosphere was made. It was 
suggested that a comet head broke up and that the frag- 
mente landed at different points resulting in & wide 
distribution. This suggestion is difficult to reconcile with 
the very similar compositions of tektites from the widely 
separated tektite areas as Pinson’ has shown and as 
pointed out by him. 

Recently, Janet Bainbridge* has made numerical 
calculations in regard to this question and finds that 
the cometary material would behave approximately as 
bas Doen gagumiod; Calculations were made for a oylindri- 


By Paor, HAROLD C. UREY, For.Mem.R.S. 
University of California, San Dlego, La Jolla, California 
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cal comet of density 0-01 g/cm* approaching an olivine 
surface in vacuum at velocities appropriate for collisions 
with the Earth or Moon. Velocities of the colliding object 
after collisions both in the backward and horizontal 
directions were found to be nearly equal to the velocrties 
of ap h. In the presence of an atmosphere, the 
behaviour of small comet heads would be quite different 
but large objects would follow a pattern much like that for 
the objecta in vacuum. The assumptions made above for 
the cometary object appear to be reasonable. 

The proponents of an axtraterrestrial origin of the 
tektites rest their argumenta on the fact that the australites 
are often button-shaped and that these button-like struc- 
tures have been produced by rapid flight through the 
atmosphere and ort the difficulties encountered m matching 
the composition of the tektites exactly with that of 
common. terrestrial materials. 

Cha: š estimated the velocity of entry of the button- 
shaped australites as about the escape veloorty of the Earth 
and henoe reasoned that the tektites came from the Moon. 
Adams and Huffaker! estimate the entry velocity as 
possibly as low as 6:5 km/sec, and hence postulate a 
circum-terrestrial orbit which enters the atmosphere at 


glancing angles. No attempt js made to explain how large 
‘objects, that is, 1,700 tons, got from the Moon into such 


very specialized orbits. A oriticiam of this suggestion 
ise basin tad ronem ly No one has ever questioned 
that the button-hke structures of the australitea were 
made by the passage of these objecta through gas at high 
velocity or at least that high velocity gases flowed over 
the objects in some way. But there seems to be a com- 
plete neglect of all the other evidence in regard to this 
problem by proponents of the lunar origin. The reader’s 
attention is directed to a recent paper by Taylor’ on the 
chemical composition of the australites in which it is 
concluded that their composition agrees closely with 
certain materials from the surface of the Earth, which 
were produced by all the complicated geological processea 
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characteristic of a planet like the Earth. This 1s a con- 
alusion entirely similar to one that came to my attention 
quite a number of years ago from the work of O. Joensuu 
at the University of Chicago in the early fifties. This 
work was not published but was referred to by me’. 
The large tektites of the Muong-Nong type have ‘been 
discussed by Barnes and Pitekpeivan* recently. They are 
mixed with a laterite soil which the authors believe has 
evolved since the objects were produced by fusion of the 
surface of the Earth. Craters have~been discussed by 
Cohen!* which might well be the collision sites for cometary 
objects. The short time that the tektites have been in 
space has been pointed out by Viste and Anders. The 
similarity of composition of tektites to certain soils has 
been discussed by Sohwartz!*. The impossibility of trans- 
ferring material from the Moon to the Earth with the 
distributions that are observed was discussed by me in 
1955 and again in 1962 **. The very uniform isotopic 
composition of the tektites as pointed out by Taylor and 
Epstein!*, and the very similar compositions of tektites 
from different areas as shown by Lowman™ are difficult 
questions but perhape not insurmountable for terrestrial 
origm. The very low nickel content is not easily recon- 
ciled with a lunar origin. 

In oonnexion with the cometary collision idea, it is 
interesting to point out that tho recent studies on the 
Tungusaky catastrophe of 1908 are most informative’. 
The evidence is that an object having the energy of 
4 x 10" ergs (10 megatons of TNT equivalent) exploded 
five or more kilometres above the surface of the Earth. 
The radiated energy was about 1-1-2-8 times 10™ args. 
The estimated energy of the collision is seven times that 
estimated for the Canyon Diablio crater, yet no crater 
was observed. Interestingly enough, a forest remained 
standing directly under the point of explosion. There is 
considerable uncertainty in regard to the mass and 
velocity of the object. It apparently arrived at a low 
angle and Zolotov!* believes at a low velocity, that is, 
3-4 km sec-!. Such a low velocity is not consistent with 
a high energy unless the was internal, that is, 
chemical . Krmov?* mentions higher velocities. 
It scarcely could have stopped in the atmosphere if its 
mass per unit area had been much larger than the mass 
per unit area of the air through which it passed. But if 
the object were moving in an initial orbit about the 
Earth, ite velocity would be minimal at 7-0 km sec", and 
thus if ite velocity of approach were only half this it 
must have lost three-quarters of ita energy. Its path 
would have been from the south over some of the most 
populous regions of the Earth. Ib is difücult to believe 
that it would not have been seen by someone at seven 
o'clock in the morning. The velocity mentioned by 
Zolotov must be in error for some reason which is not 
evident from his paper. These uncertainties make it 
difficult to estimate ite physical properties. 

_ It is not possible to estimate the frequency of such 
collisions from one event. No event of such magnitude 
could have oocurred in oivilied regions of the world 
without some record having come down to us, but such 
ateas have constituted only very small fractions of the 
Earth's surface. As noted previously*, several astronomi- 
cal objects have near the Earth during this century, 
and it is moet that the Inventory is not complete. 
A rough estimate of the probability of collision with the 
Earth indicates that this might oocur within some millions 
of years or leas. The estimated energy of collision is very 
much larger than 4 x 10", possibly some 10% ergs. An 
objegt of this kind, if it had. a high density, would pess 
through the atmosphere almost unobstructed and would 

oe & large crater. However, comet heads of low 

ity would be stopped to a large degree by the atmo- 
sphere and no large deep craters would result. Since 
large craters are not numerous on the Earth's sur- 
face, these objects may well be comet heads of low 
density. 
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Suggestions have been made that the Tungussky object 
was contraterrene matter which is far too extreme a sugges- 
tion for serious consideration. This object was a small 
comet head according to Krinov!*. If the object had 
had sufficient mass per unit area, it would have pene- 
trated completely to the surface of the Earth, probably 
melted the surface of the Earth, and produced. a very 
shallow crater. In other words, the collision 
is an example of precisely the kind of oollision that has 
been discussed in connexion with the origin of tektites, 
though smaller in mass than those suggested. Larger 
comet heads are discussed in the astronomical literature 
and such larger heads may well have produced the craters 
discussed by Cohen!*. Both the probable cometary 
collision of an object only some 200 metres or so in dimen- 
sion and these larger objects some kilometres in dimension’ 
moving near the Earth are consistent with the hypothesis 
that cometary collisions could be sufficiently frequent and 
of such character that tektites could be produced in this 
way. (Cohen at the Third International Space Science 

i May 1962, quoted a private communication 
from W. Gentner, H. J. Lippolt and O. A. Schaeffer to 
the effect that the potasaium—argon age of a glass sample 
from the Ries crater and a moldavite tektite both have the 
age within experimental limits of error of 16 million years.) 

Many features of tektites are accounted for by the 
cometary hypothesis. The chemical composition of the 
tektites is very like that of the more acid terrestrial 
materials. A mechanism for dispersal to great distances is 

vided by the cometary collision. High temperatures 
dor randi &nd incomplete melting &re vided. The 
decreased estimate for the re-entry ocity, that is, 
6-5 km 8eo-!, makes it poasible to account for the second 
melting of the australites. The types without flanges 
are those which did not re-enter at high velocities. The 
Muong-Nong types are residues of tho melted pools 
produced at the collision sites and not scattered to great 
distances. A comet head collision has been observed in 
this century. Larger ones should melt the Earth’s surface, 
produce craters and scatter material to great distances. 
All detailed features of tektites are not immediately 
explained by this theory, but ita succeases are so great 
that it would be well for authors to study possibilities 
for fitting their data into the general features of this 
theory. It is evident that a cometary collision is & very 
complicated event and that it is not poesiblo to describe 
all ita details with certainty. 

It is evident that material of approximately tektitic 
composition is widespread on the Earth, though Taylor 
and Epstein’s*, Lowman’s™, Pinson’s* and Taylor’s’ 
discussions show that only selected samples would account 
exactly for their composition. However, i and 
distribution by & comet heed oollision would probably be 
highly selective. Thus, very fluid melts would scarcely 
remain as objects of the size of tektites in a blast of hot 
gases, and hence only very acid and viscous materials, 
that is, tektites and Libyan glass, would survive. Also 
basic melts would crystallize rapidly and would weather 
away in short periods of time. Even acidic materials 
melted at high tures would not survive. Only 
such material which had been barely melted, such as the 
tektites, would survive the blast of gases-and would 
remain as uncrystallized and unweathered glassy objecta 
after long periods of time. In this way the very selected 
C ions discussed by Lowman!* can be understood 
possibly. Also, it should be noted that the present 
cometary collision hypothesis assumes that all the tektitic 
fields of south-east Asia and Australia originated from ons 
site and henoe their similarity is naturally lained. 
The general exclusion of Americanites and iho: Dari 
and Libyan glasses from the classification of tektites make 
them a more uniform group than they are when these are 
included. Finally, melting by cometary collisions may 
be more selective than we are able to deduce from our 
general estimates in regard to such processes. 
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The postulate that tektites come from the Moon has 
never been discussed in an objective way. Varsavsky!" 
tried to show that South Australia could be covered by 
objects from the Moon while North Australia did nob 
receive such objects. Hoe did not account for the other 
tektite areas nor for objects which missed the Earth on 
the first pass. O'Keefe has postulated objects moving 
in spiral orbits from the Moon and in no way considers 
the high probability, and in fact, certainty that many 
objects released from tho lunar surface by some violent 
Processes would move in very different orbits and arrive 
at all points of the Earth's surface. It is diffloult indeed 
to recall any proposal discussed in the scientific literature 
in recent years which is so enmeshed in special pleading 


for nearly miraculous events as this proposal for the lunar-- 


origin of tektites. Criticisms of theso arguments have 
been made previously!*. jo 

If oomot heads oollide with the Earth, they must also 
collide with the Moon, and some'of the lunar craters must 
have been produced in this way. The central peaks with 
their apparent volcanic craters and the general ''soooped 
out” shape are not inconsistent with qualitative ideas of 
the resulte of a gaseous collision such as that studied by 
Mrs. Bainbridge. These caloulations indicate that a 
mild ‘bounce’ of the lunar surface at the collision point is 
possible. Such a rebound might explain the craters in 
the tope of many central peaks. The propellent and non- 
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rai character of high-velocity low- 
i ids rather than the more ' and 
penetrating character of high density ailioate and metal 
objects might well account for some of the lunar craters. 
It is not evident that there are two classes of lunar craters. 
At present this suggestion is scarcely more than an intui- 
tive estimate in regard to these phenomena. 

I thank Drs. Albert and Celeste Engel for discussions 
of this subject, and Dr. Herbert York for discussion on 
the Tungussky collision. c 
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OLD MORTALITY 


By Pror. LANCELOT HOGBEN, F.R.S. 


IE the early ‘thirties, R. R. Kuczynski intro- 
duced then young research workers of Great Britain 
to the uses of the Actuarial Life Table (A.L.T.) aa a sub- 
stitute for standardized rates hitherto used for inter- 
tion of vital statistica in the best sense of the term. 
ince the end of the Second World War there has been 
an agonizing reappraisal, largely due to the use of cohort 
analysis for the study of mortality and morbidity by 
R. A. M. Case! and for that of fertility by W. Taylor! 
and by P. K. Whelpton*. Thus the issue of a monograph 
by Dr. Case et al. on the Cohort Life Table (C.L.T.) 
from the Chester Beatty Research Institute on the eve 
Society tercentenary celebrations of the 
paa atin n. th Observations . . . upon the Bills of 
ortaltty by Jobn Qrauntt is a timely event*. It ie also 
greatly to the aredit of the Institute. For like other 
inquiries by ite senior author, his work in this field has the 
hall-mark of perceptive originality. 

The A.L.T. is like the composite face which Galton 
obtained by photographio superposition in pursuit of 
Quetelet's Average Man. That is to say, it tells us what 
would be the number of survivors out of 1,000 births in 
each year of life, if age specific death-rates (mortality in 
each year of life related to the oorreeponding population 
at risk) were to remain constant as at the calendar year 
which dates the Table. No single C.L.T. is referable to 
one calendar year in this sense. Each such table pertains 
to the birth year of a particular cohort, that is, assemblage 
born in the same calendar year. Whereas each entry in the 
A.L.T. refers to a different cohort in that sense, successive 
entries of a C.L.T. thus record the life experience of one and 
the same assemblage, except in so far as migration distorts 
the picture. In ghort, the C.L.T. is as factual a record of 
a unique observable occurrence as is the photograph of an 
individual face. 


* Chester Research Institute Serial Abridged Life Tables, England 
[3g M ae 900. Part 1: Tables, Preface and Notes. by 
R. A. M. Christine Coghill, Joyoe L. Harley and Joan T. 


. XXYl-4-87. (London: The Obester Beatty Hesearoh Institute, 
Cancer Research, Royal Cancer Hospital, 1962.) 


Needless to’ say, the O.L.T., and cohort analysis in 
general, has two limitations. At the time of writing, one 
can know nothing about mortality of 14-year-old children 
born in 1950, and standards of diagnosis may well have 
changed drastically during the life experience of the now- 
extinct 1860 cohort. one the leas, the outcome of 
focusing attention on the life experience of the cohort as 
a unit of study is salutary from a medical point of view, 
if only because it compels us to take stock of hitherto 
insufficiently recognized shortcomings of the A.L.T. and of 
ita applications. 

Consider first a type of situation characteristic of 
Western Europe throughout the past half-century, duri 
which mortality in all aps has diminished, or at 
worst remained static at the tail-end of life. Thus tho 
younger age-gro now alive have suffered exposure to 
leas health than corresponding age-groups of the 
parental generation. In such a set-up, we may 
what this monograph clearly discloses: for nearly (if 
not all) age-groups, the A.L.T. for the calendar year X will 
cite a lower proportion of survivors than the O.L.T. 
referable to birth-date X. In a uniformly improving 
situation, use of the A.L.T. to estimate the risk of death 
before 60 of persons thirty years old at the calendar date 
to which ite figures refer therefore discloses an unduly 
pessimistic prospect. If, as some people idly imagine, 
the current A.L.T. actually dictated the premium policy 
of an Insurance Corporation, circumstances would be 
prejudicial to the candidate for a life policy and, ceteris 
paribus (that is, with no change of the cost of living), 
favourable to the purchaser of an annuity. 

Alternatively, consider a situation in which risk of 
contracting particular killing disease is increasing porn 
passu with net diminution of death risk from all so-called 
causes. This is indeed what some claim to be true of lung 
carcinoma with due allowance for changing diagnostic 
standards. In this milieu, cohort analysis exposes what 
should rightly go into the text-books as the “Robert Case 
Illumion". Briefly stated it is this: a plot of case incidence 
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in each year of life, expressed as a ratio referable to the 
pe quad xcd tue Pe ET ee Mem 
year, may (and often does) disclose a peak 
followed by a fall suggestive of declining liability in later 
age-groups. This conclusion is inescapable only if we 
assume that the risk of onset (or death, as the case may be) 
does not depend on the duration of the exposure to 
harmful circumatences or that the latter ramain constant 
throughout the life-time of an individual. By following out 
the life-story of a cohort, as Case! has done elsewhere, ib 
may be le to show that neither assumption is 
i . Oomparison of data yielded by successive 
cohorts may them divulge that a peak is a non-existent 
nose of a composite face. 


Foregoing considerations the spotlight on how much 
Divis jus Fa the ial mysti with its insistence 
on arbitrarily pametaking interpolations conceals from 
public scrutiny. The ief that laborious refinements 
prescribed by A.L.T. priestoraft are essential to extraction 
of whatever useful mformation the A.L.T. can convey 
may account for a prevalent reluctgnce to construct 
home-made up-to-date tables without the nihi obstat ei 
imprimatur of the -General. It is therefore 
worthy of comment that educational authorities (including 
the University Granta Committee) were relying a few years 
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back on estimates of the bulge based on what was then the 
last official table—at that date several decades behind the 
times. 
For some years, a few of us have known or at least 
that life-tables of the sort Case calls oonven- 
tional computed from age specific mortality rates in the 
Annual Review of the i -General by the light of 
common sense (so-called ''Greville's Method"), and at the 
expenditure of hàlf & working day with a maohine, differ 
very little from those computed the hard way. Dr. Oase 
and his collaborators have exhibited in tabular form 
relevant facta which fully confirm this conviction. As he 
himself rightly comments: “A consideration of the 
i ies between the results of conventional meth: 
and actuality . . . and the trivial differences between 
simply constructed abridged tables and the meticulously 
graduated official English Life Tables makes one wonder 
what purpose is really fulfilled by such a display of 
actuarial expertise |” 
1 Case, B. A. M., Brit. J. Pres. See, Afed.,10, 150, 172 (1056). 
E Mio FUE in the United States 
Whelpton, P. Ki ias cala ii Whits Wemen 
t Graunt, J., Mature] and Mentioned in a Following 
Allestry and Dieas, 


Political Obesrsations 
Indes end made upon the Bills of Mortality (Martin, 
London, 1662). 


SEQUENTIAL ENZYME INDUCTION: A NEW APPROACH TO THE 
STRUCTURE OF COMPLEX MUCOPROTEINS 


By Dr. S. A. BARKER, Mrs. GRACE I. 


PARDOE and Pror. M. STACEY, F.R.S. 


Chemistry Department 
AND : 


Dr. J. W. 
Microblology Department, University of Birmingham 


INCE Monod’s! classical work on the utilization of 
sugar mixtures by micro-organisms, many examples of 
sequential utilization of substrate components have been 
reported. For a particular organism, the sequence is 
predictable, and it is now well established that the enzyme 
system required to initiate the attack of a component is 
not elaborated until other components are preferentially 
exhausted. 

We have been able to show that if the complex muco- 
protein, oroeomuooid, is included in a medium which will 
support growth of Rhodopseudomonas palustris, develop- 
ment of the culture is accompanied by & sequential 
release (Fig. 1) of constituent sugars of the polysaccharide 
moiety of the muco-protem. At any one time, only one 
enryme system is operative, and in this respect, there is an 
obvious similarity to that behaviour of individual sub- 
strato ifle enzymes which characterizes multiphasio 
vorn Oroeomuocoid can be conceived as a composite 

ducer for enzymes which cleave links between sugar 
constituents of the polysaocharide. However, the products 
of the enzyme actions cannot be utilized by the organism 
(orosomuocoid will not serve as sole source of carbon for 
growth of the organism) and accumulate in the medium. 
Hence, from the results of qualitative and quantitative 
analyses of the products of this stepwise degradation, 
precise conclusions concerning the arrangement of sugar 
residues in the molecule can be drawn. Furthermore, it 
has been possible to deduce the configuration and mode 
of lmkage of certain of the sugar residues in the carbo- 
hydrate moiety from the specificity of the induced 
enzymes and the response of cells to inducers of known 
configuration. 

Sequential release can be observed in a single culture 
over @ period of a week, but normal logarithmic growth 
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is certainly not proceeding throughout the whole of this 
period. Indeed, it is likely that for moet of this time, the 
behaviour of the culture is analogous to that of a resting 
cell suspension. However, if orosomucoid ‘cores’ left at 
the termination of release of & constituent are recovered 
by dialysis of the centrifuged culture, and incorporated in 
a fresh culture, the sequential effect can be reproduced 
and the overall process accelerated. 

The electrophoretically and immunologically fus 
- groeomuooid used in this investigation was isolated! 
nephrotic urine and contained 10-8 per cent N-acetyl 
neuraminio acid (thiobarbituric acid—periodate assay*), 
1-2 per cent r-fucoee (cysteine hydrochloride—sulphuric 
acid assay“), 6-5 per cent D-galactose (D-galactose oxidase"), 
16-6 per cent N-acetyl gluooeamine (p-dimethylamino- 
benzaldehyde‘) and 6-0 per cent mannose (by difference 
between total hexoses assayed with orcinol’ and the 
galactose content). 

Washed suooinate-cultured* cells of R. palusiris 8574 
were re-suspended in sterile fresh medium (5 ml, pH 7 
adjusted with KOH) containing per litre succinic acid 
(8 g), (NH4,80, (0-015 mole), MgSO, (0-001 mole) and 


- K,HPQ, (0-02 mole) and added to orosomuooid (5 mg) in 


a sterile flask (25 mL). Tho culture was incubated and 
shaken at 85°. Paper chromatographic analysis of aliquots 
taken at intervals showed that N-acetyl neuraminic acid, 
N-acetyl mannosamine, and oli ides 
with~ 0-18 and 0:27 in pyridine-n-pentyl aloohol- 
water (1 : 1 : 1) appeared successively in the culture 
medium. Any fucose liberated was below the level of 
detection. 

Quantitative assays'- of the sugars were made as 
appropriate on the whole culture, on the dialysable 
sugars and on the non-dialysable mucoprotein ‘cores’ 
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after removal of the cells. Corrections were applied in the 
analysis of the dialysable fractions for the effect of the 
constituents of the culture medium and for the presence of 
other sugars. To eliminate the effect of N-acetyl mannoe- 
amine, a neuraminic acid-free ‘core’ was used as_ an 
induoer for the later stages of degradation. The resulta 
were plotted (Fig. 1) as a percentage of the maximum 
content of each constituent in the orosomucoid. The 
time-scale shown was an erated one achieved by the 
use of appropriate muocoprotei ‘cores’ dissolved in a 
fresh suspension of cells at the times indicated. 

All the N-acetyl neuraminio acid (NANA) originally 
present in the orosomuooid is rapidly released by neuram- 
inidase, the first induced enzyme. This shows that this 
sugar exista either as isolated: end-groups or as a repetitive 
sequence of NANA residues at the extremities of the 
chains. Since periodate oxidation! of oroeomuooid yields 
one mole of formaldehyde for each mole of NANA the 
former possibility is more likely. The released NANA 
(10-6 per cent) was converted to an equimolar amount of 
N-acetyl mannosamine (7:5 per cent) presumably by an 
aldolase action. 

The total amount of r-fucose present in the oroeomuooid 
was next released. Induction experiments with methyl 
a- and B-1-fucopyranoeides showed that only an a-1-fuco- 
pyranosidase can be induced in R. palustris. Furthermore, 
this enzyme cleaved at least four-fifths of the fucose in 
orosomuooid while the NANA remained untouched. We 
can therefore conclude that NANA and fucose exist as 
separate end groups and, again, the a-r-fucopyr&noeide 
residues can exist as isolated end groups or as a repetitive 
sequence of fucose residues. Linkage through the 3-posi- 
tion is excluded because the fucose is destroyed by period- 
ate oxidation of orosomuooid!!, 

Oroeomucoid itself does not cross-react with anti-Type 
XIV Pneumococous sera which are known! to have a 
pronounced immunological specificity for Q-Dp-galaocto- 

yranose end groups. However, after cleavage of the 
NANA and fucose the residual orosomuooid ‘core’ did 
show a orome-roaction with anti-Type XIV which disap- 
peared concomitantly with the removal of all the galactose 
by the next induced enzyme (Fig. 1) in the sequence. This 
ensyme had the specificity of a B-D-galacto-pyranoaidase 
since it could cleave lactose but not melibiose. Galactose 

. oxidase is known! to react with bound galactose present 
as non-reducing end groups. Orosomucoid itself showed 
no reaction with galactose oxidase, a alight reaction after 
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x , N-acekyl neuramtnio acid: O, N-acetyl mannos- 
times at whioh 


at whieh non-dialysable cores . 


were made with 
selective removal of fucose, and a strong reaction after 
removal of neuraminic acid. No reaction was given by a 
mucoprotein core from which all the galactose had been 
removed. The foregoing evidence suggested that B-p-galao- 
topyranosyl end groupe had been uncovered by the NANA 
cleavage, and that this residue was the next sugar along 
the chain. 

The final stage of carbohydrate disruption was the 
liberation of two oli ides. When used as an 
0-18 gave the 
trisaccharide Rgiuooso 0:27 which contains two molecules 
of N-acetyl glucosamine and one of mannose. One of the 
N-acetyl glucosamine residues carries the reducing group 
in the trisaccharide since periodate oxidation followed by 
acid hydrolysis gave glucosamine before but not after 
sodium borohydride reduction. The mannose residue was 
always destroyed by periodate oxidation. The enzyme 
induced was therefore a glucosaminidase. Su ent use 
of the trisaccharide as an inducer gave N-acetyl glucos- 
amine and a component with the mobility (Hg 0-65) 
of a disaccharide. No free mannose waa ever detected in 
the culture medium. The foregoing evidence, together with 
analyses of the dialysable oligosaccharide mixtures which 
consistently showed two N-acetyl glucosamine residues 
for each mannose reaidue, suggests that the oligosaccharide 
Ryincose 0:18 is a hexasaccharide—the dimer of the tri- 
saccharide. 
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Urinary orosomucoid has beef found!* to be immuno- 
logically identical with serum acid a,-glyooprotein and 
both show similar sugar analyses. The structure of part 
of the carbohydrate moiety of a,-glycoprotein has recently 
been nod and dI 2. All the foregoing 
evidence obtained from sequential enzyme induction is 
consistent with this structure altho more details have 
yet to be established. The tool now at our 
disposal allows us to stop the degradation at any stage in 
order to simplify the application of classical techniques of 
structural determination, and in order that the important 
relations between structure and biological activities of 
the complex molecules can be determined. Whether the 
method is applicable to other macromolecules has yet to 
be determined. 

We thank the Medical Research Council for financial 
support and the award of & scholarship to one of us 
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Contributions to Nature, 1962 

Ts following is a list of. special research articles and 
“Letters to the Editor”, indicating numbers and countries 
of origin, which were published in Nature durmg 1962. 
These figures do not include the more articles, 
reviews, eto.; but exclusively those which are mainly 
preliminary announcements of new discoveries or indi- 
vidual expressions of scientific opinion. 


Afghanistan 1 Kenya 9 
Argentina 11 Malaya 10 
Australia 223 Malta 1 
Austria 3 Mauritius 1 
Braxil B New Zealand 44 
Bribsh Borneo 1 Nigeria B 
Buh Guam ot Ryman o 73 
Burma 1 Pakistan 1 
Canada 121 Peru 1 
Ohuilo ; Poland " 
Congo 1 Puerto Rico 1 
Oneohosio varia 18 Rhodema, North 2 
Denmark 15 Bhodessa, 6 
Etre 15 Roumania 5 
Bite 6 Barawak 1 
1 Sierra Leone 2 
Yinland 18 South Africa 38 
Formosa- 1 Spain 16 
Germany. H Tindal $ 
Ghana ' T 5 1 
'Greeoo 6 Uganda 8 
Holland 56 United 1,076 
H Kong 1 UBSR E: 
Hungary 23 Yeneznela 3 
India 80 Yugoslavia 10 
Indonesia a E 
I “a Total Mo. of countries "71 
Jamala 7 Total Xo. of eommuni- 
Japan 78 3,295 
Division of Reactors of the Internatlonal Atomic 
Energy Agency: Dr. F. T. Miles 


Da. Francois T. Moas, who was until recently uby 
chairman of the Nuclear Engineering Department of the 
Brookhaven National Laboratory, has been appointed 
director of the Division of Reactors of the International 
Atomic Energy Agency in succession to Dr. O. Sánchez 
del Río. He took up his duties at the Agency's head- 
quarters in Vienna on December 27. Born in Princeton, 
New Jersey, in 1909, Dr. Miles studied at Princeton 
University, where he gained his A.M. in 1932 and his 
Ph.D. in organic chemistry in 1936. He also studied at 
the University of Basle durmg 1934-85. From 1936 until 
1943, Dr. Miles was a research chemist with a chemical 
firm in Alabama, and then joined Columbia University, 
whos bó worked. with Dr. W. K^ Libby on tha gasibous 
diffusion process for isotope separation. In 1946 he 
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(G. L P.) The eulture used was obtained through the 

kindness of Dr. A. M. Torriani. R 
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joined Clinton Laboratory (now Oak Ridge National 
Laboratory) as a group leader supervising research on the 
extraction of uranium-235 from irradiated reactor fuel, 
and in 1948 went to Brookhaven to supervise research on 
the separation of uranium-233 by neutron irradiation of 
thorium.  Leter he became deputy chairman of the 
Nuclear Engineering Department of this Laboratory. 
Apart from isotope seperation processes connected with 
nuclear energy applications, Dr. Miles has been actively 
interested in several other aspects of reactor tochnology. 
From 1959 until 1962 he was a member of the Board of 
Directors of the American Nuclear Society. For some 
years he was also an associate editor of Nuclear Science 


and Engimsering. 


Experimental Fluid Mechanics at the College of 
eronautics, Cranfleld: Prof. G. M. Lilley 
A OHAIB of experimental fluid mechanics has been 
established at the College of Aeronautics, Cranfield, in 
the Department of Aerodynamios. Mr. G. M. Lilley has 
been appointed to be the first professor of experimental 
fluid mechanics, with effect from January 1. The new 
chair will enable the experimental facilities available in 
the Department of Aerodynamics at Cranfleld to be fully 
utilized in a developing programme of research. Prof. 
Lilley, & graduate of the University of London, has been 
a resident member of the teaching staff at Cranfield since 
1946. First appointed as & lecturer in the Department of 
Aerodynamics, he was promoted to senior lecturer in 1950 
and to deputy head of the Department in 1955. He has 
played a major part in the development of the Aero- 
dynamics Laboratory and ita research activities. Prof. 
Lilley is & recognized authority on turbulent flow and ita 
relati: ip to aerodynamic noise. He is a member of a 
number of committees of the Aeronautical Research 
Oounail. 


The Royal! Soclety of London: Annual Report 


Taa report of the Council of the Royal Society for the 
year ended September 30, 1962, indicates that the Council 
expects to make the first two appointments to the new 
research profeasorahips which the Government is enabling 
the Sooiety to create early in 1963 (Pp. 53. London: The 
Royal Society, 1962). An ad hoc committees has been 
appointed to consider the nomination procedure and the 
methods of selection of candidates for the fellowship, as 
well as the procedure for the election of foreign members. 
After taking legal advice and consulting the Charity 
Commission, which ruled that Rutherford scholarships 
can no longer be awarded to studenta from South Africa 
now that South Africa has ceased to be a member of the 
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regulations accordingly and also to exclude students from 
Eire. Discussions are still proceeding with Government 
departments and others ing accommodation for the 
Society, and meanwhile members of the Bociety's staff 
dealmg with geophysical and space research work and 
the international secretariat for the International Year 
of the Quiet Sun are being housed in rooms at Cornwall 
Terrace, Regent’s Park. The Council has alao agreed to 
co-operate with the Leverhulme Trust Fund in & scheme 
to oeteblish Royal Society Leverhulme profeasorships to 
enable distinguished scientists to visit India. Of Parlia- 
mentary grants-in-aid administered by the Society during 
the year amounting to £162,640, £87,500 was spent on 
research, £63,000 on international research and scientific 
congresses and £7,500 on scientific publications. Besides 
some notes in the report itself on antarctic research, 
oceanic research, space research and geophysical research, 
reports are appended from the twenty-four research pro- 
feasors and research Fellows directly supported by the 
Society describing some of the resulta achieved, mostly 
with lista of publications. 
i Vice-presidents 
Tum president of the Royal Society, Sir Howard Florey, 
has appointed the following vice-presidents for the year 
ending November 80, 1968: Lord Fleck, treasurer of the 
Royal Society, formerly chairman of Imperial Chemical 
Industries, Ltd.; Sir Lindor Brown, biological secretary 
of the Royal Society, Waynflete professor of physiology 
in the University of Oxford; Sir William Hodge, physical 
secretary of the Royal Society, Lowndean professor of 
astronomy and geometry in the University of Cambridge; 
Bir Patrick Linstead, foreign secretary of the Royal 
Society, rector of the Imperial College of Science 
and Technology, London; Prof. W. T. J. Morgan, 
deputy director of the Lister Institute and professor of 
biochemistry in the University of London; Sir Gordon 
Sutherland, director of the National Physical Laboratory. 


The International Calclum Silicate Products Research 

Organization 

Tua production of calcium silicate bonded bricks and 
other building products has developed rapidly in recent 
years. Yet production of sand-lime and flint-lime bricks, 
the most well-known form in Britain, still only amounts 
to about 3 per cent of the total brick output, but as a 
result of research a high proportion of these are now of 
specially high strength or of facing qualities. In Germany, 
Holland and Russia they constitute & major proportion 
of the brick and block output. The process of manufac- 
ture, which ia comparable in cost with that of clay bricks, 
has advantages as quality can be closely controlled and 
bricks of any required strength can be made from the 
same raw materials by simple adjustment of various 
factors in the process. At meeting held in Amsterdam 
in December, t was reached between the Chalk 
Lime and Allied Industries Research Association, Welwyn, 
Herts, and the Associations concerned with ressarch for 
the Calcium Sihcate Brick and Block Industry in West 
Germany (the Hauptverband Kalksandstemmdustrie 
e.V.) and in Holland (Stichting Kalkrandsteen-Labora- 
torium), on the formation of a joint research organization 
to be known as the International Calcium Silicate Products 
Research Organization. For the first two years the 
Secretariat of the O tion will be provided by the 
Chalk Lime and Allied Industries Research Association at 
Welwyn. 


Building Research at the Manchester College of Sclence 
and Technology 
Worx has now started at the Manchester Coll of 
Science and Technology on a three-year study of the 
structure and economy of the building industry. First 
announced in September 1962, this project is being carried 
out for the Department of Scientific and Industrial 
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Research at a cost of £48,000. The Council of the College 
has appointed Mr. Gordon Bayley as research director of 
the project. Mr. Bayley, who is forty, is a graduate of 
Manchester, and has been area secretary of the Eastern 
Federation of Building Trade Employers covering Hasex 
and East Suffolk for some years. 
A steering committee has been set up to control the 
goral policy of the project and to advise the research 
i r and his team. The committee is composed of the 
following members: Mr. A. P. H. Aitken, Textile Maoh- 
inery Makers, Ltd. (chairman); Prof. D. Harper, pro- 
fessor of building, University of Manchester, and director 
2 DR Mr. M. W. Bennitt, Ministry of Public 
Building and Works; Mr. R. Brech, Economics and 
Btatistioa Department, Unilever, Ltd.; Prof. O. F. Carter, 
professor of eoonomios, University of Manchester, and 
vice-chancellor elect of the University of Lancaster; Mr. 
E. J. Cook, Richard Costain, Ltd.; Mr. E. D. Franoe, 
Industrial Labour Officer, National Federation of Building 
Trades Operatives; Miss P. K. Piercy, Department of 
Scientific and Industrial Research; Prof. R. W. Revans, 
fessor of industrial administration, University of 
chester; Mr. R. T. Waltera, deputy director research 
and development, Ministry of Publio Building and 
Works; Dr. J. O. Weston, deputy chief scientific offloer, 
Department of Scientific and Industrial Research, Building 
Research Station. 


The Wellcome Laboratory, Pirbright : 
Mouth Disease Vaccines 


Tus completion has recently been announced of the 
new Wellcome Laboratory erected within the perimeter 
of the Research Institute (Animal Virus Diseases), Pir- 
bright. In accordance with the arrangements announced 
by the Parliamentary Secretary for Science in May 1961. 
the Laboratory will undertake the large-scale production 
of hving foot and mouth disease vaccines. Research at 
Pirbright has been particularly directed towards the 
attenuation of strains of foot and mouth disease virus and 
the pilot-scale production of living attenuated vaccines. 
A series of trials in South and East Africa led to increasing 
demands for these vaccines, and the Wellcome Founda- 
tion, Ltd., was invited to set up & production unit at 
Pirbright so that the Institute could continue to devoto 
its resources and facilities to research. Large quantities 
of two different living vaccines have already been pro- 
duced in temporary accommodation at Pirbright and 
supplied to Government authorities in Africa and else- 
where. Special emphasis has been placed on the pro- 
duction of a vaccine suitable for combating the epidemic 
of African-type foot and mouth disease which has been 
raging in the Middle East during the past six months. 
The vaccine will not, however, be used for the prevention 
of foot and mouth disease in Britain, where slaughter of 
infected and in-contect animals is the tried and approved 
method of controlling periodio outbreaks. 


Government Wage Pollcles In the Public Sector 


Ix Broadsheet No. 467 (November 19, 1962) issued by 
Political and Eoonomio Planning as part of a three-year 
study of Trade Unions in a Changing Society, B. 

ue reviews wage policies in the publio sector 
(Planning, 28, 19 November, 1962. Pp. 363—402. 
London: Political and Economic Planning, 1062. 4s.). 
The public services contem tho fastest growing areas of 
public employment and also present the most complex 
difficulties to wage negotiators. Since the Second World 
War the most persistent problem for the unions in these 
services has been to maintain income-levels comparable 
with those in equivalent private employment where 
bonus payments substantially increase the earnings taken 
home. For the Government the major problem has been 
the reconciliation of ita role as an employer with ite wider 
responsibilities not to allow wage inoreaseg for ita own 
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employees which might be detrimental to the nation’s 
economy. The growing acceptance in negotiating and 
arbitration procedures of the principle of comparability 
and the application of ‘fair hae suc formulse y 
solved the unions’ difficulty. owever, this was 

into question by the Government’s insistence that 
Britain's economic difficulties would not be solved unless 
wage increases were restricted to what the country could 
afford, and that wages must not Increase on average faster 
than the average increase in national productivity. 
Pointing out that the public sector could play an important 
part in a national wages policy, Mr. Donoughue notes also 
that three speciflo questions will arise: how to ensure that 
public servants do not suffer a pay disadvantage oom- 
pared with production workers; the role, if any, of 
arbitration; and the fixing of wages for loss-making publio 
industries, such as the railways. 


The Supply of Sclence Teachers 

Ix replying to a debate on science and mathematics 
teachers in the House of Commons on December 21, 
opened by Mr. A. Skeffington, the Parliamentary Secre- 
tary to the Ministry of Education, Mr. 0. Chataway, said 
that in March 1961 there were 7,321 mathematics gradu- 
ates and 12,734 science graduates in grant-aided schools 
and establishments, increases of nearly 10 per cent and 
nearly 15 per cent, respectively, in two years; in the 
maintained secondary schools the figures were 5,077 and 
8,528, increases of 7-8 per cent and 13-2 per cent, respec- 
tively. The numbers of mathematics and science graduates 
entering university departmerita of education to train as 
teachers bad risen from 715 in 1957—58 to 965 in 1961-62 
and 1,110 in 1962-63. While the growth in numbers 
entering the schools had kept pace with the general 
increase in the graduate teaching force, men teachers 
had been leaving the schools more rapidly than normally 
expected, in consequence of the ending of deferment under 
National Service, and further education and the training 
colleges had been gradually increasing their demands for 
mathematics and science graduates as part of their 
expansion pr: Physios teachers were far harder 
to come by teachers of biology, &nd the general 
situation for girls was worse than for boys. The Ministry’s 
Curriculum Study Group had embarked on a study of 

ical curricula patterns for schools of different types in 

tion to the daad and supply of teachers of par- 
ticular subjecta. Oloser links were being formed with 
university appointments officers and a small steering oom- 
mittee had been established on the supply of mathe- 
matics teachers, bringing together adhola: universities 
and the Ministry. The three-year course had given the 
training colleges the opportunity to broaden and deepen 
the training given to non-graduate teachers of science 
and mathematios. For mathematics there were about 
240 lecturers and another 60 were teaching mathematics 
eee or in combination with another subject. Science 

were limited to about 45 colleges. An enco i 

Sanane aF Peadhiag on televisions wem prowseding Gnd 
agreement had been reached between the British Broad- 
casting Corporation, the Independent Television Authority 
and the Postmaster-General on adult education and the 
expansion of the time allocated to it. 
Standardization of International Non-Proprietary 

Names for Drugs 

Tus World Health Organization has long been oon- 
scious of the need for standardizing non-proprietary names 
for drugs and seeking to gain their international 
recognition. In far too many cases the proposed inter- 
national non-p i name (for example, thal- 
idomide) has not appeared on the packaye in addition to 
the proprietary name, and this has complicated the 
problem of preventing, if necessary, any further use of 
the drug. Since 1953, lists have bean published at intervals 
in the WHO Ohronicle of proposed international non- 
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proprietary names, and their adoption by national 
authorities for use in official texte, regulations, national 
pharmacoposias and other collections of specifications is 
becoming i i common. The first eleven liste of 
international non-proprietary names have now 
collected the title of International 
Non-propristary Names for Pharmaceutical Preparations : 
Oumulative List 1962, giving the non-proprietary names 
in Latin and English, acoompanied by the chemical 


names or descriptions in English (Pp. 52. Geneva: 
World Health ization; London: H.M.8.O., 1962. 
8 Swiss franos; ðs.; 1 dollar). The procedure for tho 


selection of international non-proprietary names and tho 
general principles for devising euch names are appended 
at the end of the list. This publication should be of oon- 
siderable assistance to national control authorities and 

utioal manufacturers, a8 well as to pharmacista, 
ootors ånd editors of scientific literature. 


The O.E.C.D. Observer 


Taa first iague of Ths O.E.0.D. Observer (November 15, 
1982), published bi-monthly by the Organization for 
Economic Co-operation and Development, includes an 
article by T. Kristensen, the secretary-general, describing 
the purpose of this new periodical and an article by 
Prof. I. Svennilson on the role of research and education 
in the growth of an economy. The issue contains an 
article by O. Rehn on manpower, adaptability and eoon- 
omic growth, and some account of the Organization’s 
structure for aiding development, including technical and 
educational assistance to newly developing countries. 
Also presented is a supplement which describes the aims, 
structure and work of the Organization, including an 
organization oharb which indicates the place of the 
Committees of Scientific Research, Scientific and Technical 
Personnel, the Directorates for Scientific Affairs and for 
Manpower and Social Affairs, and the European Nuclear 
Energy Agency. Oopies of The O.E.O.D. Observer are 
obtainable from O.E.O.D. Information Service, ChAteau 
de la Muette, Paris 16°. 


The Geology of Edinburgh 


Just more than a century ago, the Geological Survey 
of Scotland published the first edition of ite memoir on 
The Geology of the Neighbourhood of Edinburgh. Fifty 
years later & seoond edition and now after 
another half-century a third edition has been published 
(Pp. xii--159--4 plates. Edinburgh: H.M.S.O., 1962. 
35s. net). Probably no city in the world has made as 
great a contribution to geological thought and theory as 
has the Scottish capital, and it is a measure of the con- 
tinuation of this tradition that this latest work, compiled 
by Dr. G. H. Mitchell and Mr. W. Mykura, is 
almost wholly concerned with information acquired by the 
Geological Survey since 1910. Not a mention of Hutton 
and his associates is to be found in ite pages! In one 
respect alone does the new memoir unfavourably 
with ite : although half the length of the 
1910 edition (which had a coloured map), it is nearly five 
times its price. Not long ago the Edinburgh Geological 
Society sponsored a model guide for geological tourista 
(Edinburgh Geology : An Exoursion Guide. Pp. xv + 222+ 
8 plates: Edinburgh, Oliver and Boyd Ltd., 1960. 12s. 6d. 
net); and the juxtaposition of these two new books 
brings little credit to the costing methods of H.M.8.0., 
which result in the publications of the British Geological 
Survey being more expensive than those of most compar- 
able official organizations overseas. 


Research on Food Preservation In Australia, 1961-62 


Raapzns of Food Preservation Quarterly will doubtleas 
be aware of the stream of useful work which has emanated 
from the Food Preservation Division of the Oommon- 
wealth Scientific and Industrial Research Organization, 
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Sydney, Australia. The wide goope of the soientiflo work 
carried out, together with its practical applications, is 
refleoted in the Division’s annual report for 1961-62, 
which includes sections on physics, food chemistry, 
microbiology, muscle biochemistry, meat, fish, eggs, plant 
physiology, fruits, bles and canned and dried foods 
(Pp. iii+ 86. Sydney, Melbourne and Canberra: Cammon- 
wealth Scientific and Industrial Research Organization, 
1962). Theories relating to heat and mass transfer when 
& fluid flows at & high velocity over the surface ‘wall’ have 
been the subject of further investigations. Work on beef 
showed that the ization of hindquarters using hot 
water (65°-70° O) caused the destruction af 90-99 per cent 
of payohrophilie organisms without serious effect on the 
appearance of the tissues. The storage and quality of 
fruit has been considered from & number of pointa of 
view, including investigation of the prevention of scald 
and post-harvest treatment against infestation due to 
the Queensland fruit-fly. Considerable attention has been 
devoted to the radiation sensitivity of the eggs and larvæ 
of the fly. Better control of the radiation dose has resulted 
fram the use of a small underwater fuel element irradiator 
and cobalt-60 source. Future projects will include the use 
of gas chromato hy and infra-red spectrophotometry 
for the study of the volatile flavouring constituents of 
foods. Also the radioactive isotopes carbon-14, sulphur-35, 
calcium-45 and tritium are to be used in a study of the 
chemical and biochemical changes which take place in 
animal producta. 


Science and the Human Condition: Public Lectures 
_ at Hatfleld College 

For the third year m succession, and in response to 
public demand, the Teaching Staff Association of Hatfield 
Oollege of Technology has organized a series of eight 
public lectures on scientific and phil ical subjects, 
taking as ite general theme this year ‘Sai and the 
Human Condition”. The lectures are aa follows: January 
25, Dr. 8. Lilley, University of Nottingham, ‘The Scienti- 
fic Revolution and Industrial Processes’; February 22, 
W. J. P. Webber (Transport Salaried Staffe Assocation), 
“The Scientific Revolution and Industrial Organisation” ; 
March 15, Prof. John Cohen (University of Manchester), 
“The Scientific Revolution and Leisure’; May 10, 
Bir John Rothenstein (Tate Gallery, London), ‘The 
Scientiflo Revolution and the Arte"; May 17, Dr. P. F. R. 
Venables (College of Advanced Technology, Birmingham), 
“The Scientific Revolution and Education”; May 24, 
Prof. Colin (Imperial College of Science and 
Technology, London), ‘ Scientific Revolution and 
Communication’; June 7, Prof. C. F. Powell (University 
of Bristol), ‘The Scientiflo Revolution and Morals”; 
June 14, Prof. P. M. 8. Blackett (Imperial College of 
Science and Technology, London), '"Technology, Science 
and Wealth”. The inolusive fee for the course is 30s. 
Further information can be obtained from the Secretary, 
Teaching Staff Association, Hatfield College of Technology, 
Hatfield, Herta. 


The Night Sky In February 

Fuzz moon occurs on Feb. 8d. 14h. 52m. V.T. and new 
moon on Feb. 24d. 02h. 06m. The f ing conjunctions 
with the Moon take place: Feb. 8d. 06h., Mars 3° N.; 
Feb. 20d. 15h., Venus 0-8° N. In addition to these con- 
fanctions with the Moon, Mercury is in conjunction with 
Saturn on Feb. 28d. 09h., Mercury being 0-8? 8. Mercury 
is & morning ster, but is not favourably situated for 
observation from northern latitudes. Venus also a 
morning star, rising at 4h. 45m., Sh. 00m. and 05m. 
on Feb. 1, 15 and 28, respectively. Its stellar magnitude 
is — 3-8; ite distance increases during the month from 69 
to 88 million miles, and the visible portion of the apparent 
disk increases from 0-545 to 0-661. Mars is in opposition 
on February 4, and is above the horizon all night. It is 
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at a distance of 62 million miles at o ition, when it 
has an apparent diameter of 14 of aro and its 
stellar ttude is —1-0; it moves from Leo into 
Cancer on February 4. Jupiter sets about three hours 
after the Sun on February 1, and conditions later become 
unfavourable for observation. Saturn is too close to the 
Bun for observation. Oocultations of stars brighter than 
magnitude 6 are as follows, observations being made at 
Greenwich: Feb. ld. 19h. 89-5m., +11° 445 (D); Feb. 
8d. 21h. 48-8m., 104 Tau. m (D); Feb. 4d. 21h. 08-3m., 
X! Ori. (D); Feb. 5d. 22h. 17-5m., & Gem. (D); Feb. 6d. 
19h. 10-2m., 85 Gem. (D). D refeis to disappearance. 


Announcements 


Mn. O. O. HuawrecHur, formerly vioe-prinoipal of the 
Chelsea College of Science and Technology and reoog- 
nized teacher of zoology in the University of 
has been appointed princi in succession to Mr. N. M. 
T who died on November 20 (Nature, 197, 10; 

Tum first British pest control conference, organized by 
the Industrial Pest Control Association, will be held at 
Lady Margaret Hall, Oxford, during April 1-3. Further 
information can be obtained from Mr. W. A. Williams, 
ae Pest Control Association, 86 Strand, London, 

.O.2. 

A GNNHBAL discussion on ‘The Structure of Eleotron- 
ically Excited Species in the Gas Phase”, arranged by the 
Faraday Society, will be held at Queen’s Colloge, Dundee, 
during April 2-8. Further information can be obtained 
from the Assistant Secretary, the Faraday Society, 
6 Gray’s Inn Square, London, W.C.1. 

Tau Chemistry Division ab Argonne National Labor- 
atory expects to occupy its new ‘hot’ laboratory wi 
early this year. In celebration of this event, it is p 
to hold a symposium on “The Transplutonium Elementa" 
at the Laboratory in Argonne, Illinois, during May 15-17. 
Further information can be obtained from Dr. D. O. 
Stewart, Argonne National Laboratory, 9700 South Cass 
Avenue, Argonne, Illinois. 

A Umrrmp Nations conference on “Application of 
Science and Technology for the Benefit of the Leas 
Developed Areas” will be held in Geneva during Fe 
4-20. Further information can be obtained from the 
United Nations, Geneva, or, concerning the British oon- 
tribution, from Mr. D. Flook, Prees Office, Department of 
Scientiflo and Industrial Research, State House, High 
Holborn, London, W.C.1. 


Tw tenth Easter school in agricultural science will be 
held at the University of Notti School of Agricul- 
ture, Button Bonington, during April 8-11. The school 
will be the first of three discussions on crop ecology and 
will be conoerned with the to crop. Further mforma- 
tion can be obtained from Mr. J. D. Ivins, University of 


Nottingham School of Agriculture, Sutton Bonington, 
Loughborough. : 
Tum sixteenth Laboratory Animals Centre will 


be held in the University of Glamgow during April 2-3. 
The programme will include: a method for producing 
hairless mice in large numbers; further observations on 
the maintenance of a mouse oolony for the production of 
suckling mice; use of inbred strains of mice for feeding 
trials; the establishment of & beagle colony for experim- 
ental purposes; the care of dogs used for research; some 
observations on the American opoesum; the significance 
of laboratory animals in the toxicity testing of new drugs. 
Visits have been arranged to the Hannah Dairy Research 
Station, the Marine Biological Research Institute and the 
Veterinary Reeegeroh Farm, Cochno, and the Veterinary 
8chool, Garscube. Further information can be obtained 
from the Laboratory Animals Centre, M.R.C. Labors- 
tories, Woodmansterne Road, Carshalton, Surrey. 
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TECHNICAL CO-OPERATION IN 


HE report for 1961—62 of the Council for Technical 
Co-operation in South and South-East Asia emphas- 
izes that, in moving into ita second decade, the Colombo 
Plan has become truly international, its 22 members 
including ten non-Commonwealth countries, and, outside 
the i Australia, Britam, Canada, Japan, New 
Zealand and the United States. More than 24,000 
from the countries of the area have received train- 
in other Colombo Plan oountries, and more than 
4,000 experte have visited the area. Scientific, technical 
and training equipment to the value of more than £32 
million has been supplied to the area and the total value 
of technical assistance supplied under the Plan now 
exceeds £102 million. The proportion of expenditure 
allocated to experta, trainees and equipment has re- 
mained fairly stable during the few years, but the 
become gradually blurred. An and inestim- 
able reeervoir of goodwill has been end ener IU 
et ee nib dem rap Mesi ee 
‘war ventures in international trust and 
The United Kingdom provided 656 new eating 
during the year, bringmg the total provided under 
the Plan to 4,536, with 9,835 by the United 
States, 4,071 by Australia, 1,863 by Canada, and 1,914 
by India. The United Ki provided 47 new 
during the year, making a total of 498 under the Plan, 
with 1,838 provided by the United States, 
Australia, 426 by Japan, 203 by Canada, 448 by 
Jadia and 180 by New Zeahnd. The United Kmgdom 
provided £862,571 worth of t during the yeer, 
making a total of £2,372,859 out of the £82,045,789 
provided under the Plan. in 1961-62, the 
United - provided £1,571,807 on technical assist- 
ance under the Plan, making & total of £8,623,240, exolu- 
sive of aid given to North Borneo and Sarawak under the 
Colonial Development and Welfare Acte. The United 
Nations and its has also supplied 
Mire and 6,951 Fellows to the area during the 
od of the Plan, and of these experts supplied during 
the. seas ende the’ Plan; 103 were in and 27 in 
technical education, 72 medical and health, 122 food, 
agriculture and forestry, 194 engineering, 253 transport 
and communications, 68 administration, 60 industry and 
trade and 29 social services. 

Apert from continumg as a normal function of the 
Colombo Plan Bureau the survey of training facilities at 
the technical level in the area provided by the Mills 
Report, the Bureau has directed the attention of members 
of the Council to a recommendation of the Sub-committee 
.on Technical Co-operation for a survey of technical 
asistance needs in the region and has that 
each country should survey ite needs and send the reports 
to the Bureau for oiroulation through the Council The 
report also streases the need for the developing countries 
, to think in terms of long-term economic growth based on 
& rational use of manpower and material resources rather 
than short-term expediency and for a continuing critical 
evaluation of the productivity of technical co-operation. 
The continuing importance of technical co-operation as a 
means of removing the shortage of the trained manpower 
needed for an increased tempo of economic development 
cannot, however, be o 

Of trends during the year the report notes that about 


A eee nearly 40 per 
Technical] Co-operation. Technical Co-operation under 

ate ot Fonos for LPO O-o the Oounall for Toohnical” Qo: 
operation Ta Sous and Bonth-Masi Colombo, October 1982. . 92. 
H.M.8.O., 1062.) 5s. net. [Bee also p. 215 of this iue of Naters. 
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SOUTH AND SOUTH-EAST ASIA 


cent on experts and advisors and the remainder on books, 
films and equipment. There was a marked increase in 
the number of places provided by countries within 
the region and the United States provided almost half the 
total training awards made during the year. Long-term 
assignments for experta were increasingly popular but 
expenditure on all forms of technical oo-operation is - 


increasing. 

The examples of British contributions to technical 
co-operation which follow will illustrate the range of 
effort covered. In agriculture the British Government 
repeated its offer of training in the technology of stored 

entomology and rodent control and & laboratory 
assistant from Malaya was accepted for a two-year course 
at the Central Veterinary Laboratory of the Ministry of 
Agriculture, Fisheries and Food, while equipment is being 
supplied for use at the Vetermary Research Laboratory in 
Burma. Forest officers from Ceylon, Pakistan and Burma 
have attended the te course for forestry officers 
from tropical countries at the Imperial Forestry Institute, 
Oxford, and Britain is also supplying equipment to the 
Pakistan Forest Institute at Peshawar. 

The Atomio Energy Commission of Pakistan is to 
establish an Institute of Nuclear Science and Technology 
and also proposes to establish training centres at graduate 
and postgraduate level in different flelds of nuclear 
energy. To implement this , fix trainees are 
following courses at the University of Manchester. The 
Government of India has obtained for five years the 
services of the Deputy Director-General of the National 
Coal Boerd of Britain, who will advise the Indian Coal 
Development Oorporation on the development of three 
underground coal mines at Jara Katanka and 
Bwant. Britain has also provi Burma with the 
erue fee tee Yu d ace) Hi IUe Bae d 
baling to asist in supervision and training of personnel 
in the jute production drive of the ioulture and Rural 
Development Corporation. In addition to providing 
eleven experts and training for eighteen officers for the 
Operations Division of the Ceylon Transport Board, tho 
British Government haa now provided two rolling-stock 
engineers for one year, several short training courses in 
bus operation and larger courses for engineers and depot 
managers, eto. A deputy superintendent of police from 
Pakistan received three months training m Britain with 
county and city police forces and training was arranged 
with British Railways for a senior mechanical engineer 
of the Railway Staff College, Baroda, the works manager, 
Central Workshope, Mysore, a district mechanical engineer 
of the South-Eastern Indian Railway and the mechanical 
engineer (operating) of the Eastern Railway. Training of 
six-months duration in aircraft maintenance was arranged 
for three trainees from Indonesia's Civil Aviation Academy 
at various institutions in Britain, and Britain is providing 
an expert, training facilities and i + for the 
Telocommunications Department of the Federation of 
Malaya, while three engineers are being trained in transis- 
tor technology for the Community Centres of 
the Government of Indis, and a technician of the Burma 
Broadcasting Service is @ one-year course in 
electronics at the University of Southampton. 

In health services the British Government arranged a 
two-year course in radiation physics to supply the physi- 
cist of the radi unit. at the Cancer Institute, 
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at the Instituto of Dental Surgery, London, and Mount 
Vernon Hospital, Middlesex, for the supervisor and 
instructor of Thailand’s School of Dentistry, and an 
assistant surgeon of the Mandalay General Hospital is 
ing & three-year uate course in dentistry at 
the Dental School, Guy's ital, while at the request of 
Thailand & one-year course in applied nutrition and food 
sciences was arranged at the London School of Hygiene. 
A health educator and publio health i r from 
Malaya ia studying for a diploma in health education at 
the Institute of Education, London, and Pakistan has 
been seaisted to start the F.R.C.8. (Primary) course of 
the Royal College of Surgeons, London, while to meet the 
shortage of qualified anmethetists in Burma, a civil asist- 
ant surgeon is following a two-year course in anmsthes- 
iology at the Postgraduate Medical School, London. 

In education, Britain arranged a two-year course in 
concrete technology for an assistant professor of the 
College of Technology, Coinbatore; a librarian from Mala 
is following a one-and-a-half year course in i i 
at the North-Western Polytechnic, London; five trainees 
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from Malaya, Indonesia and the Philippines attended a 
course in tropical agriculture by the British 
Government, and an engineer from Nepal a postgraduate 
course in chemical 1 ing at Battersea College of 
Technology. Seven teachers from Indonesia’s Science 
Teaching Centre, Bandung, are attending two- to three- 
year courses in teaching science at Sheffleld; science 
laboratory equipment, chemicals and books were supplied 
to five State high schools in the Shan States of Burma. 
A postgraduate course for two trainees from the Univer- 
sity of Philippines was arranged at the Royal College of 
Science and Technology, Glasgow, and arrangements 
made for the senior lecturer of the Physica Department, 
University of Sind, to undertake nuclear research at 
Trinity College, Oxford, while a trainee from the Birbal 
Sahni Institute of Paleoboteny is taking a uate 
course at Queen’s University of Belfast. The President 
of Burms's Shan State Civil Service is being trained in 
public administration in Britain, while five Laotian 
trainees attended a six-month course at the Royal Institute 
of Public Administration. 


THE UPPER CRETACEOUS OF CENTRAL EUROPE 


^w 

ge Palwontological Section of the Geological Society 

in the German Democratic Republic held a sym- 
posium in Dresden during October 2-7, 1962, on '"Problema 
of the Stratigraphy and Paleontology of the Cenomanian : 
to Coniacian Stages in Central Europe". Three days of 
papers with discussion and three days of excursions in 
Saxony were organized by Dr. H. Preacher of the Staat- 
liches Museum für Mineralogie und Geologie ru Dresden 
and Dr. K.-A. Troger of the Geologieches Institut der 
Bergakademie Freiberg (Sachs). The meetings were 
‘attended by some thirty geologista, mostly from the 
German Democratic Republic, but also from Crechoelo- 
vakia, Hungary, Poland and Great Britain. The eighteen 
papers read will be published early in 1963 in the Berichie 
der 1 Gesellschaft in der D.D.R. 

General reviews of the present state of knowledge of 
the Upper Cretaceous in Bohemia were given by F. 
Macák and V. Muller and in papers sent in by J. Soukup 
and J. Dvorák. A useful summary has already been 

ublished by Soukup in tabular form with German trans- 
iterations of all the Czech localities mentioned!. 

The extensive work by Polish geologists on the flysch- 
facies of the Carpathians, thrust northwards into southern 
Poland, has become well known in Britain in recent years, 
mainly through the work of M. Ksiarkiewior and his 
90 es at Krakow*. The post-war work on the 
bo facies in Poland is, as yet, lees well known. A 

eral summary of this recent work was given by 8. 
Gioslitieki, who has already published work on the Albian 
and Oenomanian which has faunal and facies similarities 
to north-west Europet'. For the symposium he had 

repared a map which showed the Cretaceous basins in 
Poland and the facies-succession distribution in each basin. 
The Silesian—north Sudetio Cretaceous, lying to the south- 
west of the Sudetenrand Fracture, Eule Gneiss and the 
North Sudetic Schiefergebirge, was discussed in more 
detail by J. Milewioz, and is distinct from the rest of 
Poland, being allied to the Saxony—Bohemian region. 

Six of the papers were largely or entirely concerned 
with Saxony iteelf. Much detailed work has been done 
here since the comprehensive by Seifert’. 
The fresh-water beds, widely developed at the base, have 
already been studied by Preecher' and Barthel'. W. 
Krutzech (president of the Palwontology Section) gave 
an account of the micro-flora obtained from a boring at 
Konigstein. Of the marine formations, not only the 
Unterquader but also the Plenus Zone has commonly 


been included in the Cenomanian by Saxon geologists; 
the Czechs have considered the Plenus Zone to be Turonian 
and this conforms with British usage; some Ozech and 
Saxon geologists now refer to it as a transitional sone 
between the two stages. In Saxony the Plenus Zone 
contains M etoicooeras spp., which show that it corresponds 
to the Actinocamax Plenus Zone in England. 

Detailed isopachytes for the Unterquader plus Plenus 
Zone prepared by F. Decker show that Seifert’s palmo- 
geographical maps are misleading and must have depended 
much on guesswork, at least for land-sea distribution. 
Decker’s map shows a general increase of thickness to 
the north-east of the Flbtalgebiet beneath the south- 
westerly overthrust Lausitzer granodionte. The same 
granodiorite conceals sediments of the North Sudetio 
Basin as shown by borings near Spremberg reported on 
by W. Haller. One of these showed some 1,100 m of 
marly clays and fme sandstones embracing only the 
Turonian to Lower Campanian. The coring was suffici- 
ently wide to allow recovery of a considerable fauna of 
ammonites and Inoceramus spp. 

The considerable thicknesses of detrital shelf sediments 
in Saxony above the Oenomanian were noticeable in the 
excursions. In southern Saxony there are more than 500 m 
of orthoquartzites (the Quadersandstein) in the Turonian 
alone. The provenance of this sand is still a problem 
and H.-D. Boeger has found that the non-opaque heavy 
minerals are almost confined to the stable trio riroon, 
tourmaline and rutile. Current bedding is often not 
developed and does not give & consistent pattern. The 
contrast with north-west Europe is further shown by the 
scarcity of glauconite and rarity of phosphate. 

The next seasion of the Geological Society in the 
German Democratic Republic will be in Leipzig during 
May 13-18, 1963, on the theme “Facies”. Further 
information can be obtained from J. Lamprecht, Wiss. 
Sekretar der Geologischen Gesellechaft in der D.D.R., 
Berlin N4, Invalidenstrasse 44, German Democratic 
Republio. J. M. Hanooox 


1 Boukup, J., Jb. Siasii. Mus. Mineral. Geol. Dresden, B, 85 (1960). 
* Kalarkiowics, M., Sond. Geolog. Hwmds., 45, No. 2, 800 (1056), 

* Kaloxklewiez, XL, Proc. Geel. Sos, Lond., Mo. 1587, 70 (1061). 

* Cledliiski, 8., Inst. Geol, W arssawa., 28 (1069). 

* Ondlitishd, B., Inst. Geol. VWarerawea., 30 (1060). 

* Beifert, A., Freiberg. Forsokungs., O 14 (1055), 

' Presober, H., Freiberg. Forsoenge., O 84 (1957). 

* Barthel, IL, Jb. Siasati, Mus. Mineral. Geol. Dresden, 4, 102 (1058). 


ne.asea January 19, 1963 


R. O. T. MELLING'S8 inaugural address as president 

of the Institution of Electrical i delivered 
on October 11, might be said to constitute a study of 
management related particularly to the electricity supply 
industry. 

Pointing out that electricity has become almost ubiqui- 
tous in its application, being nowadays basic to industrial, 
oomamercial, domestic and rural life, Mr. Melling observed 

ly industry’s future growth would 
influence poweefully Creat Britain’s development as a 
manufacturing nation. It was, he said, an industry 


financial problems of great magnitude and, over and 
above, the industry had undergone several drastio changes 
of organization. The y industry will have to solve 
technical, economic and: financial problems of great 


complexity. : 

In fulfilling ite fundamental purpose of supplying 
electricity to consumers, the Industry tea as & busi- 
ment, combined with publio service, formed the incentive 
in building up electricity supply in the various independent 
organizations, public and private, which, prior to national- 
ization, constituted in their aggregate the national 
system. Principles and practices so established duly 
influenced &ho terms of the Electricity Act of 1947 which, 
in creating a single nationalized system, exemplified in 
some ways the principle that in oodifying what is to be 
done, legialation should incorporate the best of what is 


already being done. 

In summarizing the general duties of a supply authority 
Mr. Melling distinguishes nine separate areas of activity. 
The first of these which, in some sense comprehends, by 
implication, all the othera, may be quoted im full: “to 
ensure within the framework of a sound financial policy 
that, by forecast planning and oonstruction, there is 
sufficient bub not extravagant, generation transmission 
and distribution capacity to meet demands as they arise 
and that, consistent with reliability and good service, 
there is economy in capital and operating costs’. 

In other paragraphs are briefly stated the requirements 
of a sound tariff structure and a vi commercial 
policy together with the important duties of fostering 
good employer-employee relations and of good public 
relations. ee of research, the improvement of 
efficiency, the development of a good consumer service 
and the achievement of co-ordination, constitute the 
subjects of the further paragraphs. 

As a first example of a general management problem: 
Mr. Melling took that of the organization of an area board 
following the nationalization of the industry in 1948. 
Nationalization, abolishing existing undertakmgs and 
incorporate some forty seperate ings. Any 
process of re-organization tends to produce, in employees 
who will be affected, a sense of uncertainty and possibly 
of 


good spirit of the people in the industry. 
Decentralization of the consumer service was the key- 
note of the organixation'of the area boards. It was the 
aim that district should be truly responsible 
managers for their districts who, working within the 
framework of a sound practical policy, would have con- 
fidence and freedom in their day-to-day operations and in 
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MANAGEMENT IN ELECTRICITY SUPPLY 


the exercise of their judgment in their relations with 
employees, consumers, local authorities and the public. 
i ce was the maintenance of oom- 
consultation to keep rank-and-file 
anployèoa propery informed and to gain their active 
interest oo-operation in the efficient and economical 
working of the organization. There are, established by 
statute, organizations for the negotiation between manage- 
ment and employoes representatives of wages, salaries and 
conditions of service and, similarly, for joint consultation 
-on safety, health and welfare, education and training. 

These measures will, however, be ineffective unless they 
really ‘permeate’ the system. That is to say, the require- 
ment is not met by formal compliance with an instruction 
to meet at i intervals but only by top management 
directly informing and consulting middle 
management which in turn will do the like with lower 
management. Thereafter, foremen and supervisors must 
inform and consult the employees under their direct 
control. Information must be transmitted prom 
along the established chain of command, for the ‘ ri 
cirouiting' of authority at any level undermines confidence 
and. disaffection. 

Numerous detailed changes were made in the organiza- 
tion of area boards in the years following nationalization. 
Unduly small districte were combined to form larger 
distribution unite and experimenta were made in the 
arrangements for repair workshope and stores. Operating 
practices were analysed and work studies undertaken. 

By considering the effects of changes on individual 
employees and by avoiding undue haste, improvements 
were made more effectively and resulted in real rather than 
paper economies. Excluding the cost of bulk supplies of. 
electricity the operating costa of area boards (pence per 
kWh sold) have been reduced in the ten years to Maroh 
1962 by about 16 per cent. This, taking into account the 
imini value of money in the same period, represents 
a real saving of some 45 per cent. 

The urge for further economies continues and there are 
new problems arising from developments in technology 
and new operating techniques and, underlymg everyone 
of these, is the basic problem of human relations. While 
it is essential that there should be a dyn&mio and enter- 
prising spirit in relation to improvements, it remains 
truo that large-scale changes in internal organization 
are just as disturbing to many people as general changes 
imposed by legislation. It is to be hoped that there 
can now be a period of stability and consolidation. 

Mr. Melling chose in his second example of a general 
management problem to deal with certam speciflo issues 
in commercial development. The provision of the correct 
generation, transmission and distribution capacity to 
meet future demand on accurate forecasting. 
The trend from which such forecasts must be made 
depends on the antecedent period over which the trend is 
determined and herein lies the matter of judgment. 
Periods of depression or of industrial recovery are reflected 
in an oscillation of the rate of growth curve but, of course, 
each cycle varies from ite predecessor. Based on a ten- 
year trend curve a compound interest factor of 7:6 per 
cent is obtained, but owing to the more rapid rate of 
increase in demand during the past few years a figure of 
7-9 per cent is at present being utilized. 

The industry’s annual capital investment is approaching 
£500 million, which represents some 10 per cent of the 
nation’s total investment. While it is clear that 
the rate of increase of demand cannot oontinue 
indefinitely, it is unlikely that estimates of growth during 
the next few years are over optimistic. Great Britain still 
lags considerably behind the United States in the per 
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capita consumption of electricity. It is, however, inter- 
esting to note that if in aix years the present forecast 
-should prove to be over-optimistio by, say, 500 MW the 
. additional capital changes would be nearly offset by 
savings in operating costa as a corresponding amount of 
the least efficient plant in operation could be taken out of 
service and scra; 


programme of its own and on this an 
smount of about £6 million is being spent per annum. 

It is clear that insufficient national effort has been 
directed to matters in which the characteristics of tho 
consumer are of importance. Physiological, psychological 
and economic factors are involved. For example, the 
use of ‘off peak’ supplies for domestic: and industrial 
purposes is increasing rapidly. Electric floor warming 
Introduces a number of novel problems. Not least among 
the problems requiring investigation is that of the eoono- 
mios of such novel types of load. From the point of view 
of management, judgment and appraisal have to be applied 
to determining the sums to be allocated to research in its 
various aspects, and to the weight to be given to scientific 
and engineering opinion in the wider context of commercial 
end social implications. i 


ities for devising special tariffs which can be not 
only related to the ial requirements but also can 
conduce by better distribution of demand to improvements 
in the overall operation of the system. 
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Mr. Melling’s third example was the most fundamental 
one—that of ensuring a supply of managers for one or 
two decades ahead. In the direct exercise of their profes- 
sions, engineers, physioista, accountants or lawyers might 
give quite a good indication of their promise within a 
few years of graduation. The development of the poten- 
tial nianager and the demonstration of his qualities is a 


slower process. In Mr. Molling’s opinion engineering 
provides, for management, as good a bakon 88 any 
other profession. 

The ly industry, in developing its fature managers, 
lord ae 


scheme of training appropriate to individual needs. 
Following appraisal, selected members of staff may be 
sent on courses, given ‘cross-postings’ to new types of 
work, or allocated to specific i . Tho aim is to 
pore poa to notype problem whioh has not 

met before and which will exemplify human, as well 
as technical and economic, factors. - 

Many problems in any sphere of activity are necessarily 
those of the specialist, and in exercising 
j is as often concerned to asees the qualities 
of the expert as the advice which he offers. 


of the potential manager which relate to character 
and personality remains one of the most difficult of 
problems. 


THE DRAGON HIGH-TEMPERATURE REACTOR PROJECT 


European Co-operation and High 
Reactor Project (Dragon), covering the period 

from April 1, 1961 to March 81, 1063, has bean issued by the 
Nuclear Energy Agency *. i 


VT eee eee eee eee 
T 


Bir coun’ i FE 
&nd the Netherlands ; the vernment ; 
the I Atomio Commission ; the N i 


at Winfrith, Dorset, has as its principal aime the design, 
‘ construction and operation of a 20- igh-temperature 
reactor, and & programme research and 


opment to explore the practical possibilities of this 
type of reactor and the technical problems resulting from 


ks Pye eg Ae opu ETE 
for Seems Co-operation Dermat; Buropean Nuclear Energy 
tency, 


operation with tanperati close t6 1,500? O in the core 


the reactor. The Dragon reactor is not the only high- 
temperature reactor under construction. i 
reactor HGTR is being built for the his, Electrio 
Company at Peach Bottom in the United States, and there 
has been continuous and olose collaboration between 
the members of the United States Atomic Energy Oom- 
mission and members of the Project materials 
for the reactor cores, reactor physics and common design 
problems. The Dragon reactor is likely to be the first 
of the high-temperature reactors to be brought into 
operation. Fuel loading was expected to commence 
towards the end of 1962. 

For 1961-62 expenditure on the Project is estimated 
at about £4,000,000 and for 1962-68 about £5,400,000. 
The totdi cost of the original five-year programme ending 
in 1964 is now estimated at about £15,000,000, and a 
working party has been set up to examine the question of 
an extension of the five-year agreement. 


approved; Nature, 197, 129; 1963.) 
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i “tel epee E E TATR adus 
decling rith rear cud Develops feeder dem 
aad oonstmiotinen asd- odidnintrition, Tee 
. general, the technical predictions on which the project was 
originally based continue to be confirmed by experience. 
No significant changes in the basio concept have been 
necessary, though an important change in the safety 
principles has been decided on. The inner containment, 
which consists of a steel shell containing the reactor 
core, is to be filled with air instead of nitrogen, but the 
design is such that a return to nitrogen filling, if required, 
can still be made. The reactor preasure vessel has been 
sui ‘pressure and leak tested and delivered to the 
aite. Its erection within the reactor building is proceeding. 
Steady progreas has-been made in the design of the 
fiaaion product and helium purification systems, and a 
contract for the purification plant is to be placed. 
shortly. Construction of the reactor has advanced 
51i Ad de eel elaine Js bees capiet 

ioal studies during the year have been oonoen- 
trated on ‘burn-up calculations’ and power and tempera- 
ture distributions. The distribution of radioactivity 
in the Dragon system has been estimated. The experim- 
ental reactor physios investigations carried out in the 

Zenith reactor continued until July, when the exclusive 
use of the Zenith reactor for the Dragon programme came 
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to an end. Several measurements have been made and 
evaluated. Heat-tranafer channel experiments simulating 
Dragon reactor conditions have been carried out at Rise, 
Denmark. Carbon transfer experiments have emphasized 
the i of extremely pure graphite in the core. 
Basin fue boon Sunil to have e strong Sibal EN ina 
on graphite corrosion while silica acta as an inhibitor. The 

for the main reactor oomponenta-othar than the 
fuel elementa has been delivered and is in the process 


a fission 


Se aca aa et 
the various com: Annexed to the are charts 
showing the composition of the staff of the Project ; 
the members of the Board of Management and the 
General Purposes Committee—the two international 
committees responsible for the direction of the Project; 
and a list of all major contracta placed up to March 81, 
1962. 

8. WHINTROUB 


RADIOACTIVITY -IN HUMAN DIET 


ACH year, as a reminder of the hazards of the atomio 


age, reports are issued by the Agricultural Research 

Council Radiobiological Laboratory of levels of radio- 
activity in human diet. The annual report, 1961-62", 
, inaludea a review of research designed tb give better under- 
padding of orari Which daflaeuoo the passiqo GF radio. 
active material from fall-out into plants and animals, both 
by direct contamination of foliage and vis the soil, finally 
appearing in the mixed diet of the human population. 
-The results of this work range from a demonstration that 
deposition of strontium-90 in soils may be reliably pre- 
dicted from figures for annual rainfall, to a final mdict- 
ment of the Braxil-nut as a concentrator of radium and 
thorium from the soil on which it is grown; about 1,000 
times as much of thèse isotopes are found in Braril-nuts 
as in other huts and fruits. 

The report gi the mean ratio of stronimum-00 to 
calcium in the total mixed diet as 6-2 picocuries per gram 
of oaloium during 1961 as compared with 6-4 in 1960 and 
9-0 in 1959, the corresponding values for milk being 5-9, 
6-4 and 9-7. It is stremed, however, that the figures 
obtamed so far do not as yet reflect the full affects of the 
resumption of nuclear testing in 1961, and the most recent 


* Agricultural Research Council: rU p dar Annual 
Lir 1001-03. Pp. xv--96. (London: Stationary , 1962.) 


Measurements the forecast that the situation in 
1962 will not er greatly from that in 1959 after the 
tests in 1958. 


puntero is made ia the Severe atie ere es 
which is defined as 1 ioocuries of strontium-90 per 
gramme of calcium. exposure at this level would 
induce in bone amounts of strontium-90 of approximately 
half the maximum i i by the Medical 
Research Council. fact, the recommendation of the ' 


' Medical Research Council's second report, The Hasards 


to Man of Nuclear and Allied Radiations (Cmnd. 1225, 
December 1960), was that “if the concentration of stron- 
tium-90 in bone calculated as an average for any age 
inr nim , including the groupe of infante and young children, 
ound to be rising continuously and to have reached 
the level of one-half that recommended as the maximum 
permissible level for the population as & whole, a re- 
assessment of the situation would be required". The 
derivation of a ‘working level’ in the diet, from a maximum 
Be ee Cd sae Ge ae 
from the Agricultural Research Council, and the size of 
the margin of safety adopted is not given. 
In view of this the implications of the term ‘working 
level’ are difficult to asseas and at best this seems & most 
unfortunate choice of words. 


"PETROLEUM MULCH 


N arboriculture the word ‘mulch’ is usually associated 
with the compost of wet leaves, straw, eto..laid as a 
protection to the roots of newly or young trees, 
especially on inherently dry Petroleum mulch, 
however, is & relatively regent product of research in the 
industry and although in some respects its behaviour 
and purpose are similar to traditional soil-dreasings, its 
are probably more far-reaching and durable. 
the autumn number of the Faso Magasine (1082), an 
informative and well-illustrated account of a 
mulch evolved by Esso Research is given. The effloacy 


o thia poodnot i now being tenes and piod on d large 
number of sites in many different countries. Already 
resulte are most and augur well for yet 
another ‘application of petroleum to the well-being of 
mankind. 


Briefly, this type of mulch is in fact an inexpensive 
emulsion of petroleum resins, used as an agricultural 


Get fo ee ea ee a a 
Kinds. Its on is four-fold: to warm the soil, to 


reduce evaporation, to protect against soil-erosion, and 
Sy ce eee bac dp EL ae 
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vital mineral and chemical oonstituenta in the soil growth- 
zones wherever it is used. Most crops are planted in rows 
and when seeded can be sprayed with this petroleum 
mulch. The width of these bands may vary from three to 
ten inches or more, according to the nature of the crops, 
spacing, and soil conditions. In this way a thin, oon- 
tinuous protective film of the emulsion is formed on the 
top of the sou, adherent but not deeply penetrating. 
This film w ram- and wind-proof and remains intact for 
Pro Heathaaa Te effoct is drastically to reduce the rate 

moisture evaporation from the soil involved; also, 
because of its dark colour, sunlight is absorbed and heat 
trapped, so that in favourable circumstances soil tem- 
peratures can be raised by as much as 20° above normal. 
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Some significant resulta are quoted. Testa on cotton 
plants in Arizona in 1960 revealed that where this mulch 
was used, twelve days after planting, 121,900 planta per 
acre had as against 8,710 per acre on the control 
area. The final yield in bales per acre was 2:2 with mulch 
and 1-65 without, an increase of 84 per cent. In comparable 
tests with melons, an increase of 17 per cent was attained, 
while with vegetables such as carrota, onions, lettuces, 
turnips and radishes, the increase ranged from 22 cent 
to 67 per cent. Similar testa of the reaction of different 
plante to petroleum mulch under a great variety of olim- 
atic conditions, have been carried out in the United 
States, Europe, and arid and semi-arid areas in North 
Africa, with equally beneficial results. H. B. MILNER 


METALLOGRAPHIC EXAMINATION OF THE PHASE DIAGRAM OF 
il xs THE GALLIUM-TELLURIUM SYSTEM 


By J. R. DALE 
Mullard Research Laboratories, Redhill, Surrey 


kK and von Vogel! obtained a phase diagram for 
the gallium-tellurrum system by means of thermal 
and qualitative X-ray analysis. Newman, Brice and 
Wright* modified this by investigating the system by 
differential thermal analysis and by direct observation of 
the melting-points under controlled tellurium pressures. 
Since no attempt appears to have been made to check the 
phase diagram metallographically and no data on the 
microscopy of the system appear to. have been published, 
a metallographic analysis of the system between 50 and 
85 per cent tellurium (all compositions are quoted in 
atomic percentages) was undertaken. - 

The samples for microscopic analysis were prepared 
from 99-099 per oent gallium (from Aluminium Tadaa 
Aktien Gesellschaft) and 09:099 per cent tellurium (from 
Mining and Chemical Producta, Ltd.) The gallium was 
cleaned by etching in dilute hydrochlorio acid before 
weighing and the tellurrum in concentrated hydrochloric 
acid. After weighing the materials (total weight approxi- 
mately 2 g) were placed in silica crucibles which were 
sealed under high vacuum to eliminate loss of tellurrum. 
In general, the samples were reacted for 8 h at 840°-860° C 
followed by furnace cooling to give a cooling rate of 
approximately 4?—5? C/min. Bome of the samples wore 
vibrated at 50 oyclee/seo at low amplrtude to give better 
mixing and more rapid reaction. 

To prevent deformation of the relatively soft GaTé 
and to facilitate sectioning, ingote were mounted in cold 

i low-shr epoxide resin blocks (‘Bakelite 
Resin 19019, Hardener Q18814') In most cases the whole 
ingot was potted so that a full macroscopic exammation 
could be carried out to determine if any- segregation or 
other mhomogeneities had occurred during the reaction 
and cooling procedure. 

The ingots were prepared for metallographic examina- 
tion by first lapping successively on 400 mesh, 600 mesh 
and precision grades of silicon carbide emery polishing 
papers (Union Glue and Gelatine Co., Ltd.) using paraffin 
as a lubricant. Intermediate pohahing was carried out 
by lapping on successive grades of diamond paste (L. M. 
Van Moppes) from 164 particle size to 0-25p held on photo- 
graphio paper pads. A final polah was carried out uamg 
a ‘Selvyt’ cloth pad rotating at 750 r.p.m. and impreg- 
nated with a dilute solution of gamma polishing alumina. 
This long lapping and polishing procedure was found 
necessary to prevent flowing and deformation of alloys 
contaming leas than 58 per cent tellurium, for those 
having a higher tellurium content the intermediate 
polishing procedure could be omitted. 


Two etches were selected for the determination of the 
phase diagram by microscopical analysis. The composi- 
tions of these etches were: 

No. | etch: 50 parta glacial acetio acid; 5 parta hydro- 
fluoric acid (40 per cent); 5 parta nitric acid (gp.gr. 1:42). 

Samples were etched for 1-2 sec, rapidly transferred to 
a water bath or quenched and then dipped in concentrated 
ammonia for a few seconds to remove any alight film 
formed. The samples were finally washed in de-ionized 
water and rinsed in ethyl alcohol to prevent staining. 
No. 1 etch attacked GeTe more rapidly than Ga,Te;. 

No. 2 etch: 50 ial acetic acid; 5 parta nitric 
acid (sp.gr. 1:42); 2 parte hydrofluoric acid (40 per cent); 
2 parts hydrogen peroxide (100 vol.). This was used as a 
stain etch to identify the galltum—tellurtum compounds m 
conjunction with No. 1 etch; this caused Ga,Te, to be 
stained hght brown but had very little effect on GaTe. 





, position 57-8 atomio t 
Pi mre Thn shows Mland of Ga To (dark) 
In a matrix of Ga, Te, (light). (x 350) 


facium, ater 
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The ‘procedure normally used was to etch for 2-3 sec, 
wash in de-ionized water and finally rinse in ethyl alcohol. 

The effecta of these etches on similar sections of an 
ingot of 57-8 per cent tellurium can be compared in Fig. 1 
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plates of GeTe. 


structure. 


tellurium. 


in relief. 
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aries of the Ga,Te,, generally near the centre of the bars 
and not close to the periphery. 

Sections of ingots having compositions of 50-55 per 
cent tellurium showed stramed primary plates of GaTe 
in a matnx of GaTe-Ga,Te, eutectic. 
in Fig. 3, which is a photomicrograph of a section of an 
alloy contammg 54-9 per cant tellurram (loaded composi- 
tion) after etching (No. | etch). 
structure of the eutectic shows it to be composed of a 
matrix of Ga,Te, in which are set a large number of fine 


This can be seen 


Fig. 418 & photomicrograph of an alloy containing 55:8 + 
0-1 per cent tellurium (by chemical analysis) after etching. 
The microstructure of the alloy shows a slight exoees of 
GaTe from a homogeneous eutectic structure. Fig. 5 
shows an alloy of 56-3 per cent tellurium (loaded oom- 
positzon) after a 30-day anneal at 760? C; this appears to 
have a alight excees of Ga,Te, from a homogeneous eutectic 


From the microstructure of these ingots the composition 
of the GaTe—Ga,Te, eutectic lies between 55:8 and 50-3 
per cent tellurium, which is slightly lower than that 
obtained from differential thermal analysis measurements 
of Newman e£ al.* (they quote 56:5 per cent tellurium 
eutectic composition); this is not unreasonable since up 
to 1 or 2 per cent scatter of resulta was indicated. 

Fig. 6 is a photomicrograph of an alloy of 58:4 per cent 
tellurium after etching. In this alloy the matrix consisted 
of strained crystals of Ga,Te, surrounded by a large 
quantity of the GaTe—Ga,Te, eutectic. 
a tellurium content higher than 55-56 per cent, GeTe 
orystals had & needle-like appearance rather than the 
broad plates observed ın alloys with leas than 55 per cent 


In alloys having 


When obeerved 1n the polished but unetched condition, 
GeTe (m alloys having a composition between 50 and 60 
per cent tellurium) appeared as a light blue phase polished 


Alloys contaming 59-7 + 0-1 per cent tellurium (by 
chemical analysis) were observed to consist of fairly large 
unstramed single-phase grains of Ga,Te;. On moreasing 
the tellurium content to 60-0 + 0-1 per cent (by chemical 


etch No. 1) and Fig. 2 (etch No. 2). In Fig. 1 dark plates analysis), a highly stramed but single-phase structure 


of GaTe can be seen in a light matrix of Ga,Te,, in Fig. 2 
the matrix of Ge4Te, is stained light brown and the GaTe 


unattacked. 


All the samples examined were highly polycrystalline 


with a range of grain sizes from a few u to 
almost 1 mm. A small number of ingots 
which .showed segregation of the different 
. phases were rejected when sasessing the 
acouracy of the phase diagram. The type of 
segregation normally obeerved was that of 
plates of GaTe accumulating at the top free 
surface of the ingots with crystals of GaTe, 
at the bottom. 

A limited number of horizontally zone re- 
fined polycrystalline bars of Ge,Te, grown 
under controlled tellurium pressures from 
7-4 x 10- mm mercury to 5-2 mm mercury 
were examined for inhomogeneities and 
microhardness. In most cases when the 
tellurium preesure was lees than approxim- 
ately 2mm mercury, free plates of GaTe were 
found in a matrix of Ga,Te,; as would be 
expected, the higher the tellurium pressure 
the smaller the ooncentration “of GaTe 
formed. When only 6-10 per cent GaTo 
plates (by volume) were present they were 
found to segregate around the periphery of 
the bars leaving the centre single phase. 
When bars were grown under tellurium pres- 
sures greater than approximately 2 mm 
mercury both GaTe, and GaTe,-Te euteo- 
tic were observed along grain bound- 


P 





Fig. 3 


of Ga,Te, was formed. This 1s shown in 
grain boundaries (g) could be identifled from mechanical 


ig. 7, where the 


polishing damage (d) by the change in orientation of the 


. Photomicrograph of an 
plates of GaTo set in a matrix 


stram bands at the boundaries. 


Rid 54-9 atomie per cent telluriam. 
the GaTe-Ga,Te, eutectic, Etch No. 


















Since these alloys were single phase it must be assumed 
that the compound Ga,Te, has a finite range of solid 
solubility which appears to be of the order of at least 
0-3 atomic per cent; it seams probable, however, since no 
strain bands were observed in the 59-7 per cent tellurium 
alloy, that the solubility range is much greater than 
0-3 per cent. This observation of a wide composition 
range is also supported by the difference in resistivity of 
single-phase alloys of Ga,Te,: simple two-probe measure- 
ments showed & change from approximately 20 Qom for 
single-phase tellurium-rich alloys to more than 10* Qem for 
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single-phase gallium-rich alloys. The wide range of 
hardness values obtained for the ai phase compound 
also supporte these observations. results differ 
from all previous work on the systems, which showed 
Ga,Te, to exist only as & ‘straight Ime’ compound at 
60 atomic per cent tellurium. 

Fig. 8 is a photomicrograph of an alloy of 75-0 per oent 
tellurium after reacting at 460° O for 8 h and slow cooling; 
this indicates that equilibrium conditions have not been 
approached and show primary crystals of Ga,Te, in & 
matrix thought to consist of dendrites of GaTe, and the 
GaTe,—Te eutectic. 

Fig. 9 shows the same alloy at a higher magnification ; 
from the microstructure it can be seen that at 460° C 
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(light) and tellurium (dark). X un ree 
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crystals of Ga,Te, were deposited, on cooling these reacted. 
with the remaining liquid to form a single-phase component 
thought to be the compound GaTe, This peritectic 
reaction is also confirmed by the irregular edges of the 
Ga,Te, crystals. The cruciform shape of the primary 
crystals of Ga,Te, (Fig. 8) is probably due to their disolu- 
tion by the remaining liquid along preferred crystallo- 
DE imately 20 primary 
presence of approximately per cent pri 
Ga,Te, crystals in the ingot shows that equilibrium was 
not achieved, since, if the peritectic compound GaTe, was 
formed not more than 5 per cent Ga,Te, would be expected. 
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An attempt to obtain rium oonditiona by reacting 
at 800° O, slow cooling from 436? C to 420° C at approxi- 
mately 1? C/day (that is, through peritectic transforma- 
tion) followed by quenching showed almost no increase 
in the size and quantity of the GaTe, crystallites. X-ray 
‘powder’ patterns taken on crystalline and not powdered 
material proved the existence of the compound GaTe, 
which was also shown to be stable at room tomperaturo 
over a period of almost one year. Powdered samples, 
however, did not exhibit the diffraction lines of GaTe,, 
but it could not be established if this was due to a mechani- 
cal effect on crushing. This effect probably explains the 
observations of Newman e£ al.*, who found GaTe, to be 
unstable. 

Fig. 10 is a photomicrograph of a lightly etched alloy of 
82-0 per cent tellurium; this shows & alight excess of 
GaTe, (light-coloured phase) from & homogeneous GaTe,— 
Te eutectic. 

Modifloations suggested by these resulta have been 
been added to the phase diagram determined by Newman 
et al. This is shown in Fig. 11, where the amendments aro 
indicated by dotted lines. ; 

Microhardness measurements were carried out on & 
wide range of alloys to give additional information on the 
nature of the different phases in the system. The samples 
were prepared for testing in an identical way to those for 
microscopical analysis and were then given a light etch in 
No. 1 etch to delineate the different phases. Microhard- 
nees values were obtained by using a standard Vickers 
microhardnesa tester with loads of between 5 and 50 g, 
dependent on the nature of the phase being examined. 

The values obtained for GaTe were inconsistent because 
of the high degree of deformation along cleavage and slip 
planes on application of the indenter. The high elasticity 
of the material also caused inconsistent resulta since the 
recovery of the GaTe after deformation on removal of tho 
indenter load tended to give high values. The range of 
microhardness values obtained for GaTe was 40-70 
Vickers pyramid numbers (V.P.N.), the lower number 
being probably near the true value. 

A range of microhardness measurements were taken on 
individual crystals of Ga4,Te, grown from different melt 
compositions; these indicated that the higher the gallium 
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Fig. 11. Phase diagram of the galltam—tellurrm system 


content the higher the microhardness. Using a 20-g load 
applied for 15 sec the figures were: 


Gato peanary. ystals In EEG Ga, eutects (to 


alloy compoartéon 59 0 atomio tellartum) tal aot V.P.N. 
Highest reastivity amgle-phase date, examined (not 

. 108 V.P.X. 

185 V.P.N. 


59-7 atomte cent tellartum (atngle-phase alloy 

00-0 esame por ceni telluciem {single-Shase alloy; 174 V.P.N. 

All the microhardness values were obtained from an 
average of at least 10 impressions with scatter of the order 
of + 5 par cent. 
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The increase In microhardness with increasing gallium 
content was probably due to gallium atoms filling some 
of the vacant sites in the Ge,Te, (Ga, Te, has xinoblende 
structure with vacancies on one-third of sites available for 
galium atoms)’. The microhardness of Ga,Te, primary 
crystals in tellurium rich matrices was measured and 
gave & range of microhardness figures of 180-200 V.P.N. 
This variation and relatively high value was thought to be 
due to the temperature of formation of the crystallites, 
the higher the temperature of formation the higher the 
hardness value was indicated.' This effect would be 
expected if the Ga,Te, solidus curved slightly from the 
maximum-melting point to the peritectic tamperature and 
composition, that is, if the maximum melting-point of 
the compound is at a lower tellurium content than the 
stoichiometric composition. From the hardness measure- 
mente obtained on the tellurium rich Ga,Te, this would 
appear to be nearer 59-7 than 60-0 atomic per cent. 

This investigation has yielded evidence for modifloation 
of the gallium—tellurrum phase diagram and has shown 
that the compound Ga,Te, has a range of at least 0-8 
atomic, per cent solid solubility. Microhardness measure- 
ments on & wide range of alloys have shown that values 
vary from 40 V.P.N. for GaTe to 284 V.P.N. for Ga,Te,. 

I thank Mies C. A. Fisher and J. A. Wilkinson for pro- 
viding the alléys, J. A. Cundall for taking X-ray photo- 
graphs, and Meeers. H. O. Wright, P. O. Newman and 
J. C. Brice fer helpful discussions. 


! Klemm, W , and von Vogel, IL U., £. enorg. Chem., £19, 45 (1084), 
E P. O., Brice, J. O., and Wright, H. O., Pail. Hee. Repe., 16, 41 


TITANIUM COLOUR CENTRES IN ROSE QUARTZ ` 


By P. M. WRIGHT 
Department of Chemistry, Wheaton College, lliinots 


J. A. WEIL ] 
Chemistry Division, Argonne National Laboratory, IIlinols 
T. BUCH ‘ 
Department of Physica! Chemistry, University of Buenos Aires 
AND 7 


J. H. ANDERSON 
Department of Physics, University of Pittsburgh, Pennsylvania 


LTHOUGH several studies of the chemical content 
and the optical properties of rose quarts have 
appeared, no electron paramagnetic resonance ee 
tions have yet been reported. We wish herein to 
several impurity ‘colour’ centres found in all the numerous 
samples studied by us. 

We have prepared single, oriented crystals of rose quartz 
from various geographical locations (Table 1). 
crystals in their virgin state do not (except for peaks from 
iron in some samples) show electron paramagnetic regon- 
ance at room ture. A set of mggnetic centres 
visible at 77° K im all crystals were created by X-irradia- 
tion at room temperature; these centres were already 
present in the virgin state of one sample (Custer) and 
were enhanced. by the irradiation. 

Of dominant interest in this article, we wish to report 
the observation by 3-cm electron paramagnetic resonance 


Table 1. GEOGRAPHICAL ORIGIN OF Rose QUARTI CRYFTALE 


Ouster, 8. D. (Frank Bootts Rose Quarts Mine), United States. 
Hebron, Mams of Ohicago' Museum "Natural History). 
Kueto, Oalfornia (00 (courtesy of Wheaton College), United States. 


South Amerios. 
Rabepstati, avaria, Germany (cowry of Muserm of Geology, Princeton 


These ` 


of a set [= A(Ti)] of new centres and the identification of 
their principal constituent as titanium substitu- 
tionally in silicon sites. These centres, stable at 800° K 


“in the dark, could be bleached with ultra-violet ight and 


restored by X-rays. The spectrum of each centre observed. 
at 77° K consista basically of three primary lines (from 
equivalent unit cell sites made distinguishable by the 
magnetic fleld H) which reduce to a single line for H 
along the three-fold symmetry axis (= Z) and otherwise 
BO bro ee dE B ee ee ir (zYZ) 
perpendicular to any (=X) of the three two-fold symmetry 
axes. The lines of one of the set, to be denoted by 
Am, exhibit four-line i ic nuclear hyperfine 
structure (Fig. 1, upper, and. Table. 2) indicating that an 
alkali atom. M, moat probably lithium, is contained in the. 
centre. A second centre, tentatively denoted. by Ariz, 
is very similar but has lmea showing only two-line hyper- 
fine structure which we attribute to interaction of the 
unpaired electron with & proton. In general, the lines of 
Arma were much more intense than those of Arg in 
the samples examined« / 

Besides these strong primary peaks, we have detected 
the weak anisotropic hyperfine structure ipee from 
the low-abundance odd titanium isotopes, each line’ 
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Fig. "L, Tbe peramagneto 


Ar, gr 000 


showing the alkali or proton peaks as secondary 
fine structure. D e a ee Das 
Table 2. Because the hyperfine splitting goes as u/I, 
which to be virtually identical for titanium-47 
and ti -49, the 6 lines of titanium-47 superim 

the inner 6 of the 8 titanium-40 lines. Who cbacaved 


spectrum (Fig. 1, lower) shows exactly-this form, making" 


coude or eta tan ua he tae 
component of the centres; the relative intensities of these 
Be ee ee Le One previous 
r eenia] analy E a ad m 
ta] analysis spectrochemical means, as well 
as by neutron activation and flame photometry, revealed 
the presdhoe of titanium (5-15 p.p.m.), germanium 
(0-5-8 p.p.m.), aluminium, lithium and sodium in all 
the arystals of rose quartz. 
‘The. muperposition of two of the three lines. (Fig. 1I, 
upper) from ent sites in the unit cell, when H lios 
in the plane- YZ, indicates that one ipal axis of the 
Zeeman splitting tensor 7 lies along the two-fold axis X. 
Moreover, then, only three Imes will be seen at arbitrary 
orientations of H, rather than the six expected for more 


Abundanee I (Bohr magnefons) Relative intensity 
1H 99-96 : 18 2-70270 EE 
TW 743 0-812191 — 
Th 92-57 3 53-2560 — 
"Na 100 13161 | m 
d cT kie 5/2 owna o-one 
en OUR 7A —1-1028 0-00794 


Larger dae ius cvs hi an X-iradiated e api AY Lt Upper: The Am y and 
Lower: A portion of an amplified speotrum showing the weak titanium hyperfine structure 


general locations of the principal axem. These tensors, 
for both Ap-w and Am.g, are given in Table 3, as are 
some h; splittings along the principal g axes. 
Dotermmation of the hyperfine tensors ie difficult because 
of the overlapping of the numerous anisotropic linee. 


Table 3. ZEMAN SPLITTING TENSOR f FOR THE OXWTRES An-y AXD 
Ara, 45 WILL AR THE HYPHRFIXB BPLITTINGS AND LINE-WIDTHE (MAX 
TO XIX.) WHEN H IB ALONG TEB f, OT f, AXIS 


preme — man 


Centre s 


i f = 1915, TO from £ 1-16 œ - 27:1 œ 0680 
A= 1 — — 
TM P Tem 30 from 136 x 0-67 
fı = 191 omg 4-43 22-8 1:15 
Ang mul — 


fa = 1-064, fe^ from 5 59 x — 131 

The identification of lithium, rather than sodium, as 
the cation seen in Arar depends on the predominance of 
the former in the crystals, as given by the elemental 
analyses, and by analogy to the germanium centres (see 
following) in which lithium seems to form the more stable 
centres. Only one alkali centre is seen despite the presence 
of both lithium and sodium in the samples, Similarly, 
the correlation of the doublets with protons reste on the . 


magnitude of the splitting and on the known presence of 


` hydrogen in quartz orystels’. Experimente are under way 


-Since the spectra of A(Ti) exhibit the point group gym- 
metry (D,) consistent with the quarts structure, it is clear 
that tho tanium observed i» not in tho form of ratile 
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needles (symmetry D,a) embedded in the crystal. Tho 
orientation of the principal g axee, taken together with 
knowledge that titanium will form tetrahedral compounds, 
strongly suggests that the titanium atoms have replaced 
silicon atoms in their positions on the two-fold axes. In. 
the eolution studies of Ti*+ complexes, the electron para- 
magnetic resonance absorption was not observable at 
room temperature, but was strong at 228° K, with g = 1-95 
and titanium hyperfine splitting of 18-2 œ. Thus these 
spectra are very similar to ours and serve in the identifica- 
tion of the trivalent state for the titanium in the A(Ti) 
centres. i 

We have observed other oolour centres, previously 
examined in other quartxes, in our samples of rose quartz. 
However, no manganese resonance was detected in any 
sample. 'The aluminium oentres reported by Griffiths, 
Owen and Ward? were sean (at 77° K) in several virgin 
and all irradiated samples. All crystals, after irradiation, 
showed (at 77° and 800?) the germanium centres pre- 
viously seen in germanium-doped synthetic quarts; three 
such centres Age mw, Bae, Cae.) are obtained on irradia- 
tion at room temperature‘, whereas others occur after 
low-temperature irradiation’. A and O differ in tho 
Pioo (a akni sod ere Enc with ether sodium ob 
ithi but not with hydrogen; B is unstable and may 
be just a GeO,- alte not stabilized by a positive ion. 

A model suitable for the A(Ti) centres ap to be 
pers OE do ARM Sa crane Mla a us for the 

i centre #6, e believe that an electron, 

islodged from a source such as the i 
sites", settles on the titanium central atom situated within 
the quartet of neighbouring oxygen atoms (which form a 
somewhat distorted tetrahedron 


Despite this, the 
alkali may have an important role in stabilizing the centre 
by interacting with the two nearest members of the 
oxygen quartet. - 

It seems likely that ions other than titanium and ger- 
manium, such as zirconium, tii, hafnium and lead will 
tend to form centres of the same type in quartz, although 
size limitations may become important. 

The colour of rose quartx is still not completely under- 
stood. Since the early studies and the summary of the 
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subject by Holden’, who attributed the rose colour to 
traces of manganese, several investigations have been 
made which produced evidence that titanium is the 
important factor. Small rutile (TiO,) needles have been 
shown to be progent in all rose quartz, and give rise to 
light-scattering-and absorption’ in the ultra-violet. In 
addition, an absorption peak at 495-7 mu is present and 
produces the colour. Our investigations ahow that sub- 
stitutional titanium is present in addition to the colloidal 
rutile. However, its diamagnetio, tetravalent form will 
not cause the colour, and the paramagnetic trivalent 
titanium of the A(Ti) centres is destroyed by ultra-violet 
bleaching or heatmg without affecting the rose colour. 
It seams probable, as has also bean suggested elsewhere'b, 
that the colour is caused by a centre offering a more oom- 
plex situation than titanium by itself, such as aluminium 


1 Waters, B. L., and Maki, A. H., Phys. Rev., 125, 253 (1062). g 

* Kata, À., Hi i» A theis, Delft, Holland (1061); 
abo Puls fer, ona 133 oed (7001); ee 

3 (a) Griffitba, J. H. B., Owen, J. 

oF o aloo O'Brien, M. C. ae 
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POLYCARBOXYLIC AND PHOSPHONITRILIC ACIDS AS RADIOPROTECTORS - 
‘EFFECTIVENESS OF PYROMELLITIC ACID 


By J. H. BARNES and J. St. L. PHILPOT 
Medical Research Council Radloblological Research Unit, Harwell, Didcot 


, | ‘HE ability, previously reported by us!, of inorganic 
condensed i i 


stock weighing 20-25 g were used at the of 14 weeks. 
The doses of the compounds administered in the radio. 
protection experiments were determined by their toxicity. 
After preliminary trials with single mice, increasing doses 
of each compound were given intraperi y to groups 
of 5 mice, which were observed for at least one week, 
until ẹ dose resulting in at least one toxicity death in & 
group was reached. The next lower dose (Table 1, third 
col.) sarved as a guide to the dosage of the compound 
that could be used im irradiation experiments. This or 
a slightly lower dose was generally used at the outset. 


In these experiments, such doses frequently resulted in 
deaths during or shortly after irradiation: these were 
due to toxicity, as deaths from the dose of X-rays given 
do not occur before the fifth day. Some toxicity deaths 
would be expected statistically, especially since larger 
groups of animals were being used; however, enhancement 
of toxicity by X-rays is suspected though statistical proof 
is lacking. Where deaths occurred before the fifth day, 
these were avoided in subsequent experiments by using 
a lower dose of the compound. 

Test acids were gi intraperitoneally, as neutral 
aqueous solutions of the sodium salts, 10 min before 
exposing the mice in partitioned boxes to 1,025-r. X-rays 
under the following conditions of irradiation: 250 kV, 
15 m.amp, half value layer 1-2 mm copper, distance to 
underside of box 60 om, average dose-rate 73-6 r./min. 
The experiments were on the pattern previously described ' 


` 
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with internal controls!, &nd 


are given in Table 1. 


Table 1. PROTACTYBS Hrrscrs OF POLYBASIO ACIDS (48 Net RALTS) WHEN 
GIVEN 10 MIN BEFORE 1,025-R. X-RAYS 


imbhaldose Dose used No of mies 


3 


idd in semple (m.moles/kg) 
(m. molea/kg) 0. 
Triphosphontizillo 3 TO 60 4{10 
Tetraphosphonttrilio 4 10 10 0/10 
Phthalie 2 9 9 3/10 
Hemtmelittie = - 3 18 16 3/10 
Trimesie 3 £7 P: 2/10 
Mollophanto 4 1°76 or ni 
Pyromeilttie * 4 11 12 
m | d 
F $ 310 
Kaphihalene-1 : 4 : 5 : 8- 
9 ot yo 
Propane-1' 2:3- OT 
21 18 210 
Butane-1 : 3:3:4- : 
4 3 3 110 
* from L. Light and Co. as the foe: muy 
EC SD US Cale. for 0, 1H,0: O, 


from those of cyclic metaphosphates only in that the 
ring O atoms are replaced by —NH—. This 

alters the ical ies, as shown by the 
marked effects on toxicity. i honitrilate 


NATURE . 


2490 


carboxylic and ic acids. In the former case the 
effect is shown only at a dose-level where marked toxic 
resulting in one death due to 

i group. The protective effect of 
pyromellitio acid is highly signifloant (P < 10“) at a 
dose-level of 9 m. moles/kg (conc. 0-3 M), when only a 


mild depressant effect is observable, which is not modified 


by exposure to X-rays, and the dose is substantially lees 
than the maximum tolerated. It is of interest that this 
dose-level is optimal: the protective effect at 9 m.moles/kg 
is significantly greater (P < 0-02) than that at 12 m.moles/ 
kg when the depressant effect is more marked. This 
indicates that the radioprotective effect is not merely a 


. manifestation of toxicity. Pyromellitio acid is ineffective 


when given as long as 80 min before irradiation and has 
no influence on mortality when given immediately after 
1,025 r. 

No ‘structure-activity relationships in the benzene- 
polycarboxylic acid serios are discernible ginoo any pro- 
tecbive effecta of the acids listed, other than i 
are non-significant with the numbers of mice used. Nor 
does radioprotective action appear to be related to the 
observed pharmacological effects in this series; thus, both 
mellophanic and trimesic acids share with pyromellitio 
acid a depressant . Phthalic and hemimellitio 
acids produce enhanced irritability and seizures resembling 
the tetany due to calctum-complexing agente such as linear 
polyphosphates and ethylenediammetetraacetic acid. We 
have as yet no evidence as to the mechanism of the pro- 
tective action of pyromellitic acid. ' 

i with the hexabaesic mellitic acid have been 
complicated by the fact that samples from different sources 
have shown different toxicities; however, a sample of low 

has shown significant radioprotective effect. 
Mellitlo, ^ tacarboxylic and related acida are 
at present being investigated. 

We thank Mrs. D. M. R. Lowman for assistance, Mr. 
M. J. Oorp for irradiations and Dr. D. R. Peok, of Albright 
and Wilson, Lid., for gifts of sodium tri- and tetra- 
phosphonitrilates. 


1 Barnes, J. H., and Philpot, J. Bt. L., Nature, 193, 574 (1961). 


* Mainland, D. L., and Batoliffe, M. J., Tables fer Use with Binenrtal 
Bespin (Dept. Mel. Birisine Now York Univ. Medicine, 1966). 
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AFFINITY OF STEROIDS FOR ELECTRONS WITH THERMAL ENERGIES 


By J. E. LOVELOCK, P. G. SIMMONDS and W. J. A. VANDENHEUVEL 
Baylor University, Texas Medical Centre, Houston 


HE vapours of most organic compounds are trans- 

parent to the -passage of electrona with thermal 
energies; those few substances which absorb electrons 
Strongly are frequently associated with the biological 
process of oxidative metabolism. Thus the alternate 
Intermediates and coenzymes of the Krebs’s cycle have 
unusually large coefficients for the absorption of thermal 
electrons and so do substances toxic to- this systemi. 
The possession of a high affinity for thermal electrons 
appears also to be a necessary molecular property of sub- 
stances active in the hormonal control of metabolism, 
for example, the thyroid hormonés. The steroid hormones 
are active in the control of metabolism; the measurement 
of their electron ion was therefore potentially 
interesting to theories of the mechanism of their action. 
Recent advances in the analysis of steroids by gas chroma- 
tography?! have made possible the. tation of the 
pure dilute vapour samples necessary for the measurement 
of electron attachment to steroid molecules in the vapour 
phase. Using these new techniques, the absorption 
coefficients for thermal electrons of steroids were measured 
and are 
members 


here. The substances tested included 
the various hormone classes and the possible 


af 


of the measurements in the chemistry and 

in the biological function of the steroids is discussed. 
The technique used to measure electron ion was 
closely similar to that previously described)‘. Briefly the 
test compound: was in a stream of argon 
containing 5 per cent of methane at 250° O; the dilute 
Me eat was passed & 12-ft. chromatograph 
column containing a solid support coated with 1 per cent 
'SE-80' gilioone stationary phase according to the method 
described' and then into an ionization chamber for the 
measurement of electron absorption. The chromatograph 
column served to separate from the test substances traces 
of electron absorbing oontaminante. The ionization 
chamber contained a source of soft B radiation (tritium 
occluded in titanium foil) which set free from the carrier 
gas 8 x 10 o/soc. “At intervals of 50 psec the concentra- 
tion of free electrons in the chamber was sampled by the 
application of a pulse of potential to the chamber elec- 
trodes. This ling pulse was 0-5 useo in duration and 
30 V in ‘amplitude; it was sufficient to collect all the 
electrons present but too weak and brief to raise the 
electron energy appreciably above that of thermal equili- 
brium with the gas in tho chamber. The presenee of 
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5 per cent of methane in the argon carrier gas ensured 
the rapid removal of any excess gained by the 
electrons from the sampling pulse. In the presenoe of 
test vapour some of the electrons are removed to form 
negative molecular ions; these are too slow moving for 
collection during the brief sampling and so the 
decrease in electron flow is a measure ot the absorption of 
electrons by the test vapour. At the high temperatures 
needed to maintain the steroids in the vapour 
some loss by thermal decomposition or by irreversible 
absorption on the chromatographic column could take 
place. 

To avoid possible errors in the calculation of absorption 


, coefficients, the quantity of steroid surviving passage . 


through the 
directly by repla 
with a cross-section ionization detector*'*. 
is precise and impartial in ite response to the vapours of 
different substances. It was not le. to use this 
detector simultaneously with the measurement of electron 
absorption since it requires hydrogen or helium as the 
carrier gas, and neither of these is suitable for the measure- 
ment of electron absorption. As a further precaution 
against error, a reference standard substance, pyrene, 


chromatograph column was measured 
ing the electron absorption chamber 


was always included with each steroid tested and appeared, 


as a separate peak on the chromatogram. 

The ion coefficients for thermal electrons of the 
steroids tested were calculated as follows: the total 
number of electrons attached to a known quantity of 
steroid was compared with the total number attached 
to a known quantity of the reference standard, pyrene. 
The numbers of electrons attached were caloulated directly 
from the peak areas of the under oondi- 
tions where not more than 10 per oent of the free electrons 
were absorbed. In the interests of consistency with 
previous measurements, the reference standard, rene 
was given an absorption coefficient of 6-0 in arbi 
ion coefficient of 1-0 on this scale oorre- 
tely to a molecular cross-section for 

absorption of 10-1* om’. The probable error of 
the method was estimated by calibration with a single test 
steroid 4-androstene-3,17-dione and found to be + 17 per 
cent. This lack of ision is leas serious than it might 
at first. appear to Electron ion coefficiente 
cover a range of at least 10" and + 17 per cent error rarely 
affects the of comparisons between the 
absorption cients of different substances. 

Table 1 lista the absorption coefficients of the steroids 
tested and also those of comparable substances from 
previous investigations. The absorption coefficients cover 
& range of at least 10° with the hydrocarbon steroids 

t to electrons and the unsaturated triketo 
steroids the most strongly absorbing. 

A Ína&rked electron absorption in the steroids tested 
is found only with those possessing the structure 
.0O.CH:C2,2,; from previous measurements! it is known 
that this structure confers electron absorption provided 
that there is in the molecule an opportunity for further 
electronic interaction. For example, methyl vinyl 
ketone, 2-oyclohexenone, and ethyl acrylate absorb free 
electrons weakly; whereas cinnamaldehyde, and fumarate 


unite; an 
ds appro. 


keto structure above, for marked electron absorption; 
the resulta in Table 1, however, show that within the 
saturated of the steroid framework these requirements 
are met. For example, 4-cholestene-3-one has an &beorp- 
tion coefficient of 11. Table 1 also indicates the relation- 
ship between structure and electron eabeorption in the 
saturated and unsaturated keto steroids. Nidal preted 
of even three isolated keto groupe in a se steroid 
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Table 1. ELECTROX ABGORPTIOK OOEFFICINETE OF THE STEROIDS AND OY 
ExníATED OONPOUXDS 
dtm E 
class Compound 
Hydrocarbons Androstane 0-01 
Cholestane 0-01 
Sterols Cholesterol E 0-03 
Androstane-8,17-d1one 0-10 
IEEE oo iP 
Unsaturated 4- Cholestene-3-0ne 11:3 
ketones Testosterone 8:4 
19-Norteatosteroane 91 
3 7-008 96-5 
178-Hydroxy-1,4, 0-androstatriene-3-03e 85-0 
1-Androstene-8,17-dions 0-21 
1,4-. 7-àlone 4t 
4-Androstene-3,17-dlone 23.5 
4-Androstene-8,16-d10n6 19 3 
Ca een ree Aone Pia 
one 
Cortisone 63-5 
6-K eto 143 
4-Androstene-3,11,17-trione H8 
4-Pregnene-3 trione 250 
1,4-. 11,17-trione 635 
' Ab Koto nora 0-03 
" Guanes 0-08 
Comparable Methyl vinyl ketone '1:1 
compounds 310 
‘ Dimethyl fumarate 1,500 
Dinitrophenol = 1,500 
=: Duodobenzens » 1,300 
of chlorobenzene which 


All values are relative to the absorption obefitatens 
1s taken as unity and are for electrons with thermal energy. 


confers little more absorption than' the slight amount 
expected of a simple ketone, thus the absorption ooeffloi- 
ents of androstane-3,17-dione and of allopregnane-3,11,20- ' 
trione are both lees than 1. , The introduction of a double 
bond at the 1 position in androstane-3,17-dione, although 
introducing the a B unsaturated keto structure, does not 
appreciably increase the electron absorption; a double 
bond at the 4 position in ‘androstane-3,17-dione, however, 
inoreasee the absorption 200-fold. Some of this large 
increase would appear to be attributable to interaction 
between the 4-eno 3-one system and the remote 17 keto 
group, for in cholestene 3-one and in testosterone where 
the 17 position is substituted respectively with an alkyl 
chain or a hydroxy the absorption is three times 
lees. The exact location of the remote keto group on the 
oyolopentane ring does not appear to be important since 
the a ions of progesterone, 4-androstene-3,17- and 
8,16-diopes are all amilar. However, & keto group at the 
1l position greatly enhances absorption, as in 4-preg- 
nene-3,11,20-trione and 4-androstene-8,11,17-trione; these 
compounds absorb LM cae snore arene Shan aoe 
androstane-8,17-dione. 

Steroids containing the 1,4diene-3-one system also 
provide interesting comparisons; 1,4-androstadiene-8,17- 
dione absorbe to only one-fifth the extent of 4-andro- 
stene-8,17-diong, When the 1,4diene-3-one system 
accompanies & keto group at the 11 position, a vast increase 
m absorption is found; 1,4-androstadiene-8,11,17-trione 
with a coefficient of 535 is the most strongly absorbing 
of the steroids tested. The ene- and diene-one 
in other locations of the steroid framework may show 


z electron absorption, for example, 3,5-cholestadiene-7-one; 


leas is the absorption ooefficient of 
ound for +-cholestane-6-one, which suggests an 
interaction between the 6 keto group and the oyelo- 
propane bridged-ring. In general, electron absorption 
appears to be a sensitive indicator of electronic interaction ' 
between, for example, the orbitals of the 4-ene-8-one 
system and those of other keto or unsaturated systems 
elsewhere in the steroid molecule. 2 
It may be significant that the highest &beorption 
coefficients are found with compounds which are either 
steroid hormones or at least compounds having a sub- - 
stential part of the structure of a hormone. The steroid, 
hormones with the highest affinity for free electrons would 
appear to be the adrenocortical hormones; the androgens 
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and progestogens, as exemplified by testosterone and 
progesterone respectively, absorb electrons moderately 
but the castrogens represented by œstrone have no appreci- 
able affinity for thermal electrons. The adrenocortical 
hormones themselves are unstable at high temperatures 
and tend to lose the side-chain attached to the 17 position’; 
it was not poasible, therefore, to measure their absorption 
directly except with the chemically protected derivative 
bis oe dioxy cortisone. This compound, with 
one leas group than cortisone, nevertheless had an 
absorption coefficient of 72. The absorption coefficient 
of the thermal decomposition product of cortisone, 
4-androetene-8,11,17-trione and also that of 4-pregnene- 
3,11,20-trione are both 250; and probably more truly 
representative of the absorption of cortisone iteelf. If 
1 : 4androstadiene-3,11,17-trione, the thermal decom- 
position product of prednisone, is representative of 
i , then this substance is among the most in- 
tensely absorbing of the steroids tested. 

Bo far the measurement of the absorption: of electrons 
by organic substances has indicated that a marked degree 
of absorption (a coefficient ier than 10) is rare. 
Those naturally occurring su which do react 
readily with thermal electrons are usually, however, 
directly or indirectly associated with the biological 

of oxidative metabolimn. The measurements re- 
ported here with the steroids are no exception to this rule. 
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It was previously suggested! that the presence of so 
many of the few simple carbon, hydrogen and oxygen 
compounds with a high affinity for free electrons among 
the intermediates of the proceas of oxidative metaboliam 
waa more than coincidental; and that this process required 
for ita function the presence of an ordered sequence of 
reversible electron traps. If this idea is then it 
is possible to Eri further that the control,of meta- 
bolio activity by the thyroid and some of the steroid 
hormones is directly connected with their undoubted 
capacity to function as electron traps The fact that the 

do not absorb electrons is not necessarily con- 
tradictory to this notion since their activity could be 
regarded as antagonistic to that of other steroid hormones 
and the cstrogens could possibly function by the oom- 
pues displacement of the electron-trapping steroids 
their aite of action. 
We, thank Dr. E. O. Horning for his advice. 


1 Lovelock, J. H, Nature, 180, 720 (1961). 

a HG IL O. A, and VandenHouvel, W. J. A., J. dimer. 
Ho Bam doa. 38, 885 (1961). 

arcu W. J. A., Oreeeh, B. G., and Horning, E. C., Anal, Biochem., 
4 Lovelock, J. XL, Mathis, A., and Booker, R. 8., Nature, 199, 540 (1042). 

E C. H., Otvos, J. W., Bmith, V. N., and Zéoco, P. B., Anal, Ohm., 


1058 (1900). 
* VandenHeuvel, W. J. A., and Horning, B. O., Biochem. Biophys. Res. 
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SYNTHESIS OF DEOXYRIBONUCLEIC ACID ON X-CHROMOSOMES 
OF AN XXXXY MALE 


: . By JANET ROWLEY © 
Department of Medicine, University of Chicago 
$. MULDAL, C. W. GILBERT and L. G. LAJTHA 
Christie Hospital and Holt Radium Institute, Manchester 


N J. LINDSTEN 


Karolinska Sjukhuset, Stockholm 


7 M. FRACCARO 
Blology Division, EURATOM, c/o Institute of Genetics, Pavia 
AND 7 
` Í K. KAUSER 
Central Hospital, Eskilstuna, Sweden 


MOSOME labelling with tritiated thymidine has 

been shown to be & useful tool for discriminating 
between similar but non-homologous chromosomes in 
mani. i i 
isotope incorporation between homologous chromosomes 
is in the X-chromosome pair in femAles'*. At the end of 
synthesis of DNA (late-S) flash-labelling renders one of 
the X-chromosomes heavily labelled indicating not only a 
late synthesis but also & faster rate of synthesis than 
_any other chromosome in the complement. We have 
previously suggested that this ‘hot’ X-ohromoeome -is 


identical with the X-chromosome forming the Barr body 


(female sex chromatin) in interphase’. 

We have labelled leucocyte cultures from the young 
XXXXY male with 49 chromosomes previously described 
by three of us*-*. Prevalence of Barr bodies in smears of 
buccal mucosa from this patient was: 

No. Barr bodies per nucleus O 1 2 8 4 Total 
No. of nuole! 6 18 82 148 14 22 $00 

Blood cultures and their tritiated thymidine labelling 
were performed in Stockholm, and slides afterwards taken 
to Manchester for further processing and analysis. The 
autoradiographs show clear evidence of three ‘hot’ chromo- 

. somes in group III (Fig. 1) in virtually all cells examined. 


Table 1. NUMBER OF AUTORADIOGRAPHIO GRAINS 


pomi 
Over all Over the three ‘hot’ chromosomes J-chromo- 
ehromosomes (tot X's) somes 
48 11 T. 5 25 
5a 12 5 17 
07 11 10 10 31 
Si 18 14 10 42 
87 14 13 9 36 
92 19 17 11 47 
93 26 20 12 58 
100 19 18 8- . 45 
104 20 21 16 ex 
105 17 11 9 $8 
106 32 15 14 61 
144 18 9 6 3B 
147 26 10 18 es 
154 21 10 12 52 
168 21 14 12 47 
205 27 24 52 78 
208 28 24 19 71 
£29 32 25 2 TO 
288 35 32 2 99 
229 124 25 19 66 
230 29 2 17 o9 
$05 $0 23 23 75 
3,361 496 380 309 1,104 
Mean label grains over all chromosomes: 153 
Mean percentage of grains over the three Z's = 35:5 
Mean percentage of grains over one ‘hot’ T = 11:84. 


The resulta of the grain counts for 22 cella of the 
XXXXY male are shown in Table 1. A detailed statistical 
analysis shows that the variation of the number of graina 
between the three ‘hot’ X-chromosomes in each oell is no 
more than that to be expected from the random nature of 
the formation of grains. We therefore conclude that all 
three ‘hot’ X-chromosomes in this oell synthesize in syn- 
chroniam. Tho three ‘hot’ X-chromosomes account for 
35:5 per cent of all the grains, or 11-8 per cent per ‘hot’ X. 
This value, however, cannot be directly compared with 
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the 14-4 per cent on the ‘hos’ X in a normal 


chromosomes excluding ‘hot’ X's should be . 
comperable. (The grains over the Y should 
also be excluded if complete identification 
of chromosomes is made.) This ratio for 
the XXXXY oells is 0-18 and for the XX- 
cells 0-17. 

A further comparison can bo made be- 
tween the ‘hot’ X in these two oell types. 
It has previously been shown that the 
relative amount of labelling of the ‘hot’ X 
is dependent on the degree of ing of 
the cell. This dependence for the Y 
cells with & replot of the previous 
date for the normal X X female cells is 
shown in Fig. 2. The abeciasa is propor- 
oo Eo to prana ee 
excepting the ‘hot’ X’s, of the cells. This is 
chosen rather than the total number of 
grains because this is the set of chromo- 
somes which is common to both types of 
cells and would be to serve as & 
better yardstick for the ocompatison of 
timing of the end of the S period. The ` 
constant of proportionality is chosen for 
each preparation to bring ite overall 
average to the common pomt 1:0. The 
choice of a log soale is arbitrary, but 
has an important advantage that the 
dependence of the absolute number of 
grains per oell in irrelevant circumstances 

(for example, exposure time of the auto- 
radiographs, iflo activity of label, etc.) will only result 
in a lateral shift of the curve. A minor advantage is 
that the resulta are an approximate fit to a straight line on 
this plot. It will be seen that there is a remarkably close 
fit between the resulta from the two oell types. The alight 
displacement between the two seta of points is not really 
significant and oould be either due to the XXXXY 
cells being slightly nearer the end of the S period, or, if tho 
lateness in S period is the same for the two oell lines, due 
to an increased rate of synthesis of the ‘hot’? X in the 
XXXXY æl. : 

The overall conclusion is that there is a remarkable . 
similarity of the pattern of is of the ‘hot’? X 
chromosome at the end of the S period in such different 
material as a normal X X female, ining one ‘hot’ X 
chromosome and an abnormal X X X XY male containing 
three. 


It appears that the late labelling (late-S) of chromo- 
somes—by showing ‘hot’ chromosomes—is more informa- 
tive about the nature of extra chromosomes than the 


reported previously! that the ‘how’ X- 
chromosome represents a relatively inactive chromosome. 
The observation in this case of three ‘hot’ X-chromosomes 
may provide an explanation why supernumerary X-chrom- 
osomes have relatively little effect compared with extra 
eutosomes. B 

1 Gilbert, O. W., Muldal, 8., Lajths, L. G., and Rowley, Janot, Nature, 198, 

859 (1902). 


1 Morishima, A., Grumbaoh, „and lor, J. H., Proc. U.S. Nat. Acad. 
ot. a8, 760 (1001). E on 

* German, J. L., Lancet, 1, 704 (1002); Trens. N.Y. Acad. Soi., $4, 305 (1062). 
t Fraecaro, M., Kaijser, K., and Lindsten, J., Lancet, fi, 809 (1060). 

* Fracearo;M., and Lindsten, J., Lancet, 1, 1908 (1900). 

* Fracearo, M., Lindsien, J., and Kaijser, K., Lancet, fi, 509 (1062). 
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" PROPERTIES OF THE SEPARATED CHAINS OF HUMAN 
en |. Y-GLOBULIN ` 


By Dr. S. COHEN. 
Department of Immunology, St. Mary's Hospital Medical School, London, W.2 . = 


NTIBODIBES in man and many animals aro associated 
with a complex group of proteins known collectively 
fraction was originally defined as 


In all species investi main component of y-globu- 
lin has & molecular weight of about 150,000 and is usually 
referred to as 7S y-globulin; the heterogeneity of this 
fraction is shown by ite wide range of electrophoretic 
mobility and diffuse spread on ion exchange chromato- 
graphy as well as by the multiplicity of antibodies which 
it contains. About 5-10 per cent of y-globulin consists of 

weight of about 1,000,000 


ird type 
of y-globulin known as y,4- or B,4-globulin, which is 
mainly of similar molecular size to 75 y-globulin, but like 
the 198 fraction has a relatively high carbohydrate 


a ee —— - -er 





I 
i 2 
icut, aet ix du Miata ah 

1. in 8 M urea-formis acid starch of human 
Terga (D) ratus hemes y gioii CO and n A an B 
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content. In multiple myelomatosis and certain related 
conditions in man, abnormal y-globulins distinguished 
by their relative homogeneity are found in the serum; 
these pathological proteins may belong to any of the three 
main y-globulin 

Methods which have recently been used in tho study 
of antibody structure provide a means for in igati 
tho relationships between the three types of y-globulin 
and the differences between normal and pathological 
y-globulins. These methods involve a preliminary splitting 
of the protein by enzymatic digestion! or reduction of digul- 

ide bonds’. When human 7S y-globulin is reduced 
in the of 6 M urea approximately 15 disulphide 
bonds are split and the molecular weight falls from about 
150,000 to 50,000; the producta of reduction are separable 
by chromatography but are biologically inactive and 
insoluble in aqueous solutions’. Reduction of y-globulin 
in neutral solution splits & maximum of five 
disulphide bonds and subsequent dialysis agaist aootic 
or propionic acid dissociates two fractions which have 
been called A and B (ref. 4); theee can be separated on 
‘Sephadex G75’ columns and appear to d to the 
chains referred to as H and L (ref. 5) which are obtained 
after more extensive reduction. i Pain and 
Porter‘ have shown that in human, horse and rabbit 
y-globulin B chains comprise about 25 per oent of the 
total protein and have molecular weights of about 20,000. 


Md 


4 
2 in 8 M ures-formie acid starch of reduced 
T globubn ( 78 myeloma gonali (8), pathological 7, M -globxilin 
(2) and y,A-myeioma globulin (1) nu 





b, Left, reaction of normal 
with rabbit ant-195 serum (19), 
with 73 B chain. 


after er inn 7 
normal human 75 1 M -gobulins (2) with 
in. ) nu y" (2) 





The A chain which tends to precipitate at neutral pH 
comprises three-quarters of the orginal y-globulin and 
has a maximum molecular weight of about 110,000. Some 
further properties of the A and B chains from various 
types of normal and pathological y-globulins have been 
investigated. The results indicate that B chams carry 
those properties which are common to all Y-globulins 
while A chams are specific for each type. 

Separation of A and B chains. Normal and pathological 
7S y-globulins were by chromatography on 
diethylaminoethyl (D ) cellulose or by zone electro- 
phoresis, and y,M-globulins by chromatography first on 
DEAE celuloso and then on ‘Sephadex G200’ columns. 
A and B chams were separated by the method of Fleisch- 
man et al.t. The yield of B from normal 75 and from 
pathological 75 and y,A-globulins was 24-29 per coent of 
the total protein. 

. The electrophoretic behaviour 
urea-formic acid starch gel of normal human 
7S y-globulin and the sub-fractions obtamed 
after reduction 1s shown in Fig. 1. The B 
chains from all types of pathological y- 
globulins differ from normal in their relative 
homogeneity’, but all migrate within the 
range of normal 79 B on electrophoresis at 
acid pH (Fig. 2) or in alkaline buffers. The 
A chains of normal and pathological 785- 
globulins appear to be identical in urea- 
formic acid starch gels, but A chains from 
Y;À- and y,M-globulms have slower electro- 
phoretio mobilities (Fig. 2). 

When A and B chains were prepared from 
y: and y, sub-fractions of 7S8-y-globulm or 
from fast- and slow-moving pathological 
y-globulins, it was found that the relative 
heterogeneity and mobility of the A chain at 
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alkaline pH corresponded with that of the protein fraction 
from which rt was derived. The mobility of the B cham, 
however, bore no relation to that of the molecule from 
which it was prepared. 

Antigenic properties. A and B chains of 79 y-globulin 
are antigenically distinct as judged by their reaction with 
rabbit anti-human 79 y-globulin. Rabbit anti-75 sera 
absorbed with 7S B cham do not react with y4- and 
Y:M-globulins (Fig. 3a). Similarly, anti-199 sera abeorbed 
with 73 B cham are specific for normal YıM -globulin 
(Fig. 3b). Antisera obtained by immunization of rabbits 
with human 7S B chain give a reaction of identity with 
normal 75 and y,M-globulms while antisera against the 
A chain react only with 75 y-globulin (Fig. 8c). Bimilarly, 
B chains from pathological 78, y,4- and YıM -globulins 
give a reaction of complete or partial identity with normal 
78 B when reacted with an antiserum to "75 B chain; 
antisera agamst 75 A chain, on the other hand, react only 
with A chains from abnormal 7S proteins and not with 
the A’s from pathological y,A- and Y:M-globuling. These 
findings indicate that in both normal and pathological 
y-globulins B chains carry antigenio determinante common 
to the three main types of y-globulin while determinants 
specific for each are associated with their respective A 


Genotypic specificity. Recent investigations have 
established the presence withm a single species of indi- 
vidual variante of y-globulin which are antigenically 
distinct’. Varianta of human y-globulin have been dis- 
tinguished from one another by differanoes in their ability 
to inhibit the agglutination of sensitized cells by selected 
sera containing substances serologically related to rheuma- 
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toid factors. Since the introduction of this tecahnique® 
several genetically determined types of y-globulin have 
been described. In Caucasians there are two independ- 
ently segregating loci (Gm and Inv) which control the 
production of six well-defined y-globulm variants. Gm 
activity is associated only with 7S y-globulin while the 
Inv factors are found on 7S-, y,4 and y,M-globulins®’. 

A tion of human 7S y-globulin from`a Gm 
(a+b+) v (a+) individual was reduced and the A and B 
chains separated on ‘Sephadex G200'in 1 N acetic acid; 
the A fraction prepared in this way is free of unreduoed 
y-globulin as judged by sterbh-gel electrophoresis. After 
separation of the chains Gm(a) and Gm(b) factors were 
detectable only on the A chain while Inv(s) activity was 
associated only with the B cham". . 

Relationship of y-globulin chains to enxymatio pteoes. 
Porter! has shown that papain activated by cysteme 

ita y-globulin into three fragments separable by 

phy. One fragment (III in the rabbit, F in 
human) contains no antibody activity, while the other 
two (I and II in the rabbit, S fragments in human) each 
contain a single antibody combinmg site. Fleischman 
ei al.4 investigated the relationship between the i 
pieces of rabbit y-globulin and the chains ara De Dy 
reduction. The A chain was found to react with antisera 
to piece I and piece IIT, while the B chain reacted only 
with anti-piece I. These findings indicated that pieces 
T and D contain the B chain and a portion of A chain, while 
fragment III contains only A chain, and this led Porter™ 
to propose that 75 y-globulin has the general uration 
shown in Fig. 4. ThE paromi eis ir er Y-globu- 
lin have been studied by immunoeleotrophoresis using 
rabbit antisera to 7S A and B chains. The S fragment 
reacted only with anti-B and the F fragment only with 
anti-A (Big. 5). Similarly, S purified by chromatography 
on diethylaminoethyl cellulose reacted with anti-B, but 
not with anti-A on gel diffusion. Since the S fragmenta 
comprise about two-thirds of the molecule and the B 
chains less than one-third, it appears that S must contain 
part of the A chain, but it has not been poasible to demon- 
strate this with two different rabbit anti-A sera or with 
anti-LS sera absorbed with B; this suggests that the 
portion of the A chain included in the S fragment may be 
antigenically inactive in human y-globulin. 

Oonolusion. Despite their diversity, all human y-globu- 
lins have a basically similar structure and can be split by 
. reduction into large A and smaller\B chains. It is there- 
fore logical to call the three main com of the 
system 7S, y,A- and y, M-globulins and not to refer to the 
latter two as B-globulins. 

The B chain of y-globulin carries those antigenic and 
genotypic determinanta which are common to 78, y,4- 
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Table 1. PROPERTIES OF THE BXPARATED CHAIXS OF Humax 75 y GLOBULIN 
A chan B eain 


repu (ref. 5) H L 
eent) Ti-16 24-20 
Mer L Tes (pH &8) Bhlstod to Not related to 
original y original y 

Antigento 

Common to and y, M 0 + 

Specific for + 0 

Gm á d 0 

+ 

Presence in papain pisoos 

; E 
Myeloma proteins — Relatively Homogeneous 

homogeneous 


and y,M-globulins; B chain has been demonstrated in the 


. papain fragment S, which is associated with the same 


common antigenic” and genotypio*'!!* factors (Table 1). 
These findings indicate that the three main types of 
y-globulin contain B chains of similar structure. 

- The A chains of 75, y,4- and y,M-globulins differ in 
electrophoretic behaviour and carry the antigenic determ- 
inanta which are specific for each type of y-globulin. Gml 
specificity, which is associated only with 75 y-globulin, is 
present on the 79 A chain. The papain fragment, F, 
which is associated with the specific antigenic determinants 
of 78 y-globulin! and with Gm specificity’ 1°, consists 
only of A chain. It appears therefore that the three 
main of y-globulin have different A chains; all the 
carbohydrate of the molecule is present in the A chains‘ 
and this may contribute to the differences which have 
been observed. 

I thank Prof. R. R. Porter for his advice and Prof. 
N. H. Martin of St. George's Hospital and colleagues at 
St. Mary's Hospital for samples of pathological sera. 
The facilities for this work were provided by from 
the. U.S. National Science Foundation, the U.S. Public | 
Health Service, the Welloome Trust and the Medical 
Research Council, London. 
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NEUROCHEMICAL DIFFERENCES BETWEEN TWO STRAINS OF MICE 


` 


By Dr. JAMES W. MAAS 


-  Sectlon on Psychosomatic Medicine, Adult Paychiletry Brinch, Clinical investigations, Natlonal Institute of Mental Health, 
E Bechesda, 14, Maryland : 


OUS invéetigators!-* interested in genetic factors 

in behaviour have rather consistently found differences 

in behavioural measures between two strains of mice, the 
BALB[eJ and O57BL/10J. Briefly, these differences are 
as follows. The BALB/oJ mice are more fearful, as 
measured by the Hall open field test‘, show lees explora- 
tory activity, and are generally leas active than the 
OSBL[10J strain. Casperi' noted & difference in total 
brain serotonin between these two strains (serotonin and 
5-HT will hereafter be used interchangeably). My later 
work* indicated that these two strains were significantly 
differentiated by the 5-HT content of a dissected portion 


` 


of brain consisting of pons, mesencephalon, and dien- 
cephalon, whereas the norepinephrine content of this 
dissected portion was the same for both strains. Specifi- 
cally, the BALB[eJ mice had 1:34 of serotonin/g of 
dissected brain tissue and the OS7BL/10J 1-07 ug/g 
(P= <0-01) while the values for norepinephrme were 
0-73 ug/g and 0-70 ug/g respectively (P= 0-25). This 
article presents further work aa to the nature of this strain 
difference in serotonin-levels. 

All mice used in these experimenta were from the 
Jackson Memorial Laboratories in Bar Harbor, Maine, 
all were males, and were 8-11 weeks of age at the time of 


- 956 
death. ` AIl experiments were designed so that a given 
“mouse from one strain was always paired with a mouse 
from the opposite strain which had been reared and 
housed under similar conditions and was of course of the 
same . The method used for 5-HT determinations was 
basically that of Bogdanakci* with the modifications numa 
ted by Kuntzman!* being used for microanalytical pro- 
cedures. , The mice were decapitated without pre ica- 
tion. The dissected portion o brain referred to frequently 
in this article was prepared as follows. The medulla, 
cerebellum, pul int ce: all tissue anterior to the optic 
chiasm and lateral to the optio tracts were dissected away 


and the portion left thus consisted of pons, mesencephalon, . 


and di 
' Alth 


halon. ! 
there was no reason to suspect that the mice 


from the Jackson Laboratories were behaviourally different - 


squares crossed was 32-4 for the BALB/cJ’s and 80-8 for 
the O67BL|[10J's. This difference is statistically signifi- 
cant (P= <0-01). These. resulte agree favourably with 
those of other investigators and suggest that the mice 
tly being obtained from the Jackson’ Laboratories 

ve retained the earlier noted behavioural differences. 


Table 1 - 
Strain BALBjoJ ante Strain O57BLI10J 


Serotonin tn total 0807 + 0013 mg/g WS. 0-783 + 0-018 mg/g 
brain + B.B, j E dm h Geos Es 
ations on a total ations on a total 

di P On P Eee 
Mean total = <0-05 452-43 mg 
brains 5.5. - brains) © N= $0 brains) 
in 1-440 046 P-«001 1-07+0-087 wg/g 

portion of ents: QI -19 =10 brains 
JE. (ref. 8) and 10 determ- and 19 determtn- 
Moan weight of dis- 146-4 os P 0-01 . 140-7 Doo [^4 
t mg -< m (F = 

seoted portion of = 45 disgoo- 46 dimseotiona) 
brah + S.E. (ref. 8) - . 
Total serotonin in Tet ogos x.s O15 51 000 S 

after dis- ations on 8 - ations on 8 

section + 3.9. brains) . bratna) 
* Serotonin values expreased as total amount present rather than as 
tjs beca those siructure rib tn serotonin n this portion of brain consti 
a relatively amall fraction of the total wright. 

that is, non- 


; 
: 
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difference (Table 1). From this it is concluded that the 
earlier noted difference in serotonin content for the two 
strains is not generalized but rather is found only in that 
portion of brain consisting of pans, mesencephalon, and 
diencephalon. Further investigations may be of use in 
-more accurate localization as to specific structures which 
may account for the difference found. : 

“In order further to understand the biochemistry of the 


noted difference-In the two strains a potent monoamine 
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oxidase inhibitor, "Parnate', was injected intraperitoneally 
at Smg/kg. lhand 5h after injections, the animals were 
killed and serotonin determined on the earlier desaribed 
dissected portion of brain. For the 1-h experiment five 
animals from each strain and for the 5-h experiment ten 
animals from each strain were used. Results obtained are 
presented in Fig. 1. Although the differences between 
the two strains are still significantly differant at the 1-h 
-and 5-h point, it is noted that the characteristic 125-180 
per cent greater serotonin-levels found in the BALB/oJ 
animals has decreased’ to 115-116 per cent at the 1-h and . 
5-h points. These results suggest that tho observed differ- 
ences between the two strains cannot be explained solely 
on the basis of a differential in the rate of transfer of _ 
5-hydroxytryptophan to brain nor to some impairment of 
decarboxylatian of this precursor of serotonin. (The 
Presence of equal amounts of norepinephrine found in 
earlier work* also suggesta that the serotonin difference 
is not due to different activities of 5-hydroxytryptophan 
-decarboxylase as this enzyme seems to be the same as 
Dopa decarboxylase?*.) 
the 057BL/10J strain has more or more active monoamine 
oxidase and that if ‘Parnate’ completely inhibits all tho 
monoamine oxidase, there is a slightly more rapid increase 
of serotonin. However, the fact that a significant differ- 
ence persiste throughout the entire 5-h period suggeste that 
& difference in monoamine oxidase levels or activity could 
be only & partial explanation. Because of the foregoing, 
it is concluded that it is ible but unlikely that the 
observed differences can lained on the basis of 
differenced in production or cataboliam of serotonin. 
Although the prime purpose of the injection of ‘Parnate’ 
was the examination of changes in serotonin-levels, an 
observed differance in behaviour between the two strains 
was noted. Following the drug administration the 
BALB/eJ mice were periodically hyperactive; they 
sasumed an ‘alert’ stance with the head up when not 
moving about; and they were most sensitive to any 
stimuli during periods of non-movement. This behaviour 
reached its maximum 30—45 min after injection and con- 
tinued for the 2 h during which they were obeerved. In 
contrast the O57BL/10J mice while alert remained 
huddled in the corner of the cage with their heads down 


of the 057BL/10J mice was more like that of the BALB/oJ 
mice, that is, with time the behaviour of the two strains 
.became nearer to being These effects were noted 
both for animals housed groups of five following the 
injections and to a slightly |eeser degree when housed 


It is well known that serotonin exists in the brain in at 
least two forms, a bound and a free, and that reserpine 
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* 
acta on the binding or transport mechanism in some way 
so as to effect a release of 5-H and norepinephrine. 
Furthermore, Potter et al. as well as Weil-Malherbe e£ aj.!3 


bave eres that for norepinephrme the bound form 
is divided into two componenta, an easily releasable, and a 
more tightly bound. It was felt that it would be of some 
interest to compare 5-HT depletion curves for the two 
strains following an intraperitoneal injection of 2-5 mg 
reserpine/kg body-wt. These curves are presented in Fig. 2. 
Note that by 60 min the two strains have similar values 
for 5-HT, suggesting a more rapid release in the BALB/oJ 
strain. Parenthetically, these curves offer farther evidence 
that the lower 5-HT levels in the O57BL/10J strain are 
not due to & relative deficit of monoamine oxidase in the 
BALB[eJ strain, for if this were the case the rate of 
depletion of 5-HT in the O57BL/10J would be expected 
to be greater than for the BALB/oJ. Those curves do 
suggest, however, that there may be a difference in the 
binding mechanisms for the two strains and that this may 
in some way be responsible for the differential in 5-HT 
levels found between the two groups. The paucity of basio 
knowledge about bindmg and release mechanisms, and 
cellular partitions, is such that opposite hypotheses could 
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be erected from the data presented. For example, if one 
assumes three cellular locations for 5-H.T as does Brodie”. 
that is, a granular, & lipid membrane bound area, and the 
portion of the cell having free monoamine oxidase, then 
one could explain tho ‘higher S-HT in the BALB[oJ 
strain by postulating that there is in vivo a more rapid 
release of 5-H'T from the granular fraction in the BALB/cJ 
strain with a cae baa increase in 5-HT in the portion 
i lipid membrane. Thus, measuring 
would indicate more 5-HT im tho 
BALB/oJ even though the granular fraction was lees. 

On the other band, an alternative hypothesis is that 
the 5-HT 4n vivo is released lesa rapidly from the granular 
fraction in the BALB/oJ strain and thus the observed 
differential. ‘This hypothesis would hold whether one 
uses Brodie’s concept or the simpler one of & granular and 
non-granular fraction. This conoept might also explain 
the closer approximation of 5-HT levels after ‘Parnate’ 

It is felt that the use of these inbred strains of mice for 
further clarification of the found neurochemical differences 
and their possible relationship to well-established be- 
havioural differences is particularly appealing because the 
differences are naturalistic, that is, they occur without 
introducing non-physiological conditions which heretofore 
have been necessary in order to produce chemical and 
behavioural changes. 

I thank Mr. Harold Landis for assistance, and Dr. 
Donald Morrison for advice as to statistical methods. 
Smith, Kline, and French kindly supplied the ‘Parnate’ 
used. 
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SUCCESSFUL DEVELOPMENT OF CHICK EMBRYOS NOURISHED BY 
YOLK-SAC PERFUSION WITH CALCIUM-LOW MEDIA 


By C. R. GRAU, N. E. WALKER, H. |. FRITZ and S. M. PETERS 
Department of Poultry Husbandry, University of Caltfornla, Davis 


AES &bundant supply of yolk and white in the ben's 
egg hampers direct study of chick-embryo nutrition. 
In order to remove yolk nutrients and maintain essentially 
normal relationshipa between the embryo, ite membranes, 
and the shell, techniques were devised first to replace the 
yolk of three-day embryos by the injection of salts solu- 
tion!, and later to perfuse the yolk sao with various 
media’. By use of an electrosurgical unit, a canal of 
coagulated white was formed, thus ir siraepi J the yolk 
sao of three-day embryos with the exterior of the shell. 
Next, metal connecting tubes were attached, and a salts 
solution was slowly injected upward into the yolk through 
a hypodermic needle, so that most of the Ik, being 
heavier, was displaced by the lighter salts solution. An 
overflow tube was then attached, and fluids were perfused 
through the yolk sac. 


Since the publication of these preliminary studies 
efforts have been made to obtain normal development, 
but without success until recently. A few embryos 
survived more than 100 h when with 15 ml. of 
fluid every 8 h, starting at 4 days of incubation, but even 
these were small and had poor extra-embryonic circulation 
and little allantoic fluid. Despite failure to obtain normal 
development, it has been possible to study survival timo 
in relation to salt balance, solute concentration, glucose 
requirement, and casein or egg-white as components of 
the medium. When the medium lacked either casem or 
white, the median death-time was about 80 h; whon 
either one was t, median death-time was sometimes 
more than 100 h. The effects of white were leas remark- 
able, perhaps, than the observation that the presence of 
yolk in the perfusion medium was not beneficial; on the 


Pes vw due 





contrary, embryos receiving a medium containing 12 ml. 
per litre died earlier than those receiving salts 
alone. In contrast to the results obtained during perfusion 
findings 


t, and to concentrations of these 
nutrienta and of sodium and potassium, in various fluids. 
Survival was improved by reduction of the calcium chlor- 
ide-level of the salta solution from 200 mg/L, a concentra- 
tion used in cell and organ culture media, to 
20 mg/l. In these investigations, 2 ml. of yolk (containing 
0-15 m.equiv. calcium) were injected into the yolk sao; 
thus, the total concentrations in the 25 ml. volume of 
yolk sac were increased by the additions of yolk to 9-7 
m.equiv./l from the original level of 3-7. When the 
oalatum-level of the salts solution was 0-37 m.equiv./l., the 
addition of 2 ml. of yolk raised the calcium-level to 6-4 
m.equiv./l. Fram these and other experiments yet to 
be published, it appears that the major problem in 
previous perfusion studies may have been that excess 

The working hypothesis of the present investigation 
was as follows: Perfusion removes components of the white 


which have entered the yolk sac. These soluble materials . 


have, in addition to their value as nutriente, & greater 
ability to bind calcium than have yolk te. 
When the embryo is subjected to a level of available 
ealoium in excess of ite tolerance, it suocumbe. The 
effective level of calcium in the perfusion medium is 
related to calcium-levels of yolk, white and the salt 
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solution, and to the calcium-binding capacity of oom- 
ponente of yolk and white. 

This hypothesis was tested by two experimenta in 
which the effecta of yolk and white supplements were 
studied in relation to the calcium-level of the medium, 
using embryo survival and weight as criteria. The 
embryos were prepared for the experimenta in easentially 
the same manner as before*. The salta solutions contained 
the following: sodium chloride, 4-46 gi potassium 
chloride, 1:70 g; ium chloride (GH,0), 0-84 g; 
magnesium sulphate (TH40), 0-20 g; sodium dihydrogen 
propio (H40), 0-28 g; glucose, 5:00 g; sodium bicar- 

te, 1-1 g; erythromycin, 0-095 g (as glucoheptonate); 
dib; ycin, 0:66 g (as sulphate); and deionižed 
water to make 1 1. of solution. In addition, calcium 
chloride was present at 0-2 g/l. (salta 25), or 0-02 gl. 
(salta 26). 

After a total incubation time of 4 days, the canal of 
each egg was cleared of yolk by a few ml. of fluid, an 
overflow tube was attached, and the yolk sac was oon- 
nected through a hypodermic needle to a reservoir from 
which 80 ml. of fluid were dispensed every 8 h. It required 
approximately 10 min for each of two 15-ml. volumes to 
flow through the yolk sac. Death times were noted, 
and the dead embryos were preserved in 10 per cent 
formalin for study and for determinations of wet weights. 

The salta solutions contained more potassium and 
magnesium, and lees sodium, than solutions ordinarily 
used for cell and organ culture. Salta 25 contained 
8-7 m.equiv. calcium/I.; salta 26, 0-37 m.equiv./l. 10 ml. 
of fresh yolk contain 0-75 m.equiv. of calcium; 20 ml. of 
liquid white contain 0-075 m.equiv. (ref. 5). - 

The results obtained from one iment are presented 
in Figs. 1 and 2; the resulta of the other experiment aro 
consistent with these, but are omitted for brevity. When 
the basal medium contamed the higher level of calcium 
(Fig. 1, upper curves), death occurred quickly in both the 
absence and the presence of yolk, but the addition either 
of white or of both yolk and white prolonged survival.- 
Comparison of the upper and lower curves of Fig. 1 shows 
that reduction of the caloium-level from 38-7 to 0-37 
m.equiv./l. improved survival in the absence of the 
supplements (unmarked curves) or in the presence of 
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$ controls were perfused with $0 ml. of medium every 8 
by solid olreles were perfused with salts 25 alone; 
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jected to the prepara- 
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yolk. When white was preeent, the effect was lees marked, 
&nd when both yolk &nd white were present, there was no 
effect. 

The relation of embryo weight to time of death is shown 
in Fig. 2, from which it is clear that the unsupplemented 
salta 20 solution permitted only poor growth. This reeult 
is in contrast to those with supplemented media: when 
yolk and white were added to the medium, embryos 
which died after 80 h weighed twice as much as those 
perfused with salte alone. 

The amall embryos were retarded in development, but 
showed no gross abnormalities. Two perfused. 
with salts 20 supplemented with white were found at 
autopsy to be edematous, which accounts for their greater 
weight. In contrast to previous perfusion experiments, the 
extra-embryonic vacoull tion and allantoic sac volumes 
were eseentially normal in those embryos perfused with 
salta 20. Same of the embryos which died after 80 h 
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exhibited parrot-beak abnormalities or shortened man- 
diblee, but there was no evidence that any of the treatments 
was specifically responsible for the abnormelities. When 
the egg-tooth was present, it was caloified normally. 

The control ryos were obtained from eggs of the 
same group, prepared in the same way as the experimental 
ones, except that yolk removal was incomplete because of 
rupture of the canal lining during the first displacement 
prooem. Previous trials had shown that such embryos 
grow normally during this period of incubation. Photo- 
graphs illustrating some of the size differences in relation 
to medium content and perfusion time are presented in 
Fig. 3. 

From the resulta of previous experimenta using the 
replacement system, in which the yolk sac was thoroughly 
flushed out at 4 days, it was expected that embryos 
perfused with solutions containing white but no yolk 
would be smaller than those receiving both white and 
yolk. In the experiment described here, however, such 
a thorough washing was not performed, because of the 
expected effectiveness of subsequent periodic perfusions. 
The poor growth obtained with salts 26 alone indicated 
that residual yolk had been effectively removed. When 
white was present in the medium, however, growth was 
almost normal. Two possible explanations for this 
observation are: (1) when white was present in the 
medium, removal of vestiges of yolk clinging to the ento- 
dermal lining of the yolk sao may have been impaired; or 
(2) when white was present, yolk materials in en 
cells may have been more effectively utilized than when 
white was absent. 

Questions concerning the relative effectiveness of white 
and yolk as supplements, the concentrations required, 
and their possible replacement by other protein sources 
or by amino-acids in defined media await further investi- 
gation. The resulta reported here show that it is possible 
to obtain almost normal growth and development through 
the eighth day of incubation by perfusing through the 
yolk sac of 4-day chick embryos a salts and glucose 
solution, supplemented with white and yolk. pes pale 
with the media commonly used for cell and organ culture‘ 
this medium is characterized by a low sodium-to-potas- 
sium ratio and by & very low level of calcium. It is oon- 
cluded that the proposed hypothesis, namely, that com- 
ponents of the white enter the yolk sao and protect the 
embryo by combining with calcium from the yolk or salta 
solution, is still tenable. 

This work was aided by grant G—9836 from the National 
Science Foundation. Antibiotios were provided by 
Merck Sharp and Dohme and Eli Lilly and Oo. 
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SERUM TRANSFERRINS IN CHIMPANZEES 


4 


Serum Transferrins in the Orange Park 
Chimpanzee Colony classifled by the Boyer 
and Young Scheme 


OYER and Young. observed seven phenotypes of 
transferrin on analyamg the sera of 25 chimpanzees 
for iron-binding components by vertical starch-gel 
electrophoresis? and autoradi hy*. Each serum (pre- 
with iron-59) Sanao after the starch-gel 
separation either one or two heavily labelled zones of 
iron-binding protein and 1-3 additional bands of more 


weakly labelled protein (Fig. 2). In naming these pheno- 
types it was assumed that if an animal was homozygotio 
for transferri only one heavily labelled band would be 
present; but, if heterozygotio, two such bands would be 
present. Thus the seven observed phen were 
designated: AA, AO, AD, BO, CO, CD and DD, the A 
transferrm having the highest electrophoretic mobility 
and the D transferrm having the lowest electrophoretic 
mobility. Buettner-Janusch* also used vertical starch- 
gel electrophoresis and autoradiography to identify trans- 
ferrin differences in chimpanzees. analysed 41 sera, 
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20 obteined originally from animals in tho 

colony of the Yerkes Laboratories of Primate ey at 

Orange Park, Florida. In agreement with the findmgs 

of Boyer and Young, Buettner-Janusch‘ reported that 

E O e ana ol eae and & pronounoed 
this protein in chimpanreæ. However, 

did not consider it wise to attempt to distinguish by 
the system: of nomenclature heavily banda from 
more weakly labelled bands. Nor did his phenotypes 
correspond in the relative positioning of coomponéànta to the 
Boyer and Young phenotypes. In contrast to Buettner- 
Janusch, Parker and Beern’, who analysed 67 sera from 
animals in the same Orange Park chimpanzee colony, 
were able to classify the transferrm phenotypes of these 
sere acoording to the Boyer and Young scheme. Their 
paper described the presence of the AO, BO, OO, and OD 
phenotypes in the Orange Park colony. 

Hike we piccanit the requis of oor Un Anni pae: 
formed on 122. sera drawn at various times from 77 of 
the Orange Park chim We thank Dr. Arthur J. 
Riopelle (director of the Yerkes Laboratories of Primate 
Biology), who provided us with the sera from these animals. 
Almost all samples were analysed by two-dimensional 
starch-gel electrophoresis* in the tris discontinuous buffer 
system’, and the- principal transferrin components in 
several representative sera were identified by immuno- 
logical examination of the separated B-proteins with 
unispeciflo chioken antiserum to human transferrin. The 
method of immunological examination was that pre- 
viously utilized to identify transferrin components 
in the two-dimensional starch-gel electrophoresis patterns 
of rhesus monkey sera’. In addition, the iron binding 
patterns of 70 sera from 60 of the chi "were 
determined on samples pretreated with iron-59 by oom- 
parative one-dimensional starch-gel electrophoresis and 
autoradiography. 

IM OMA ux DOE) NOLO TUIS TROU QUO deat 
ferrin fraction of chimpanzee serum is comprised pre 
daddy of dither ou or two Fioni onioni 
distinct molecular species. Furthermore, a consistent pat- 
tern of minor transferrm components was demonstrated, 
the variations of which in the chimpanzee sera were 
related to the variations of the major transferrin coom- 
ponents. In accordance with the scheme of Boyer and 
Young these major components could be labelled in order 
of decreasing electrophoretic mobility: A, B, O and. D. 
By two-dimensional starch-gel electrophoresia in the dis- 
continuous buffer system, O and D could usually be 
distinguished from each other and could always be 
distinguished from A and B, but A and B could not be 
readily distinguished from each other. Indeed, even by* 
the method of vertical starch-gel electropharesis in borate 
buffer, with its much longer period of separation, repeat 


- 
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n endet nin TUM ee tn Mo terna, was 
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Iron-59 Autoradiograph 
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analyses were neooesary clearly to resolve A from B. 
(The 70 sera pretreated with iron-50 were first analysed 
by the more rapid horizontal starch-gel electrophoresis 
in the iris discontinuous buffer system. Then the samples 
having either A or B transferrin were analysed by vertical 
Sterah-gel electrophoresis in borate buffer.) The signiflo- 
ance for our study of the method of two-dimensional 
starch-gel immunoelectrophoresis was that it permitted 
us to visualize clearly the major transferrin components 
of chim serum, since by the iron-binding method 
(as pointed out in the report of Buettner-Janusch*) “the 
possibility occurs that the degree to which the transferring 
are saturated tn vivo before the blood samples were taken 
plays & part in the extent to which each band will take 
up iron-59 tn viro”. Indeed, cord blood obtained from 
& new-born chim (Ball No. 195) failed to show any 
transferrin by the iron-binding method, but was readily 
typed as OD by two-dimensional starch-gel immuno- 
electrophoresis. 

The resulta of our analyses are given in Figs. 1 and 2 
and Table 1. As can be noted, seven distinct phenotypes 
of serum transferrin were found in the Orange, Park 
chimpanzee colony. Furthérmore, as demonstrated in 
Fig. 2, these seven phenotypes showed the same relative 
positioning of minor transferrin bands to major bands 
as the phenotypes deeoribed by Boyer and Young’. Thus 
even though chimpanzee sera were not exchanged with 
these investigators, we were convinced that our seven 
phenotypes were the same as theirs. y, the 
same system of nomenclature can be used for describing 
the transferrin phenotypes of the Orange Park chimpan- 
roos. : 

In recordmg the distribution of these p 

(Table 1) we divided the animals into those which were 
born in the jungle (birth-date unknown) and those which, 
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Table 1. DIETRIBUTION oF TRANSFERRIN PHENOTYPES IW CHINPANINES 


Park Boyer and 
Phenotypes der di oem, bom. Young group 
Aa "0- 1 1 
AO 3 2 3 
AD 1 1 5 
BO 3 2 4 
oo 35 11 9 
OD 16 . 0 1 
DD 0 2 2 
Total 58 19 25 


were born in the oolony, the latter being an inbred group 
of chimpanzees. DO ace We suce conmon af de chain. 
types in both these groups and also in the chimpansees 
analysed by Boyer and Young. However, phenotype OD, 
which appears to be rather rare in jungle born chimpanzees 
(putting our data and that of Boyer and Young together), 
was the next moet common phenotype in the chimpansees 
born at Orange Park. An original breeder female in- the 
colony (Wendy No. 4) has been typed as CD, which 
acoounta in part for the rather frequent occurrence of the 
CD phenotype in the inbred group. It should be emphas- 
ixed that as larger numbers of chimpanzees are surveyed 
new phenotypes and new molecular forms of transferrin 
in addition to the seven phenotypes observed by Boyer 
and Young! and ourselves might well be discovered. 
Nevertheless, the use of a nomenclature which in effect 
describes the transferrm phenotypes of chimpanzees in 
terms of an allelic series of genea is not inappropriate 
as the following-communication demonstrates. 

We thank Dr. Melvin R. Sikov of the Department of 
Radiology, Wayne State University College of Medicine, 
for his advice on the radioactive iron-binding analyses and 
for generously permitting us to use his facilities. 

Morais GOODMAN 
Rossman MoBriws 
Ey Povr 
EDUARDAS RAKLYS 


Wayne State University College of Medicine, 
Detroit. 
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Inheritance of Serum Transferrins in 
Chimpanzees 

By reviewing the familial relationships of chimpanzees 
born in the Orange Park Colony, the transferrin pheno- 
types of which were classified by the Boyer and oung 
scheme ing oommunication), ib was possible to 
evaluate the genetic basis for the inheritance of these 
tranaferrins. The results are recorded in Table 1. To gum- 
marize the findings: of the twelve offspring of CO x OD 
matings, six were OO and six were CD. There were four 
offspring of AC x OC matings; three were CO and one was 
AO. The two offspring of BO x CC were BC and CO. The 
aneor nE o OD T Ae: a ur aic RE d 
CO x mating was CC. Thus without exception each 
offspring always had one major transferrin identical in 
type to one held by the mother and one major transferrin 
identical m type to one held by the father. Furthermore, 
there were fourteen offsprmg, each one having a trans- 
ferrin phenotype which could be compared with the trans- 
ferrin phenotype of only one of the parents; again, one 
major transferrm of the offspring was always identioel in 
type to a major transferrin of the parent. Thus, as in the 
case of human transferrins’ and rhesus monkey trans- 
forrins, these data support the hypothesis that a.single 
autosomal multi-allelic series of genes without dominance 
controls the transferrm polymorphism of chimpanzees. 

There would be four genes in the allelic series controlling 
respectively transferrins A, B, O and D. The minor 
transferrin bands would be related to the major bands, 
and their presence along with these major bands would 
be controlled by the same allelic system at & single locus. 
The appearance of the seven chimpanzee phenotypes 
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Table 1. TRAXKFERRIM PHEWOTYPES OF PARENTS AXD OFFXPRIKO DE THE 
ORANGE PARK OHIWPANEZEN COLONY 


i Name and No, of antmal Transferring phenotype 
Mother (No.) Father (No.) Offspring (No) M 
Wendy 4 Bokar 5 Web 79 OD. 00 OD 
28 Hal 43 176 co cD OD 
48 Hal 43 7 oo CD 00 
Bala 48 Hal 48 Pix 157 o0 cD CD 
Bula 48 Hal 45 Hew 171 oo OD OD 
Bula 48 Hal 4* Ball 195 00 OD CD 
Bula 48 Jant 71 Bent 165 O0 OD oo 
Helene 62 Hal 43 Also 1 es OD O00 
Boda 12- Hal 43 Lad 119 OD oo 
Boda 12 Hal 48 Badie 154 o0 OD CD 
Boda 12 Hal 43 Bally 78 oo OD O0 
Fanny 102 Jent 71 Norma 166 00 COD oo 
Gamma 58 Bokar 5 Margo 100 AO co o0 
Gamma 58 Bokar 6 108 AO o0 oo 
Pati 42 Bokar 5 Beti 180 AO oo AO 
Pad 42 Bokar 5 Portia 144 AO oo O0 
Debi Frans 108 Dena 186 BO Og BO 
Deli Frans 103 Oban 181 BO O00 oo 
Wendy 4 Jent 71 Went 143 OD OD CD 
101 Frans 103 Francy 124 o0 00 0,0) 
Wi 4 Ji Jenny 00 CD CD 
Wendy 4 Jack Jed OD OD 
Alia 15 frio — 00 00 
23 Alan 107 oo CO 
ea "o. Dehn 96 O0 OD 
Boda 12 i Frans 108 oo co 
) Art 57 oo o0 
ert Bokar 5 Verb 97 oo 00 
Bokar 5 Kathy 148 oo (0,0) 
m Es Bema — m og 
ert) Ha! 43 Val 160 OD 00 
Web 70 Wenka 170 OD OD 
denotes thet the animal was no longer available for drawing 


(Fig. 2 in the communication) suggests that 
tranaferrins A, B and O each have one minor component 
migrating directly in advance of the major component, 
whereas transferrin D has two componenta migrating in 
advance of the major component, the slower of these more 
rapidly migrating bands occurring in the same position 
of the major component of transferrin O. Another genetic 
hypothesis to account for multiple transferrin bands in 
chimpanzees presumed to be homorygotic for the protein 
i genes at more than one locus interact to control 
the molecular specificities of transferrin, with the observed. 
phenotypes resulting from an allelic series at only ono of 
the gene loci. 

Our resulta by either genetic hypothesis support the 
assumption that CO is a homozygous phenotype and that 
AC, BO and CD are heterozygous otypes. As yet 
we bave no information on the inheritanoo of phenotypes 
AA, AD and DD. Thus the assumption that the pheno- 
types designated DD and AA are homozygous in character , 
still rests on very tenuous grounds. Clearly the genetic 
besis for the transferrin differences in chimpanzees 
cannot be thoroughly evaluated until a more extensive 
programme of breeding chimpanzees with these various 
transferrin phenotypes is carried out. 

This work was carried out with sup from grant 
G-14152 of the National Science Foundation, grant 226 
of the National Multiple Sclerosis Society, and grant 
H-5691 from the National Heart Institute of the National 
Institutes of Health. 

MOREE GOODMAN 
ARTHUR J. RIOPHLLE 


Wayne State University College of Medicine, 
Detroit, 


and 
Yerkes Laboratory of Primate Biology, 
Orange Park, 
Florida. 
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INCORPORATION OF AMINO-ACID BY ROOT NODULES OF GALEGA 
OFFICINALIS > 


By Dr. M. H. PROCTOR and ESAM MOUSTAFA 
Plant Chemistry Division, Department of SciantHic and Industriel Research, Palmerston North, New Zealand 


ANE plant tissues, root nodules have two unique 
features: they contain hæmoglobin! and fix nitro- 
gen’. These characteristics in their turn imply that 
nodules can synthesize both hemoglobin and the nitro- 
gen-fixing enzymes, and henoe are suitable organs for the 
examination of rotem synthesis. 

Root nodules of oficinaks (Linn.) are robust 
structures of up to 200 mg fresh weight and-can be 
detached easily from the plant in a metabolically active 
condition’. These nodules contain hsmoglobins of the 
types normally found in plant tissues*. Previous work 
has shown that the nodules contain amino-acid-activating 
enzymes‘, and this article outlines experiments which 
show that intact detached nodules incorporate amino- 
acids into the water-soluble proteins, including hmmo- 
globin. 

In order to obtain nodules which were actively fixing 
nitrogen and synthesizing Perd as & system of 
‘regenerating nodules’ was devised. Young plante growing 
in the field were uprooted, the majority of nodules were 
removed from the roots, and the de-nodulated planta were 
replanted in coarse pumice. These planta were periodically 
irrigated with a nutrient solution containing: ium 
chloride, 0-0045 M; potassium sulphate, 0-00225 M; 
sodium chloride, 0.0005 M; ium sulphate, 0-002 
M; potassium dihydrogen bhosphate 0-001 M; dipotas- 
sium hydrogen phosphate, 0-001 M; ferric versenate. 0-5 
ml/L of & saturated solution; and 1 ml./l. of a trace 
element mixture. Within two weeks many new nodules 
were appearing on the roots. These new nodules inoor- 
porated amino-acids four times as fast as mature nodules, 
and were used in all the experiments described here. 

Incorporation of amino-acid was examined with intact 
nodules bathed with 0-1 M potassium phosphate buffer 
pH 7-1 containing an excess of valine-1-1*0 with a specific 
radioactivity of 2,000 oounte/min/mg. This ion 
was shaken in air by 120 reciprocal 1 in. arame at 
room temperature. Valine was chosen as marker for 
protein synthesis because: it contributes mainly to 
protein valine**; proteins” and nodule hæmoglobin! are 
relatively rich in valine; nodules contain an active 
valine-activati enzyme‘; and since the endogenous 
‘amino-acid pool’ contains only traces of valine, the added 
radioactive valine is diluted very little. At intervals, 
samples of the incubating nodules were taken, washed 
with the phosphate buffer containing 5 per cent (w/v) 
v&line-!30, and then crushed with a glass rod in the 
phosphate buffer. When all the nodules were crushed, 
the homogenate was centrifuged at 25,000g for 15 min. 
The supernatant solution, containing water-soluble pro- 
teins and oesentially all the hæmoglobin, was fractionated 
by boiling with an equal volume of 10 per cent (w/v) 
trichloroacetic acid. This precipitate (= total water- 
soluble protein) and the sediment from .centrifugation 
(= sedimentable protein) were washed with 5 per cent 
(w/v) trichloroacetic acid containing valne-40. The 
washed precipitates were dissolved in ammonia solution, 
plated on planchettes 19 mm in diameter in the presence 
of cetyl-trimethyl-ammonium-bromide and dried under 
an infra-red lamp. ‘These infinitely thin samples were 
monitored for at least 1,000 counts with a Geiger-Mtüller 
tube. The background count rate was of the order of 
10 counte/min. 


The resulta (Fig. 1) show that valine is incorporated 
into both sediment and water-soluble fractions, and gug- 
gest that both water-soluble and sedimentable proteins 
are being formed. Also, since the ratio of the radioactivity 
inoorporated into each fraction remains constant, it would 
seem that there are a constant number of synthetic sites. 

Whole nodules contain both bacterial and plant com- 
ponente, and the sediment after centrifugation contained 
most of the water-insoluble plant material, namely, cell 
walls and membranes, and the bacteria. The effect of 
inhibitors on the incorporation of amino-acids was in- 
vestigated with the view of discriminating between 
incorporation by plant and incorporation by bacteria, a 
subsidiary aim being to be able to halt nitrogen assimila- 
tion between fixation and protein and thence move the 
equilibrium reactions in favour of the early products of 
fixation. 

A series of inhibitors was screened with the results 
shown in Table 1. These results show that although 
inhibitors of energy production inhibit synthesis of both 
water-soluble and sedimentable proteins, chlorampheniool 
(an inhibitor of bacterial protein synthesis’) discriminates 
between these two syntheses. This result is consistent 
with the postulate that incorporation into the sediment- 
able protein is mainly by the bacteria, and in furthor 
support of this it was shown that 50 pg/ml. chlorampheni- 
ool completely inhibited the incorporation of valine-140 
by a suspension of the Rhizobium ep. from the Galega 
officinaks nodules. 

In further experiments nodulea were exposed to valine- 
“OQ and the water-soluble proteins fractionated by electro- 
phoresis on starch gel*. The was scanned for hæmo- 
globin? and cut into slices which were dried and monitored 
for oarbon-14. The strip of the gel carrying the hæmo- 
globin contained between 30 and 47 counte/min. During 
electrophoresis free valine remained within 5 mm of the 
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Table 1. IWHIBITIORS OF INOORPORATION OF AMIKO-AOID BY Ixtaor Roor Tabie 3. INCORPORATION OF AMINO-AOID BY HITRAOT oF Root NODULES 
Novum Oounta/mtn tn 58-75 % 
Counta/min valme-:0 ammonium gulphate 
into Incorpo: ation system preetpitate 
Waterschihis Water insoluble 18 
Inhibitor Concentration protetns proteins Xo adenosine triphosphate H 
Nor» — 34 84 ribonnolease 3 
Bodin apra A 1M 1 3 Mound fractlonated after 1h to 
M Me 3 H An E MM from 1 g of nodules was exposure 
Chioriunphen eol 50 mgm/ml. 33 * 27 
Bamples of nodules were fractionated after 3h exposure to to jvalins-“0 — —À—— eign nae 
and a Dead egre pure atat align O ing oor tml Indtvidual these conditions is considerable. 


origin while hemoglobin moved 70 mm; and eleotro- 
phoresis of mixtures of valine and hæmoglobin gave a 
clear separation. These experiments that detached 
nodules are able to synthesize obin. 

In the final series of experimenta, nodules were crushed 
in the 0:1 M phosphate buffer pH 7-1 and the resultant 
homogenate clarified by centrifugation at 15 000g for 
10 mm. The supernatant fluid was carefully 
from the residue, lemented with adenosine triphos- 
phate, aapna end sodium, then assayed for ability 
to incorporate valme-“O. After incubation for 3 h the 
extract was fractionated with ammonium sulphate. The 
DEN Gar Gn tee eee 

collected, washed with 75 per cent saturated ammonium 

ie eae taining veline-!X) and then monitored for 
14. aa a series of four experiments the precipitate 
contained between 12 and 27 counts/min; and a typical 
rationale is shown in Table 2. These results that 
the extracts of the nodules are able to synthesize hæmo- 
globin. Considering the low specific radioactivity of the 
valine used even the low level of incorporation observed 


Preliminary exammation of this extract by paning 
samples on a mannitol-yeast extract medium showed that 

it was free of tho Rhisobium sp. which inhabits the nodules 
of Galega officinalis. The extract contained amimo-acid 
activating enzymes, soluble ribonucleic acid, ribonucleic 
acid sedimented by 105,000g for 2 h, and probably some 
mitochondria from the plant tissue. 


Further ta are in p to extend the 
generality of these findi to nodules of Lotus uliginosus 
and Trifolium spp., to determine in reoonstructed 


systems the specific roles of bacterial and plant oom- 
ponents in nodule hemoglobin synthesis. 


1 Kalin, D., and Wang, Y. L., Nature, 158, 227 (1945). 
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(Bpringer- Verlag, Beri, 1058). 
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LEVELS OF NITRATE REDUCTASE ACTIVITY IN INBRED LINES AND Fi, 
HYBRIDS IN MAIZE 


By Pror. R. H. HAGEMAN, J. F. ZIESERL and EARL R. LENG 
Department of Agronomy, University of IllInols, Urbana, !liinots 


HE enzym nitrate redustase is of major importance 
: id 


in the metabolism of maire!-*. 
from earlier wor in our L3 suggested that it 
may be sgi involved in grain-yieldmg capacity, 


and also established! that the activity of nitrate reductase 
is drastically reduced by short-term artificial shading, at 
the level of 80-90 per cent reduction in incident light. 
These i when oonsidered in oonnexion with 
Mollrath and Earley’s demonstration’ that similar shading 
at a critical period in ear formation greatly reduces grain 
yield, indicate that nitrate reductase aoctivity-levels 
uro Adis ee 
which in turn may have an important infiuence 
development and grain production. 

These observations on nitrate reductase assumed 
additional significance when considered in relation to 
investigations of possible physiological bases for heterosis 
in maize, which were begun in our laboratory in 1054. As 
originally proposed, the intent was to determine whether 
‘the enhanced growth rate of hybrid plants is dependent 
on quantitatively greater amounts of certain enzymes, 


of seeds and seedlings, indicated that the 
hybrid W F9 x M14 exceeded both its parental inbred 
lines in the quantity of this enzyme per unit of protein 
or per gram of dry weight of seed or seedling. The same 
conclusion was reached for aldolase’, maltase and amount 
of mitochondrial fractions’. Assay of partially purified 


triocsephosphate dehydrogenase extracts indicated ‘the 
prp aig woh seth ar eran 

suggested that the enzymes were qualitatively (Km) 
the same as in the inbreds. 

Thus, our work with nitrate reductase logically raised 
the questions: (a) are there genetically controlled differ- 
ences in nitrate reductase activity in maize; (b) are such 
differences involved in heterotic phenomena ! Studies’? 
conducted in 1958 and 1959 showed that the F, hybrid 
Hy2 x OM! -had a higher level of nitrate reductase 

ity in leaf tissue than did the F, hybrid WF9 x 
C108. These findings were considered particularly 
interesting because Hy2 x OM! has repeatedly been 
sShown*'-" to have significantly higher grain-producing 
capacity than W F0 x C108 under high plant 


iong 
and other streas conditions. Preliminary studies in 1958 
and 1959 indicated that the inbred ts of these 


hybrids differed in nitrate reductase activity-levela, with 


0108, Hy2 and OA7 being approximately equal in nitrate 
reductase activity but all cantly higher (two-fold) 
than WF. Insufficient information was available to 


test the significance of the differences observed. 

In 1960 and 1961 more extensive studies were under- 
taken to evaluate nitrate reductase activity in & number 
of agronomically desirable inbred lines of maize, and to 
P Ru ee ees ee 
with those of F, hybrid Forty-seven inbred 
lines were assayed in 1960 an 13 of the same linda ware 
te-tested in 1961. In 1960, the maize was sown on 
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May 28 and sampled from June 25 to August 24. The 
1961 crop was sown June 1 and sampled at weekly inter- 
vals from June 28 through August 24. The entire aerial 
parte of the plants were assayed on the earlier sampling 
dates (June 27, 1960, and June 28, 1961). Subsequent 
samples in both years were taken'only from the uppermost 
leaf of each plant chosen. 

Four hybrids—the double-oroes "Illinois 1998’ (Hy2 x 
Oh7) (B14 x C103) and three F, hybride, W P9 x C108, 
W.F9 x OM! and Hy2 x Ohi—were examined in 1960 
under conditions comparable with those used for compari- 
sons of the mbred lines. Two of these F, hybrids, Hy2 x 
OT and WF9 x OAT, were examined again in 1961. 

Complete details of cultural conditions, i 


] iflo nitrate reductase activity 
is defined as um potasium nitrite produced per mg 
protein per h. 

The resulta (Table 1) clearly indicate the existence of 
wide differences (up to three-fold) in specific nitrate reduo- 
tase activity of the various inbred lines tested. Although 
the 1960 date were taken only from single field plota, 
without replication, their I 


and seasonal patterns of specific nitrate reductase activity. 

Comparisons of seasonal specific nitrate - reductase 
activity patterns (E Tar oe men values (Table 1) 
gave no evidence of heterotio effects on specific nitrate 
reductase activity-levels in the material studied. With 
the exception of two early samplings in 1960, specific 
nitrate reductase activity in F, hybrids always was found 
to be intermediate between the speoiflo nitrate reductase 
activity-levels of the respective parental inbred linee. 
Table L COMPANION OF TEN NITRATE Rupvucrass Aotivery OF TTWELYA 
TENNED LINES oF MANE GROWX UNDER FIELD CONDITIONS IK 1060 AND 1961 


means) 
Can NOs oa roe 
Inbred or hybrid (am KNO,/mg protein/h 
1960 1961* 
OM3 0-16 0-23 
H49 025 0-34 
ET 0-21 - 034 
Fo 0-20 0-41 
es 0-42 0-55 
f 935 070 
an 0-51 0-70 
M14 O51 0-78 
CI.215 0-48 08% 
R151 0-58 0-88 
B181 0-37 f 0-94 
OL 0-38 — 
Bl4 017 — 
a m (0103 x B14) 041 0-04 
tee dd 0-35 0-69 
F9x0À7. 084 0-49 
T F9 x C108 0-31 0-46 
ees ae rangs test (for 1961 inbend data GB roqalres 
values of 0-27 and 0 30 for shortest Tangs when 2 and 5 12 
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Frequently, the F, speciflo nitrate reductase activity 
values were more nearly parallel to those of the lower 
parent mbreds than to those of the higher parent. 
Variations in seasonal specific nitrate reductase activity 
patterns of certain inbred lines-and hybrids were apparent 
when specific nitrate reductase activity values for the 
different sampling dates were plotted, and also are 
reflected in a significant (0-05 level) interaction between 
inbred Ime specific nrtrate reductase’ activity values and 
sampling dates. In general, the data indicated that early- 
season specific nitrate reductase -activity-levels were 
relatively low when whole plants were sampled. The 
specific nitrate reductase activity values were high for the 
initial leaf-tissue samples but then declined to 
minimal levels 42-50 days after sowing, increasing rapidly 
again to activity at flowering time. Activity of the 
enzyme markedly in all material sampled after 
flowering had been completed. . 
The observed inge dn low levels of specific nitra 
reductase activity certainly reflect differences in 
enzyme activity in the tissues sampled, since whole plants 
Were used in these assays. Nitrate reductase activity is 
known!* 4o be high in leaves and low in stems; thus, the 
inclusion of variable amounts of stem material in the early 
samples undoubtedly introduced a bias toward lower 
ific nitrate reductase activity in these date. With 
is exception. the observed specific nitrate reductase 
activity patterns in most inbred lines and hybrids studied 
closely parallel the cyclic pattern of auxin content in 
maize planta, reported by Laibach and Meyer. Auri 
(indolyl-3-acetic acid) and specific nitrate reductase activ- 
ity have been shown’ to vary diurnally. This apparent 
relation between specific nitrate reductase activity and 
auxin activity is so supported by recent evidence 
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tory (Beevers, L., unpublished), 
indicating that specific nitrate reductase activity i 
plants is increased by spray applications of 2,4-D (di- 
chlorophenoxyacetate). 

i also were noted between specific 
nitrate reductase activity bene nalis presented. 
in detail elsewhere!* and established information * on time- 
relati ips in devel of certain of the inbred lines 
studied. or example, inbred M14, an carly-flowermg 
line, showed an earlier date of increase, a more rapid rate 
of increase, and a slower decline in nitrate reductase 
activity than most other inbred lines tested. Inbred 
88-11, a late-flowering line which has been shown!* to 
Lae prin ake ihe 

& high level of specific 
followed by & sharp decrease in spocifio nitrate reductase 
activity and a long lag period 
again imcreased at flowermg time. Inbred K4, a alow- 
starting, very late-flowering line under Illinois conditions, 
showed a different seasonal speciflo nitrate reductase 
activity pattern, in that the initially high specific nitrate 
reductase activity-level declined sharply in early July 
and showed no return to high levels as the season pro- 


Probably the most signifloant information to be derived 
from this work and our previous studies of other enzyme 
systems ig the indication of quantitative differences in 
enxyme activity between various inbred lines of maize, 
and between certain inbred lines and their F, hybrids. 
Moreover, our findings with all enzyme systems studied 
indicate either that the hybrids are intermediate between 
their parents in enzyme activity-levels (speciflo nitrate 
reductase activity) or else that superiority of hybrids 
over parental lines in enzyme activity resides in the 
presence of grestar amounts of enzymes (triosephoephate 
dehydrogenase), rather than in the presence ifferent 
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or more efficient enxyme systems. These findmgs 
to differ from those of Schwartz!', who has pro | that 
heterosis may result from the formation of enzyme dimers 
or polymers in hybrid plants. Schwartz’s work, based on 
column electrophoretic separation of basic 
proteins, which were identified as esterases by a non- 
specific histochemical stain, does not indicate the presence 
of more ‘esterase’ activity in the hybrid material than in 
the parent linee. 

More extensive and detailed studies aro planned to 
gain information on the genetic control of nitrate reductase 
activity in maize, and to determine more specifically the 
role of this enzyme activity in conditioning grain-yielding 
ability in the crop. It would appear that such investiga- 
tions, as well as similar work with other or 
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PHOTOKINETIC FUNCTION OF APHID ANTENNA 


| By C. O. BOOTH ` 
- Agricultural Research Council, Unit of Insect Physiology, Entomological Field Station, 34A Storey's Way, Cambridge 


OHNBON! reported that alate alienioole of Aphis fabae 

Boop. deprived of their antennz could not be stimulated 
to fly as readily as intact aphids, when both were denied 
a foothold. Nevertheless, because the antennalees aphids 
. took off from an unspecified surface as readily as intact 
ones, he inferred that aphid antenne did not have the 
kinetic function shown by Wigglesworth and Gillett? for 
the antenns of another hemipteran, Rhodnius prokirus 
Stal. He concluded that aphid antennm served instead 
to control flight, on the grounds that, on take-off, the 
aphids failed to fly up out of the black-walled lower part 
of an open-topped box toward the light, unless their own, 
or an artificial, antennal was attached to the 
third antennal segment freely movable so as to 
stimulate Johnston’s organ in the second segment. 

When aphids of the same form of the same ies were 
deprived of their antenns and released under the illumin- 
ated central roof window of a large black-walled flight 
chamber’, they flew without any apparent loss of control. 
But, instead of flying persistently up toward the central 
light like intact aphids, they flew away almost immedi- 
ately toward the dark walls or dark peripheral roof. 
This photonegative behaviour -would have looked like 
uncontrolled flight if observed at the bottom of a box 
when photopositive behaviour was expected. In fact it 
resembled the behaviour of intact aphids after a long 
flight, when locomotor excitability is low*. Thus it seemed 
that the antenns might have a kinetic function and experi- 


ments were undertaken to test this hypothesis by the 
simpler method of measuring the readiness of fresh A. 
fabae slate to take off from a host leaf, after various 
treatments of the antennw. The hypothetical kinetic 
effect could very well depend on mechanical stimulation 
of the antenns, as in Rhodnius. But in view 
of the very pronounced photokinetic responsivences of 
fresh winged aphids it was decided to examine first the 
possibility that the antenne might contribute to that, as 
iary light-sensitive organs. 

The aphids for these testa were collected singly with a 
fine camel-hair brush as soon as they took off for the first 
time from their reering plante and landed on a glass 
late standing 45 cm away, in front of two 40-W, 2-ft. 

OF/U ftuorescent tubes. Each aphid was placed at 
once on filter paper in the bottom of a metal dish embedded 
in ice, which kept the aphid immobilized while both its 
antenns were treated in one of the following ways: 

(A) Brushed, left intact but stroked gently with the 
brush for about 45 sec, the period needed for the other 
treatments. 

(B) Olear-coated from the tip of the last to the base 
of the third segment with a film of cod liver oil, by sleoving 
several times inside the tip of glass capillary containing 
the oil. 

(O) Olear-coated, weighted. Since the black costing (D) 
was somewhat heavier than the clear coating (B), this 
treatment,-giving a clear coating that was heavier than 
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Table 1 shows that the aphids with intact (A) or clear- 
‘coated (B) antenns invariably took off in leas than 6 min 
and frequently in leas than 1 min; and the aphids with 
heavily weighted antennæ (O) were almost equally quick 
to take off. But a large majority of the teko-offs by the 
aphids with blaok-ooated (D) antennm were delayed more 
than 0 min. The time to take off was very erratio in this 
lot D, but every individual stayed for more than 15 min 
before at least one of its take-offa, whereas none of the 
individuals in the control lota A, B and O ever did so. 
Table 1 in fact underestimates the arresting effect of 
blackening the antenng. Only 73 instead of the intended 
100 take-offs could be trned after this treatment because 
twelve of the aphids settled down on their leaves for 1—4 h 
and had to be abandoned before they had been given 
five testa. Amputation of most of the antennal flagella 
(E) also delayed taking off clearly but erratically, although 
not 80 much as the black coating did. 

These results were confirmed when the experiment was 
repeated with 25 aphids per treatment and some technical 


DINTRIBUTIOK OF Timms TO TAKE-OFF 
TREATMENTS 


Table 1. PXRONWTAGE 
OF THE ANTENA 


Fauny 
YROM 4 Hoer LEAF AFTIR VARIOUS 
Ttme to take-off: 


Total 
Aphids take- 0- 1- 3- ©- 17- W- 48- 
treatment treated offs 50° 2 50" 5/69" 11/69" 13/59" 47°59" 
t3) Brushed — 20 100 46 42 12 0 0 0 0 
Ohoar- 
coated 10 100 88 48 14 0 0 0 0 
(C) Okar- 
ted 15 T 38 45 15 1 0 0 0 
(D) Banke 
( coated 10 73 1 9 19 11 16 12 81 
ted 15 e 11 18 22 9 16 6 17 
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improvements. The temperature was raised to 24° O to 
prevent over-long settling. Amputation was made more 
thorough and uniform by removal of the entire third 
antennal segment in every case. A major uncontrolled 
variable in the first i was the handling of the 
aphids with the brush, which sometimes produced 
struggling and speedy take-off. With more care and much 
practice this effect was virtually eluninated. The result 
was to unify the behaviour of the aphids with blaok- 
coated and amputated antenns, and to bring out a olear 
difference between them and the three control lots at the 
first take-off, as seen in Table 2. 


Table 2. FXEEQUMEOY 


DINTRIBUTION OF TOS TO FIRST TAKB-OFT FROY 
A EUST IMAT ATTER: VANOVA eee 


OF THE ÀXTEKAX 


Coo oo 


Qn 


That the akinetic effect of the coating of carbon black 
in cod liver oil was not peculiar to this mixture was 
evident from preliminary experiments in which a olear 
watery paste of ‘Polycell’ (a mixture of water-soluble 
cellulose ethers) was used in place of cod liver oil, and 
indian ink m place of pure Pu aue black. These coatings 
were physically lees satisfactory but the results were 
the same: aphids with black-coated antenns were slower 
to take off than aphids swith clear-coated or inteot 
&anbenns. 

It seems difficult to avoid the conclusion that the _ 
antenns of these aphids bear photorece of some kind 
which function as ‘stimulatory organs’ (and perhaps in 
other ways also). The third and fourth segments of the 
antenns of winged (but not winglees) aphids bear numer- 
ous plecoid sensilla, once dubbed ‘rhinaria’ from their 
presumed olfactory function‘. Slifer and Sekhon* could 
find no morphological support for the presumed olfactory 
function of similar sensilla on the antennal flagellum of 
the honey-bee and, among other poasibilitics, suggested, 
"improbable as it may seam’, that these organs might be 
sensitive to light. The aphids’ photokinetio response 
certainty does not depend on the &ntenne alone. The 
flight-delaymg effect of darkening or removing the 
antenns was readily counteracted by increasing the light 
intensity, as well as by other types of kinetic stimulation. 

I thank Dr. J. 8. Kennedy for his encouragement during 
the course of this work and his help in the presentation 
of the results. 

‘Johnson, B., Austral, J. Sci., 18, 100 (1956). 

1 Wigglesworth, V. B., and Gillett, J. D., J. Hep. Biol., 11, 120 (1984). 

* Kennedy, J. 8., and Booth, O. O., Discovery, 17, 311 (1956); J. Hap. hol., 
40 (in the press). 

‘Jones, M. G., Proc. Roy. Entomol, Soe, Lond., A,19, 18 (1044). 

* BHfer, H. H, and Sekhon, 8. B., J. Morph., 109, 351 (1961). 


.NON-ENZYMATIC BROWNING REACTIONS : CONSIDERATION OF 
SUGAR STABILITY 


- By H. S. BURTON and D. J. McWEENY < 
Food Sclence and Plant Health Division, Ministry of Agriculture, Fisheries and Food, London, S.W.! 


HE properties of the aldose sugars have proved 
intriguing and in the absence of full conformational 
date it is diffloult to predict fully their behaviour. 
In a recent study, Burton, MoWeeny and Biltoliffe! 
showed that the addition of sulphites modifled the reaction 
pequences in glucoee/glyoine solutions. This work showed 


that sulphite produced a more pronounced retardation in 
ohromophore development when added initially (at ¢ = 0) 
than when added at a later stage. Similar i ta to 
determine whether mannose would produce S ahrotephore 
more rapidly than glucose in aqueous solutions 1:0-2-5 M 
with respect to glucose and 1-0-1-5 M with respect to 
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glycine showed that if the glucose in the system described 
in our previous publication was replaced in whole or in 
part by mannose, then the development of horeg 

at a faster rate, and one which i with 
Increasing mannose content. 

Thus we found that mannose gives chromophoric 
material at 4 faster rate than glucose, and at first we were 
inclined to believe that this was due to the cis hydroxyls 
on 0, and O,. A comparison showed that galactose reacted 
with amino-acids at a much greater rate than did mannose, 
with a more rapid production of unsaturated compounds 
prior to chromophore development. The aldose/glycine 
reaction ap to depend initially on the conforma- 
tional stab of the aldose molecule as a whole. On this 
basis one would expect the pentoees to be leas stable than 
the hexoses, and it was apparent both from our own 
results and those of others that the aldopentoses reacted 
with glycine and amino compounds more rapidly than 
did aldohexoeea to give chromophores. 

A search of the literature revealed that on the question 

_ of sugar stability, Cantor and Peniston* found by polaro- 
graphio studies that the wave-heights obtained in the 
aldohexose series were in the ascending order glucose, 
mannose and thus parallelmg our o 
rate of initial phore development, and that there 
& to be a oorrelation both with mutarotation 

ocity and the quantity of soppored’y. free aldehydio 
sugars as found by the cyanide addition experiments of 
ippich?. 
oreover, in the pentose series much Last set 
graphio wave-beights were recorded, and, the 
hexoses, no pentose showed linear increase of current 
with increasing pH, at any concentration. 

‘Wiesener! claimed that the height of the wave depended 
on the rate of non-reducible aldoee-reducible aldose 
reaction. Delahay and fBbrassner* confirmed that the 
wave-heights were in the order: arabinose—xylose—galac- 

- tose-mannose-glucose and stated that in aldoees the 
bond between the oxygen and hydrogen of the hydroxyl 
attached to carbon C, is slightly ionic. Consequently, the 
bandana ee m PE Done Likewise, 
the rate o ring pagar aldehyde transformation increases 
rapidly with pH. 

Tobi’ found that whereas the aldoses gave no colour 
with Schiff’s reagent, they did so provided that tbe 
sulphur dioxide level was sufficiently reduced, and 
Stepachenko’, following up this work, found that the 
degree of colour obtained from hexoses was in the ascend- 
ing order: glucose, mannose, galactose. The pentoses 
gave stronger colours than the hexoses and the order of 
colour there was-arabinose, xyloee, both pentoses giving 
stronger colours than the hexoses. The Tobi Schiff’s 
colour obtamed varied in a notable way with concentra- 
tion, being markedly greater with increasing aldose 
concentration. The reason given for this was that in 
dilute solution any free aldose form would be markedly 
hydrated. A consideration of the figures published by 
Downer* and by Ingram’, in which the quantity of sulphur 
dioxide bound m a non-iodine-titrateble, Monier-W illiams 
recoverable manner were determined, leads us to believe 
that the same factor may be involved. 

This effect of conoentration to be aignifloant 
in another way, for Lewin!* has found that whereas some 

roduote of sugar/amino reactions are common to both 
and concentrated solutions, a number of ninhydrin 
positive are found only in highly concentrated 
solutions, w. Leuck" claimed that hur dioxide 
could assist in the self-polymeriration of glucose in the 
dry state. 

Oonsidering the on the basis of Stewart models, 
it appeared that the stability of the sugars in the pyranose 
form depended on the degree of electronic balance between 
the two halves of the sugar, and on this consideration the 
sugars would be expected to have the order of stability 
as surmised from Lippich’s ‘instantaneous cyanide’ addi- 
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tion, Cantor’s po current measurementa, and 
the iw dei of Tobi iff colour obteined. 

We have now found that the same order holds true for 
initial colour development in aldoee/amino-&cid systems" 
and in those of the aldose/amino and aldose/organic-acid 

which we have examined, over the range 0:2— 

3-5 M, and it appears therefore that one factor in the 

of development of initial chromophores is the actual 
conformational stability of the sugar. 

In the presence of sulphur dioxide or sulphiteg, the 
initial steea in colour development are markedly retarded 
in all’these cases. 

The effect of phosphates is to decrease the initial stability 
of the aldose sugar. In the presence of phosphates the 
polarographio wave height is increased, and both we and 
others (cf. Ellig!*) have found that the rate of initial colour 
development is increased as a result for aldoeo/amino 
reactions in solution. This effect of phosphate did not 
oocur in parallel lecithin/amino browning reactions 
(Burton and McWeeny, to be published), phosphate 
showing & very slight retarding action in this system, 
which is significant. 

The role of ketose sugars in non-enrymatio browning 
has been largely obecured by the fact that aldoses are 
regarded as the main reducing sugars, and the case of 
measurement of the latter has led to attempted correlation 
between the reducing sugar figures and browning observed. 
Ketoses in general give greater polarographic waves than 
the corresponding aldoees and in browning caused by 
ketose/amino reactions the initial chromophoric develop- 
ment is greater than for aldoses. The same is true for the 
rate of initial browning of ketoees as compared with 
aldoees in the presence of organio acids even in the 
solid state. In both cases sulphur dioxide has an early 
retardative effect on browning. We think that the later 
development of the more highly ooloured products 
which sometimes appear in the case of the aldoses 

the character of the intermediates 
produced. 


In general, one may say that the obeerved order of 
initial chromophore development in aldose/amino-acid 
systems follows the pattern shown by the polarographic 
results. Colour development increases rapidly above pH 7, 
but is much reduced with increasing acidity, at least down 
to pH 4. Pao A ee ea 
Cantor found that ri gave a pH minimum at around 
pH 6-8. In aldose/amino reactions, we have found ribose 
to be much less stable than xylose ab concentrations 
0-2-2-5 M, which is what one would expect, Btepachenko 
and Cantor resulta giving xylose the most stable character 
among the pentoses. In arsenate buffer & corresponding 
pH minimum effect for initial colour development was 
observed for the riboee/glyoino reaction at 0-2—0-5b M 
concentration. In phosphate buffer, although a similar 
pH minimum effect was observed, the degree of initial 
coloration appeared to be reversed, discoloration 
occurring more rapidly at pH 6 than at 7-4. It is notico- 
able that ribose HoE vaa originaly held to be responsible 
for browning reactions in muscle, though now it is 
thought that ribose- and hexose-phosphates are respon- 
sible, 

That the stability of the sugar present in natural 
productes has & marked effect in the development of 
chromophores is indicated by the fact that when reducing 
sugars &ró removed by fermentation and replaced by 
glucose, brown colours take longer to develop. Under 
these conditions, too, replacement of the aldose sugar 
with fructose has been found to cause more rapid colour 
development than with glucose’. 

Later browning may well depend on & number of factors, 
but here again the initial hydroxyl ion of the 
sugar seems to be of importance in some ing reac- 
tions. The speed of dehydration and the intermediates 
and complexes which form will naturally depend to some 
extent on this factor. 
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Anet!‘ isolated the ets and trans forms of 8,4 dideoxy 8,4 
unsaturated hexosone from aldose/glycine systems. The 
ois form dehydrate very easily, the reaction in 0-03 N 
acetic acid porns bets completed in 12 min. ' The trang 
form gives a reaction time of 8 h, the same as for 
8-deoxy-D-srythrohexosone. It would appear that 8- 
deoxy-p-threchexosone gives a very much greater yield 
of the cis unsaturated hexosone since a comparison of the 
rate of formation of hydroxymethylfurfural in 2 N 
acetic acid at 100? O showed that 8-deoxy-p-erythro- 
hexoeone (formed from gluoose via di-p-fructose glycine) 
gave a 45 per cent yield in 2 h whereas the threo isomer 
(formed from galactose via di-p-tagatose glycine) gave an 
80 per cent yield. 

_ Thus the initial tion of the aldose has an 
important bearing on the rate of production of potential 
chromophore-developing compounds. 

We thank Mr. J. F. Heerne of this Depertment for 
initiating the project of which tho work reported here is a 
part. The project is financed under U.8. Publio Law 
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IMMUNOLOGICAL ASPECTS OF PARASITISM 


; By Dr. J. K. DINEEN 
. C.S.LR.O., Division of Animal Health, McMaster Laboratory, Glebe, New South Wales 


URING evolution of many host/paraaite relationships 
an intimate association of the parasitic species is 
See TUM eee In these cases survival of the 
peraaitio species largely dependent on persistence 
within, and as a consequence, tolerance by, the host. 
For this type of relationship, where survival of the 
parasitic species is dependent on a long-term, intra-mural 
aseociation with the host, the immunological response of 
“the host should not be regarded simply as a mechanism 
which may cause elimination of the parasitic infection, 
but rather as an environment which has a profound 
effect on evolution of the host/parasite relationship. 
The role of the immunological environment in the par- 
tially immune host population as an intense selective 
preasure for antigenic variants of bacteria and viruses has 
been suggested by many workers. Burnet! termed this 
Process in nature “immunological drift" and the proposed 
natural phenomenon is strongly supported by laboratory 
obeervations. In particular, studies on the selection of 
antigenic variants of the apparently highly-mutable 
influenza virus in the presence of immune sera in eggs 
and in partially immune mice are well documented (for 
review, Beo 1), Laboratory studies on the immuno- 
logical selection of bacterial variants are also sufficiently 
well known as to require no further elaboration. The 
epizootic spread of a bacterial or virus infection may 
oocur when the in Organiam can multiply in 
individuals of the host population to transmissible levels 
before each member of the population can in turn 
elaborate an effective immunological response. When, 
however, a significant ion of the surviving host 
immmity may limit further spread of the epidemic strain 
of bacterium or virus and favour antigenic variants. It 
is important to note, however, that in this situation where 
the immune response is effective retrospectively in indi- 
viduals of the host population, then any random mutation 
of antigenic characters associated with the stimulation of 
resistance will favour survival of the o organism. 
With the metazoan endoparasite, ver, ibis neoes- 
sary for the organism to reside in intimate contact with 
the host until termination of the reproductive phase of 
Ita life-cycle, that is, usually for a period extending beyond 
the minimum time required for the host to exprees an 
effective immune response. In this situation, where sur- 


EN ' 


host population for immunologically significant periods, 
the selective preesure provided by the contemporary 
immune response is likely to be more preoise and may 
favour the survival of only those variants of the metazoan 

ite which display a sufficiontly reduced antigenio 
disparity with the hont, 


process of immunological selection of genetic 
variants whereby a parasite may become lees antigenio- 
ally foreign to the host may be based on either aimpl 
loes of an appropriate antigenio character, or on aoquisi- 
tion of the antigenic character of the host, or on both. 
The concept that there is a minimum or threshold level 
of antigenic information necessary for stimulation of ‘an 
immunological response is both implicit in present 
theories on the mechanism of the immune response and 
compatible with observations on the nature of immunity. 
The factors which may determine the mean threshold 
level in any host/perasite relationship are: (1) the degree 
of antigenio disparity between host and parasite; (3) the 
rate of flow of antigenic information. 
Potentially the degree of antigenic disparity may be 
dependent on evolutionary selection of genetic: oom- 
ponente of both host are peice Assuming the same 
rate of genetic mutation of host and parasite, it is likely 
that tho relative fecundity of the interactants will play & 
major part in ining the contribution each may 
make to the evolution of this antigenic aspect of the 
Telationship. As the fecundity of the is much 
greater (and generation time is usually shorter) than that 
of the host, the component of antigenic disparity which 
may be due to the rate of genetic change of the antigenic 
character of the host population is likely to be unimpor- 
tant. If, then, the threshold level for antigenic stimulation 
of an effective immunological response shows no great 
systematio drift ing evolution of the relationship, 
antigenio disparity flow rate should be inversely 
related. As flow rate is determined by the size of the 
peramitio burden-it follows that reduction of antigenic 
disparity will result in subliminal tolerance of an increased 
population of the parasite: The term ‘subliminal tolerance’ 
is used here to describe a state of relative immunological 
unresponsiveness. However, the threshold level of anti- 
genio information is, by definition, sensitizing, and oon- 
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sequently one may anticipete that the host will idm 
an &oquired resistance to additional worm ihfections. 
Indeed, the ‘self-cure’ phenomenon? which is observed 
under fleld conditions in some host/parasite relationships 


postulated n 
suddenly confronted by & ` relatively i 
infection then & gross antigenic insult beyond the ld 
level of the immunological system may be provided. 
Some, or all, of both the incoming and established pers- 
sites are then eliminated. After an appropriate interval of 
time one might expect that the original threshold level 
will again prevail, and the subliminal worm burden 
acquired once more during subsequent grazing on infested 


pastures. ; 

These theories immunological aspects of 
perasitism are an extension of those advanced to explain 
some of the phenomena of transplantation immunity. 
The antigenic relationship between implanted tissue and 
host is & crucial factor which the nature of 
the homograft response. The greater the degree of histo- 
incompatibility between donor and host, the more 
vigorous is the immunological response developed fol- 
_lowing transplantation. When antigenic disparity is 
reduced to a minimum as, for example, in the case of 
tissue transfer between individuals of co-isogenic strains 
of mice, or when sex-linked histo-incom: ility provides 
the only basis for immunological rejection of tissues 
transplanted between individuals of the same homo- 
xygous strain, then peo Burvival of the tissue im- 
plante is observed. ion of the nature of the 

response when ‘near compatibility’ of host 
and c is obtained, Woodruff quotes the report of 
ire, Stone, Daniel and Goon’, who observed the 
prolonged survival of a skin homograft on & human 
patient. A second graft obtained from the same donor 
"was completely destroyed within 15 days, and only then, 
9 weeks after grafting, did the first graft show signs of 
Teaction. the immune response of the host 
was sensitized by the first graft and the ‘subliminal’ status 
DEUM Oe dien dieu. Dy Me Cee ee 
stimulus provided by the second . 
and Szenberg*’ have observed 
donor epithelial elements in akin [aspe ing follow- 
ing the acute phase of the homograft response. They 
observed that regeneration was not completed as normal 
hair did not oocur in the regenerating tissues. It seems 
likely, therefore, that the regenerating epithelial cells 
were brought under immunological control at this stage 
“because the threshold level of antigenio information had 
again been reached. 

If evolution of the host/parasite relationship is charac- 
terized by subliminal tolerance of parasite burdens of 
increasing magnitude then it seams likely that such a 
trend could only occur if there were, at the samo time, 
selection for attenuation of pathogenicity of the parasite. 
During this evolutionary pathogenic activities of 
ie puedo vay reed dis ioci uui cubitum dus fo 
competition of the parasite with its host for factors which 
satisfy common physiological and nutritional- require- 
menta, ant effecte which are related but incidental to these 
factors, for example, anmmid, where the oxygen require- 
ments of the parasite (hookwo Anoylostoma caninum) 
or the nutritional requirements (Haemonchus contortus) 
are satisfied by blood-suoking. It is important to stress 
that the evolutionary trend towards reduction of antigenic 
disparity and attenuation of pathogenesis relate to the 
population dynamics of parasitism. Great variation about | 
Wie thee D dS repons 10 paino ioia il 
be observed in individual hosts under field conditions. As 
the host population is not homozygous for antigenic 
character, variations in degree of antigenic will 
be observed among individual relationships between host 
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ueni Thus the parasite burdens supported by 
individual members of the host population wil vary 
greatly in magnitude, and their pathogenic effects may 
be expected to range from subclinical to lethal. Evolu- 
tionary attenuation of pathogenicity is expected to be 
associated with an increase in the mean worm burden of 
a host population. Those members of the host population 
which show extreme levels of antigenic disparity with the 
parasite may only support a parasite burden so small 
that the effects of infection are subclinical. In theese 
individuals a state of immunity or premunition, depending 
on the of & latent infection, is established. 

The role of the immunological response as an environ- 
ment for selection of genetic varianta during evolution of 
“the host/parasite relationship is the central theme of this 
discussion. As a result of this process it is postulated 
that many entigenio characters of the parasite which 
stimulate the immune mechanism of the host species are 
modified during evolution of tho relationship. However, 
one must beer in mind that immunological selection will 
ime dag those anes iMac VE stimulate 

- survival or, in the precise 
oona Rule crue Dub eas Many 
characters, though antigenio, aro, in this sense, immuno- 
logically impotent and therefore irrelevant to immuno- 
logical aspects of the host/parasite relationship. Con- 
sequently, there will be no immunological selective 
preasure for modification of such characters which are 
likely, therefore, to remain highly antigenio notwith- 
standing evolution of the relationship.  Ciroumstential 
support for this argument is provided by the frequently 

failure to obeerve & correlation between humoral 
antibody and resistance to infection in many parasitic 
infections. 

So long as infection with the parasite is potentially 
able to produce significant pathogenic effecta then sur- 
vival of the relationship will be favoured by some degree 
The effect of such dis- 


Sob of siccis immunization in, for example, 
helminth diseases of domestic livestock, may be formulated 
on this basis. Accepting that the immunological response 
m eo ite relationahip may only limit 
the parasite burden, then the most 
a to tena lean Mi: (o ev eras 
whether the worm burden subliminally tolerated to the 

threehold level of antigenio information is greater 
than the burden tolerated at the secondary, presensttized 
level. If a difference is found and this is significant in : 
terms of pathogenic effect, then the aim of vaccination 
should be to modify the relationship in a manner such that: 
(1) the first natural infection will be associated with the 
smaller worm burden by the immunological 
response of the sensitized host, while (2) the pathogenic 
effecta usually observed when young animals are exposed 
for the first time to dense larval populations on pasture 
are avoided. 

A similar view was recently expreased by Taylor’ in a 
discussion of worm control in ruminants by pasture 
management. 

1 Burnet, F. ML, Med. J. Austral., 8, 841 (1963). 

2 Edney, AL, Aun. Res. Microbiol, 11, 28 (1957). 

* Btewart, D. F., Austral J. Agric. Res., 4, 100 (1053). 

1 Woodruff, M. F. A., in Biologio] Problems of Grafting, 83 (Blackwell 

Oxford, 1959). 

"ibsngmte. Wo P., Stone, H. B., Deniel, A. 8., and Goon, O. D., Piast. 

Surg., $, 419 (1947). 
* Dineen, J. K., and Szenberg, A., Nature, 101, 153 (1061). 
uro p E ee A ee BAET 
* Taylor, B. L., Omthook on Agricukure, 8, 139 (1961). 
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TURN-OVER AND DISTRIBUTION OF WATER IN DESERT CAMELS, SHEEP, 
CATTLE AND KANGAROOS 


By Dr. W. V. MacFARLANE, R. J. H. MORRIS and BETH HOWARD 
Department of Physlology, Australlan National University, Canberra 


"T HE desert hardiness of tho camel has impressed and 
intrigued observers for more than 2,300 years! 
Schmidt-Nielsen! and Gauthier-Pilters! have examined 
many aspoote of the water handling of these ruminanta; 
but the mechaniam of resistance to dehydration, partiou- 
larly the part taken by alimentary water resorvea under 
hot conditions, is difficult to measure and had been an 
elusive problem. We have estimated water content and 
water turn-over using tritium oxide in Camelus dromedar- 
ius and compared them with Bos taurus (Shorthorn) and 
Macropus rufus (red kangaroo) at Alice Springs, Central 
Australia, in further efforts to determine the dynamics 
of dehydration. These fmdings were compared with those 
on -tropical Merino sheep studied earlier in similar condi- 
tions*. 

In late summer, air temperatures reached 45° C and daily 
maxima averaged 41° O with wet-bulb maximum tempera- 
tures between 20? and 25° O. Adult camels at large on 
the almost bare gibbous plain fed mainly on trees (Acacia 
and Casuarina). Those deprived of water were offered 
lucerne hay. Tho animals were weighed daily and body- 
water distribution was determined on 7 camels by T' 1824 
for plasma, thiocyanide space (SCN) for extracellular 
and "H,O for total body-water. Tritium equilibration 
requires 8 h or more in camels. Measurements were made 
also on 4 Shorthorn cattle living on the same territory 
88 the camels at the end of 4 years drought, and on 4 red 
kangaroos in an enclosure, partly sheltered from the sun. 

Among the camels feeding at large, water content 
ranged from 650 to 755 mL/kg. The non-lactating adult 
females were used in sweat and urine estimations and 
were watered each second day. Their water turn-over 
in the heat was about half that of Merino sheep‘ and one- 
third that of Shorthorn cattle (Fig. 1). The shaded 
kangaroos turned over 88 ml./kg/24 h, 44 per cent more 
water than camels in the sun. Lactating camels with 
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calves 1 year old used 82-104 ml./kg/24h; but this amount 
was still less than that used by non-lactating sheep 
(100-130 ml./kg/24 h). The camel conserves water by 
economical sweating for evaporative cooling (up to 280 
ml./m*/h) which wastes leas energy and water than the 
more expensive respiratory cooling of sheep. Camel sweat 
contains four times more potessium than sodium and is 
high in bicarbonate, which resulta in a sweat pH of 8:2— 
8-5. Sheep sweat is similar except that concentration of 
potassium is up to 20 times greater than sodium’; but 
the camel sweats a ten-timea greater volume per unit 
area at 40° C than the Merino. Sweat is produced under 
the influence of adrenaline mjected locally or intravenously 
in camels, as in sheep and cattle, but noradrenaline is 
Inactive on sweat . Camels also pass small volumes 
or urine when on dry feed (2-3 ml./kg/24 h oompered with 
8-10 ml./kg/24 h in sheep) but the highest camel urine 
osmolality observed is 3:17 oemola/l. compared with the 
3-8 oemols/l. found in dehydrated sheep. Vasopressin 
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in & dose of 2 mu./kg/h intravenously increases the excre- 
tion of water and electrolytes in camels, as in sheep’ so 
that the low urine flow of camels is as yet unexplained. 
When deprived of water in the sun at mean maximum 
temperatures of 41° O (Table 1) three camels lost weight 
at rates of only 19-23 g/kg/24 h because of small losses of 
sweat, urine, respiratory and fecal water’, and lowered 
metabolism. This was half-the rate of weight change 


observed in Merinos at the same temperature. The’ 


differential loss of fluids is, however, a point of great 
interest (Fig. 2). Whereas the average body-weight of 
camels fell by 20:5 per cent in 9 days, the BON space 
was reduced by only 15:6 per cent. Of the weight lost 
the interstitial fluid yielded 9-3 per cent and the 

5-2 per cent. The cels and contributed water 
to the extent of 81-2 cent of the loas in weight, in 
pon tsast with Merins sheep, which vided only 46-2 per 
Gent Gf We weluht lost uk water iih Mise Spokes, in 
similar environmental circumstances*. Measurements on 
sheep‘ indicate that differential losses of water oocur 
between spaces and that at relatively slow rates of water 
loa) (80 ml./kg/24 h) the sheep depletes the interstitial 
fluid faster than plasma, but during rapid dehydration 
i oell and gut 


EE 


of fluid spaces which resemble those of sheep, at lower 
temperatures (82° O) * 
Mertno 
Oamely* sheep * 
ee 41° C. A g 
Weight lost body: ) 20:3 235 
apace 14 5 50-4 
from cells and gut 812 46-4 


* Mean of 3 in each case 


The question of whether the cells and alimentary fluida 
share equally in providing water is hard to answer directly 
because gut water is not readily estimated. It is known, 
however, that in camels rumen contents may comprise 


an & of 110 (ref. 7) and the alimentary tract 
may to 180 of which more than 80 per cent 
is water. ing dehydration the of gut fluids 


was reduced to a 5 per oent of the initial flow ma 
fistolated camel studied by Stepankina and Tashenov*. 
The abdomen also of a dehydrated camel has & highly 
concave contour, as though little contents remain in the 


NATURE”, 


271 


gut. Thee observations suggest that the alimentary 
tract may provide much of the water lost. . . 
If it be assumed that the camel begins dehydration with 
120 g water/kg in the alimentary tract and that ab the 
end of 9 days without water there is imate oemotio 
equilibrium between cells and interstitial fluid, it would 
then be likely that 52-2 per cent of the weight lost was 
vided by the gut fluids and 29 per cent by cell water, if 
Both extracellular and cellular water spaces fell by 
15-6 per cant. In this sense, the alimentary reserve would 
not be pure water but a more or less isotonic solution. 
By using the water component of gut fluide for cooling, 
and by excreting electrolytes in urine and sweat, the 
circulating volume would be In man and 
sheep the extracellular water takes most of the strain of 
rapid dehydration, and circulation is likely to be corre- 
spondingly unstable, so that men in the sun without water 
at 41° O succumb in 1-2 days, and tropical Merino sheep 
in 6 days after losing half the extracellular fluid. Camels 
survive probably more than 15 days in such conditions 
while sustaining, like sheep, over 80 per cent of loss of 


body-weight. 

No major difference between the electrophoretic and 
ultracentrifuge pictures of sheep and camel plasmas was 
found, so that the differential fluid losses from extraoellu- 
lar and alimentary compartments appear to result from 
peculiarities of lity of vascular and intestinal 
membranes, the rate of dehydration modifies the 
amount of transfer from the different oo , 

We thank Prof. K. Schmidt-Nielsen for making it 

these measurements as parb of 


possible to undertake 

in ions supported by granb No. G-17619 from the 
U.S. National Science Foundation. The Northern Terri- 
tory Administration, Animal Division (Mr. J. 
Whittem and Mr. A. Newsome) kindly made animals 
and laboratory space available. 


1 Aristoteles Historia aximaHum, D'À. W. Thomson (Oxf. Univ. Press, Bk. 8 


(7), 590, a, 1949). 
1 Behmidt-Nielsen, B., SahmMli-Nielsen, K., Houpé, T. B., and Jarnum, 


B; A., Aker. J. Physiol., 188, 185 (1956). 


* Farnworth, A. J., Austrel. J. App. Sol., 7, 253 (1056). 

* Kinne, M Maefarlane, W. V., and Budiz-Olsen, O. H., Weture, 198, 1064 

loui rrr ee E., Sohmtit-Nieleen, B., Houps, T. R., and Jarmum, 8. A. 
Mammalia, 20, 1 (1966). 


is reece it ae and Tasbenov, K. T., Seohenos Phyeiel. J. U.S.S.R., 
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A DIFFERENCE BETWEEN REAL AND APPARENT VISUAL 
MOVEMENT 


By PAUL A. KOLERS 
Center for Cognitive Studies, Harvard University 


NUMBER of workers have confirmed the fact that 

detectability of the first of two briefly presented 
flashes of light varies inversely with the luminanoe of the 
second and the temporal separation between them. The 
results of many experiments on this topic have recently 
been summarized’, Extending these investigations on 
asynchronous stationary vi stimuli to the case of a 
moving ing stimulus has produced complementary 
data’. The ts in the latter case were that the deteot- 
ability of a brief fixed target stimulus flashed in the path 
of a moving line varied with the luminance and position 
of the latter. The brighter the moving line and the 
closer it was to the target, the leas detectable was the 


latter. 
These results provide the o ity to investigate 
some properties of a related kind of visual perception, that 


of apparent (beta) movement. This illusion of movement 


occurs when two sah Heu NA E objecta of proper 
luminance are alternated in at an appropriate rate. 
"When two lines such as A and B of Fig. 1 are presented, 
each for 50 msec and a proper pause intervenes between 
the offset of each and the onset of the other, the observer 
sees a single lino moving smoothly and continuously 
between A and B. The perception is referred to as 
‘optimal movement'*. The a t movement of the 
line is & compelling illusion; and many investigators have 
reported that, for given rates of apparent displacement, 
the perceptions of real and apparent movement are indis- 
tinguishable one from the other. Since a number of these 
authors have been led by the phenomenal identity of the 
two ions to infer that the underlying mechanisms 
are similarly identical, the question arises whether a line 
in apparent movement will affect detectability of a target 
in the way described here for real movement. 
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Fig. 1. Spatial arrangement of the alternated forms. A and B are the 
termini movement; P, the or probe flashed tn the path 
o IPE, tha fc pole, time diagram shows one 
sequence of presentations 


To answer the question, it is necessary to specify the 
‘position’ of the line in apparent movement during ita 
traverse. This was done by fractionating the temporal 
interval between A and B that yielded optimal movement, 
and presenting the small line P for 5 msec at various 
times between the offset of A and the onset of B. One 
sequence of presentations is shown in the time diagram 
of Fig. 1. Let T, be the time between the offset of A and 
the onset of P, and T, the time between the affset of P 
and the onset of B. In the experiments, the sum of 
(T,-- P 4- T,) was 105 msec, while the particular values of 
T, and T, were vared. ~ For example, when T, was 
5 msec, T, was 95 msec; when T, was 25 msec, T, was 
75 msec; and so on. In this way, the 5 msec long P was 
made to appear when the line seen as moving between A 
and B had proceeded through various poruon, of its path. 

The lummanoe of the lines A and B was 3 foot-Lam- 
berts, while the luminance of P varied from 0-09 to 
0-3 foot-Lamberta for each of three subjects. The latter 
value was established by finding for each subject the 
Iuminanoe of P when it was presented alone that enabled 
him to detect it with probability of 0-90--. The stimuli 
appeared in a 4'x 5-5? field of 0-002 foot-Lamberts lumin- 
ance. Viewing distance was 75 cm and observations were 
made monooularly with a dark-adapted eye from within 
a light-tight booth through a 8-mm artificial pupil. A 
minute red light (< 2 min visual angle) provided a 
fixation point. Presentations were made at the rate of 
one every 8-2 sec, and & warning bell sounded 2 seo 
before the onset of a presentation. 

The results were collected by presenting the subject 
with identical seta of stimulus conditions a number 
of times in various mixed random orders and having him 
signal each time whether or not he had detected P. The 
relative frequency of detections, that is, the empirical 
probability of detection, is the measure used on the data. 
Each plotted point, thus, is the result of 80 or 100 
observations for a given pair of T',—T, values. 
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In addition to these conditions, the precaution was 
taken of presenting catch-trials: on approximately 16 
per cent of all presentations, P waa absent. The ‘false 
alarm’ rate in theese trials was found always to be less 
than 10 per cent for all subjecta, and will not be further 
considered. 4 

The resulta are presented in Fig. 2, each curve showing 
the resulta for & single subject. The abscissa plote the 
time after tho offset of A, and the ordinate shows the 
probability of detecting P. The curves show & generalized 
inhibitory effect: the probability of detecting P is always 
lees than 0-90, ita minimal values in the absence of A 
and B. Within that generalized inhibition, p(P) increases 
slightly with an increase in 7, and then decreases, for 
two subjecta, while for the third, p(Pj decreases only. 
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As is shown in Fig. 1, P was placed approximately 
one-third of the distance between A and B, so that 
T, = 25 msec is the position closest to ‘overlap’ of the 
apparently moving line and the target. It is at this 
position, in Fig. 2. that detectability of P is highest for 
two subjects. Thus, while Fig. 2 shows that detectability 
of P varies with the ‘position’ of the apparently moving 
line, the form of this variation is exactly oppoeite that 
found with the line in real movement, cited here. If 
the apparently moving line had acted on P in the same 
way as a physically moving lne, the curves of Fig. 2 
would be U-shaped: P would be maximally detectable 
when the apparently moving line was at the beginnmg or 
at the end of ita traverse, and would be least detectable 
in the region T, = 25 msec. The curves clearly are not 
of this shape. : 

One major differenoe characterizes the stimulus oon- 
ditions required for the perceptions of real and apparent 
movement: no image moves across the retina in the 
latter case. Apparently, then, the image of an object on 
the retina is required if the detectability of a contiguous 
object is to be affected. It may be inferred then that the 
phenomenal identity of the two perceptions notwithstand. 
ing, real movement and apparent movement partake of 
different processes, since their effects are different. The 
illusion of movement seems to be constructed by the 
obeerver out of the information provided by the order 
and timing of the flickered stimuli. The fragility of this 
construction will be described in another report. 

The experimental work was performed in the U.S. 
Naval Medical Research Laboratory. Preparation of this 
report was supported by National Science Foundation 
grant G-16486 to the Center for Cognitive Studies, Harvard 
University. 

1 Kolers, P. A., Vision Researab, 9, 277 (1062). 


‘Lora, 8. KM. and Kolers, P. A. Paper presented to tho Opt. Boo. Amer., 
Autumn 1902 mee 


tings. 
? Werthamer, BL, Z. c 101 (1912). Koffka, K. in Hendbuck der 
Normalen und oe eee d 
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LETTERS TO THE EDITOR 


ASTRONOMY 
Distribution and Origin of Lunar Craters 


THE communication by McCall! leads me to make some 
further comments. It is certainly true that the non- 
random distribution of the large craters is & serious and 
probably fatal objection to the impact hypothesis 80 far 
as the major formations are concerned, no doubt 
many small meteoric craters exist. The Crisium 
seems to be nothing more than an exceptionally large 
crater-like formation, and is a member of the great 
western chain which also includes Petavius and Lengrenus, 
in which case it seems that the other circular-type maria 
are basically similar. Moreover, in the case where one 
crater breaks into another, the wall of the broken forma- 
ation is perfectly preserved up to the point of junction; 
Thebit is & good case. This could not be so were the 
second, younger crater produced by a violent impact. I 
directed attention to this in 1956", and the same point has 
since been made independently by Kopal and others. 

Tt seams, however, that this argument can also be used 
against the idea of violently explosive vuloanism, and. it 
may be argued that the process of crater formation was 
relatively gentle and prolonged. In making this suggestion?, 
I had in mind an uplift and subsidence process which, if 

several times with interior remelting, would 
result in the production of a terraced crater. 
Pareiok Moora 

Glencathara, Worsted Lane, - 

East Grinstead, Sussex. 
1 MoOall, G. J. HL, Mature, 106, 255 (1902). x 
* Moore, P., Formacion de los orktsree hinares, Urania (Tarragona, 1965). 
* Moore, P., J. Brit. Astro. Assoc., 71, 902 (1961). 


I HAYA elsewhere! expressed agreement with Mr. 
Moore's view that the lack of shaking-down effects provides 
an important clue to the origin of lunar craters, and at the 
same time expressed my own view that the structure of 
the crater Porter is inexplicable in terms of explosive 
evisceration, a process which I have never favoured, 
though simple dish-craters in maria could be produced by 
a bubble-burst through a thin plastic veneer. The fact 
that oratera appear to have been the product of slow and 
gentle processes does not, in my view, invalidate my 
hypothesis. Certainly the large craters stem from subsi- 
dence, and, as on Earth, the initisting upwards push may 
not necessarily have been explosive in every case. The 
blisters seen in some craters probably reflect gentle 
preasures without break-out. It remains possible that 
many of the large cirques were initiated by point-foous 
explosion, forming axial vente and confocal fractures, not 
craters. This seems most likely in the case of carly 
structures, since, once fractured, the retaining arust would 
allow slow gas leakage rather than explosive discharge. 
Tt is interesting to note that at least one oarbonatite 
complex reveals some evidence of a recessive stage involv- 
ing cauldron subsidence’. Moore's suggestion of gentle 
uplift and subsidence, repeated several times, fits in well 
with patterns of history in terrestrial voloanio foci, but, 
as on Earth, one must no uniformity of detailed 
history, and I do not think poimt-focus explosion can be 
ruled out, entirely, because of the objection made. 

One of the most potent arguments for a volcanic origm 
of lunar craters is the progressive decrease in size with age. 
A large crater never shows evidence of developing on the 
game focus as an earlier smaller structure. This is the 
essential of history displayed by terrestrial 
calderas: I do not know of a single recorded case where & 
secondary caldera has not been of diminished magnitude 


` 


compared with ita predecessor. I would be interested to 
know if other geologists can record such & case. 

X G. J. H. MOoQALL 
University of Western Australia, Nedlands. 

1 MoOall, G. J. H., J. Brit, Astro, Asoc., TR, 7, 356 (1062). 

3 MeOall, G. J. IL, Geol, Mag. (in the press). 


PHYSICS 


Re-entrant Motion in Special Relativity 


Taa argument by Dr. T. E. Phipps}, in which he claims 
to show that the velocity at the edge of a rotating disk is 
not wr and that wr can be greater than o, contains a simple 
fallacy from the point of view of relativity theory. 

The fallacy lios in the assumption that if the radius of 
the rotating disk is r then the “Test length” circumference 
of the disk will be 2zr. This relation is true only when the 
disk as a whole is at rest in the inertial frame S. Of course, 
the radius of the disk when it is stationary in S will in 

be differant from ita value when rotating. In the 
actual rotation considered an element of the boundary 
which has reet length 82* in S* suffers the Lorentz oon- 
traction when witnessed. by the observer in S. Thus the 
observer in S ascribes to the circumference the total length 
Ske = 2nr, which is appropriate to the Euclidean geo- 
metry in his frame; on the other hand, the te of 
measurements by observers in the local frames S* on the 
boundary will be Z&z*»2nr/(l—*v'/c*)t, albeit the disk 
dwellers would also ascribe a total length r to the radius. 
The non-Euclidean character of the geometry in accelerat- 
ing frames of reference was inferred in this way by Einstein 
long ago and led him to adopt the Riemannian motrio in 

Subject to this correction the rest of Phippe's caloulations 
are now sean to be consistent with [vl [er| «c. Thus his 
equation (2) should read 2rr/T = —v and since, ag Phippe 
agrees, T! = 2r/w, (5) than becomes v = — wr and because 
of the appearance of v in the factor 4/j-e*/o! we can 


‘ conclude as usual that |cr| <o. 


Thus there is no question, as Dr. Phipps goes on to 
suggest, that the much discussed identical twins age 
equally and that both "stay young". The experiment of 
Hay e£ al., discussed by Sherwin" to whom Phipps refors, 
is actually in reasonable agreement with the expected 
age discrepancy proportional to the factor A 1-— vijet. 


-` Note added $n proof. Since this communication was 


submitted letters from Dr. R. H. Boyer and Dr. D. B. 
Lichtenberg, pointing out the error in Dr. Phipps’s 
argument that I have indicated above, have appeared 
in Nature together with Dr. Phippe's reply*. Nothing 
that has been said in these communications alters 
my view of the correctness of the interpretation of 
relativity theory given here. 
W. DAVIDBON 

t of Mathematics, 
Battersea College of Technology, London, 8.W.11. 
1Phippe, T. XL, Nature, 195, 07 (19001). 
! Hay, H. J., e al., Phys. Row, Letters, 105 (1900). 
* Sherwin, O. W., Phys. Res., 180, 17 (1900). 
* Boyer, R. H., & al., Nature, 198, 886 (1962). 


Observation of Mixing at prica Frequencies 
in a p-n Junction 

Mre of light corresponding to adjacent axial standing 

wave modes of a ruby laser has been effected in a silicon 

p-n junction. The junction was prepared by grinding 

down the side of an 3.7.0. RS-28À power rectifier diode 
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to expose the junction. After protecting the metal casing 
with wax, the junction was treated with OP-6 etch, 
washed, dried and coated with distrine oement. 


The reverse current after this treatment was 15 pamp 
at 100 V. i 


Light from the ruby laser was focused on to the ' 


Junction, reverse biased at 108 V. The diode was situated 
in the centre conductor of a coaxial line feeding direotly 
into à Rhode and Schwarz type USVD microwave 
receiver the output of which was displayed on an oscillo- 
d benmiezered at the beginning of the laser pumping 

Microwave output was observed in a narrow band a 
1,085 Mc/s as a spiky trace on the oscilloscope. This 
frequency corresponds to the difference between neigh- 
bouring axial modes in the ruby rod 5 cm long. The 

in a single spike in a 1 Mojs band at the centre 
frequency was about 1 uW at the 50 ohms input to the 
receiver. 

Output from the diode was also found at 8,270 Mo/s, 
which is the beat frequency associated with a pair of next- 
nearest neighbour axial modes. 

Electron-hole pairs are generated in the, semiconductor 
at & rate proportional to the intensity of the incident 
radiation so the device acte as a square law detector. The 
carriers generated in the depletion layer are swept out by 
the high fleld in a time ahort compared with a period of the 
beat frequency of the incident light from the laser, and it 
is this transit time in the depletion layer rather than 
minority carrier lifetime which limita the high-frequency 
performance of the mixer. 

Inaba and Biegman! have reported mixing in a reverse 
biased p—+—n junction photodiode. The use of & p-^ 
junction may offer an advantage at higher frequencies, 
since the carrier transit time across the depletion layer can 
be very short. 

O. H. CARMIOHAHL 
Signals Research and Development Establishment, 
Research Division, Christchurch, Hants. 
1 Inaba, H., and Sigman, A, H, Proc. Inst Rad. Eng., BO, 1823 (1962). 


Phenomena occurring at Electrically Stressed 
Metallic Surfaces in Long Gaps in Vacuum 


Many hypotheses have been put forward attempting to 
explain the initiation of electrical breakdown between 
metallic electrodes insulated by high vacuum!. Of these, 
several depend on the removal of a loosely attached aggre- 
gate of material (a clump) from one of the electrodegt.*, 
Attempts to prove the existence of clumps in a vacuum 
gap have already been reviewed‘. 

The main objections to a clump-type mechanism have 
been that the electrostatic forces acting prior to break- 
down appeared to be insufficient to pull aff clumps and 
that loose aggregates would not exist on smoothly polished 
olean electrodes. - 

During an investigation of the breakdown mechanism 
in long vacuum gaps, smooth uniform-fleld commercial 
copper electrodes and 1/50 negative impulse voltages 
were used, and the resultant markings at the electrode 
surfaces due to single breakdowns were examined*. In 
several cases ‘clover leaf’ patterns, which were indicative 
of the removal of material from the actual electrode 
metal, were found on the anode surface. At the corre- 
sponding cathode surfaces damage was found similar to 
that caused by the impact of particles’. 

In the cage shown m Figs. 1 and 2 the electrodes had 
been polished to a 1p diamond paste finish, the gap waa 
2 om and the peak of the applied voltage wave-form causing 
breakdown was 73 kV. The strain marks at the anode 
and the impact bands at the cathode oan be clearly sean. 
The embedded particles in the cathode are almost oer- 
tainly those torn out from the anode as the distance 
between the centres of the two seta of markings is identical, 
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being 2 x 10-*om. These particular cl did not cause 
tho breakdown because damage caused by the aro was 
found elsewhere on the electrodes, and had the aro arisen 
in this area the markings would have been destroyed due 
to the heating by the arc. This then is direct evidence that 
clumps can arise due to the tearing out of material rather 
than the removal of loosely attached aggregates, even 
though the forces acting at the surface are many magni- 
tudes below the ultimate tensile strength of the material. 
The mean electrostatic stress acting on the surface in the 
present case was about 10* dyn/cm}. 

Carbon replicas were taken from a thermally etched 
surface of the same grade of commercial copper which had 
been heated to 1,000° O in vacuum in a hot-stage micro- 
scope. Apart from general etching effects, these revealed 
the presence of dendritic inclusions, a typical exemplo 
being shown m Fig. 8. The close resemblance in shape to 
the previously mentioned anode markings seems signifi- 
cant. Oomparison of the diameters of the markings and 
the inclusions from photographs showed that the relative 
sizes were within an order of magnitude. The larger 
diameter of the anode markings may be attributed to the 
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deformation accompanying removal of the inclusions. 
The electrostatic streas required to remove such inclusions 
would be considerably less than the ultimate tensile 
strength of the metal itself due to the low cohesive forces 
usually existing between inclusion-metal interfaces. This 
is generally about 10* dyn/cm, the average surface tension 
for most metals. 
We thank the Director of Research of C. A. Parsons and 
Oo., Ltd., for permission to publish this communication. 
R. HAWLEY 
B. Lov 
R. L. Oram 
C. A. Parsons and Co., Ltd., 
Nuclear Research Centre, Foesway, 
Newcastle upon Tyne, 6. 
1 Hawley, B., Veowwn, 10. 4, 310 (1960). 
'! Oranberg, L., J. App. Phys., 23, 518 (1963). 
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Interaction of Amino-Acids with, Riboflavin 


Ix two recent papers it has been shown?!" that amino- 
acids, both aromatic and non-aromatio, interact with the 
electron acceptors oxygen and chloranil (tetrachloro- 
quinone) in a very similar manner to the aliphatic amines. 
It is thought that n— * charge transfer complexes are 
formed, the donated electron being one of the lone-pair 
eloctrons localized on the nitrogen atom in the ammo 


group. 

Isenberg and Szent-Gytrgyi® have investigated the 
mteraction of amino-acids with another quinone, mbo- 
flavin-5’-phosphate, and have come to the conclusion that 
only tryptophan reacts with this salt, forming & m — T 
charge-tranafer complex. They showed that adding 
tryptophan to riboflavin-5’-phosphate decreased the 
optical density of the quinone salt and caused a new 
ake oon band to appear at about 510 nm. Weber‘ has 
investigated purine—riboflavm complexes and has shown 
that the absorption spectrum of riboflavin is weakened on 
adding purme but a alight increase occurs in the long 
wave-length tail. 

Studies have been made of spectra of mixtures of ribo- 
flavin and amino-acid in aqueous buffer. It was observed 
that adding a 10-* M amino-acid solution to 10-* M ribo- 
flavin solution in aqueous pH 7 buffer caused certam 
changes in the absorption spectrum of the riboflavin. 
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These changes were observed as the difference spectra of 
riboflavin and riboflavin plus amino-acid. The difference 
spectra appeered as a negative mirror image of the ribo- 
flavin absorption in the region of 340-600 nm. The dif- 
ferenoe spectra also give a positive peak at about 300 nm 
and in some cases a very faint positive peak at 500 nm. 
There is an isobestic point at about 330 nm. These effects 
were found to be quite similar for the aromatio amino- 
acids, tryptophan, phenylalanine and tyrosine and the non- 
aromatio amino-acids, glycine, alanine and leucine. 
Typical spectra are shown in Fig. 1. It was found that the 
riboflavin solutions were not stable, but that over a period 
of a day or go, the of the riboflavin changed 
from that of the oxidi form to that of the reduced 
form’. It was found that the reduction of riboflavin 
oocurred quite rapidly in aqueous pH 9 buffer. The 
differenoe Spectra between riboflavin and riboflavin plus 
ino-acid in aqueous pH 9 buffer were found to be 
positive with an isobestio point in the region of 830 nm 
as shown in Fig. 2. All the amino-acids behaved in & 
similar manner with riboflavin in aqueous pH 9 buffer. 
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Waye-length (nm) 
Fig. 1. Absorption spectra. s, Riboflavin in 3H 7 buffer (—x—); 
b, differemoe spectrum with phenylalanine (—e—); o, difference &peo- 
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Fig. 2. Absorptaon spectra. a, Riboflavin in gH 9 buffer (—x —); 
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b, difference spectrum with spectrum with 
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Beinert! has investigated the spectrum of riboflavin as 
, rt goes from the oxidized to the reduced form. The 
absorption spectrum of oxidized riboflavin has peaks at 
375 and 445 nm whereas the reduced riboflavin only has a 
peak at 251 nm and has leas absorption than the oxidized 
form. There is an isobestio mt in the spectrum at 
380 nm.  Beinert has PeR ae that the spectrum, of 
riboflavin is due to the sum of three componente, the 
oxidized. form, the reduced form, and an intermediate 
form, the semiquinone. 

The difference spectra observed in amino-&cid-riboflavin 
mixtures at different pH's can best be explained by the 
stabilization of the semiquinone form of riboflavin by the 
amino-acid. Isenberg and Szent-Gytrgyi? have suggested 
that the tryptophan riboflavin-5’-phosphate interaction 
can be i by the tryptophan forming a x — m 
ae canals complex with the riboflavin-5’-phosphate 

tN 

tryptophan + riboflavin-5/-phoephate a ~ 

a tryptophan-semiqumone 
riboflavin-5’-phosphate 

Buch a scheme could well describe the interaction of the 
amino-acids with riboflavin, except that the donated’ 
electron reducing the riboflavin should be a lone-pair (n) 
electron, probably from the amino-group. There appears 
no reason why only tryptophan should interact with 
tiboflavin-5’-phosphate to give a m — x complex, whereas 
the amino-acids as a whole react with other quinones such 
as chloranil and riboflavin in such a manner that an 
n-electron is transferred from the amino-acid to the 
quinone. 

The tenure of a Department of Scientific and Industrial 
Hon fellowship and research studentahip is acknow- 
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GEOPHYSICS 


_Formation of Mountains by Radial Contraction 
of the Earth 


Mopex ideas on the origin of the planete suggest that 
the Earth began as a cool solid body, and on this basis the 
development of a liquid core, of gradually increasing size, 
would be ascribed to su t radioactive heating. 

The elastic constants of liquid core and of the solid 
rhantle for the actual Earth are known, and these imply 
that the oore-material, although liquid, is more oom- 
preesible than the mantle-material at the pressures prevail- 
ing deep within the Earth. Making use of the known 
values, the properties of a linear series of Karth-models 
of in ing oore-mass can be investigated, 

Sine ith an entiely solid Earth. Calculations show 
that the radius decreases as the core-mass increases, and 
that an mitial solid Earth would have outer radius 1-043 
times the present value Rg, while allowance for the lower 
uncompressed density of the material of the outer layers 
would increase this figure to 1-056 Rg. This result would 
mean an initial circumferential length more than 2,000 km 
greater than the present value, and an initial surface-area 
exceeding by nearly 60 million square kilometres the 
present area of the Earth. 

The importance of such a contraction of the Earth as a 
whole to the problem of the formation of mountains is 
evident, since it would gradually build up i 
stresses in the outer layers that the materials there wo 
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eventually be unable to withstand, and periods of folding 
and thrusting would have to occur intermittently to 
relieve the stresses. The mechanism appears to be fully 
capable of providing the seemingly enormous amounts of 
contraction that have long been considered necessary by 
geologista to explain the actual mountain systems on 


The mathematical theory and detailed caloulations 
leading to these conclusions are in course of publication. 


R. A. LYTTLETON 


Bt. John's College, 


GEOCHEMISTRY 


Low Concentration of Tritium in Iron 
Meteorites 


A SKRIOUB geochemical problem that is not yet solved 
is the quantity of tritium found in iron meteorites. 
Although all other isotopes produced by cosmic rays in 
both iron and stone meteorites are in close agreement with- 
expected values estimated by cross-section measurements 
using large &ooelerators!, tritium is either abeent or at 
least an order of magnitude leas than in iron 
meteorites (for example, ref. 2, and the references listed 
in that article). The tritium content of stone meteorites 
is not abnormal. 

Two explanations have been proposed for the low con- 
centration of tritium in iron meteorites. It has been 

that the chemical treatment methods are 
inefficient and the tritium is not extracted from the iron. 
This, however, seems difficult to believe since the two 
different chemical methods used*:* are both reliable and 
completely attack the iron. Furthermore, the hydrogen 
gas added as carrier and dissolved in the iron is always 
recovered, quantitatively. 

The other explanation proposed is that tritium diffuses 
out of iron meteorites. However, direct diffusion measure- 
ments of tritium in iron do not agree with this and the 
ratio of helium-8 to helium-4 in iron meteorites is in close 
agreement with that predicted from accelerator measure- 
ments‘. This requires that the tritium formed in the 
meteorites during the flights in must have remained 
in the meteorites and deca: to helium-8. Another 

Ee abar Menu meohaniam prre. tue 

tritium to diffuse out of the iron meteorites only after 
they have reached the Earth. At present, there is no 
plausible theory that would predict this. 
' Further evidence supporting the diffusion loes hypo- 
thesis is the observation of what is called a diffusion of 
tritium out of iron acceleration tergete*^*. However, an 
examination of the experiments reveals that diffusion was 
not directly observed, but merely the phenomenon that 
the lo: the iron targete remained untreated after the 
irradiations, the lees tritium was extracted. It is noted 
that this is nót observed in other metal targeta. 

Since neither of the two aforementioned hypotheses 
seems reasonable, the tritium content of iron meteorites 
is now an important mystery for science and, therefore, 
all sorta of possibilities should be checked. I suggest here 
the possibility that a completely new phenomenon is 
being observed. That is, that tritium dissolved in iron, 
possibly denuded of ite electrons and held in a strong 
ule fleld, no longer decays with ite ordinary 12-yeers 

-life, but much more rapidly, perhaps with a. 
half-life of the order of several days or even leas. It 
seems that both a combination of a nucleus without an. 
ordinary electron cloud and the presence of a magnetic 
field would be necessary. ` 

An experiment is possible to test this proposition. A 
stack of iron foils irradiated in an accelerator or otherwise 
concentrated with dissolved tritium could be submitted, 
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after various lengths of time, to helium-3 analyses. 
Presumably, if the tritium formed in the iron is decaying 
with an abnormally short half-life, a progreasive build-up 
of helium-8 in the target foils would be observed which 
would be analogous to the decreasing amount of tritium 
that could be extracted. 

It is realized that the suggestion of a half-life change is 
contrary to the at present well-established theory of 
B-decay, but the low concentration of tritium in iron 
meteorites is so great a puzzle it appears possible that a 
new effect is acting on the tritium. 
x Murry A. TAMHBS 

Baloones Research Center, 

University of Texas, 
Austin. 
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Rates of Calclum Carbonate Deposition by 


Deep-Sea Organisms, Molluscs and the 
Coral-Algae Association 


WHILE completing on the marine geochemistry 

of strontium and on calcium carbonate sedimentation in 
the Atlantic Ocean, I found that sufficient information was 
available to make an estimate of the calcium carbonate 
accumulation rates in the sea by deep-sea and littoral 
processes. The major agente of calcium carbonate aocum- 
ulation in the littoral areas are presumably molluscs and 
the coral-algae association. 
In considering the alkalme-carths, calcium and stron- 
tium, it is evident that, if the sea is in the steady state (an 
assumption which seams reasonable at least from the 
Tertiary), then a material balance equation may be 
written for each element in the following manner: 


calcium: Ry + Ro + Bp = Bs © 
strontium: 1,500Ry + 8,000Ro + 2,500Rp = 2,500Rs 


where Ry, Ho, and Rp are the rates of molluscan, coral- 
algae, and deep-sea calcium carbonate accumulation 
respectively and Rs is the rate of supply of calcium, as 
calcium carbonate, from streams (corrected for cycled 
calcium from the sea). In the strontium equation the 
numerical coefficients represent the strontium oonoen- 
trations (in parts per million) in mollusce!, corals and 
algae and ‘inorganic aragonite’ associated with them’, 
deep-sea carbonate sediments’, and streams‘. 

Because of the observed identical values of the stron- 
tium—calcium ratios in deep-sea carbonates and streams, 
these equations can be easily solved for the Rar/Ro ratio. 
This solution indicates that calcium carbonate is put into 
the littoral sediments five and a half times more by 
molluscs than by the coral-algae association. The reason- 
ableneas of this ratio is, of course, contingent on the 
magnitudes of the littoral and deep-sea accumulation rates 

It is possible to calculate the total accumulation rate in 
the deep-sea if we know the average calcium carbonate 
concentration of the deep-sea sedimenta of the major 
oceanic areas and the corresponding clay accumulation 
rates, using the relation: 

Rate calotum carbonate acenmulation = rate clay accummiation x 

(% calcium carbonete/100—% oaletum carbonate) 
The mean calcium carbonate concentrations of sediments 
for both the Atlantic and Pacific Oceans are derived from 
the average concentration in sediments at different ocean 
depths' and the percentage of each depth im the two 
oceans’ (Table 1). - 
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Table 1. CALCULATION OF TOTAL Bares OF CALOLUM (MARBOMATS AOCUMU- 
6 LATON IN THR OCEANS 
Atlantis Pastfio 
Depth LEES S - & onii- 
(m) aroa & Gad, tton ares & Oats bution 
0-200 5-6 80 449 1T 78 1-38 
200-1,000 40 80 3-20 21 78 1-72 
X000 8.000 24 70 pr zo T8 $50 
3,000-4,000 19-4 70 18-58 191 74 1413 
*4,000-5.000 — 324 63 20-40 87-7 35 1320 
5,000-8.000 26-6 20 5-32 18-8 3 0-87 
6,000-7,000 08 6 0-04. l8 0 = 
Mn 7,009 — — — 0-8 0 = 
verage 55-23 i 
Total area (x 10* km!) B241 185-840 


Using the palmontological index for the 11,000-year 
break between the last ial and post-glacial deposits 
observed in a number of Atlantio carbonate-rich cores’, 
I have been able to calculate clay accumulation rates in 

lacial time for the seven Atlantic cores listed in 
Table 2. The post-glacial rates of accumulation determ- 
ined by assuming that the tops of the cores represent an 
age of 3,000 years is preferred because many radiocarbon- 
dated core tope indicate that this is the most common 
age to expect. Most probably this old age is due to loss 
of the sediment tops by the sampling procedure. The 
beginning of the last major glacial series (Wurm 1) has been 
estimated at 73,000 years 5.».! and the average glacial 
rates are calculated on this basis. 


Table 2. Rires oF OLAY ACCUMULATION IN THE ATLAWTIO Damp-Saa 
(ajcw* 1,000 YXRARS) 


Lamont Xo. Post anal rate Glacial rate 
A1064—4 O11 0-15 0 45 
Vo-127 0-15 0-18 1-02 
8P84 0-14 0-19 0-33 
A180-80 0-15 0-31 0-35 
R$—00 0-24 033 0-43 
4180-74 0-22 0-22 0-06 
4180-76 0 25 0-34 0-54 
Averages 0-18 0-23 0-54 
A, Assuming top of core not missing; -giacia! = 11,000 years. 
, Assuming top of core s 4 = 8,000 years. 
O, Assuming beginning of lest gieclal sequence ts 78,000 B.*.; Atpica = 
62,000 years. 


The Pacific Ocean apparently has a olay accumulation 
rate which is one-third or lees of the Atlantic rate* and on 
this premise we can calculate the Paoiflo carbonate 
accumulation rate. With the paucity of data on the 
Indian Ocean at present, I will assume that the total 
calcium carbonate accumulation rate in the Indian 
Ocean is the same as in the Pacific. 

The amount of uncycled calcium brought to the sea by 
streams is 62 x 101*g calcium/1,000 years, or 154 x 10!*g 
calcium carbonate/1,000 years, using Olarke’s estimates’. 
Knowing the supply of calcium to the sea by streams and 
the amount removed in the deep-sea, we can arrive at the 
removal rate of calcium by the littoral processes. 

Having determined the ratio of molluscan to ooral 
accumulation rates, we can now distribute the calcium 
carbonate supplied by streams among the three major 
modes of accumulation in the oqeans. These are listed in 
Table 8 for various rates of clay accumulation. A, B, and 
G correspond to the three accumulation rates under the 
same headings in Table 2. D is calculated for a model!’ of 
the oceans which implies that though the Atlantio clay 
accumulation rate is sensitive to the climatic events of the 
Pleistocene, the Pacific is relatively insensitive eo that for 
the 11,000 years the maximum post-glacial rate (B) is 

to calculate the Atlantic carbonate contribution and 


Table 3. MATERIAL BALANCE FOR Calcium CAKBONATE SUPPLY AXD 
REMOYAL IX THE BRA (IX UXFTS OF 10™ e CAOO,/1,000 Yars) 


Btream Deep-e& Molluscs Coral-algae 


; ^ supply 
A Wimm post-glacial rate 154 30 106 18 
B Martmum post-giactal rate 154 39 97 18 
e Average glacial rato 154 91 55 10 
D Atlan st maximum posk 
pacal rate and and 
al 1/3 Atlantic 
glacial rate 154 60 80 14 


` 
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one-third the Atlantio glacial rate (O) is used for the Pacifio 
contribution from which the Indian Ocean contribution is 
then derived. M 


As our calculations, of material balance are based on 
post-glacial data from the Atlantic cores and present-day 
stream supply of calcium and strontium, we are oon- 
strained to consider only estimates B and D sorioualy. 
This limits our of accumulation rates of calcium 
carbonate (in unita of 10** g calcium carbonate/1,000 years) 
to: deep-sea, 88-60; molluscs, 80-97; and the ooral- 


algas nesublsgs, 14-18, 
these caloulations,- several conclusions may be 


plied to the sea by 
; percentage deposited by deep-sea processes 
is between 25 per cent and 39 per cent. The major role of 
littoral processes in removing calcium from the aea at the 
present time implies that only amall changes in the cal- 
cium carbonate accumulation in littoral areas are 
before the Mesozoic when deep-sea carbonate &ocumula- 
oe EM deed, if the present time 
resents a hi supply of calcium to the sea compared 
WAP Uta a ee ee DUDEN 
exposure and erosion, no unusual requirements are 
for oarbonate deposition in the past. 

(2) Because of the major role of littoral depoeition it is 
not poesible to decide whether i 
calcium carbonate deposition rate observed in the 
Ocean during glacial times" was due to greater run-off or a 
to littoral accumulation rate. 


calcium carbonate 


calcium budget of the sea tho it might be reflected in 
the strontium budget. or 

This communication was written during the tenure of a 
John Simon Guggenheim Memorial fellowship based on 
date obtained under a grant from the National Sciance 
Foundation. 
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RADIOCHEMISTRY 


Separation of Radiolodine from Tellurium by 
Means of Column Chromatography 

THs communication describes some experimental work 
carried out concerning the separation of iodine-181 from 
tellurium-131 by means of oolumn chromatography. 
The method can also be applied to the separation of 1I 
{balf-life, 2-8 h) from rte -life, 77 h) which is 
obtained as a fission product following neutron bombard- 
ment of uranium. 
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The nuclide ™I (half-life, 8-04 days) is produced by the 
bombardment of natural tellurium with neutrons accord- 


Pr 
ing to the nuclear reaction: 4" Te(n,y)U'Te —T31, The 
mother product, !*!Te, decays with a half-life of 1-25 days 
to form ?IL. Other isotopes produced in the bombard- 


P 
ment are I from the reaction: !*"Te(n,y)!*Te —!"I 
(half-life = 1-7 x 10' years), and also $b (half-life = 
4-6 h), the origin of which is not clearly: known, but is 
thought to be due to an (np) reaction. Neither of these 
i ta any difficulty, so far as the separation is 
oe T 

In the present case the target material took the form of 
telluric acid and was irradiated as the solid for a two-day 
period in a neutron flux of 10!* n/om*/sec, in the Astra 
reactor at Seiberadorf near Vienna. 

The oolumn was p in the following manner: A 


-sheet of glass paper, of type Schleicher and Schull No. 6, 


was cut into small sections and treated for about 10 min 
in & mixture of 10 cent sodium fluoride, 5 per cent 
hydroffnorio acid acid weak nydroghlaria acid te ihe atia 
1:1:1. This treatment etched the paper surface making 
it rougher. The liquid was then poured off and the paper 
washed with distilled water until all trace of the acid wash 
had been removed.. Finally, the paper was soaked in 
absolute alcohol and packed into the column. The 
oolumn-packing material could also congist of glass wool 
or glass powder. 

The neutron irradiated telluric acid was dissolved in 
1-2 ml. of distilled water and poured on to the top of the 
column bed. In this way about one-fourth of the abeorb- 


be since nono of the components involved is 
likly to be effected by radiation damida. The method ig, 
therefore, especially useful for the separation and produc- 
tion of ™I and 1T for medical purposes. 

We thank Prof. B. Karlik for her interest in this work 
and Prof. Nils Ryde of the Department of Physics, 
Gothenburg, for the necessary leave of absence granted to 
one of us (W. P.). The same author thanks the Swedish 
Council of Atomic Research for financial support. We 
also thank the Bundeakanzleramt der Republik Oster- 
reich, Sektion IV, Verstaatlichte’ Betriebe, for its 
financial support. 
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Rapid Nondestructive Analysis for Gold in 
Copper-Gold Mixtures by Neutron Activation 

Ir is known that 7-3-sec gold-197™ is formed by neutron 
irradiation of natural gold and that it emits 0-279-MeV 
y-ray. A preliminary experiment was made by Anders! 
using neutrons at a flux of 2 x 10° n/om"/sec, where only 
relatively few counts of y-rays were collected for 
samples containing 15 mg of gold. 

In our method a neutron flux of 8 x 101 n/om"/seo is 
used. A sample is placed in a nuclear reactor for 4-5 Beo, 
cooled for 5 seo, counted for 5 seo, again cooled for 1 seo 
and counted for 5 sec. The cadmium ratio at the irradia- 
tion position is about 8-1. The counter used is a 2.in. 
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L y-Ray spectrogram, Semple: 11-05 mg of a mixture of 
per cent) and copper (90 6 per cent), both of which are in 


thick, well-type sodium iodide crystal attached to a 256- 
channel pulse-height analyser. During the counting opera- 
tion the sample is placed 1 cm above the crystal together 
with ita container. An aluminium disk of 2,150-mg/cm' 
thick is used as an absorber for B-rays from the sample. 
An example of successive spectra thus obtained is shown 
in Fig. 1. From both y-ray energy and half-life, gold is 
identified on the basis of the fact that, in the half-life 
range of J—10* seo, there is no other nuclide having 
nearly the same y-energy as gold-197". From Fig. 1, 
which represents the spectra of & sample of 9-4 per cent 
gold content, it is deduced that one-third of this oonoen- 
tration would produce an adequate size of photo-peak. 
The lower limit of the coefficient of variation of single 
analyses can be deduced to be about 5 per oent in com- 
parison with a similar method’ of the determination of 


ytterbium. 

Th the neutron-absorption croes-section of gold is 
rather high, the self-shielding effect is negligible for 12-mg 
sample used in this work. The effect can be estimated, 
by use of experimental data’, at leas than 5 per cent if 
the amount of gold in & sample is leas than 0-06 g. (Larger 
amounts can be applied if the sample is not & massive 
block, or if gold is di in copper.) 

We thank Prof. Shoji Makishima for helpful suggestions, 
Dr. Fumio Aoki and Dr. Toshio Nakai for their interest, 
and Mr. Shigeru Yamagishi for assistance. 
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Rapid Microdetermination of Indium by 
E Neutron Activation 


Ir is known that 2:5-seo indium-.110mm (ref. 1) is 
formed by neutron irradiation of natural indium and that 
it emits 0-15-MeV y-ray. Tho size of the photopeak due 
to this y-ray, obtained immediately after irradiation, can 
be estimated by the use of the data presented in a y-ray 
spectra catalogue’. The peak size per 1 yg of indium is as 
large ga that of silver when they are irradiated ively 
for & period equal to the half-life of the nuclide formed, 
that is, 2-5 sec for indium and 24 seo for silver. Since 
silver is the most sensitive’ in y-ray counting after 
neutron irradiation, it is deduced that indium is also 
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In our experiment, varying amounts (0-01 ~ 10 g) of a 
sample were placed by turns in the nuclear reactor JRE-1 
for 9-5 seo to be irradiated with neutrons at a flux of 
8 x 10" neutrons per om!/seo, cooled for 5 sec, counted 
for 4 seo, again cooled for 1 seo and counted for 4 seo. 
The counter used is a 2-in. thick, well-type sodium iodide 
crystal attached to a 256-channel pulse-height analyser. 
During the counting o tion the sample was placed at 
lun above the ayalni togethien with ite container: An 
aluminium-disk of 2,150-mg/cm* thick was used as an 
absorber for B-rays from the sample. 





o9 0.15 MeV 
a 
400 
E 
200 7 0. 15 MeV 
QO 3 
*i —— 
vr a 
T v A ums 
0 128 256 
Channel No. 


Fig. 1. »Ray spectrogram. Sample, 43:5 mg of xine blendo 


A typical spectrogram thus obtained is shown in Fig. 1. 
From such successive as Fig. 1 the half-life of the 
nuclide formed can roughly determined. From 
both y-ray energy and half-life, indium can be identified on 
the basis of the fact that, except indium-110mm, there is 
no nuclide, formed on pile-neutron irradiation, which 
emite a y-ray of about 0-15 MeV and has a half-life of 
1 ~ 10 so. The amount of indium in the sample can be 
determined by the com ive method as usual. The 
resulta of analyses are shown in Table 1. 


Table 1. EmSULTS OY AWALYSES FOR INDIUM 
Semple PA T 


(p.p.m.) 
A (xine blends powder 43-5 13 x 10° 
B (Gait slab) ) 2,715 3260 x1 
O (xino grains) 6,010 «3 x 10* 


The coefficient of vanation of mngle analyses can be 
deduced (from a similar e i t! in which erbium was 
determined by use of the formation of 2-5-sec erbium-107m) 
to be about 10 per cent if the activity-level is suitable to 
the analyser used and interferences are negligible. 

We thank Prof. Shoji Makishima for helpful suggestions, 
Dr. Fumio Aoki and Dr. Toshio Nakai for advice, and Mr. 
Shigeru Yamagishi for assistance. 
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Some Products of the y-Radiolysis of Liquid 
Acetone 

By irradiation of air-free liquid acetone the radicals H-, 
CH, 0H,60 and CH,OOCH, are formed!3. Besides the 
known gaseous products! (methane, hydrogen, carbon 
monoxide and ethane), & mixture of oxygen con i 
Baud d arising from theradical-radicalandradioal— 
excited acetone reactions is formed. 

I have studied this mixture partly by paper chromato 
graphy (carbonyl compounds as 2,4 dinitrophenylhydre_ 
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zones (DNPH), hydroxyl compounds as 3,5-dinitroben- 
roates (DN B) and acids as ammonium salta), partly by thin 
layer chroma phy on alumina. Separated products 
were identifled by comparison with authentic specimens, 
by their Ry values and by detection. 

‘Acetone (reagent grade) was purified according to 
Timmermans and Gillot, dried over calcium chloride and 
potassium carbonate, distilled on a 40 TP column in an 
atmosphere of nitrogen and degassed in a 10 ml. ‘Sial’ cell 
at — 196° C on the vacuum line until a static pressure of 
about 10-5 mm mercury was obtained and finally sealed off. 
The irradiation was carried out at room temperature using 
y-rays from a cobalt-60 source’ with a dose rate of 0-5-1-2 
X 10" eV/ml. min. The Fricke dommeter was used 
(Ger = 15:6) and total doses of about 10% — 1011 eV/ml. 
were attained. 

For paper chromatography of DNPH and DNB, sheeta 
of Whatman paper No. 3 were impregnated with a 25 per 
cent ether solution of dimethylformamide and the mixture 
hexane/benzene aoetone/dimethylformámide/water (75 : 
25 : 10 : 10 : 0-5, v/v) was used as developing solvent; after 
having been reduced with stannous chloride the DNB were 
detected with p-dimethylaminobenzaldehyde*. Ammon- 
ium salts of acids were analysed as usual*. Thin layer 
chromatography on alumina grade III-IV (Brockmann) 
was carried out in a mixture of hexane/acetone (4 : 1, v/v), 
the producta being detected by iodine vapour or by 
spraying with ammoniacal solution of silver nitrate at 
140? 0. 

By the use of paper chromatography we have found 
these produota in form of DNPH : formaldehyde, acetalde- 
hyde, biacetyl, acetonylacetone, diacetone aloohol and 
traces of two other substances, probably methyl ethyl 
ketone and methyl isobutyl ketone; DNPH of an unknown 
substance with Ry value 0-61 was also found. In the form 
of DNB we have found methanol, ethanol, isopropyl 
alcohol, diacetone aloohol, pinacol, acetyl acetone in 
enol-form and several unidentified spots with Ry values 
0-11, 0-20, 0-31, 0-37, 0-45 and 0-91. Some of them might 
be by similar Ry values mono-DNB and di-DNB of glyool, 
1,2-propanediol and 2,3-butanediol. Only acetic and 
oxalic acids have been found on chromatographing the 
ammonium salts. 

Acetyl acetone, acetonylacetone, diacetone alcohol, 
pinacol and acetic acid were identified also in free form by 
thin layer phy on alumina. In some of the 
samples biacetyl was found, too. In addition to these, 
spots of unknown compounds with Ry values 0-21, 0-50, 
0-55 and 0-82 were found. The first of them exhibita 
strong fluorescence in ultra-violet light; the last is 
probably phoron. The other (Ry values, 0:50 and 0-55) 
can be revealed by spraying with ammoniacal-solution of 
silver nitrate at 140° O; therefore it might be some 
hydroxy compounds. 

ing to our chromatographio analysis we are able 
to estimate that acetonylacetone and isopropyl alcohol are 
the main liquid products of irradiated acetone so far. 
Obtained resulta are also corroborated by infra-red 
spectra. The details of these experiments as well as 
related studies and the supposed mechaniam of the 
y-radiolysia of liquid acetone will be reported at length 
elsewhere’. 
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A Mathematical Basis for the Solvent- 
Reversal Technique of Paper Chromatography 


Tmu applications and limitations of one- and two- 
dimensional paper chromatographic techniques have been 
wall documented!. There remain, however, problems in 
the separation of certain compounds which cannot be 
resolved satisfactorily by either of these conventional 
approaches. Weiss and Roæi! recently described a 
chromatographic method which enables separation of 
several catecholamines on a single paper strip. 

Briefly, the method oonaiste of developing the chromato- 
gram with one solvent system, by the ascendmg or deeoend- 
ing technique, drymg the paper, and then redevelopmg 
with a second solvent again by the ascending 
or descending technique. However, the second solvent is 
run in & direction opposite (180°) to the first solvent. 

The solvent-reversal method, by the proper choice of 
solvent systems, will permit certain separations which 
could not be achieved by conventional procedures. This 
may be accomplished by selecting two solvent systems in 
which the mobilities of the compounds which are most 
difficult to separate are in reverse order (that is, compound 
A, Rr with solvent 1 > Ry with solvent 2; compound B, 
Rr with solvent 1 < Ry with solvent 2). Migration of the 
compounds behind the original startmg line is prevented 
by designating as the first solvent system that in which 
the compounds have, on the average, higher Ry values. 

With reference to Fig. 1, we define the quantities ‘net 
Ry’ and ‘solvent distance ratio’ as follows: 


Di ~ D, 
(D m 


D 
solvent distanoe ratio — X — D. (3) 


net Rr = Ry = 


(When the second solvent front does not cross the original 
starting line, D, is negative, and X is negative.) ` 
The following relationships are then evident: 


E Rr, = D, (3) 
D, 
Tr DFD, (4) 


Subetitute in equation 1 for D, (from equation 3) and 
re-arrange to obtain: 


D, = Rr,D, = RxD, (5) 
From (2), (3) and (4), it follows that: 
D, = Rr {Er Dı + XD,) (8) 


Equating (5) and (0), eliminating D,, re-arranging and _ 
gimplifying, the final equation, in ite most useful form, 
is obtained: 

Ey = Rr,(1 — Hp) — Rr X (7) 


This relationship (equation 7) is & linear equation 
relating the variables Ry and X; slope = — Hp, 
and intercept = Rr,(1 — Rr,). A plot of Ry versus X 
for & given ‘compound having known Ry values for 
two doivent eyen will said a ampi Nine Gor: 
which Ry at any value of X may be determined by 
inspection. If this procedure ıs followed for two or more 
compounds, & series of straight lines is obtained and a 
value of X may be determined which permits separation 
of the compounds. 

As an illustration of the method, plota were made for 
several compounds (Fig. 2) and checked experimentally by 
using the solvent-reversal technique to achieve separa- 
tion. In the studies reported in Table 1, all Ry values in 
mdividual solvent systems were determined in our 


XN 


~ 


wo.4»4 January 19, 1963 


bie 1. ADSORPTION OF OITGEN 0-4-0-2 XX) ON NICKEL OXIDE 
ror ELO 


v adeorbed (6.0. in 2 m 
lsorption Pretreatment No cald trap - {rap 
1 Ovtgas 550° O 16h 0-0185 0-0125 + 0-0023* 
2 Outgas 20°O öh 0-0380 
3 eres 20* 0 16h 0-0255 0-0082 + 0-0006* 
4 20°0 16h 0-0135 


' mercury there was a fast initial adsorption of oxygen, 
xmplete within 2 min, followed by a slow adsorption. 
Ip another series in which no oold trap was used, the 
Supe me Ouest OE ce 
tial oxygen saturation, and the uptake in the second 
desorption experiment was then as as 0-0600 0.0. gt. 
roslitatively similar results were obtained using a different 
ickel oxide preparation of surface area 5-9 m*/g also 
erived from the nitrate. The following conclusions 
‘ere reached : 
(1) After outgassing at 550° O in the presence of mercury 
apour, the adsorption at 20° O is rather higher than usual. 
(2) Further outgassing at 20° O, still in the presence of 
wroury vapour, leads to an enhanced adsorption which 
creases with the time of p ing and may exceed the 
dtial uptake by a factor of thie: 
(8) The volume adsorbed diminishes with successive 
and adsorptions at room temperature. 
Control experiments in a greaselees system confirmed 
hab the effect was caused by mercury vapour and not by 


topoock grease, the presence of which in a vacuum system 
id not influence oxygen adsorption results. 


able 2. ADSOXPTON or OIYUNEK (Exmes 04-08 00) cx Mice Oxia 


AT 20° 
dsorption Pretreatment 
i 2 (0.0. g~) in 2 mtn 
Outgas 550° O 1h tn absence Hg vapour 00117 
2 Outgas 20° O 28 hin absence vapour 0-0091 
3 Outgas $0* O0 30 h In presence vapour 0-0225 
4 Outgas 0*O 5h in absenee Hg vapour 0-0084 
5 Outgas 550° O 16 h tn absenee Hg vapour 0-0156 
6 Outgas 20°O $ hin absence Hg vapour 0-0106 
T Outgas 20°O ¢h In absence Hg vapour 
a followed by residence in olosed system for 0-0187 
5 h in prosenee of meroury vapour 


A further series of experiments was carried out in 
rhich the adsorption of oxygen was measured on a single 


Table 2). 
Adsorption 4 indicates that prior exposure to 
aercury does not affect the magnitude of 
he reversible adsorption (that is, oxygen which 
an be desorbed at 20°) since the value observed 
0-0084 o.c. g-1) agrees with that for a.meroury- 
ree sample (Table 1). Thus, oxygen absorbed at 
aercury centres is irreversibly bonded at 20° C, in 
greement with the decline in oxygen upteke after 
ucceasive outgaasings at 26° O (Table 1). Adsorption 
demonstrates that the enhanced adsorption effect still 
ersists if, instead of outgassing, the sample is simply 
Ilowed to stand in vacuo in a closed system containing 
1ereury vapour. The reduced magnitude of the 

ffect noted m Table 2 compared with Table 1 may be 
scribed to a difference in geometry of the two vacuum 
ystems used; this influences the diffusion rate of mercury 
apour to the specimen. Direct confirmation that chemi- 
orption of mercury vapour occurred was obtained 
ry admitting the vapour to a part of the appare- 
us containing a Pirani ga isolating the mer- 
ury source and then expanding the vapour to the 
üokel oxide; the pressure fell as adsorption pro- 
eeded. Finally, in order to determine whether 
aercury atoms gave rise to fresh oxygen adsorp- 
ion sites through interacting with the oxide. 
arface itself or with-oxygen adsorbed in the 
welimmary adsorption, the sample was first outgassed at 
50° O. in the absence of mercury vapour, and then further 
vacuated for 16 h at 20° O, while exposed to mercury 
‘apour, without an intermediate adsorption. Again the 
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Subeequent oxygen uptake was large, indicating that 
mercury interacts with the outgassed surface to provide 
extra sites for oxygen adsorption. 

Mercury vapour can then be regarded as a ‘promoter’ 
rather than & on’ for oxygen adsorption on nickel 
oxide. The of this effeot has not been estab- 
lished, and any discussion is necessarily speculative. 
with neutron-irradiated nickel 


centres for oxygen chemisorption, and it is now 

that adsorbed mercury may act as such centres. both 
cases there is an increase in irreversible adsorption, while 
reversible adsorption scarcely changes. In the gas phase, 
mercury atoms are well known as soavengers for oxygen 
atoms in chain reactions. The decline in oxygen uptake 
after successive ou at 20° O and the low surface 


- coverages involved (Table 1) indicate that the sites on the 


nickel oxide surface which may adsorb and activate 
mercury atoms are restricted in numbers. These resulta 
emphasixe the importance of avoiding mercury contamin- 
ation in chemisorption investigations on oxides. 

H. B. CHABMAX 
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Reaction of Phenyl Isocyanate with 2,3-Epo 

Propyl Phenyl Ether (Phenyl Glycidyl Ether) 

Reaction of phenyl isocyanate and 2,8-epoxy propyl 
phenyl ether gives a one-to-one addition compound, and 
there is evidence to this is 8 phenyl 5 phenoxy 
methyl 2 oxaxzolidone. reaction is believed to be: 


This is similar to a reaction reported by A. Thompeen! 
between acidulated potassium cyanate and epichlorhydrin. 


"mm + HNOO + liue 
. i : CL 


Evidence for the foregoing soheme is: 

(1) Reaction with &looholio Per nemus ee 
in agreement Wrth abe sean 
(0) x 


i 


(S aem Qum 
Qnem Q me 


The product of this reaction gave & yellow oil on reaction 
with nitrous acid, suggesting a secondary amine. 

(2) There was no reaction of the reaction product with 
nitrous acid. The nitrogen of this compound is thus 


r 


s 
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not present in the form of a primary or secondary 
amine. 

(3) The produot of the reaction was broken down by 
heating with concentrated hydrochloric acid in a sealed 
tube at 200° O to give an oil, which was shown to be a 
chlorine containing compound. This is in agreement with 
the concept of acid hydrolysis of the oxazolidone ring. 

It was also noted that the material did not yield an 
oxime on reaction with hydroxylamine hydrochloride. 

Phenyl isocyanate (11:6 g) was refluxed with phenyl 
glycidyl ether (15 g) for 6 h at 170° C. On cooling, a dark 
solid mass was obtained which was extracted with 
chloroform (300 ml.). After deooloriration with charcoal 
and reduction in volume by distillation a white material 
was obtained (10-1 g). Complete evaporation of the 
chloroform left a reddish-brown ter (6-2 g). The white 
materia] was i from ohloroform to give 
needles of m.p. 134?—185?. : 

C,,H;,NO, required: C, 71:32 per cent: H, 5-61 per cent; 
N, 5-20 per cent; obtained: O, 71-44 per cent; H, 5:76 per 
cent; N, 5:18 per cent. 

1 g of the above material was refluxed wiih 40 ml. of & 
solution of 80 per cent ethanolic potash for 2 h. Tho 
ethanol was removed by fractional distillation leaving & 
small amount of water behind, which was extracted with 
ether. Ether was removed by evaporation and left a 
yellow oil, which crystallized to a pale yellow solid (0-57 g), 
m.p. 46°-48° O. On reaction with nitrous acid this gave a 
yellow oil, suggesting it was a secondary amine. Required 
for 1 phenyl-amino 2 hydroxy propyl phenyl ether, ' 
» C,,H,,NO,: O, 74-11 per cent; H, 7-08 cent; N, 5-75 per 
cent; obtained: O, 72-73 per cent; 7:14 per cent; N, 
6-06 per cent. This material is reported by Fourneau and 
Poulenc’, but attempts to repeat their work gave a material 
the analysis of which did not agree with theory. No 

are quoted in their paper. 

0-5 g of the original substance was sealed in & tube with 
approx. 0-5 ml. of concentrated hydrochloric acid and the 
tube was heated in an oil bath for 15 min at 170° O and 
‘for 1$ h at 200° C. After cooling the tube was broken 
under water and washed with water. The tube broke in 
& manner suggesting it was under pressure at room 
temperature. The water was extracted with ether and 
the ether extract evaporated down, to yield a small 
quantity of a dark oil. The Lassaigne test indicated the 
presence of chlorine in this material. 

I thank the ent of Materials for.the facilities 


and materials with which the work was done. 
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Molecular Deficiency of Glucose-6-Phosphate 


Dehydrogenase In Primaquine Sensitivity 
"GuwmTICALLY determined deficiencies in activity of 
human glucose-6-phosphate dehydrogenase ‘(G—6-PD) 
occur among various ethnic groups. The deficiency 
affecting 8-12 per cent of American Negro males is known 
as primaquine sensitivity and is moompletely expreased: 
affected persons have 7-15 per cent of the normal activity 
of erythrocytic @-6-PD and an even higher proportion of 
activity of this enzyme in some other tiasues!:*. In view 
of similarities in itative characteristics between the 
partially purified PD of affected Negroes and that of 
normal persons, one of us has questioned the possibility 
that sensitive Ni have a G—6-PD that is impaired in 
its catalytic efficiency (turnover number)’. A oom 
tive examination of more extensively purified G-6—PD’s 
seams to offer new evidence on this subject. 


~ 
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Glock and McLean assay‘ for G-6-PD permitted identi- 
fication of day-old pints of ensyme-daficient blood provided 
by Negro males at the University Medical Center Blood 
Bank. On starch-gel electrophoresia', that G-6-PD of each 
pint migrated slightly faster than that of normal Caucas- 
ians, as has been noted previously*:?. The from 
each pint of blood from control, G-6-PD-active males 
migrated at the same rate as the G-6-PD prevalent in 
Caucasians. The enzyme was purified by a method 
previously described*. Five pints of deficient blood 
provided 0-31 mg in) of a preparation with a specific 
activity* of 9-1 unita/mg, representing 16,000-fold purifi- 
cation and a yield of 2 per cent. From five pinta of normal 
blood 0-55 mg of a preparation was obtained with specific 
activity of 94 unita/mg. This represented 17,000-fold 
purification and a yield of 8 per cant. When subjected to 
starch-gel horesis and staining with amido- 
schwartz, 83 ug (8-1 units) of normal preparation appeared 
predominantly as a single band. It had a ition 
identical to the location of activity of the G—6-PD, as 
indicated in Fig. 1 by the 1-28 : 1 distance from the origin 
of the activity relative to hmmoglobin A. This position of 
activity relative to hæmoglobin has been observed with- 
more than 200 normal hamolysates previously studied in 
this laboratory. In contrast, 98 ug (0-89 unit) of sensitive 
enryme did not migrate predominantly as one band of 
protein (Fig. 1, channel 8). An arrow indioetes the 
position of genartive enxyrne expected from the location of 
activity in channel 3a and in the gel pattern of 30 pre- 
viously studied hgmnolyBatee from sensitive " 
Elutions from serial sections of gel from another channel, 
containing 0-52 unit of sensitive enzyme, revealed the 
relative location of activity to be identical to that of the 
maler amount of enzyme in channel 3a. The total 
activity of sensitive enzyme added to channel 3 was 
almost one-third that of the normal enzyme im channel 1. 
About a ten-fold difference in speciflo activity existe 
between hsernolysetes of normal subjecta and sensitive 
Negroes. If this differenoe were due largely to a difference 
in turnover number, the arrowed position in channel 8 
should have shown a band of protein staining several times 
more intensely than that of the normal enzyme. 

Titration of the enzymes with reduced tmphospho- 
pyridine nucleotide (TPNH) offers additional evidence 
against a ten-fold difference in turnover numbers. TPNH 
fluoresces when excited with light of 360 my wave-length. 
The fluorescence of TPNH bound to human G-6-PD 1s 





First 
2 ) of G-6-PD from normal males; 
of Vie rig a paiva maks gel: 1s and 
31 mg of bemogiohm, 0-01 (0-07 x 10-* untta) of G-6-PD from 


5 

Sn 
E 

$ 


10-* unita) of G-6-PD from - 
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normal males; 3s, 0-11 
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Cable 1. TrPERATION OT Morum AXD MomgwmíaL G¢PD wre TPNH 
Ldded Finor. Added Fix. iddod Fma. / 
nittal 31 Inttial ! e6 Initial 85 
16-P GP 
20 40-6 10 680 
PN TPN TPNE 
-021 473 0107 845 0 206 44-0 
+043 510 0214 99-7 0-800 57-5 
Bn 550 0-331 108 0-412 71-5 
118 61:7, 0-438 117 0-618 84-2 
H171 05-0 0-435 125 0-814 101 
+278 776 ) 0-641 185 10$ 116 
H402 966 0-856 15a LB | 148 
+706 111 2-06 184 
Estimate of total TPXH bound 
)-088 0-44 0 35 
Fluor. representa pled di rake e by 01 mL 
ore f e te i eed by nó (5 Eg TEP, 
OT , 
as total milltmieromo The end- 


(0-384 unt) of G-6-PD with a 
TEM OOG ee ee ee 


Aiia 31 times rure ineo than tbt of fe 
TENE Serial addition of small amounts of TPNH (or 
TEN in tho proetoo oF ezee G6- P) to normai enryme 

ped of TPN disclosed that normal G—8-PD 
P 0-14 x 10-* moles of TPNH per unit 
of activity*. The results in Table 1 indicate that the 
sensitive enzyme binds 0-23 x 10-* moles of TPNH per 
unit. In an eetlier experiment, apparently irreversible 
loas in activity of the sensitive enzyme occurred during 
ET M ramen aiat and dias aint 008 M 

-1 M ammonium sulphate and dialysis against 0-05 M 

ydrochloric acid), pH 8-0. The number of washings 

duration of dialysis were halyed. Consequently, 
TPN was not completely stripped from the normal prepa- 
ration simultaneously studied (Table 1). Nevertheless, a 
ratio of 0-15 x 104. moles of TPNH ie per unit of 
activity can be computed for this normal preparation by 
that the rise in fluorescence after G—6—P repre- 
sents bound TPNH with 2-7 times the fluoreecenoe of free 
TPNH. A similar ratio (0-12 x 10-* moles per unit) is 
obtained by titrating the normal preparation with TPNH 
in the absence of G—6—P. 

Activities of the sensitive enzyme following dialysis, 
purification, or mixing of purified sensitive G-6-PD with 
sensitive hwmolysateg, offer no evidence of a reversible 
inhibitor of G—6-PD in sensitive hemolysates. Wo 
therefore conclude that the deficiency of activity in ery- 
throcytee of sensitive Negroes is due principally to a 
deficiency in number of molecules of G-6-PD. These 
findings do not permit a distinction between a deficiency 
due to increased destruction!’ or due to impaired synthesis 
of the active enzyme. 

We thank Dr. F. L. kn Du Dor waned y 
Bank for their oo-operation. This work was 
a grant (.4—8828) from the U.S. Publio Health 
by funds from the National Foundatión. 
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Effects of Colchicine and Colchemid on 
Synthesis of Deoxyribonucleic Acid in the 
Skin of the Guinea Pig’s Ear in vitro 


Coromoms and colchemid have been used extensively 
$n vivo and tn vitro as a means of halting cells at metaphase 
in order to make the counting of mitotic figures easier. 
It is generally assumed that both have a fairly specific 
action in this alth colchicine is considered to 
be more toxic to the whole animal than oolchemid. 

i ta were performed to determine whether colchi- 
cine and colchemid, at tho concentrations normally used, 
had any direct and immediate action on the initiation and 
rate of DNA synthesis in guinea pig epidermal cells as 
measured by tritiated thymidine and autoradiography, 
since any such effect would alter the number of cells 
collected at metaphase. 

Slices of skin were taken from the dorsa of the ears of 
ee epe pigs, and were flóated on 1 ml. of a medium 
of 's B.S.S. and horse serum in the proportion of 
3 to 2, containing tritiated thymidine 0-3 uc./ml. (speciflc 
activity 860 uo./um). Skin slices from the same anımal 
were incubated for 1-4 h in an atmosphere of 5 per cent 
carbon dioxide in oxygen on this medium and the medium 
containing either colchicine or colchemid at concentra- 
tions of 4-12 pg/ml.- Autoradiographs were afterwards 
made of sections prepared from the skin slices, with Kodak 
AR 10 stripping film, and exposed for 3-7 days. They 
were developed and stained through the film with Harris’s 
haematoxylin and basic fuchsin!-*. 

It was found (Table 1) that the colchicine-treated 
samples showed a significantly lower proportion of 
labelled epidermal cells even after incubation for 1 h, the 
mean per cent reduction being 18-2 + 2-4. The colchamid- 
treated samples were not significantly different from the 
controls. When the skin slice was incubated in the 
colchicine for 2 h and the thymidine added for a further 2h, 
the depression was 14 + 0-0 per cent. When the colchemid 
was similarly used, there was no depreesion. Some experi- 
ments with colehemid which had been stored in solution 
at 4° O for some three months suggested that under these 
conditions it caused alight inhibition. Increasing the 
concentration of colchicine from 4 pg/ml. to 12 pg/ml. 
increased the percentage depression to 24 per cent in 
lh. With 12 ug/ml. colchamid, there was 10 per cent 
depreasion atl h. 

Té? pxorormox or Omnia rx DNA SYFTEN DURING lE te pip T 
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Grain counts over 800 labelled cells per aection indicated 
that colchicine caused a significant mean depression of 
Mbit ad oent during 4 h. The reduotion in grain 

by colchemid was not significant (6-5 + 0-48 
esr oni) 


The appreciable drop in the number of cells in 
synthesis of DNA as a result of incubation for 1 h with 
colchicine may represent cells arrested in the S 
period with an incomplete replication, or failure of cells 
newly arrived at this. stage to start synthesis. The 
depression of grain counts per positive cell indicates that 
the rate of synthesis is slowed so that even if the normal 
"DNA complement were to be reached the number of cells ` 
arriving at metaphase per unit time would be lesa. Since 


N 


288 


these two effects are cumulative it follows that the count- 
ing of metaphases after colchicine ‘block’ is very likely to 
give an underestimate of mitotic activity. Colchemid 
would appear to suffer leas from these disadvantagea, but 
nevertheless before using it for this purpose it would be 
wise to exclude any such effects under the actual con- 


ditions of the experiment. 
ErmaAmwrH Harr, 
D. G. Cox 
Medical Research Council, 
Unit for Research on the 
Experimental Pathology of the Skin, 
Medical School, 
i University of Birmingham. 
* Hell, EUrabeth, and Cruokshank, C. N. D., Eup. Cell Ras. (in the press). 
* La]tha, L. G., J. Photograph Soi., $, 180 (1964). , 


A Comparison of the Plasma Proteins of 
C;H Strain Mice, found by Cellulose-Acetate 
and Starch-Gel Electrophoresis 

Ta» experiment described here gives a comparison of 
the plasma protein patterns found with two electro- 
phoretic techniquee—tboee using oelluloee-aocetete and 
starch-gel as supporting media. e plasma used was that 
obtained from adult O,H strain mice. 

The rone electrophoresis method of Kohn! for celluloge 
acetate was used with the buffer modifications recently 
described by Aronsson and Grónwall*. The dimensions of 
the acetate strips were 18 x 5 em. A voltage gradient of 
6 V/cm was applied across the strip and & running time of 
20 h was allowed. Staining of the strips was effected with 
lisamine green. A ribbon of acetate was cut from the 
main acetate strip, fixed immediately at 110? O for 10 min 
and afterwards stained in the dye for 10 min. This 
enabled localization of the protein bands on the remaining 
parent strip to be made. e full remaining pattern was 
then sectioned into three segments, each containing one of 
the three main fractions. Each segment was cut into six 


small ribbons which could then be inserted into the same - 


slot of & starch-gel plate. The technique for starch-gel 
electrophoresis described by Smithies!, with the slightly 








\ 

t 

Fig. 1. Diagrammeatio representetion of two-dimensional troph 

in oellnjose-acetate and TD lain ote AB, Origin of control C,H 
1, OD of acetate rib h-gel; 

O, serum on acetate mbbon. Fractions: 
1, eIbanun; 2, a,-ylobulin B 3, Tb en 4. 
; 6, Fa,-globulin, 7, 


8, &-globulin C; 
group, 10, an Dum Sir has not been 
located on the acetate 
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starob-gel media. The ph was taken with transmitted 
light, thus giving a greater reso. of the fainter fractions. This 
method gave, however, a diffuse picture of the control serum and o a 
normal U,H serum pattern, taken with direct t, is on 
tbe nght of the figure. 4 B, Origin of normal O, serum; OD, origins 
reden $ ibus Bek AER, In dti Pain 
+ 2,4 : a, 34 A; 5, fit 
haptoglobuim ; 6, Fay-globuin 7, balovatin B; 8, A dala C 
9, Slow ha group; 10, an a bultn which ‘has not been 
. located on the acetato 
keym 2 ‘i +? 
Esd n 10 
rd > 
" m 
à š 





modifled discontinuous buffer system of Poulik‘, was usec 
The electrophoretic run was made in a borate buffer of pl 
8-6 at 6 V/om for 15h. The starch-plate had the dimen 
sions of 27 x 18 x 0-6 em. Staining was made witl 
amido black 10 B. 

A comparison of the plasma protein pattern of th 
acetate with that of the starch was made possible by thi 
two-dimensional system. The comparison was based o 
the proteins having the same mobilities off the acetat 
strip into the starch as they have off the filter-paper whic 
was used in application of the control plasma. Fron 
Figs. 1, 2 and 3, the identity of the acetate fractions ca 
be made out, and their sequence compared with that a 
the starch. The most striking difference is the reversa 
in positions of the Sa,-globulin (fraction 3) and th 
B-globulin complex (fractions 4, 7, and 8). The Sa, i 
shown to form the second main fraction on the acetate 
while on the starch it is the slowest-moving fraction, apar 
possibly from the y-globuline, for which no evidence ha 
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een obtained. The Fra, is identified with acetate fraction 
, which is located in the same acetate band as fraction 6, 
ut forme the more anterior portion of the band. Fractions 
and 9 are interpreted as haptogiobulins, but this still 
mains subject to question. Fraction 9 might also be 
iterpreted as an arf type globulin, similar to that 
escribed by Poulik and Smithies*’, for human serum. 
Traction 2, which has the same mobility as the main 
(bumin band, is identified as an a,-globulin. The fact 
iat it has exactly the same mobility as the albumin 


vuld it to be similar in nature to the a,-globulin 
‘of P and Smithies. 
E. J. Duxm 
Department of Zoology, 
Queen's University, 
Belfast. 


Kohn, J., Otia. Okim. Acia, 8, 450 (1058). j 
Aronsson, T., and Grönwall, 4., Scand. J. Clin. Lab. Invest, 18, 818 (1968). 
3mithies, O., Bieohem. J., Gl, G20 (1055). 

Poulik, M. D., Nature, 180, 1477 (1957). 

Poulik, M, D., and Bmtthies, O., Biochem. J., 08, 636 (1958). 


Effect of Linoleic Acid on the Deposition of 
Dietary-saturated Acids In Chicken 


ede: ind Fess 


KAUNITE ei al. have postulated that linoleate functions 
1 the regulation of fatty acid camposition of depot fat by 
ioiliteting the laying down of depot fat more representa- 
ive of the diet?. In confirmation of their report, we have 
bserved that the depot fas of chickens fed a diet with 5 
er cent laurate and 4 per cen’ myristate contained 
ron SA Ho tg oD DEY equi rer paresis 
to the diot". Howerer Wo could nop ede 
aeasure the effect of lmoleate on the proportion of 
nd myristate in other, non-adipoee tissues. In the work 
eecribed here 12 per cent methyl laurate was included in a 
rorified diet (diet O-21, Table 1) with and without a 
ouroe of linoleate. The diete were fed to 7-day-old chicks 
aginseined previously on a low fat diet. At several time- 
atervals the chickens were fasted overnight, killed, and 
he liver and heart analysed for fatty acids using gas 


ihromatogrephy?. Sf. 
x Table 1. XMxrxxwxwtiL Ders 
% Ingredients 0-21 O-20-G-5 
(%) (%) 
Casein (vitamin-free) 210 200 
Gelsitn — 50 
Mineral mixture * 54 54 
Limestone — 25 
Cellulose 1 50 
I-Glhutartide acid i 5-0 — 
L- HO 095 RS 
nier analogue (MH A)t Mel ax 
Vitamin A concentrate (op rip 0-06 0-06 
Vitamin D concentrate LU. 0-02 0-10 
ohloride 0-10 0-25 
pendailiin (5096) 0-001 — 
d-a-Tooopheral acetate — 0-004 
0-015 0-015 
GlInbose (cerelose) to 100 ^ - to 100 


M ee: methyl thiobutyrate. 

Bee Machiin and Gordon (ref. 5) for composition. : 
Registered trade-mark, of . t-ethoxy 
-dehydro, S3, timeth quinoline gu err x i 
In a second iment, White hens were fed 
, purified besal (diet O-20-G-5, Table 1). Two levels 
if methyl myristate were added with and without a 
ource of linoleic acid. Eggs were collected after 112 days 
m this régime and analysed for fatty acids. Five or six 
eplioates per analysis were conducted. A 
The results given in Table 2 demonstrate that the liver 
ind heart of chickens fed diets containing linoleic acid 
ee ee eee 
inoleate-free Dietary linoleate resulted in an 
nereased proportjon of myristate in eggs laid by hens fed 
nyristate. One would expect an increased proportion of 
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Table 2.  Hrract Of DUWTAKY LINOLNIO Aap OW TEN DXPRORTHON OF 
Short CHAIN Farry Adans IN TINSURS 


Duration 
Tine — of feeding Tinoledo acid * 
(days) 0% 15% 
% of die (0-81) % of tiaine fait 
Liver 4 114 031202 0-9 + 06 
Liver 30 11-4 12+ 02 3-8 + 08 
Heart 12 114 2-0 r05 59 +190 
- % of disk (0-320-G-5) % of egg fai 
Bgg 112 - 09 23 10$ 61418 
Hgg 112 14-1 109 + 05 26-0 + 9*1 
*3-0 cont safflower was the dietary source of linolejo aoid, 12 per 
omnt lanrate the source of laurie aoid and 1-0 and 150 per oeni 


th + S.D. The addition of 
(P'< C-01 by t test) tnorease in deposition of lauro or myristio 
comparisons, 


Laboratory of Biochemistry and Nutrition, 
Monsanto Chemical Co., 
8t. Louis, Mo. 
! Kauntia, H. Slanetx, O. B., Johnson, B. H., and Babayan, V. K., J. Nutrit., 
78, 155 (1061). 
* Machli, L. J., and Gordon, E. S., J. Nutrit., 7$, 157 (1961). 
8 Marco, G. J., Machitn, L. J. Emery, H., and Gordon, E. B., Arok, Disobem. 
Biephys., 90, 115 (1061). ` 


Distribution of Radioactive Sulphur after Oral 


Administration to the Rat of a Water-Insoluble 
Fraction of Sulphur-35-labelled Thermal Amino- 
Acid Copolymer 

ion of amino-acid copolymer labelled with 


THs preparati: 
‘sulphur-85 by thermal polymerization of hydrolysates of 


yeast (Torula utilis) incubated with **SO, has already been 
described by ust. The polymerization resulted in at least 
two different types of copolymers. iui ieee es 
peration was absolutely insoluble in di water, while 
the other part could be dissolved in water. Both fractions _ 
showed protein-poeitive colour reactions and radioactivity. 

By chromatography on ion exchange columns "B- 
activity could be obeerved at the positions of cysteio acid 
(sulphate) and methionine. The radioactivity of the oys- 
tine peak was very low. Another radioactive component 
could be eluted from the 150 om ‘Dowex 50’ column by 0-2 
N sodium hydroxide. This component could aleo be 
detected in hydrolysates of **B-labelled T. utis’. 

We ourselves have reported recently on a feeding 
trial using the soluble fraction of proteinoid. In further 
experiments the water-insoluble fraction of proteinoid was 
collected and administered to a rat. The male rat hada 
weight of 85 g at tha Deu E ee The 
animal was kept in an air-tight cage in which a soparate 
collection of urine and fæces was possible. The air passed 
through the cage by suction waa filtered through traps to 
remove gaseous metabolites from the sir> 

The rat received food and water ad libitum. The diet 
consisted of 86 per cent maize, 10 per cent skimmed milk 
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powder, 3 per cent mineral mixture U.S.P. XIV and 1 
per cent of a vitamin mixture essential for rate. 

The water-insoluble proteinoid fraction was suspended in 
0-2 N sodium phosphate buffer pH 6:8. Twice daily 0-5-ml. 
portions of this suspension were applied to the rat by 
tube. The experiment was dontiaged for 28 days. During 
this time the rat showed normal behaviour; the increase in 
weight was 90-5 g. 24 h after administration of the last 
?B-proteinoid portion the animal was decapitated. The 
macroscopic inspection and the histological examination 
indicated no abnormal change in organs or tissues. 

The components labelled with sulphur-85 in blood, liver, 
kidneys and brain were separated by 20 per oent triahloro- 
acetic acid into a protein-containing fraction and & non- 

"protein fraction. Each of these fractions, as well as the rest 
of the tissues and the excrementa, were hydrolysed with 6 N 
hydrochloric acid and the activity of sulphur-35 was 
determined in the manner already desoribed!. Moreover, 
hydrolysates of urine and fæces were chromatographed on 


ion exchange columns and the activity of sulphur-35 of 


the effluent was registered continuously?. The specific 
activity, of other tissue hydrolysates was too low for 
chromatography. 

The results of the determination of activity of sulphur-35 
are summarized in Tables 1 and 2. 


Tablo 1. DISTRIBUTION OF ACTIVITY OF SULPHUR-35 


(Percentage of recovered acitvity) 
In hydrolysate Total 
In hydrolysate residue 
Body 1-14 144 2.58 
Intestinal tract oontent 071 0 2% 048 
Feos 2 12-05 76 45 88-60 
Urtne 7-78 0-68 8-36 
Atr 018 


Table 2. DrITAIBUTION oF ACTIVITY OF BULPHUR-$5 IM Rut Bopy: 
(Percentage of recovered aottvity of the body) 


Non-protein fraction Protein fraction Total 
Blood 821 28-08 36 89 
Liver 7-99 105 9-04 
Kidneys 1-03 1-70 3-037 
Brain 5-87 081 0-68 
Skin and bair — — 13-56 
Intestinal tract — — 379 
Best of body — — 206-41 
Table 1 shows that the main of the administered 


sulphur-86 activity is excreted in the feces. When the 
sulphur-85 activity of the stomach-intestine content is 
added to the radioactivity of the fæces the resulte indicate 
that about 89 per cent of the radioactive material was 
not absorbed, while about 61 per cent of the water- 
soluble fraction was absorbed!. Most of the absorbed 
radioactivity of the insoluble protemoid fraction was ex- 
creted in the urine, so that 2-58 per cent only of the total 
activity was retained while» 34-35 cent of the radio- 
active sulphur could be found in ike body in the case of the 
soluble fraction!. | 

These results indicate that the water-insoluble fraction 
can be utilized easentially leas by the rat than the soluble 
fraction. i 

Table 2 shows that moet of the radioactivity in the body 
was found in the blood. The liver contained the highest 
amount of radioactivity of the organs analysed. When 
sulphur-85 content is calculated on the basis of the weights 
of the organs, the brain yielded the highest rate of radio- 
activity. While the protein fraction of the blood showed 
more radioactivity than the protein-free fraction all the 
other organs indicated reversed proportions. 

Ohromatography of hydrolysates of fæces showed the 
same elution pattern of radioactivity as the proteinoid 
administered. The chromatograms of urine, however, 
showed only one radioactive peak, situated directly 
behind the ‘hold up volume’ of the columns containing a 
mjxture of ninhydrin-poeitive componente, probably 
cysteic acid, other acid Sepa componente and hates: 
Consequently the absor part of *B-proteinoid ion 
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applied must have been included in the intermediat 
metabolism 


We thank Dr. Sidney W. Fox, Institute for Space Bic 
sciences, Florida State University, Tallahassee, Floridi 
for his advice in the course of this work. 

1 F. KNAPPEN 

Abteilung für Tierernahrung im Institut für Tierzuct 
und Tierfütterung, d 

G. KRAMPITZ 


Institut für Anatomie und Physiologie der Haustien 
Universität, Bonn, 


Germany. 
! Krunplíz, G., and Knappen, F., Netwre, 198, 385 (1901). 
1 Krampits, G., A Polypeptides ' b 


Spectrophotometric Micro-Estimation of 
some Simple Plant Amines 


Vury little is known about the mode of origin of th 
simple amines in higher plante. Stem von Kamienski! am 
Guggenheim" have reviewed the biosynthesis of amines i 
plants. Work im this laboratory? has indicated tha 
N-methy] ethanolamine may be a of methyl 
amine ın Mercurialis perennis L. Ältornatively methyl 
amine may arise by decarboxylation of glycine. Evi 
dence for the occurrence of amino-acid decarboxylases it 
plante is scanty‘-", but recent work by Simon® has show: 
the presence of & valine decarboxylase in the spadix o: 
Arum maculatum L. 

1-fluoro-2,4-dmitrobenzene (FDNB) has been used as £ 
quantitative reagent for the determination of histamine! 
and d-deoxyephedrine". This reagent has been used ir 
studies on the ion-exchange chromatography of some o: 
the simpler plant amines. The method used was substan. 
tially as reported by McIntire et al.!! with the following 
modifications. Aliquot volumes of 1 ml. of each amine 
could be dealt with provided that 0-1 ml. of the FDNE 
reagent was used, followed by 1 ml. of sodium bicarbonate 
The resulting 2,4-dinitrophenylamines were extracted int« 
10 ml. of sym-tetrachloroethane, followed by a further 
portion of 10 ml. of the solvent to remove turbidity. The 
optical densities were determined in a Unicam S.P. 500 
using the tungsten 1 amp, l-om silica cells, sht-widthr 
0-04—0-09. 


at mar 
imino Ax (ma) Bloan 

385 0-112 

E Meth e 852.5 0 832 

thy: 552-5 0-902 

Et E m 

othylamine 

Dune 377-5 0-024 

Dieth 385 0-774 

N-Melh 1 ethanolamine 377-5 0 845 

356 1-121 ~ 

, Cada 355 1-451 
Dimethyl! ethanolamine — — 
Trimethylamtne =; P — 
Oholtne — = 
Betame = = 


Table 1 shows the absorption maxima of the simple 
amines which have been reported in higher plante!:3.131-14, 
The optical densities given result from the 2,4-dinitro- 
phenyl derivatives of molar quantities of the amines 
,in a total 20 ml. of solvent. 

The 2,4-dinitrophenyl derivatives of the following 
amino-acids: glycine, r-valine, r-alanine, L-lysine, r-leu- 
cine, pI-Berine, L-threonine, Di-glutamic acid, L-arginine, 
DL-methionine, L-proline, r-histidme, L-ornithine, in pe 
tities of 100 ug, were insoluble in sym-tetrachloroethane 
and therefore gave no absorption at 352-5 mu. Similar 
quantities of pi-phenylalanine and L-tyrosine, however, 
gave absorbancies of 0-012 and 0-070 respectively. 
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This method makes possible the direct determination of 
nine production in the presence of amino-acids and there- 
re advantages over previously reported 
ethodgi^1*, A further advantage of the method is that 

is possible to estimate methylamine and N -methyl 
hanolamine simultaneously in mrxtures of the two by 
stermining the optical densities at the respective absorp- 
on maxima and substituting in the following equations: 


(0-080 x H*"-8) — (0-112 x E¥*4) 


Methyla&mine = ~~ —0-00189 ug 





"methyl ethanolamine = 
(0-208 x E*T-*) — (0-142 x 
0-00186 


E25) 
—7 pg 





fixtures of different known concentrations of the two 
mines were examined by this method. Results from ten 
16h mixtures gave only 2:5 per cent error for each of the 
wo amines. 

The method has been particularly useful in studies on 
he ion-exchange chromatography of plant amines, Binoe 
; was found that, using the method of Blau™ with columns 
f 'Amberlite OG-50’ and ‘Permutit £K-220', the peaks 
f methylamine and N-methyl ethanolamine showed close 
roximity under oertain conditions. Furthermore, the 


wo compounds in Merourialis perennis L., 


his work is being carried out, Dr. J. Friend for many 


elpful ions, and the Agricultural Research 
‘ouncil for financial assistance. . 
- M. HIOHARDBON 
Department of Boteny, : d: 
University of Hull. 
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Enhancement of the Effect of Prednisolone 
by 2-Methy-1,4-naphthoquinone 

In conjunction with the microbiological transformation 
of steroids, small ring compounds were found to inhibit the 
sreakdown of sterane structure. Since this phenomenon 
was encountered in the case of both fungi and bacterial, 
she idea presented iteelf that this biochemical observation 
might be of more general validity. We therefore under- 
took to i i the influence of 2-methyl-1,4-naphtho- 
quinone (MNQ), found to-be the most efficient by ourselves, 
on the effect of prednisolone in various pharmacological 
testa. ' 

In these studies we used three methods: the thymus 
involution and liver glycogen testa, and the antiphlogistic 
action, generally used for the pharmacological evaluation 
of glucocorticoids, with the modifications devised by 
ourselveg!. 
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The experiments consisted of ing prednisolone 
itself in two doses in a ratio of 1 : 8, and then studying 
how far the effect of the smaller dose of prednisolone 
could be enhanced by the aid of simultaneously applied 
MNQ. Untreated animals and groups given only MNQ 
were used as controls. In all the tests, both prednisolone 
and MNQ were injected subcutaneously ; in case of concur- 
rent use, from separate syringes at different sites. : 

The resulta of tests for thymus atrophy are given in 
Table 1. Thymus atrophy was more marked with animals 
given small doses of prednisolone (P) and MNQ than with 
those given three-fold amounts of prednisolone alone; 
hance tie. 


effect was intensified to more than three-fold. It 
may furthermore be seen that in iteelf MNQ was com- 
pletely without effect. 


Table 1 
Xo. No. of antmals Treatment Thymus (mg %) 
1 12 0-0 mg P 134 
2 12 0-3-mg P 170 
* im OOF ing XQ 116 
4 12 006 SENG 205 
5 12 eon! 292 
Pe < 0001 
` Pre > 006 
Table 2 ; 
No. No. of antmals Treatment Liver glycogen (mg %) 
1 7 0-45 mg P " 1,660 
2 015 mg P 250 
3 7 015 P+ 
0 b mg MNQ 198 
4 7 016 P+ - 
0 mg MNQ 1,840 
Py < 001 
Py, > 02 
Table 3 
No. No, of animals ‘Treatment Paw volume (mm) 
1 40 $4mgP 305 
2 40 0-8 mg P 350 
3 40 - oem Ei sio 
4 40 oa mg Q 422 
5 40 oon! 431 
Py < 001 
"A 


The liver glycogen testa were undertaken with two doses 
of MNQ in an attempt to enhance the effect of predniso- 
lone. As shown in Table 2, the amaller dose was com- 
pletely ineffective, whereas the larger dose of MNQ, 
similarly to the results of the thymus testa, increased the 
effect of the smaller dose of prednisolone to such an extent 
as to cause the formation of deposits of liver 
glycogen than did three-fold doses of prednisolone alone. 

Table 3 presents the resulta obtained by tests for anti- 
phlogistio action. As demonstrated by our findings, MNQ 
alone practipally failed to exert any influence on edema 
due to dextran. On the other hand, when added to pred- 
nisolone, MNQ strongly intensified the effect of the latter; 
administered simultaneously with MNQ, 0-8 mg/kg of 
prednisolone inhibited the development of cedema induced 
by dextran much more efficiently than did 2:4 mg of 
prednisolone in itself. 

Aooording to our resulta, the efficiency of prednisolone 
is significantly intensified by concurrently administered 
MNQ. Attempts to elucidate the mechaniam responsible 
for this action are now being made. ` 

- QY. FEKETE 
Gy. Wix 
I. Dömör 


Chemical Works of Gedeon Richter, Ltd., and 
Research Institute of the Pharmaceutical Industry, 
Budapest. 
1 Wh, G., and Albrecht, K., J. Proakem. Microbiol. Tech. Eng., 8, 325 (1061). 
Abstr. Papers IE que Cong. Biochem., 
14, 4, 1114, 


s 
i Wix, G., and Albrecht, K. (unpubhshed resulta). 
3 Feksto, G., and Bxporny, L., Ade Pkptiol. Acad. Soi. Heng., 19, 57 (1981). 
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Isolation of Lampterol, an Antitumour 
Substance from Lampteromyces 
Japonicus 


AxN intensive screening of about #00 mushrooms for 
antitumour substances! revealed that Lompteromyces 
japonious, a bioluminescent mushroom which grows on 
rotten beech in October, possessed high activity. The 
mushroom is also known for ite toxicity, which has ocoa- 
sionally caused fatal accidenta due to its similarity in 
appearance to edible mushrooms. Isolation of the toxio 
VUE a in & semi-pure state was reported by Nakai in 

Wo have been carrying out isolations of the antitumour 
and toxic principles, ively, by different methods, 
by the cell-agar-plate' method 
and the effect on Ehrlieh mouse ascitic tumour, and the 
latter by injection mto ordmary mice. However, at the 
final stages of fractionation it became olear that the two 
activities were due to the same substance. A preliminary 
account of the extraction of the crystalline substance, 
which we wish to desi ‘lampterol’, is given here. A 
total of one ton of the fresh mushroom was collected in 
LAE (Mogami), Aomori (Towada), and Shizuoka 
(Fuji) feoturee, and these were: (1) boiled for 10 mm 
in water; (2) steamed for 20 min; (3) or soaked in 
methanol, at the site of collection tg order to prevent the 
marked loes in activity which was encoun with dried 
mushrooms. 

Processing of the initial material treated by method (1) 
was as follows. The boiling-water extract (10 kg) from a 
batch of 150 kg of mushrooms was concentrated in vacuo 
to 500 mL, and the residual syrup was treated with a 
three-fold amount (volume) of methanol to remove 
mannitol. The methanol filtrate was concentrated at 50°, 
the residue (190 g) was made into a 600 ml. aqueons solu- 
tion, and this was defatted by several extractions with 
petroleum ether. ‘The aqueous layer was extracted 
repeatedly (eight times) with the same volume of-butyl 

acetate, and the combined butyl acetate extract was oon- 
pains in vacuo to give 12-34 g of residues. This residue 
was mixed with 5-0 g of ‘Sephadex G-25’, placed on top of 
a 2-5 x 10 am ‘Sephadex’ oolumn, and eluted with 1 1. 
water. The combined eluate was passed through an 
‘Amberlite CG—45’ column (8-5 x 20 om) to remove acids 
(mostly succinic acid), and the eluate was concentrated tn 
vacuo below 50? to yield 2-54 g of dried residue. The 
residue was chroma ona 1:8 x 21 om silicio 
acid partition column, using water-saturated ether as the 
solvent. Tho eluate was again submitted to silioio acid 
partition chromatography and eluted with chloroform— 
ether mixtures (1 : 0, 1 : 1, 1: 4, 0 : 1). 

The activity was found in the chloroform-ether (1 : 4) 
eluate, which when dried up $n vacuo gave 500 mg of a 
yellow gum. tion of the from methanol 
and finally from benzene afforded, some difficulty, 
crystalline ‘lampterol’, m.p. 124°-127°; the yield from the 
gum was about 20 per cent; found: O, 07-47; H, 7.89. 
O4H4,,0, (the molecular formula was based on analyses 
and nuclear magnetic resonsnoe spectra of lampterol' and 
derivatives); requires: ©, 08.16; H, 7:08 per oent. 

3M798 $38. 320 my (log e 4-10, 8-54); vi 3,800 (broad), 
1,608, 1,860, 1,602 om. The acetate waa easily pre- 
pared by treating the gum with pyridine and acetic 
anhydride, m.p. 102°; found: O, 65-74, H, 7-17. O4,H4,0, 
requires: C, 65-50; H, 6-04 per cent. 2. 227, 246 infi., 
813 my (log « 4:08, 4-02, 8-54); VE 3,540, 1,740 shoulder, 
1,781, 1,008, 1,666, 1,608 omi; NMR, two acetate 

at + 8-02 and 8-03 in carbon tetrachloride. Passage 
of ‘lamp |! through an aluming column converted 
it into lampterol’, m.p. 179°-180°; found: O, 67-62; 
EL 7:28. 0,,H,,0, requires: C, 68-18; H, 7:63 per cant. 
3*2 252 mu (log e 431); zx $,400 (broad); 1,697, 
1,645, om-?. 
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The activity of lampterol' was 120 y/kg as measured E 
the effect on Ehrlich mouse ascitic tumours, and tł 
toxicity was 5 mg/kg on intraperitoneal injection mt 
ordinary mice. More detailed animal teste are bein 
carried out. 

We wish to acknowledge Dr. S. Inagaki, Nakamur 
Chemical Company, Tokyo, for providing us with tb 
material used in the very early stages, and Mr. N. Suzui 
for valuable assistance. We are also indebted to the Take 
Pharmaceutical Company for concentration of orud 
extracta. 
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PHYSIOLOGY 


Progestational Activity of 4-Hydroxy-17- 
. Alpha-Acetoxyprogesterone 
Raman biological research in the fleld of the 
bue pom crestei at iind Oi no» copo he. e 
oral progestational activity but lacking virilizing effecte 


Since dioxyprogesterone (4-hydroxy-17-a-acetoxypro- 
gesterone) has properties, we summarize here. suck 
properties of this new derivative. - 
tional activity was determined by evaluation 
of the endometrial proliferation according to MoPhail! im 
immature female rabbita primed with cstrogens and 
treated subcutaneously or orally with the different com- 
pounds. 

In Table 1 are presented the relative 
tested steroids, calculated according to 
doeságe-levels. 


Table 1l. PXOGETATIONAL ACTIVITY OF DIOXYPROGEETERONN 


tenoeies of the 
dum’ ab two 


Bteroid d Route Roeletive potency 
Progesterone 1.6. 1 
Dioryprogesterone so. ra 
ostoxyprogesterone os 

17-a-À : 4 5-50 
17-0- -19-noriestosterone os 8-00 
9-5,10- oes -4,6-0ien-17-a-01-8,20-dtone " m 

17 
17-a-AI]y1-17-f-hyd rox y-ceair-£-ene oa 2:18 
17-a åo 

enol-ether os 2-07 
6-a-Methyl-17-a-aoetory-progesterone (MAP) os 51.28 


Progesterone is assumed as standard for the sub- 
cutaneous tree&mente and 17-a-acetoryprogesterone for 
the oral administrations. 

As is ahown in Table 1, dioxyprogesterone has a good 
subcutaneous and oral tional activity; orally it is 
lees active than MAP, but definitely more active than other 
compounds recently described. Furthermore, dioxypro- 
geeterone induces endometrial proliferation in rabbite after 
local intrauterine application of 20 ug. The progestational 
activity of dioxyprogesterone is also shown by the im- 
crease of uterine carbonic anhydrase activity in immature 
female rabbita primed with according to 
Lutwak-Mann and Adams*: ata dose of 0:5 mg, it 
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noreases carbonic-anlydrase activity to 68-8 u/g and at 
he total dose of 1 mg to 9-7 U/g (activity of oon 
wimals: 18-7 U/g). np 

At 1-2 mg/day subcutaneously injected dioxyproge- 
iterone shows a déciduomatogenic activity in ovariectom- 
zod rate‘ of the same order of that of progesterone. 

Di maintains pregnancy in ovariectom- 
zed mice at-a subcutaneous dose of 5 mg/day (97 per 
sent fostuses alive at the end of pregnancy) and in ovarieo- 
mixed rabbits at the oral daily dose of 10 mg (68-5 per 
xent of fostuses alive). i 

While most progestins virilize fostuses, di 
‘one does not influence the ano-genital distance or causes 
norphological changes in the secondary sexual characters 
af female and male rata born from mothers treated from the 
L5th to the 20th day of pregnancy with doses up to 50 mg 
jay subcutaneous or per os. Dioxyprogesterone presents 
10 androgenic or myotrophio properties both by oral or 
subcutaneous route’. It does not increase the weight of 
ihe uterus of young immature female mice. Its anti- 
»etrogenio activity’ is about 0-89 times that of proge- 
sterone and ita anti-gonadotrophic effect’ is only 0-08 
times that of testosterone propionate (subcutaneous 
administration). : 

Up to a dose of 5 mg/day both by oral and subcutaneous 
route, dioxy-progesterone does not alter the œstral cycle 
n normal female rate. 2 


Q. AROGABI 
G. BALDRATTI 
j Q. Rara 
Laboratori Ricerche Farmitalia, 
Milano, Italia. 


: MaPball, M. K., J. Pkyeiel., 83, 145 (1934). 

'Gaddom, J. H., Pharmacology, 522 (Oxf. Untv. Press, 1959). ; 
'Lutwak-Mann, O., and Adams, O. H., J. Endocrinol., 15, 43 (1947). 

1 Chambon, Y., O.R. See. Mhal., 146, 1005 (1963). 

, L. G., , B. G., and Meyer, R. K., Prec. Soc. 5 
Brel, and Med, 83, lb (1068). = 
i R A and CRINE D, Ws; Pras, 909: Bei Doe ee Mor, Oi 
"Hertz, B., and Moyer, B. K., Jndocrinol., SL, 756 (1937). 

‘Revess, O., Fndocorinel., 06, 144 (1060). : 


Effect of Posterior Pitu Polypeptides on 
the Flow of Urine after Injection in Lateral 
Ventricle of the Brain of a Cat - 

Previous obeervations in this laboratory have 
ndioated that the injection of catecholamines and certain 
yosterior pituitary polypeptides into the lateral ventricle 
xf the cat is associated with characteristic and drug- 
rpeaiflo preesor-depreesor of the peripheral 
siroulation?. During the course of these earlier experi- 
nente, it was noted that the intraventricular introduction 
f posterior pituitary polypeptides was followed by a 
rompt increase of flow in urine. Other observers have 
ported that the peripheral administration of various 
yosterior pituitary preparations may, on oocesion, be 
ittended by a rise of urine flow consequent to a solute 
liuresis*". The present experiments were designed to 
lefine certain aspecte of the ‘diuretic’ effect of these 
irugs during their central administration. 
Using standard renal clearance techniques, acceptable 
xxperimente were obtained in 30 healthy cate maintained 
m normal diet of cat chow. Appropriate local anæsthetio 
‘echniques were used in place of general anæstheeis. 
After curarization of the animal, respiration was main- 
tamed with a poeitive-preesure respirator through 4 
tracheotomy tube. After surgical exposure of the urethra, 
an indwelling Foley catheter was placed in the bladder 
ander direct vision in order to secure complete bladder 
xmptying. <A constant infusion of creatinine via the 
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creatinine equilibration oocurred, control clearance periods 
of 5-20 min were obtained. Control rates of flow of 
urine were differed by changing the rate of infusion of 
creatinine. When the flow of urine was stabilized at & 
constant rate, the drugs were injected into the left 
lateral ventricle via & 21 tapered needle inserted under 
stereotaxic control. Sandoz L8 vasopressin (10-15 unita), 
Sandoz PL V2 vasopressin (0-5—1-0 unit), parae pituitrin 

and hypertensin 


third clearance period for the determination of creatinine, 
osmolality, sodium, potassium and chloride. Similar 
measurements were performed on each urine sample. 
Blood preesure and pulse were recorded at appropriate 
intervals throughout the study. Respirations were oon- 
stant at the rate of 24/mm. Calculations of creatinine 
clearance, ommolar clearance, and either free-water clear- 
ance or 7',H,O were made for all clearance periods. 

The L8 vasopressin was associated with a significant 
rise of urine flow and no change was noted with PLV3, 
poreies) pier, Gxyfocm end eee ee 
that this effect is most evident administration of 
the L8 vaeopreemi at low rates of urine flow. In most 
studies, the increased urine flow was accompanied by an 
increased oamolar clearance which could be attributed 
to an increased excretion of sodium. Since filtration-rate 
and plasma sodium usually remained unchanged or 
decreased slightly, the observed solute diuresis may be 
tentatively attributed to a diminished tubular re-absorp- 
tion of sodium. This effect could not be prevented by 
ior trans-section of the spinal cord at the O-1 level. 
eripheral administration of the same amounts of L8 
vasopressin under similar conditions of study was fol- 
lowed by the usual antidiuretic response unassociated 
with changes of electrolyte excretion. 

Additional studies are still in progress to evaluate the 
exact nature of this L8 vasopressin ‘diuretic’ effect more 
conclusively. Tentatively, the present findings 
that the central administration of this drug uces 
renal effects which are dissimilar to those obtained after 
the peripheral administration of identical amounts of 
drug. Although the stimulus may be mediated via the 
nervous system, studies are needed to evaluate 
the relative roles of neural and humoral factors to its 
occurrence. 

B. B. NasHOLD, JON. 
E. M. MANNABINO 
R. R. Rosnwon ‘ 


Department of Neurosurgery, 
Department of Medicine, 
Duke University and V. A. Hospital, 
Durham, ] 


i North Carolina. 
1 f B. 8., Mannarino, H., and Wunderfich, M., Nature, 198, 1207 


1 Bharnon, J. A., J. Esp. Mod., 76, 887 (1942). 
? Brnith, H. W., The : Structure and Function in Health and Diseases 
(Oxford Untv. Press, 1051). 


Relation between Calcium lons and the 
Action of Serotonin on a Fundus Strip of 
the Rat. 


Aoccosprre to Gaddum! and Vane! serotonin added to 
the medium in which amooth muscle is suspended causes 
muscular contraction. The mechanism of the action, 
however, is not understood. In the mechanical nse 
af ieclntod muble, dhengen hl the acdibresie permeability 
and ionic movements are supposed to be involved. Some 
observations support the view that ionic movements across 
the cell membrane establish a binding chain between 
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events which ocour in the oell membrane and the oon- 
tractile system of the musole flbree!:4, 

It was found that binding of calcium ions by sodium 
ethylenediamine tetraacetic acid (NaEDTA) NaH,- 
EDTA-2H,0) may lead to blocking of the action of 
serotonin on the isolated rat uterus. It is believed that 
serotonin acta by carrying calcium ions across the oell 
membrane of the smooth muscle fibre’. 

We have therefore examined the effect of calcium ions 
on the action of serotonin in the isolated stomach strip of 
the rat‘. The fundus strip was immersed at 37° C ın a bath 
containing 6-7 ml. Tyrode solution with 0-1 per cent 
glucose. A rapid stream of pure oxygen was bubbled 
through the bathing fluid. Contractions of the muscle 
strip were recorded by isotonic lever on & kymograph. 
Test compounds (serotonin, acetylcholine, potassium 
chloride, NaEDTA, CaEDTA) were added in a small 
volume to the bathing solution while it was in contact 
with the tissue. NaEDTA was neutralized to pH 7 
before adding by 2 N sodium hydroxide. The contraction 
was allowed to develop for 90 sec, then the bath was 
washed out and & weight was added to the lever 80 that it 
came to the former baseline immediately. After 80 seo 
the extra weight was removed and the muscle was allowed 
to rest for a further 2 min. The following contractions 
were examined in 4-min cycles. 

The effecta of NAEDTA (3 mg/7 ml. and 6 mg/6 ml.) were 
similar to those found on the rat uterus*. NaKDTA 
added to the solution 1 or 2 min before the addition of 
serotonin, according to the concentration used, decreased 
or fully inhibited the activity of serotonin (0-03 ug 5- 
HT/6 mL) NaEDTA alone, especially in higher con- 
centration (6 mg/6 ml.). evoked contraction which was 
very fast (lasting about 20 sec), and which was followed by 
relaxation although NaEDTA was still present in the 
solution. The next contraction produ by serotonin 
was, in the presence of NaEDTA, remarkably smaller. 
When NaEDTA was washed out (after 2 min action on the 
muscle) the serotonin activity returned to its former level 
and there was no irreversible damage of the muscle 
fibres. It was also possible to remove the blockage of 
serotonin contractions (0:1 ug/7 ml.) caused by NaEDTA 
(6 mg/7 ml.) by adding caleium ions (3:0 mg OaOl,/7 ml.) 
to the bathing solution. Calcium not only removed the 
blockage, but also strongly potentiated the sensitivity of 
the muscle toward serotonin. 


This action of NaHDTA cannot be explained by- 


isolation of the calcium ions present in the bath fluid 
only. This view is supported by the failure to obtam 
large changes in serotonin activity in the modifled Tyrode 
solution where calcium ions were omitted. NaEDTA also 
blocked under these conditions the response of the muscle 
to serotonin. It thus seems probable that the action of 
NaKDTA may be associated with ita direct effect on 
calcium present in the oell membrane. 

The relation of calcium ions to the action of serotonin 
was confirmed in further experiments on the effects of 
CaEDTA. This salt which is not able to isolate calcium 
ions had no effect on the sensitivity of the fundus strip to 
serotonin. The dose of CaEDTA. tested was 4-1 mg/7 ml. 
of the Tyrode solution. Response of the fundus strip 
preparation to serotonin under various experimental oon- 
ditions is qualitatively preeented in Table 1 (blockage of 
serotonin activity indicated by minus sign). 


Table 1 
Buspenmon finid Test ds 
Oontrol NABDTA CaEDTA 
Normal a die solution - + zs + 
Tyrode solution without 
calcium fons t = 


Further resulte were in agreement with Woolley* that 
the action of NaEKDTA is not a specific one. NaEDTA 
also blocked the response of the stomach preparation to 
acetylcholine and potassium. i 
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According to these observations the close relatio 
between calcium and serotonin activity has been cor 
firmed. It seems, however, that the mode of serotoni 
action cannot be interpreted by getting the caloiur 
across the cell membrane only as was suggested b 
Woolley* working on the isolated rat uterus. 


J. KorÁx 
N. Lana 


Institute of Physiology, 
Medical Faculty, 

Pilsen, Ozechoslovakia. 
* Gaddum, J. H., and Hameed, K. A., Brit. J. Pharmacol., 9, 240 (1054 
2 Vane, J. B., Brit. J. Pharmacol., 18, 344 (1057). 
* Bulbring, H., Pfdgers Aroh:s, 872, 1 (1061). 
‘Sohatunann, H. J., Pers Arokie, 874, 305 (1961). 
* Wooley, D. W., Proc. U S. Net. Acad. Soi., 44, 197 (1958). 


Antagonistic Action of Urokinase to Brady- 
kinin- and Plasminogen-induced Capillary 
Permeabllity 


PRHVIOUSLY we reported observations on the inhibitory 
action of fibrinolysin and streptokinase, as well as of othe 
proteolytic enzymes, on capillary permeability induced by 
different mediators in rata and guinea pigs*. Thee: 
findings led to investigations on urokinase and plasmino 
gen. We used the blueing reaction, a semi-quantitative 
test, in these animals and found in control studies thai 
urokinase did not induce capillary permeability. The fail 
ure of plasmin to induce capillary permeability was already 
published by Bhoola, Calle and Schachter’, and we coulc 
confirm this both with streptokinase and chloroform activ. 
ated fibrinolysin (plasmin). We have now found that uro. 
kinase behaves in a similar manner. In control experi. 
mente using buffered plasminogen, we found that it pro- 
duced the opposite effect to that obtained with fibrino. 
lysin, streptokinase and urokinase, respectively. 

Gumee pigs and rate under sodium pentobarbite. 
ansetheaia were used. The skin on the ventral side was 
closely shaved for intradermal injection of 0-02 ml 
volumes with No. 30 gauge needle. Intravenous injection 
of Evans blue was used for the bluemg reaction followed 
by intradermal injection of bradykinin or plasminogen 
and/or the intravenous injection of urokinase with subse- 
quent intradermal testing. The diameter and intensity of 
the blue lesion at the site of injection, due to the dye from 
the leaking vessels, was recorded from ite first occurrence 
until it attained ita largest size. In charting the findings, 
we utilized & method similar to that used by Miles‘. 
The mean values are derived from & minimum number of 
8 lesions in not lees than 4 animals. 

Plasminogen prepared by Dr. D. L. Kline was buffered 
at pH 7-1 with I-lysine hydrochloride, while the prepara- 
tion made by Dr. W. Ba contained phosphate 
buffer at pH 7-4. Both lysine and phosphate buffers, 
when used intradermally as controls, resulted either in a 
trace of blueing or in none at all. All our findings gave 
similar results in guinea pigs and rata. 

The inhibitory action of capillary permeability induced 
by plasminogen was also examined in the capillary bed 
of the cremaster muscle of the rat, a preparation recently 
developed by Majno and Palade’. This qualitative teet 
was used to see whether an entirely different capillary bed 
would yield similar resulta. This is the case. 

In comparing Figs. 1 and 2, it can readily be seen that 
plasminogen is.as effective in inducing capillary perme- 
ability as ıs bradykinin. The quantities used for the data 
presented in Figs. 1 and 2 are 0-2 mg plasminogen and 2 ug 
bradykinin, respectively. By ucing the amount of 
bradykimin to 0-2 ug ita capillary permeability inducing 
effect corresponded to that produced by 0-025 . The 
inhibitory effect of urokinase was undiminished when 
the plasminogen or bradykinin was combined with 100 
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1,000 Ploug units. Figs. 1 and 2 follow the course of the 


actual tal resulta. 
Table 1 compiles our findings in guinea pigs and rate in 
which capillary permeability is induced with bradykinin 


and plasminogen before and after intravenous adminis- 
tration of urokinase. The differences between the maxi- 
mum points of the graphs of all experiments described 
here are tabulated in effort to establish certam 
patterns of response. Urokinase inhibits markedly the 
optimal development of lesions regarding the time, size 
and intensity induced by bradykinin or plasminogen with 
or without the mixture of urokinase in both species. In 
comparing the mean time of occurrence, bradykinin 
ap to be more inhibited than plasminogen, partiou- 
larly in the guinea pig. Any change in comparing the 
mean diameter and intensity of oolour in capillary perme- 
ability induced by bradykinin and plasminogen in the two 
species does not appear to be significant. 

a REACTION INDUCED WITH BRADYEIXIN AND PLASNINO- 

MOR ATION 


BLUE 
vir IN GUINEA PIGA AND Bars, BEFORE AND AFTER AD. or 
1,000 PLove UNITÉ OF UROKINASE FER 100 G WRIGHT 


Intradermal agent Animal Mean Mean 
ttme of Mean Intensity 
diameter of colour 
(mm) (mm) (deg.) 
Bradykinin, 2 ag Rat 14 1 T4 
» Guinea pig 14 2 ++ 
Plasminogen, 0-2 mg Rat 11 2 ++ 
Guines pig 9 - 1 +44 
Bradykinin, 2 ag + Rat 16 1 ++ 
urokinase, 100 U. Guinea pig 18 2 ++ 
Plasmmogen, 02mg + Rat 10 2 ++ 
urokinase, 100 Quines pig 7 2 ++ 


Compari are also shown in Table 1 between results 
with intr&dermally administered mixtures of 
urokinase with bradykinin or plasminogen, respectively. 
The mean time of occurrence is again higher with brady- 
kinm than with plasminogen. The meen diameter and 
intensity of colour do not exhibit significant differences 
with the two substances. ^ 
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The capillary permeability inducing action of plas- 
minogen remains obecure. It may be due to ‘contamina - 
tion with bradykinin or similar mediators, or it may be 
due to a direct or indirect action of the plasminogen itaelf 
or some breakdown product. These considerations are at 
present under experimental stady. 

The inhibitory action of urokinase on capillary perme- 
ability is explained by the concept of Copley on the endo- 
thelial fibrin film modified recently! to molude the 
basement membrane on the basis of electron microscopic 


- observations by Majno and Palade’. Oopley contends 


that a special kind o fibrin of sub-microscopic dimensions 
is a physiological constituent of the microstructure of the 
capillary wall, functioning as a vascular cement which 
coats the endothelial cells and is contained also in the 
basement membrane. In the capillary wall, fibrin depi: 
tion is controlled homeostetically by fibrinolysis which 


ty. 
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HAEMATOLOGY 


Anti-Js», the Expected Antithetical Antibody 
of the Sutter Blood Group System 


Tum serum of Mrs. Y. M., a 34- -old Memphis 
negreea, was found to be incom tible with all donors cros- 
matched when she was admitted with vaginal hsmor- 
rhage and hypoflbrmogensmia complicating the missed 
abortion of her eleventh pregnancy. After having five 
normal live births, her mxth p resulted in & 
macerated, stillborn at eight months; the last five were 
missed abortions at four or five months, and hypofibrino- 
: gensamia occurred with four of these. In the management 
of these cies she was given 16 pints of blood 
between 1955 and 1957. No evidence of any transfusion 
reactions could be found in her hospital records. 

The antibodies in her serum reacted strongly by the 
antiglobulin technique with all 20 cells of a highly selected 
panel of donors (Milwaukee Blood Center), but not with 
the patient's own cells. The reactions were lees intense by 
Lows papain method! and were not demonstrable by 
other commonly used procedures. The antiglobulin titre 


. was 1:256. 


Testing of the patient's red cells and subsequent family 
studies revealed her blood groups to be O, MaM Sv, Pi+, 
oDe, Lula bb, Le (a—b+), Fy (&—b—), JhJi, 
Di (&—), Ja (a+). It was noted that the reaction with 
antiJe was very strong and that all her four living 
children (the first had died in infancy) were Js (a+). At 

_this point it-was thought that the antibody might well be 
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anti-Jæ. For this reason the serum was tested with the 
Js (a+), S*S" red cells of two sisters whom we had 
earlier believed to be homozygous for J8& because dosage 
studies were suggestive and family investigations showed 
all 10 of their children to be Ja (a+). Their red cells were 
found to be compatible with Mrs. Y. M.’s serum. Dr. R. 
Sanger and Dr. R. R, Race! kindly tested our patient's 
serum against the red cells of eight Ja (a+) children from 
two Js (a+) x Js (a+) matings and found two of them 
to ben ive or Jes«J's*. a 

The identity of the antibody as anti-Js> was further 
established by population studies. Eight of 705 Memphis 
negroes and none of 105 from Milwaukee were found 
compatible with the patient’s serum. One of the Memphis 
donors gave weak reactions and since his red cells are the 
only ones possessing the Rh factor O we suspect the 
presence of anti-O in a titre of 1:16 by the antiglobulin 
tèst. It has not yet been possible to establish the identity 
of this second antibody. The specimens of one of the 
Memphis donors did not arrive in suitable condition for 
testing, but the other seven all reaoted strongly with 
&nti-J&. The probability of selooting seven consecutive 
Js {a+) negroes by chance would be 1 in 78,125. The 
incidence of eight non-reactors among the 810 negroes 
tested is equivalent to a proportion of 0-0099, which 
agrees well with Giblett's* estimate of 0-0106 for Seattle 
negroes (y*= 0:04, 0-9>P> 0-8). No Js (b—) individuals 
have been found among 820 Caucasians tested. 

We thank Drs. E. R. Giblett, R. E. Rosenfleld and E. E. 
Muirhead for supplies of anti-Js* serum. 
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Production of Specific Hamagglutinins in 
Plgs after receiving Skin Homografts 


SEVERAL workers have reported reoently on the relation- 
ahip of blood group differences to rejection of homografts. 
Silber e al.‘ state that they were unablé to demonstrate 
any apparent relationship of rejection of graft to blood 
group compatibility in turkeys. On the other hand, 

hierman and Nordskog* report that the locus of the B 
blood group system in chickens waa involved in histo- 
compatibility in this ies. Production of anti-A hamag- 

utinins by OBA mice after receiving akin homografts 

m A strain mice was observed by Micklem and Brown’. 
Griffiths and Crikelair* found that, in man, the titres of 
anti-A and anti-B were increased following skin homo- 
transplantation from donors possessing the specific blood 
group substances. 

A preliminary. investigation of akin homograft reactions 
in pigs was carried out using a series of litters of various 
breeds. The purpose of these experiments was to ascertain 
whether the length of survival of homografts is affected_by 
genetic differences demonstrable by erythrocyte antigen— 
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antibody reactions. The possibility that epidermal 
cells carry some of the antigens present on red blood cells 
was investigated. The red: blood cells of siblings were 
tested against a panel of antisera and the animals wero 
matched in pairs showing one, two, or three blood factor 
differences, or no known differences. The antisera used 
for the blood typing of the animals were prepared by iso- 
immunization, with the exception of anti-A, which is a 
naturally occurring antibody in the pig. Reciprocal grafte 
were performed between pairs, and each animal also 
received an autograft. When an extra pig was available 
in a litter, an autograft was performed on it, also, to aot 
as an additional control. Full thickness akin grafta, about 
1 cm’ in area, were made high on the shoulder, just lateral 
to the mid-line. This site was chosen because it was easily 

and the grafte would not be readily damaged 
by the pigs rubbing against walls, eto. 

In the first litters, surgical and bandaging techniques 
were not perfected and the autografta, as well aa the homo- 
grafts, were eventually sloughed. In later litters all 
autografts survived. Animals were bled before grafts 
were made and at regular intervals thereafter. 

The first litter used in the experiment consisted of eight 
igs. The hom were all sloughed between the 
ourteenth and twentieth days. There was no apparent 

correlation between immune response and time of the 
rejection of the homografts. 

Table 1 shows the blood group differences between pairs, 
and the antibodies, produced in response to skin homo- 
transplants, which react with blood group antigens. Pre- 
DECRETA ore rere tatad by direct utination and 
antiglobulin methods against a panel of pig red blood 
cells for antibody specificity.. 

Five of the pigs produced antibodies and no antibody 
production was detected in the other three. Three of the 
recipients lacking the E* factor received grafts from E* 
positive donors. This factor is known to be strongly 
antigenic and is easily produced by iso-immunization with 
red blood cells. Two of the recipiente, Noe. 486 and 491, 
produced anti-Ea, but no antibodies were demonstrated in 
the serum of the third pig, No. 488. 


4 


DOUAOLOGICAL RESPONSE OF RACIPINTS TO BLOOD GROUP 
AXTIGEMS OF SIBLING DONORS AFTER EJGGOIPROOAL BIIN HOMOGRAYTS 
(Breed: Large Black/\Weseex Orosa) 
Reelpient Donor Tode eid Antibody prodnoed 
lacking In reetpient 
ri 492 B" B» 
102 ios $ None None 
488 499 H* None 
489 488d Ks Weak antl L* 
490 «o6 None And-L d 
495 s None Ui y 
491 493 "H* E* B Ea 
403 491 None Mone 


| 
| 


The K* factor is also known to be strongly antigenic, 
but neither of the recipienta receiving grafts from K* 
poste pigs responded to this antigen. No. 489 produoed 
an antibody to a previously unknown antigen, but no 
anti-Ka. No. 491 produced only anti-Ea in response to a 
graft from No. 493, whose cells three anti 
not present on the recipients’ red blood cells; E*, K* and 
R 


Nos. 489, 490 and 495 all produced antibodies in 
response to the homografts. In the cases of No. 490 and 
No. 495 there were no known antigenic differences deman- 
strable by red cell agglutination prior to akin transplanta- 
tion. However, each produced an antibody after receiving 
fseiproond dlan quaft. In order to identify the &ntibodioe 

by these pigs, intravenous inoculations were done, 
using the whole blood of the donor pig. Unfortunately, 
pig No. 495 died, but the cells of No. 491, which reacted 
with the unidentifled antibody in the serum of No. 490, 
were used for inoculating pig No. 490. In both cases a 


strong antibody was produced which has been designated 
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anti-L. After the transfusion of red blood cells, No. 489 
made anti-Ka, to a lower titre, and No. 490 produced a 
second antibody which has not yet been i 

The second and third littera used in these experiments 
produced no antibodies. The fourth and fifth litters pro- 
duced some antibodies in response to the skin homografts. 
In litter No. 4 there were seven pigs. One pig made & very 
weak antibody, ificity unknown; a second made a 
weak anti-G; a third, anti-Ea; the remainder failed to 
produce any demonstrable antibody. 

Of the fifth litter, two pigs responded with & weak anti- 
body and two showed no antibody response. In these two 
litters ell autografts survived and hair growth was evident. 
Grafts were oriented with the hair growth going in the 
opposite direction to that of the host. By this method it 
was possible to identify growth of hair from the graft as 
opposed to that of the host.- 

To summarie the resulta, five litters of pigs were used in 
these skin-grafting experiments comprising a total of 
thirty-three pigs. Of these, three were used as controls, 
receiving only aytografts. Three pigs died under anse- 
thesia. remainder received autografts and homografts. 
Of the twenty-seven pigs receiving ten animals 
from three litters produced antibodies to red blood oell 
antigens in response to skin homografts from litter mates. 
Six of these antibodies were identified and four are of 


ee a 
We Dr. A. J. Oawley and Dr. C. K. H. Roe for 
their assistance with the surgery in these experiments. 
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biles i-is of Brain Thromboplastin and 
of Encephalitogenic Substance 
Tma accidental detection of the low thromboplastio 
activity! of encephalitogene-free vaccines from the brain of 
ing rate produced in this laboratory against neuro- 
viral infections? led us to a comparative examination of the 
on 


to the modified‘ Quick method! from the clotting 
time of recalcified oxalated rabbit plasma on addition for 


clotting of heparinized plasma (antiheparin test). 

A distinct paralleliam will be seen in Table 1 in the 
development of thromboplastic activity and of encephalito- 
genicity of the albino rat brain in ontogenesis. The 
absolute values of thromboplastio activity vary from one 
experiment to another, in particular, according to the kind 
of plasma sample, and yet the thromboplastic activity 
of the bram of new-born rats is invariably lower than in 
adults.. Similarly, the non itogenic brain of 
embryos and new-born rabbits and mice (not presented in 
Table 1) exhibits a lower thromboplastio activity than the 
adult brain. On the other hand, the encephalitogenic 

inal cord of the new-born animals shows a high thrombo- 
plastis activity. 
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Table 1. THEOXBOPLLETIO ACTIVITY AND HEORPHALITOGNNIQTY oF THE 
‘ALBINO But BRAIN IX Onroaswnels 
activity 
of rats With oxalated Xnoephalito- 
MP STU) plasma (see.) meuna (min) genucity * 
0 90-96 >15 0/10 
1 85-00 >15 0/10 
3 85-00 >15 0/10 
8 00-05 > 15 0/10 
10-12 80-85 -15 aro 
16 65-70 7 0 
20 55-55 6 1/10 
21 55—55 5 3/10 
25 45-60 3 zh 
58 40-45 1 T 


>15 - 
© Numerator indicates the No. of guinea pigs with citnioa! signs of 
mental allergie eneephalomyelitie; denominator, 


, the No. of 
animals. 
t Not tested. 
The bovine spinal cord successively defatted by i 
solvents, , acetone, benzene, ether, Prk doa 


methanol and ethanol, is devoided of any thromboplastic 
activity although it remains encephalitogenio. The 
collagen-like encephalitogenio protein prepared according 
to Roboz et al.* is likewise devoid of thromboplastio 
ivity. On the other hand, various phospholipids 
isolated from the cerebral substance or synthesized exhibit 
the thromboplastic activity’. Although these substances 
are far from identical, namely, thromboplastin-lipid’ 
inar eria pa Subetenoe-protein*, the appearance in 
the in of encephalitogenicity coincides with an appre- 
ciable increase in ite thromboplastio activity. eso 
substances might poesibly be oonstituente of the same 
macromolecular myelin structures. 

In any event, the strict correspondence between enoe- 
phalitogenicity and thromboplastio activity rendered it 


brain of rat sucklings. The low thromboplastio activity of 
this vaccine is by iteelf useful since the conventional 
antirabies vaccine of Fermi increases the clotting capacity 
of human blood. 

With regard to the connexion between thromboplastio 
activity and encephalitogenicity, of interest are Allegretti’s* 
recent resulta concerning encephalitogenicity of the pul- 
monary. tissue which, along with the cerebral tissue, is 
known to the highest thromboplastic activity. 

If Allegretti’s results are confirmed they might cast 
new light on the concepts on the pathogenesis of demyelin- 
ixing allergic prooemsee. In this case the initiation of such 

does not require any contact of lymphatio organs 
with the cerebral substance, while lesions of the pulmonary 
tissue, particularly in tuberculosis, might give rise to tho 
process. 
Gxzonas J. Svet-MoLpAvsxky 
L. A. Tarasevich 
State Control Institute of Sera and Vaocines, 
Sivtzev-Vrazhek 41, 
Moscow. 
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Moscow. 
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Tumour Induction in C,H and Swiss ICR 
Mice by Tissue Culture Preparations of 
Polyoma Virus 


‘PLAQUS-PURIFIND’ lines of polyoma virus are capable 
of inducing more than one type of tumour! and this 
property is neither strain- nor spocios-spociflot s. How- 
ever, mice show a wider variety of tumours than other 
rodents, and although evidence for some strain specificity 
in mice has been presented}, the incidence of parotid 
gland tumours has exceeded that of any other histological 


In work on the onoogenio activity of polyoma virus for 
O,H mioe, the incidence of tumours in this 
strain was observed to be higher than that previously found 
in Swiss mice inoculated with polyoma virus. The virus 
used in these investigations Bad bead propagated in a cell 
line derived from a 0,H-mouse mammary tumour‘, and, 
therefore, a comparison of the onoogenio reaponses of 
0,H and Swiss strains of mice to other preparations of 
virus was of interest. 

Polyoma virus used was strain 1956 80 (supplied by 
Dr. Bernice Eddy, National Institutes of Health, Bethesda, 
Md.) further passed in this laboratory in cultures of 
either mouse mammary tumour oells* or primary cultures 
of C,H or Swiss mouse embryo. Tissue cultures used to 
propagate viral stocks and to assay for virus infectivity 
were prepared by methods previously described!. 

Mice used were tho Swiss JOR strain and the high 
mammary cancer C,H strain (descended from O,H]Si) 
obtained from inbred stocks housed apart from inoculated 
animals. (Both strains were obtained originally from 
colonies developed by Dr. T. 8. Hauschka, Roswell Park 
Memorial Institute, Buffalo, New York.) Animals wero 
inoculated within 24 h of birth with 0-1—0-2 ml. of virus, 

into the subcutaneous tissues of the back and 
head, as described by Stewart*', and the sexes were sepa- 
rated. They were weaned when about one month old. 
To exclude mammary tumours occurring sponteneoualy 
in tho C,H strain, experimental observations were limited 
to virgin animals and were terminated 10 months after 
inoculation. Animals with tumours were killed, and their 
tissues removed for histological examination. Sera were 
tested for hamagglutinin inhibitors to polyoma virus by 
the technique and criteria of Eddy e al.*. 

O,H mice showed a higher inoidenoe of tumours and a 
ed shorter latent period of tumour development than 
IOR mios, with all virus preparations (Table 1). 

The stunted growth ind ibe of hair reported previously 
for Swis mice inoculated with potent virus preparations! 
were observed in some litters of both strains, and were more 
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apparent during the first two to three weeks after 
inoculation. The stunting was not always seen in mice 
which later developed tumours; but stunted mice that 
survived weaning frequently developed early tumours. 

Since the apparent difference in susceptibility of the two 
mouse strains could have been accounted for by the pres- 
ence of antibodies passed to litters by mothers indirectly 
contaminated with polyoma virus, mice were selected from 
normal colonies of each strain and bled by cardiac puno- 
ture. When individual sera from old male and female 
breeders were tested for hmmagglutinin inhibitors to 
polyoma virus, antibody was demonstrated for 33 per 
oent of the C,H mice and only 9 per cent of the ICR mice, 
which suggested that the greater resistanoe to tumour 
induction of the IOR mice was nob due to the presence of 
maternal antibodies. 

In the Swiss IOR strain used here, the incidence of 
polyoma virus induction of tumours is somewhat lower 
than the 80-100 per cent incidence observed in random- 
bred Swiss NIH stram*’. A lower tumour incidence in 
IOR mice was also found by Mirand ei al.* and by Howat- 
son e£ al.*. The latter report attributed this finding to lees 
carcinogenic activity in the variant stram of polyoma 
used; but it could also reflect genotio variation and 
differences in susceptibility among Swiss strains of mice. 

Table 2 summarizes the numbers of neoplasms of 
various types revealed by histological examination of the 
tumour-beering mice of each strain. Only the totals for 
each strain are tabulated, since the tumours induced by 
the different virus preparations did not differ significantly 
in frequency or type. The high incidence of mammary 
tumours in the C,H mice with the virus preparations used 
in this work resembles our earlier observations when using 
virus propagated in C,H-mouse mammary tumour cells. 
Although some tumour-bype specificity was found by 
Dulaney and Gose!’ with cell-free extracts of tumours 
induced by polyoma virus, our findings lend some support 
to those of Winocour and Sachs!, who showed that the 
probability of initiating a parotid tumour in mice is the 
same for polyoma virus recovered from mammary and 
renal tumour cells in vitro as for virus of parotid tumour 


origin. 

In the Swiss JOR mice studied here, parotid gland 
tumours occurred more frequently than any other neo- 
plasm. This has also been reported for (AKR x O,Hf)F, 
and other strains of Swiss mice*’. However, in the 0,H 
mioe, parotid and mammary gland tumours occurred with 
equal frequency, except that the frequency of mammary 
gland tumours was slightly higher in females. Although 
mammary cancer in 0,4 mice has heretofore been limited 
to females, in the absence of œstrogenio stimulation, and 


Table 1. TUMOUR INOIDHACE of C,H AWD Swiss IOR MICE POSFNATALLY INOCULATED WITH POLYOMA VIRUS 
No. mos No. mloe with Mics Average age 
Infeottvity Mouse survivmg tumours after with when 
Virus pool titre* stram Bex for tumours appeared 
evaluation 5 mo. 8 mo. 10 mo. (per cent) (mo.) 
oOo Female 44 16 26 3 75 51 
i d Male 40 4 9 12 30 61 
Briss F 34 1 3 4 12 56 
2 =O BS d d d d H 
F $ 
na ta M 27 8 14 17 63 4°7 
Swiss F 4 9 15 18 42 5:7 
ICR M 37 ‘ a 13 E 1. 
d E 17 
"m Pe ve M 21 3 5 5 24 44 
Swiss E 40 2 6 6 15 5-0 
IOR M 30 0 0 0 0 — 
* Negative log of TCI D,,/ml. 
Table 2 TYFÆ AND FREQUENCY OF NEOFLASME OBSERVED IN MICE INOCULATED WITH POLYOXMA VIRUS 
Type and frequeney of tumour 
Mouse Ko. miee Parotid Otber* 
stram examined Xo. Per oeil No. Er No. Per omt Xo. Per oent 
Total CH 55 es 85 064 11 20 5 - 9 
Swiss IOR H 24 TL. 4 18 ô i 17 31 
Males only C.H 18 14 74 10 53 4 a1 0 — 
Swiss IOR 10 9 90 zb ~ T 1v : pi 
esnales 36 20 56 
" ` a Stine IOR 24 15 es 3 13 5 21 12 50 


* Other types: kidney, bone, ovary, subcutaneous ltpoms, sarcoma, 
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limited even in virgin females to those at least 10 months 
old, in this work 53 per cent of the tumours in the tumour- 
bearing 0,H males were tumours of the mammary gland. 
The possibility of a relationship between polyoma virus 
and the mammary-tumour (Bittner) agent present in this 
mouse strain was suggested by Sachs e£ al.*. 

Parotid gland tumours were found by Stewart et al." in 
96 per cent of the Swiss and (AKR x C,Hf) F, hybrid 
mice developing neoplasms induced by postnatal injection 
of polyoma virus, and such tumours exceeded all other 
types in incidence and extent of glandular involvement. 
Swiss mice inoculated in utero’ showed a higher incidence 
of tumourà and a shorter latent period than those inocu- 
lated as new-borns, but no marked difference in the 
frequency of histological types of tumour. Thus the 
selective site of tumour formation did not appear to 
depend on the state of cellular differentiation and develop- 
ment at the time of inoculation. It was concluded that the 
cells of the salivary glands either are more susceptible to 
tumour induction or had been more consistently exposed 
to the oncogenic inoculum by the method of inoculation. 
used. 


The present work, where C,H mice inoculated by the 
id tumours with 
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IMMUNOLOGY 


Immunological Investigations of Sheep Prolactin 


Zown electrophoresis on starch revealed that purified 
sheep prolactin contained, acoording to Cole and Li’, three, 
and, according to Ferguson and Wallace’, four, oom- 
ponente. All these components were found to have biologi- 
oal activity when tested by the crop sac test in pigeons’. 
However, Reisfeld et al.*, testing the biological activity of 
purified components, found one of these components to be a 
highly active prolactin, whereas the two further oom- 
ponents were biologically leas active; these authors con- 
sidered the latter fractions altered the form of the active 
hormone. 

In the work reported here the immunological i 
of whole sheep prolactin (NIH-—P-—S-8) and ite 
beri components were investigated. The immuno- 

ical methods used have been described previously in 
detail‘. On agar-gel electrophoresis sheep prolactin 
showed three componente (Fig. 1). Component l oorre- 
sponded to the mobility between B- and a-globulin, oom- 
ponent 2 to a-2-globulin, and component 3 to a-1-globulin. 
‘Whereas components 1 and 2 stained strongly, component 
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1 mg ? hormone 
1mg 
Fig. 1. Agsar-gel of prolactin and 
hormone with weram. Heetropbormeis was ran (or $} h 
a$ 120 V 80-90 m.amp. Aïtow tadicates oct: 8 


3 was lees distinct. As already shown by others’, using 
starch electrophoresis, the electrophoretic mobility of the 
individual components of sheep prolactin resembled that 
of human growth hormone (HGH-A,), but the latter 
hormone stained leas intensively (Fig. 1). 

Antiserum to sheep prolactin was prepared by immuniz- 
ing rabbita weighing 2 kg in the following manner: 1-5 mg 
prolactin dissolved in 0:3 ml. sterile and pyrogen-free 
distilled water and mixed with 0-3 ml. complete Freund's 
adjuvant (Difoo) (the prolactin was added dropwise 
during constant stirrmg) was injected intradermally into 
two foot-pads. Two weeks later the procedure was 
repeated injecting the two other foot-peds. After a further 
two weeks, 8-3 mg prolactin in 0:6 ml. water and mixed 
with an equal volume of complete Freund’s adjuvant was 
injected subcutaneously. Two wooks after this sub- 
cutaneous booster, the rabbits were bled and the antiserum 
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FW. 3. Interaction of antiserum against sheep prolactin with whole 
Aen pojacan, bovine growth hormone and bovine albumin es 
a Indis ghe origin. 


Stained with amido-bleck 


800 . 


titre was 1/2,500. When tested by agar-gel immuno- 
electrophoresis against ite own antiserum, prolactm 
formed one precipitation arch (Fig. 2); showing that the 
preparation used was immunologically uniform and free of 
antigenically potent contammants. Bovine growth hor- 
mone (NIH-GH-B,) tested with the antiserum to sheep 
prolaotin formed one precipitation line, corresponding to 
the level of prolactin. Bovine albumin (Armour Pharm. 
Co.) did not react with antiserum to sheep prolactin. 


precipitation given by sheep prolactin, and not in the area 
of mobility of bovine growth hormone (midway between 
B- and y-globulins), we think that the preparation of 
bovine hormone used was contaminated with prolactin. 
Our i would therefore indicate that the electro- 
phoretio mobility of bovine prolactin is identical to that 
of sheep prolactin. As & further proof for the immuno- 
logical identity between the two prolaotins is the con- 
fluency of the precipitation lines obtained by the Ouchter- 
lony agar-gel double diffusion test (Fig. 8). It is note- 


worthy that sheep and bovine growth hormone have been 
found to be immunologically identical’. 
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antiserum used in this work were prepared in this labora- 
tory‘. 
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Influence of Excess of Antigen on Immunological 
Tolerance In Radiation Chimzras 

Taa existence of a specific immunological tolerance 
towards host tissue antigens in radiation chimmras has 
been clearly demonstrated with different techniques!~. 
Van Bekkum has shown that this tolerance is lost when 
the bone marrow of the chimsera is tranaferred to irradiated 
mice which carry antigens not related to the first host. A 
new tolerance waa shown to develop towards the antigens 
of the new host which were not present in the original 
bone marrow donor. These findings seem to demonstrate 
that, for a maintenance of the tolerance, a oontinuous 
presence of antigens is required. 

In this communication, resulta are given which show 
that maintenance of tolerance without excess of antigen is 
possible if not only bone marrow but also lymphatio cells 
are transferred. For these experiments long-term allo- 
genic chimsras without olinical signs of secondary 
disease were chosen. In order to remove the antigen 
exceas from the donor type lymphatic tissues in the 
tolerant chimeras, the bone marrow together with the 
lymphatic cells were transferred to lethally irradiated 
mice isogenic to the original bone marrow donor (Table 1). 
Chimsriam was determmed by agglutination of peripheral 
blood erythrocytes‘. The cells transferred were tested 
with cytotoxic antisera’ to ascertain the origin of the cells 
used (Table 2). After about 40 days the irradiated 
animals injected with the chimaric cella were grafted with 
skin, isogenic with the chimmra host strain, together with 
akin from a non-related strain. In Table 8 the resulte with 
different combinations are presented. In all chimmras the 
akin of the unrelated strain showed a somewhat prolonged 
survival which is in accordance with the results of Bri 
e al. In 12 of 19 OBA mice which received OBA 
(OBA x O,,Bl)F, chimmra bone marrow together with 
lymph node celle, tolerance was maintained during the 
whole observation period (Exp. No. 2). It could not be 
assumed that antigen excess was present in these animale. 
A second transfer of bone marrow and lymph node cells 
from these tolerant animals resulted in a prolonged 
rejection of the grafted skin, while one animal at the time 
of writing still carried & graft which showed no signs of 
rejection (Tables 1 and 8, Exp. No. 8). 

No tolerance was observed in mice Injected with lymph- 
node cells fram OBA->+0O,,Bl chimeras. The cell transfer 
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Table 1. TRAXEIER or Bows MARROW, LYMPH NODE AND BPLEEX CNLIS 
THXOUGE HYBRID Hoer BTRAINS* — 


Bap. Cell Fimi interval Second interval Third 
No. donor hoss (dava) bost (daya) host 
1 OBA —+OBA ———————>0BAt 
BA —— F, tł ———__—OBA 
s i: "t t 157 and.175 
3 OBA — F, —— —— —— —— —-0BA t ———— ——-O0BA1 
* Hosts were exposed to an LD of X-rays before transplantation. 
‘Mice tested for tolerance. 
Toa x OL BDF. 
Table $. OrTOrOXIUPTT DETERMINATIOXS ON ORELL BURPENEIOEB USED FOR 
THE TRANSIER HIPERINENTS 
Per cent non-viabje cells after 
Meubation with  antisera* 
t Antl 
Mo.exp. Coll suspension CBA OnB Oontrolst 
mos ap y 5 E 
Obtmsera 95 $7 34 
rp. nb mph node call 8 0 E 
Chimera node cells 100 50 46 
* Average of licate determina 
t Average on tubes with antiserum and inactivated 
t and on tubes with 
Table AL OF ALLOGENBNIO SKO 


Time 
tween cell Number Last graft Grafts 
No.* 
ing (days. writing 
Bone marrow RFOt 32 5 2 — 
2x 10* C, 32 5 18 — 
1 Bone marrow 31 5 15 — 
impi node OnBt ^" 6 16 
oalts 10 x 10° ^ 
2 Bone 43 10 18 — 
3 x 10* Cy, Bt 43 14 16 — 
1 marrow RFO 43 19 u — 
e eng OnBt 43 19 109 13t 
cells 12 x 10* 
RFO 41 5 21 — 
3 x 10* C 41 4 18 — 
marrow 41 5 17 — 
3 x 10* and 
node O&4BÍ 41 8 76 z 
œs 7 x 10* (91 days) 


procedure, however, caused a high lethality of the lym- 
phatio cells from these chimeras. 

The effect of chimeric spleen cells as compared with the 
effect of chimsrio lymph node cells was difficult to 
evaluate because a very weak t 


failure of these chimeric spleen cells, to prevent irradiation 
death, is not yet determined. 

It is concluded that when the lymphatic system of an 
{rradiated allogenio animal is repopulated with cells 
from normal] bone marrow, tolurance may only develop if 
sufficient anti are present!*. "Transplantation of even 
& small num of normal lymph node cells always 
resulted in an immunological graft versus host reaction 
and a ‘killing effoct' of the host’. Transfer of bone 
marrow from a tolerant chimera to an irradiated animal 
in which the specific antigens arc absent results in & loss 
of this tolerance, and when excess of another antigen is 

t tolerance to this antigen may develop’. If, 

vor, the lymphatic tissue is re-populated by oells 
derived from the lymph nodes of a tolerant chimera, the 
tolerance in a number of cases is maintained without the 
continuous presence of the specific antigens. A factor 
which determines the sucoess of the transfer of tolerance is 
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the dose of lymph node cells. Their number should be far 
in excess af the bone marrow cell dose. A competition to 
re-populate the lymphatic tiasues seems to exist between 
bone marrow and lymphoid cells. 

In view of these resulta it is that mouse bone 
marrow is a source of cells with a still-undetermined im- 
munological function. These cells can develop either into 
immunologically active lymphoid ocelle, or into tolerant 
lymphoid ocells when an antigen excess is present. On the 
other hand, the lymph node ocells, which already have an 
immunological fonction, do not become tolerant in the 
preeenoe of antigen excess but remain immunologically 
active. However, lymphoid cells, once tolerant, pass this 
tolerant state on to the daughter cells, so no antigen 
excess is needed to maintain this tolerance. A gradual 
replacement of tolerant ocells in the lymphatic tissues by 
non-tolerant cells from the bone marrow may be responsible 
for the gradual loes of tolerance observed in some of these 
animals. 

A part of this work was performed under contract with 
the European Atomic Energy Commission, 51—53 rue 
Belliard, Brussels, Belgium. 
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Immunization against Ehrlich’s Ascites 
Carcinoma with Streptomycin 
Complexes from Tumour Is , 


Ir is wel known that immunity to transplantable 
tumours can be produced by pre-treatment of animals 
with X-irradiated tumour cells! or with fractions of tumour 
oellst. Although such experimental observations have 
little or no direct application to the problem of human 
canoer? there may be some value in recordmg devices or 
methods for the preparation of antigenio fractions from 
transplantable tumour cells. This communication reports 
the observation that the complexes, which precipitate 
when extracts of oamotio-disrupted Ehrlich’s ascites car- 
cinoma are treated with dihydrostreptomycin, are anti- 
genic. 

The antigenic complexes were prepared in the following 
manner. Packed oells (20 ml.) were obtained by oentri- 
fugation (800g) of 110 ml. of pooled ascites exudate of 
7-day tumour from 21 Swiss albino mice. The cells were 
washed with 80 ml. of cold water and then re-suspended 
in 250 mL of water. After 2h at 2° C. the suspension was 
centrifuged (8,000g) and the clear supernatant fluid was 
treated with dihydrostreptomycin to give a final concen- 
tration of 1,000 units ml. The resulting precipitate 
was oollected by centrifugation, and ed in 110 
ml. of saline to give fraction 1. Fraction 2 was obtained 
by & second water extraction of the cell residue, followed 
by precipitation with dihydrnstreptomycin and suspension 
in saline as described for fraction 1. The course of immuni- 
zation. consisted of intraperitoneal mjections of 0-2, 0-4 and 
0-8 mL at successive 5-day intervals. One week after the 
last injection, all mice were challenged by intraperitoneal 
injections of freah ascites exudate. 

In several experiments, conducted in this manner, the 
controls invariably showed 100 per cent mortality within 
1-3 weeks, whereas one or more treated animals survived. 
The number of treated animals which survived appeared 
to be related to the amount of challenging dose. In one 
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Mortality (por oent) 
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pP 

10 
1l. Percentage mortality of mice receiving 0-2 ml. of a 1/100 dilution 
T tumour exudate. x, MNon-tmmun!»ed oon 


(6 mioe); 
e, pre- with fraction 2 (B mee): 
O, Pro-treated with dhydrosireptamyain onnar, Tania d 8 oH 


experiment in which all mioe were challenged with 0-2 mL 
of & 1/100 dilution in saline of fresh ascites exudate from a 
7-day tumour, more than 50 per cant of treated mice 
survived for more than 10 weeks (Fig. 1). 

Although the chemical nature of the oell material 
precipitable by streptomycin (or dihydrostreptomycin) is 
not known in detail, the work of Cohen‘ permits one to 
speculate that these fractions would be rich in nucleo- 
protein. 

W. J. Porarasm 
of Biochemistry, 

University of British Columbia, 

Vanoouver, 8. 
1 D. KL, and Mitchell, J. R., Proo. Soc. Bap. Biol. end Med., 
101, 204 (1059). 
t Toolan, H. W., and Wallace, B. A., Cancer Res., 18, 608 (1958). 
* Southam, O. WL, Cancer Res., 20, 271 (1900). 


E B. S., J. Biol. Ohem., 168, 511 (1047). Cohen, B. B., and Lichten- 
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RADIOBIOLOGY 


Retention in the Skeleton of Radiostrontlum 
as influenced by Tetracycline 

BmvERAL recent investigations have directed attention 
to the influence of tetracycline on the metabolio behaviour 
of radiostrontium. The resulta, however, are ambiguous. 
In contrast to Nakatsuka ei ai., who were not able to 
observe any significant effect, ib was claimed by Ogawa 
ei al. that tetracycline administered immediately after 
radiostrontium injection prevents its skeletal deposition 
and enhances its urinary excretion. This effect was thought 
to be due to the chelating properties of the compound. 
Positive results were also obtained by Richards e£ al.*. 
Repeated daily doses of tetracycline—given 4 days prior 
until 24 days after the administration of radiostrontium— 
did not affect the initial deposition of radiostrontium, but 
rather accelerated ita elimination from the bone. The 
treatment schedule used by the foregoing authors, how- 
ever, does not permit deciding whether the pre-treatment, 
or d agb lesa or both, were reaponaible for the effeot. 
order to elucidate this question, albino rats and 
mice, injected with tracer amounts of carrier-free "*SrNO, 
were treated with tetracycline hydrochloride (by courtesy 
of Farbenfabriken Bayer AG, Leverkusen) in different 
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ways. The dosage of tetracyoline was the same as that 
used by Richards e£ al.; it proved, however, to be toxic, 
and several animals died in the course of the experiment. 
Both femurs were ashed at 600° O and their activity 
aseayod by use of a sodium iodide (TI)-scintillation 
crystal. The stronttum-85 content of the whole skeleton 
was assumed to equal the ten-fold activity of both femurs. 

The resulta (Table 1) show that neither post-treatment 
nor the simultaneous administration of olime gives 
rise to a reduced skeletal retention of strontium-85. On 
the contrary, one experimental serios appears to indicate 
that the elimination of strontium-85 from the bone is 
inhibited. A significantly reduced deposition was achieved 
by Mundo only if given prior to injection of stron- 
tium-85. 


Table 1. BTROFTIUM-85 CONTENT OF THA EERLRTOK (MEAN AYREAGE + 5.2.) 


No. of Average 

Treatment Tats n9 body-wi. Day of  "*fr-iose P 
(mg te&raeyolme/kg) — mioe( a (por ceni) 
Oantrol 6k 170 2 53-6 + 1-06 

53 Bimultaneously 6R 188 2 509 t 1:34 O14 
Control ôR 104 3 46-2 + 1-06 

150 4 deys prior 5R 140 3 847 +318 0006 
Oon&ol 10R 109 13 $2-7 + 1-00 

100 10 days after* 11 R 162 18 3114102 0-8 
7M 29 12 90-4 + 142 

150 5 days M 128 12 21.5 r 1-53 0-002 

160 10 days after* 4M 290 12 $5-4 r 1-88 0-06 
* Treatmons was started 24 h after injection of stronttum-85 


These findings make it unlikely that the effectiveness of 
tetracycline can be attributed to the chelation of radio- 
strontium. On the other hand, taking into account the 
pronounced affinity of tetracycline to bone tissue’ 
(which is thought to be due to the formation of calcium 
chelates in situ’), we may tentatively assume that this 
reaction leads to an impairment of the mechanism(s) 

ible for the retention of radiostrontium by bone. 
As to the mode of action, final conclusions can be drawn 
only if more detailed mvestigations on the effectivenese 
of different tetracyclines, dose dependence, time and 
duration of treatment, are made available. Such i- 
ments are now under way and will be published elsew z 
A. OATBOH 
Institut für Strahlenbiologie, 
Kernforschungerentrum, 
Karlsruhe. 
1 Wakatsoke, M., Aratani, FL, Totoki, K., Tanaka, Y., and Ish, K, Fol. 
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1 Ogawa, H., Fukuda, R., Buxuki, 8., and Bhibeta, K., Guama J. Med. So, 
10, 117 (1961). 
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Effect of roid Irradiation on the Release 
of Labelled Protein-bound lodine in Rats 


Tma level of protein-bound iodine in the serum of rata 
was found to undergo significant changes within 24 h 
after their thyroids were irradiated internally by iodine-181 
at total doses above 150,000 rads'. In subsequent studies, 
it was found that labelled thyroglobulin is released from 
the thyroid on internal irradiation with doses above 
250,000 rads* and also at 130,000 rade’. No effect wae, 
however, observed after the administration of 100 po. 
iodine-181, which deliver to the thyroid a dose of about 
15,000 rads**. Release of radioactivity from thyroids of 
dogs on external irradiation with 21,000 rade was also 
reported‘. In experiments performed on animals so far, 
there is no evidence for an increase in the level of pro- 
tein-bound iodine or in the release of thyroglobulm at 
doses lower than 20,000 rads. On the other hand, certain 
experimental resulta were reported which may indicate the 
release of thyroglobulin on irradiation even at lower 
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Table L PERCEETAN PROTMIN-DOUND IODINE IX BERUM OF RATS AFTER INTERNAN AND HITXENAL-LOCAL IERADIATION OF THYROID GLANDS 
(Potein-bound T determined 1 h after Intraperitoneal Injection) 





PBMIP BST +L 
_, Ih after 
Accumulated dose Timp after first 
Source of radiation Dose (rads) Dose (#0) (rads) frradiation (h) mJ (x 100) 

1. Int ™T 200 200 1 35 
Ecos 8,000 450 8,000 134 23 
N.N ui 6,000 350 14,000 48 19 
b an 4,000 340 18,000 7 18 
Bie Sass 3,000 180 21,000 96 10 

20 20 1 - 44 
7 mI 1, oo 1,000 34 14 
B onn 700 40 1,700 48 183 
eT A Loo 60 1,000 2 m 
i. ES 700 40 8,300 48 194 

20 20 1 1-6 (0-5* 
n DE irr Br 130 24 6:7 (2-8% 
1€ 54 50» 200 200 34 4-8 (4-05 
IR cuc 1,600 1,509 Fh us B e 
16. s» 
17. Int EM '700 40 2,300 48 15-0 
18. Ink. "I 20 100 1 4:8 
19. Ini, I <5 0-5 50 14 T5 
S0. osos 150 15 150 24 8-5 (40 
fl 54 55 . 500 50 500 24 9-0 (43 


“Per cont butanol non-artractable activity In the protein-bound fodine. 


doses. It was shown by bioassay that the thyroxine 
content of thyroids of mice diminished after doses of total 
body irradiation as low ss 60 rads’. A slight increase in 
the labelled protein-bound iodine was observed in rata at 
total body irradiation of 450 rads 48 h after irradiation’; 
this effect was, however, interpreted as being due to an 
enhanced turn-over. On the other hand, it was stated in 
another investigation’ that the overall turn-over of the 
thyroid decreases on irradiation. 

In clinical investigations, it was established that thyro- 
globulin is released into circulation as a result of thera- 
peutic doses of internal irradiation’; the doses involved 
were of the order of 10,000 rads. In & recent alinical 
investigation, there are indications that some thyro- 
globulin is released at much lower doses (about 1,000 rads) 
and it was suggested that the extent of ulin 
release is not necessarily i to the dose of radia- 
tion’. It may be concluded that little mformation is 
available on the radiobiological behaviour of the thyroid 


the rate of production of labelled protem-bound iodine 
occurs after local irradiation at doses lower than those 
cited here. It was possible to carry out this examination 
by the administration of repeated doses of iodine-132 and 
determining the protein-bound “*I/protem-bound 1I + 
iodine-182 at intervals. When the determinations were 
carried out at 24-h intervals, it was possible to determine 
the protein-bound “I level without interference of the 
labelled protein-bound iodine formed before. Next, it was 

le to use a strontium-90— yttrium-00 source for 
ocal external irradiation and iodme-131 as an internal 
souroe of radiation, and to determine by aids of iodine-132 
the protein-bound 1I level in serum. The iodine-131 
present in the ism does not interfere with the radio- 
aseay of iodine-132 when carried out with a scintillation 
counter provided with an appropriate energy discrimina- 
tion. 

The experiments were carried out on groups of rats (5 
rate per group). The rata were injected intraperitoneally 
‘oarrier-free’ iodide-181 or iodide-132 as necessary (iodine- 
133 was separated from an alumina column loaded with 
tellurium-182). One hour after injection of the iodide, 
blood samples were drawn from the tail. The serum was 
separated and the protein-bound iodine was precipitated 
by trichloroacetic acid. The iodide was then precipitated 
by silver nitrate and both protein-bound iodme and free 
iodine were radioassayed consecutively in a well-type 
scintillation counter. The butanol non-extractable frao- 
tion in the protein-bound iodine was determined by the 


+PB™1/PB“"1+*F 24 h after administration of lodme-131. 


conventional method, counting the protein-bound iodine 
first and the residual activity, after consecutive extractions 
with water-saturated n-butanol, thereafter. Wherever 
necessary, the measured activity was corrected for the 
decay of iodine-182. When the experiment was performed 
on rata containing iodine-181, care was taken to adjust 
the energy discrimination of the counting system 80 as to 
cut off any iodine-181 activity. The doses abeorbed from 
iodine-181 and iodine-182 accumulated in the thyroid were 
calculated using the formulm of Feller e$ aj.|. External 
irradiations were carried oub with a strontium-90-— 
yttrium-90 source plated on a silver foil (8 x 8 mm); the 
foil was attached to the rate’ necks by an adhesive tape 
for a i time. The source was calibrated by , 
low-geametry and the absorbed dose rate at 
5-mm depth was calculated to be 40 rads/h. 

The I results presented in Table 1 show the 
protein-bound iodine-level in rats at different time- 
intervals after abeorption of different doses of radiation. 
In tho first two groupe of experiments, iodine-182 was 
used both as an mternal source of radiation and as an 
indicator of the extent of uction of labelled protein- 
bound iodine within 1 h of injection. The fourth group of 
experiments summarizes the effect of external irradiation, 
whereas in the fifth group the thyroids were internally 
irradiated with an iodino-181 at a much lower dose rate 
than that of the external irradiations. It may be seen that 
previously intact animals form in 1 h about 3-6 per oent 
protein-bound iodine (Exps. 1, 6, 9, 12, 18) in the range of 
20—2,000 rads, irrespective of the immediate dose absorbed” 
(cf. Expe. 6, 12, 18 with Expe. l and 9). When examined 
24 h after initial irradiation, & sharp rise in the labelled 
protein-bound iodine production rate is observed (Expe. 
2, 7, 10). When the same rate-were examined at 48, 72 and 
06 h after irradiation, and the accumulated dose increased 
up to 21,000 rads (Exp. 5), there was no further increase in 
the rate of protein-bound iodine production. An almost 
anslogous behaviour is observed a+ lower accumulated 
doses up to 3,000 rads (Exps. 7, 8; 10, 11; 16, 17). 

At much lower doses (leas than 1,000 rads), the increase 
in the rate of protein-bound iodine production depends 
on the administered dose; a similar effect is obtained 
whether the dose is given externally at a high dose rate 
(40 rads/min) or internally (less than 5 rads/h) (Expe. 
18-16, 18-21). The extent of protein-bound I produo- 
tion in 24 h, which was-examined simultaneously with the 
protein-bound I produced within 1 h, showed also a 
slight increase with abeorbed dose (Expe. 19-21); this 
increase, however, is much lees conspicuous, because & 
major part of the protein-bound I present in blood at 
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24 h bas been formed during the first hours after adminis- 
tration, that is, before any radiological changes have 
occurred. : 

The lowest dose of radiation which still was found to 
affect the rate of labelled protein-bound 1odine production 
is leas than 5 rads (Exp. 19; 50 rads is the accumulated 
dose over 24 h, but rt should be remembered that the 
effects of radiation manifest themselves only a few hours 
after irradiation). This is of the order of magnitude of doses 
delivered to patiente when determining the rate of form- 
ation of protein-bound iodine. 

In one series of experiments (group 4) the butanol non- 
extractable fraction of the protein-bound iodine has been 
determined, and it was found to increase rapidly with the 
increase of absorbed dose (Exps. 12-10). This has been 
previously observed, but at one hundred-fold doses*-*. 
The question remams whether this observation is true also 
of the human thyroid; a clinical investigation has been 
undertaken in this laboratory to examine this possibility. 

It may be concluded that & certain radiological damage 
is caused to the thyroid gland of rata at relatively low 
doses of radiation, of the same order of magnitude 
delivered by diagnostic tracer doses. This damage 
manifesta iteelf by an increased production rate of protein- 
bound iodine which is of abnormal composition, containing 
substantial amounta of a butanol non-extracteble com- 
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Genetic Effects of Strontlum-90 Injected into 
Male Mice 


Im eetimations of the genetio risks from the fall-out after 
bomb-tests little attention has been paid to strontium-90. 
This is in fact remarkable since Maria’, as carly as 1054, 
suggested that bivalent metalho ions are bound in the 
chromosomes. Steffensen and LaChance* have shown that 
strontium-90 is incorporated into chromosomes in Alium 
and Habrobracon. Therefore it is desirable to examine the 
possible genetic consequences. As a first step to study the 
effecta of strontium-90 on the chromosomes we have 
analysed the rate of intra-uterine death among offspring 
to male mice, which received intraperitoneal injections of 
strontium-90. Strontium could cause chromosome breaks 
in spermatozoa and spermatids due to the radiation 
emitted from the strontium circulatmg in the blood and 
the lymph. Furthermore, strontium-ions could be inoor- 
porated into the chromosomes and oould there, also 
through the disintegration process, cause chromosome 
breaks which afterwards cause the death of a zygote. 

In order to distinguiah between theee two processes, 
which are not mutually exclusive, we also examined the 
effecta of injections with esesium-187, which within the 
animal emits most of ite radiation energy through B- 
radiation, as doe strontium-90. If at first the time that 
the isotopes are in the circulatory is ignored one 
would expect about similar effecta from cesium-137 and 
strontium-90. Since about half the amount of stron- 
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Table 1. HrrBOt OX IXTRA-UTERIWZ DEATH AFTER 
OXBIUM-137 AAD BTRONTIUM-QO IX 4 AND 5 WIRKE I EET TELY AVTSE » 
INjJ&CTON 
Treatment No. of dead 
Dead Implants X 
70g 18 we. 216 2,161 10 0* 
HOS a. 55 703 7-82 
DA em 8 NS ds 
Ac. l 12-26 
Rad 690 8,848 $80 


* Otesium-187 18 we. versus NaCl y* = 11; d.f.1 
1 8&ronttum-90 versus NaCl x*-914; d.f.1 


tium-90 injected is incorporated into the bones within a 
rather short time, the dose delivered from the isotopes in 
blood and lymph would probably be reasonably higher 
for omsium-187 than for strontium-90. Hence, one 
would a priori expect a stronger effect of cexium-137 than 
from strontium-90 on the rate of intra-uterme deaths. 

In these experiments animals from inbred OBA strain 
were used. The males were injected intraperitoneally 
with either 18 po. cesium-187 or strontium-00. In one 
small series some males were given 38 uo. omeium-187. 
Each male was mated to three females within 1 h after the 
injection. Every 7th day the females were replaced by 
new virgins. After the mating period the femalee wore 
stored until the 19th day following the start of mating and 
were then killed and the uterine content examined. Here 
only the results from the first 5 matings are presented. In 
the case of cmeium-137 only 4 matmgs were performed. 
In all cases there were simultaneous controls where the 
males were given saline injections. 

The resulta are given in Table 1 wherein the data are 
combined for all mating periods. From Table 1 it is 
evident that the injections with cemum-187 had no 
demonstrable effect as regards intra-uterine death. On the 
other hand, the material in the strontium series shows a 
marked increase compared with ita control. Separation 
of the material into mating periods is presented graphi- 
cally in Fig. 1 for cmsium-137 and Fig. 2 for strontium-90. 
This rev in both cases & peak in the 8rd week after 
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Fig. 1. Intra-uterine death in weeks after injection of owesium-157. 
Number oC Hae WIE ON the RERUMS <z 18 oim; —~—, 
38 wo. omalum; —-—-, 
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Frg. 2. Intra-uterine death in weeks after injection of sironttum-90. 
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- — — -, sodinm chloride 


, 
M 


injection. This is similar to the resulta from X-ray 
experiments? when the peak also appears in the third week 
after treatment. It is supposed that this corresponds to 
the spermatid stage, which in Drosophila, too, is a very 
sensitive staget. 

The aforementioned hypothesis about equal or stronger 
effect of injected csaium-137 compared with strontium-90 
ig not supported by the resulte presented here; rather the 
reverse. e effect of strontium-90 is much stronger than 
that of oseium-187. This could be explained if strontium- 
90, in agreement with Mazia’s idea about divalent metallic 
ions, were incorporated into the chromosomes and, henoe, 
could more easily cause chromosome breaks. 

Md n der 
injection & markedly increased rate of intra-uterme 
death, one would suppose that strontium-ions could pene- 
trate the and exchange with calcium-ions. If tho 
process can go in that direction it may also revert. When 
the concentration of strontium in blood decreases due to 
incorporation of this element into bones and due to excre- 
tion in urine and fæces the strontium-ions in chromosomes 
could be replaced by calcium-ions. 

In favour of this tentative hypothesis are the resulta 
from the fourth and the fifth weeks. During these weeks 
germ cells are used which at the time of the injection were 
in meiosis or prior to meiosis; in other words, stages where 
the chromosomes to be included in spertn are synthesized. 
If strontium-80 were incorporated stably in the chromo- 
somes one would expect that during spermatid and 
spermatozoon stages disintegration would cause chromo- 
some breaks that would cause zygotic death. The resulte 
show rather that during these periods the rate of intra- 
uterino death in the strontium-90 series is approaching 
that of the control. 

If the incorporation of strontium-80 into the chromo- 
somes were for a short time only, chromosome breaks 
induced m meiotic and pre-meiotic stages would be 
elimmated before being included in sperm. Hence, one 
would not expect any considerable effect of strontium-90 
in sperm from weeks 4 and 5 after injection. 


NATURE 


305 


In order to examine further the effects of strontium-00 
we have started one experiment with injections into 
females and in another we shall analyse the possible 
occurrence of recessive lethals in spermatogonia after 
injections of strontium-90. E 


Medical Division, 
Research Institute of National Defence, 
Sundbyberg 4, Sweden. 

1 Maxia, D., Proc. U.S. Wat. Aosd. Soi., 40, 521 (1054). os 
18 D., and LaObanee, L. H., Recdovsctopes im the Biosphere, 

ar eee and Snyder, 182 (1081). 
3 Bateman, A. J., Heredity, 18, 218 (1058). 
‘Liming, K. G., Heresias, 38, 91 (1952). 


Protein Nutrition and Radiation Damage 
in Mice 


Ix the case of protein nutrition and irradiation, a few 
experiments have been reported but are not all in agree- 
ment. In the work reported here, experiments were 
performed to test the influence of protein content in the 
diet on the survival rate of y-ray irradiated mice. The 
effect of protein was examined both before and after 
irradiation. 

The experimental animals were young d-d colony 
male mice. Some animals were fed the basal standard 
diet (including 18 per oent of casein, 69 per cent of 
a-starch, 6 per oent of corn and liver oil, 1 per cent 
of Maooollum's salt mixture, 1 cent of vitamin 
mixture and 2 per cent yeast ) and otbers were 
fed the protein-defleient diet (cesein was replaced with 
a-starch) for two or three weeks before radiation. Dieta 
and water were given ad libitum. At the end of the 
period they were exposed to a single dose of 1,000 r. 
of whole-body y-irradiation. The nutritional conditions 
afterwards were kept the same as before radiation. The 
control groups without irradiation served as references. 
The survival rate for two weeks after irradiation is given 
in Table 1. 


Table 1. Hrrxcr OP PROTED DIN BEFORE IRRADIATION OX TEX BURYIVAL 


Bats OY MICE 
Group Protein content Mice a or a aro "eds 
TAY ore - 
No. of die& (%) radiation tton after irradiation 
1 6 + 25 0 
2 6 — 24 34 
3 18 * 25 3 
4 18 - 25 25 


In other separate experimenta the effecta of protein 
diete after radiation were examined. Mioe were fed and 
irradiated as already described. Directly after irradiation, 
the diets were switched fram low protein to standard 
and vice versa. The resulte are given in Table 2. Those 
of the control groups without change of diet as well as 
without irradiation are also shown in Table 2. 


Table 2. Brrsct or PROTEIN Diet AFTER IRRADIAION ON THE SURVIVAL 


Rats oF Mice 
Dies No.of Mo. of antmals 
roy Protein oon- Protein oon- survived three 
- tentofdies tent of dict before weeks after 
No. ton before radia- after radila- — irradiation 
thon (95) thon (36) 

1 - 6 6 11 10 
2 - 6 18 12 1 
3 uz 18 18 18 18 
4 + 6 6 20 4 
5 + 6 18 20 11 
. 6 + 18 18 20 11 


A favourable effect of protein enrichment after irradia- 
tion was demonstrated. : 

In the next series of experimenta, the optimum amount 
of protein necessary after irradiation was studied. Experi- 
mental conditions were the same as described here. 


\ 
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Table 3. OPTIMUM AXOUNT oF PROTEIN NIOXMMARY FOR THE RIOOYERY 
FROM RADIATION DAMAGE 
Diet groups 
con- Protein oon- No.of Wo. of animals 
wry tent of diet tent of diot annals survived 
No. irradia- before trra- after irradia- before weeks after 
tion diation (X) tion irradiation 
1 - 6 6 10 9 
2 - 6 14 10 10 
3 - 6 18 9 7 
4 - 6 u 9 7 
5 - 6 30 15 7 
6 + 6 6 120 7 
7- + 6 12 20 8 
8 + 6 18 20 14 
9 + 6 14 19 4 
10 T 6 30 19 4 
11 + 18 6 10 5 


The results are given in Table 3. The 6-8 group showed 
the most favourable effects. 

From these results it may be concluded that protein 
diet after, as well as before, irradiation had a pronounced 
influence on the mortality of whole-body irradiated mice, 
and that excessive supplement of protein after radiation 
produced unfavourable effects. Jennings! reported high 
susceptibility of protein-depleted rata to whole-body 
X-irradiation. His resulte were eeeentially in accordance 
with ours. Smith? observed little affect of protein reduction 
or enrichment after radiation, which was contrary to our 
results. s 

8am TANAKA 
ATSUSHI NUKABAWA T 
HARUHIBA YOSHIKAWA 


Division of Health Physics, 
Tokyo Metropolitan Isotope Contre, 
Tokyo. 


YoSHIMABA YONHYAMA 


Department of Physiological Chemistry 
and Nutrition, 
University of Tokyo. 
1 Jennings, Y. L., Proc, So, Kay. Phol. Aed., 78, 487 (1049). 
* BETA Vt rods) manns I. B.. and Alderman, I. AL, Amer. J. Phystol., 
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Occurrence of Discocotyle sagittata on Sea 
Trout 


Discocotyle sagittata Leuckart is a well-known mono- 
genetic trematode found on the gills of European sal- 
monids!. So far as I am aware it has previously only 
been found on hosts caught in fresh water, and it is thore- 
fore of interest to record it from sea trout (Salmo trutia L.) 
caught in the sea. 

During 1953-61 inclusive, sea trout caught by beach 
seine in Port Erin bay were examined for their ecto- 
parasites. The gills of each fish were ramoved soon after 
capture and examined under a binocular microscope. The 
numbers infested with Dtscocotyls are given in Table 1. 


Table 1. NumwBERS oF Sma TROUT DEFBSTED WITH Discocotyls sagitiats 
Bea trout examined No, tnfested 


Males $0 6 (200 
Females 132 32 eat) 
` Total 102 88 (335 


The number of worms varied between 1 and 14 per 
infested fish with a mean of 4-2. Out of 151 worms, 117 
(77-5 per cent) were on the first gill arch, 15 (9-9 per cent) 
on the second, 11 (7-3 per oent) on the third and 8 (5:3 por 
cent) on the fourth gill arch. Compared with the data 
given by Llewellyn and Owen‘ for D4soocotyle on trout 
from fresh water, the percentage infestation is much 
lower, although the mean number of parasites per infested 
fish ia much the same. Furthermore, at Port Erin a much 


higher proportion of parasites was found on the first gill 
arch. > 
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There are insufficient data to distinguish deflnit 
seasonal fluctuations in the incidence of Discoootyle. Se 
trout were caught in all months of the year with a peak i 
spring, and although Dsscocotyls was recorded in al 
months except December—February inclusive, its abseno 
at that time may have been due to low fishing effort 
Specimens of D4soocotyle were usually producing ogg 
whenever they were found. The eggs appeared normal 
but attempts to hatch them in salt water or fresh wate 
were unsuccessful. 

As it has now been found on hosts in both marine am 
fresh waters, it would appear that Discocotyle posscase 
Osmoregulatory powers. It is also le that we ar 
dealing with two closely related species, but I could finc 
no differences in whole mounts of Disoocotyle from se: 
trout caught in the sea and brown trout from fresh water 
Furthermore, Frankland* notes an instance of a rainbow 
trout which had been gradually aoclimatized to sea water 
and which was found to harbour healthy specimens o: 
Disoocotyle sagitiata. 

Some simple experiments showed that Di, le it 
capable of oamoregulation. Discocotyle from sea trout 
survived for at least 48 h after direct transfer from see 
(S = 34 parta per thousand) to freah water. In the reverse 
case, however, a period of acclimatization may be necessary, 
for specimens of Discocoiyle from fresh water brown trout 
did not survive transfer to full sea water, although they 
would tolerate 50 per cent sea water for at least 48 h. 


D. J. Stow 
Marine Biological Station, 
Port Erin, Isle of Man. — 
1 Dawes, B., The Trematoda (Camb. Untv. Prem, 1946). 
* Dawes, B., The Trematodes of British Fishes (Ray Society, 1947) 
' Bproaton, N. G., Trens. Zool. Sec. Lond., 85, 185 (1040). 
* Llewellyn, J., and Owen, I. L., Parasitol., 50, 51 (1060). 
* Frankland, H. M. T., Parasitol., 45, 813 (1965). 


Dally Age Markings on the Shell of 
Cuttlefishes 


MvoH information concerning the growth of the shell in 
mollusca is available, and this indicates the close relation 
between growth of shell and physiological periodicity of 
the living body?. 

As was pointed out by Appellbf!, Naef? and Yasuda‘, 
the formation of the stripe pattern on the shell of cuttle- 
fishes shows a set periodicity. Yagi’, who followed the 
growth of the shell stripe pattern of Sepia esculenta Hoyle, 
contends.that, although the ahell stripe pattern increases 
witb the age, a double resultant sigmoid growth-curve 
holds (with age as the basis) good to this caso, that is, 
that the periodicity of formation of shell stripe pattern is 
about 2 days at the stage immediately after hatching, 1-5 
days at the most rapid growth stage and about 9 days at 
the latter stages of growth with lees formative force. This 
gives an average of about 3-5 days throughout the whole 
period of growth. However, since Yagi’s resulta are based 
on the assumption that the hatching date is July 1 for 
Sepia esoulenia and that the environmental conditions are 
the game for all individuals, certain errors become involved. 

Immediately after hatching, the cuttlefish has a frail 
shell. On the dorsum of the shell, there are observed a 
distinct Wurstlamellen, and, in the striated area of the 
ventrum of the shell, there are as many stripe-lmes as 
Wurstlamellen are formed. The number of the shell stripe- 
lines is 7-8 for Sepia offloinalis just hatched, 6-8 (7 
average) for Sepia esoulenia, 7-9 (7-8 average) for the Sepia 
subaouleata, and 7-8 (8 average) for Sepiella maindroni 
(Table 1). Those numbers of stripe-lines increase with 

wth. 
The periodicity of formation of the stripe-pattern of the 
shell of Sepia esoulenia is affected by nutritive and environ- 
ment conditions such as deficiency in feed, lower salinity 
of the surrounding sea-water, lower oxygen content, lower 
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Table 1. ERLITION BETWEEN THR DAY-AGE AXD THE NUMBER OF STRIFE 
LNA OF THE SHELL IE THE OUTTLAFIBEM 


12 
12 
1 
5 
3 
11 
5 
1 
3 
16 
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* The mean umber of siripe-iine of the shell in the newly hatehed 
Sepala mand ron’, 


+ Sines the rear end of the shell was broken, the number of stripe-tines 
eoukl not be counted exactly. 


temperature of the water, eto. Table 1 shows the relation 
between the day-age and the number of stripe-linoe for 
three species of cuttlefiahes (Sepia esculenta Hoyle, Sepia 
subaouleata Sasaki and Septella masndroni de Rochebrune) 
reared under sufficient feeding and environmental oon- 
ditions at a water temperature of 19?—80? O. As with 
Sepia esculenta and Sepia subaouleata, the number of 
stripe-lines, including those observable at the time of 
hatching, approximates well to age in days; in Sepiella 
maindroni, the number is equal to the age in days plus the 
lines at the time of having been hatched. In other words, 
ib can be said that the shell stripe-lines are formed at the 
rate of one each day. Between Sepia esculenta or Sepia 
subaculsaia and Sepiella maindroni, however, there is a 
difference in odicity of stripe-lme formation: the 
Sepiella 4 is seen to start forming ita stripe-lines 
at the rate of one per day from the very date of hatching, 
whereas the other two species are presumed to be dull in 
their stripe-lme formation at the earlier period after 
hatching. Noteworthy in this connexion is that the reais- 
tance against fasting of Sepiella maindroni is 6-7 days, 
whereas it is 10-11 days in Sepia esculenta and 12-15 days 
in Sepia subaouleata. 

Table 1 gives results obtained under sufficient nutritive 
and environmental conditions at a water temperature of 
19°-80° C. When amount of food is insufficient or feeding 
does not go smoothly owing to unfavourable changes in 
the sea-water for rearing, the formation of stripe-pattern 
becomes disturbed and the periodicity of one stripe-line 
per day is no longer exact. With insufficient feeding 
especially, the stripe-lines either do not appear or are 
indistinct with a reduced distance between each. The 
looular index for this sort of shell is likely to be 
The shell locular index of the cuttlefishes is one of the 
most significant characteristics for diagnosis of species‘, 
so it must be recognized that this characteristic within a 
somewhat wider range, depending on conditions for 
growth, varies. 

The fact that the number of stripe-lines for Sepiella 
maindroni which were reared for 127-133 days or until 
October 81 averages + 95-5 (Table 1) is thought to be 
ascribable to the lowering of the water temperature to 
below 19° 0 d mid-October and afterwards, that is, 
DAL ence S othe period btts cr teen” 
tion of the stripe-line. 

The ahell stripe-line of cuttlefishes is therefore shown to 
be formed one per day as a rule under good conditions of 
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nourishment, but this does not hold in cases where the 
nutritive and environment conditions become disturbed 


so that physiological periodicity is upest. 
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* Hoyle, W. H., Bep. Soi. Voy. Ohsllenger, Kool, 18, 123 (1988). 


Bana CHOE 


Rearing of Cuttlefishes and Squids 


Wa have succeeded (through improving the feed during 
the earlier stages after hatching) in rearing three species of 
the cuttlefish (Sepia esoulenia Hoyle, Sepia subaouleata 
Sasaki and Sepiella maindroni de Rochebrune) and two 
species of the squid (Sepioteuthis lessoniana Lesson and 
Buprymna beryit Basaki). The main points to note in 
rearing these animals are as follows: 

Great care should be taken of eggs over a fairly long 
period until hatching. The vital point in the care of 
eggs is always to arrange that they are in contact with 
fresh-water, thus preventing the lowering in salinity of the 
storage sea-water. 

If the eggs are exposed to too much light, diatoma or 

green algae tend to adhere to their surface, thus affecting 
adversely the. development of (bo oggi. Eggs are better 
kept in the dark. 

The five species of the cuttlefish and the squid mentioned 
here start feeding 16-48 h after 

At the earlier stagos, when about 2-10 mm long, con- 
siderable motility, though not too much, should be 
allowed. Suitable food are Mysis, larve of the shrimp and 
other small crustaceos. 

A glass water tank is best for rearing. Flowing see- 
water containing dissolved oxygen at saturation point 
encourages feeding.” 

Having grown -to 20 mm mantle-length (four species 
aay bi M dei prymna berysi achieve a mantle-length of 20 mm 

b 30 days after hatching), the animals begin to 
prey on small-sized shrimps or fishes. 

Following these requirements, 80 per cent survival 
oan be expected, and provided that the supply of food is 

even after the animals begin to prey on large- 
sized food, they may reach adult size 3-4 months after 
hatching. 


Sana Onom 
Department of Marine Biology, 


Yasuo OHSHIMA 


* Obahime, Y., and Oboe, B., Bull, Jap. Soo. Sol. Fin. £7. 70 (1961) (in 
Japanese). Oboe, 8., and Ohshima, Y., Jap. J. Malovlogy, S1, 402 
feu (In Japanese). 


Estimation of Dry-Matter Intake in Wild 
Herbivores 


For some years now, I have been studying nutrition in 
the wallaby, Setoniv brachyurus, on Rottnest Island, 
Western Australia. A technique! was developed for 
estimating the relative abundance of various food items in 
the diet. To convert these date to absolute quantities, 
total daily intake of dry matter was required. The methods 
ab present used in estimating dry-matter intake by freely 
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grazing livostook may be classified according as they make 
use of: (1) pasture productivity asecegmonite; (2) con- 
Bumption-defmoation ratios; (3) indigestible markers; (4) 
foal nitrogen. For various reasons none of them is 
SopHosbln to a wild herbivore foeding on natural vege- 
tion. 

_ It seemed axiomatio that the quantity of dry matter 
ingested each day should be equal on average to that 
leaving the stomach either by local absorption or by 
passe ge mto the duodenum. In other words, to obtain the 
daily rato of ingestion, all that was needed was tho daily 
rate of loes from the stomach. It was believed (wrongly, 
it was learnt later) that the wallabies fed all night and that 
their stomachs would consequently be most full at dawn. 
If a large number of wallabies wore caught before sunrise 
and divided into batches which were dissected at regular 
intervala throughout the following day, comparison 
between batches in mean weight of dried stomach oon- 
tente ahould reveal the rate of loss from the stomach for all 
possible weights of contenta (Calaby! had Suggested that 
the rate of passage in Setoniz waa affected by degree of 
fill). This would cover the period of fasting, sunrise to 
late afternoon. For the remainder of the day the loss 
would be computed by applying to weights of stomach 
contente observed at various times in the night the rate of 
loss obtained at those weights in fasting animals. 

Seventeen adult wallabies were t early in the 
evening of November 16, 1960, and another 11 before 
midnight, both batches being dissected within an hour of 
capture. On the following morning, between 8 and 4.30 
a.m., & further 55 animals were caught and divided into 
5 batches. The stomachs from one batch were immediately 
dissected out, the remainder at approximately 4-hourly 
intervals. Stomachs were preserved in & drum of 70 per 
cent alcohol; their contente were later scraped into 
enamel dishes, oven-dried at 100° O for 36 h, and weighed. 
Moan weight of wallabies waa 3-05 kg for males, and 2-51 
for females. 

When the resulta were graphed, stomach contents 
against time of dissection, a straight line could be fitted 
through the means of batches 2-7. This suggested: (1) 
that feeding had virtually ceased by 11 p.m.; (2) that loea 
from the stomach was proportional only to time. Both 
discoveries were contrary to the preconceived ideas with 
which the mvestigation was designed. The second, how- 
over, greatly simplified the analysis. Instead of having to 
integrate changing rates of stomach loas through 24 h, all 
that was required now was the slope of the best fitting line 
through the means of batches 2-7. 


Table 1. ADULT MALE WALLABIES, NHOWING BY 
OF CAPTURA AXD DIBSBOTION AND MEAN DRY 
OONTEKTS (FIALA 


Data IN BRA ) 
Batoh No Dry weight of stomach 
Caught KiDed contents (g) 

1 10 (7) 1048 20.42 88-8 

2 4 23.17 23.56 05-8 2 
3 9 08.85 05.41 8t 0 3 
4 6 02.06 TTL (749 
5 3 03.47 12.37 73-0 8 
6 5 03.309 15.54 04-2 (655 
7 4 55 20.29 542 (580 


The line through the means of batches 2-7, weighted 
for number of animals in batch and fitted by the method of 
least , had an equation of y = 96-1 — 1-86 z for males 
and y — 87.9 — 1-30 z for females, where y is the dry weight 
of stomach contents in grams and z is the time elapsed in 

‘hours since the dissection of batch 2. Thus the rate of loas 
‘of dry matter from the stomach of adult males fasting for 
at least 20 h was constant at 1-86 g/h, and in adult females 
at 1-80 g/h. Although the investigation could not give 
information on the rate in feeding animals, there is no 
obvious reason why it ghould differ from that in ae 
wallabies. Material cannot pass through the pylorus un 
it attains a certain degree of maceration, and ib seams 
unlikely, on reflexion, that the process ahould be hastened 
by feeding or other activity. The hourly rates have there- 
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fore been extrapolated to give daily ratea of loss of dry 
matter from the stomach of 44-7 g in males and 33-4 gin 
females. 

Strictly, observation of the rate of loss from the stomach 
yields an estimate of the food required for ‘topping up’, 
rather than a prediction of how much would have been 
eaten in the following evening. Financial assistance wea 
granted by the C.8.I.R.O. and the Univermty of Western 
Australia. 


G. M. STORR 


Department of Zoology, 
University of Western Australia, 
Nedlands. 
Storr, G. M., Austral. J. Biol. Sa., 14, 157 (1061). 
* Calaby, J. H., Austral, J. Biol. Soi., 11, 571 (1958). 


Termination of Pregnancy in the Rat with 
Norethynodrel 


Orma& indications that norethynodrel diminishes the 
chances of survival of the conceptus have been obtained in 
the rat)". It was therefore conceivable that post-coital 
administration of the steroid could induce sterility in this 
species. The possibility seamed well worth investigation, 
as a similar action in humans would appear to offer efficient 
alternatives to the present contraceptive application of 
norethynodrel. 

Data are presented that demonstrate the effectiveness 
of norethynodrel in terminating pregnancy in rats before 
and after nidation. 

Rate of Nidation. Adult famale white rata detected in 
procestrus or ceetrus from daily vaginal smears were mated 
with fertile males. Mating was allowed to occur during a 
24-h period. Thereupon, the famale rate were randomly 
allocated.to treatment groups. Soon after fertilization 
was presumed to have ocourred, and before the sixth day 
post-ooitum when nidstion usually takes place in the rat, 
norethynodrel in sesame oil was administered subcute- 
neously either by single injection or daily injections for 3 
days in the quantitios shown in Table 1. The rate of 
nidation was asoerteined at autopsy 10-12 days after 
mating (all intervals are taken from the initial day of 
mating). With the aid of a dissecting microscope the 
number of mature corpora lutea was counted. The 
number of corpora lutea was assumed to be an estimate of 
the number of ova shed. Thus, the 1ate of implantation in 
& group represented the proportion of foetuses to corpora 
lutea. In Group III (Table 1) the rate of nidation was 
based on only four rata because corpora lutea present in 
the ovaries of one rat had not been counted. 

A glance at Table 1 reveals that norethynodrel pre- 
vented the occurrence of nidation in Groups I, II and IV. 
A possibility of delayed implantation was checked by flush- 
ing the uteri with saline. No blastocysts were found to be 

resent. 

á Fatal Resorption. As in tho previous experiment, adult 
female rate were mated when in procetrus or estrus. 
Norethynodrel was administered by gavage in doses of 
10 mg per day for 3-5 days as shown in Table 2. Control 
animals were given 1 ml. of sesame oil for 5 days by gavage. 
Pregnancy was permitted to go to term, and the frequency 
and size of litters were recorded. The incidence of resorp- 
tion was determined from signs of blood in the vagina at 
the time of treatment and from examination of the uterine 
contente at autopsy 21—27 days after mating. 

Clearly, norethynodrel induced extensive fostal résorp- 
tion. The treatment of longer duration provéd completely 
effective in terminating pregnancy. Included in the litter- 
size data for Group II are at least five stillbirths, on the 
grounds that they represented failures to resorb. In two 
rate, stillbirths were associated with delays in parturition 
of about 4 and 6 days. 

These date show that post-coital administration of 
norethynodrel can suppress fertility in the rat. The 
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ue Table 1. Hyrect OF BUBCUTAKROUS ADMINIPTRATIOK OF NOXETHYXODENL OX TH Rara or MIDATION IK Hare 
x No. Mean No. Bate of nidaiion 
Group Dose - Day from of Xo. corpora Mean Xo.- (per cent 
(mg mating Tats pregnant lutea 2- 8.J. fostuses + 5.2. carpus luteum) 
Jonirol 0-5 ml. ofl 1 5 4 | 160113 10-811-8 67-5 
0-5 mL oll 2 
0-5 mL ofl 4 
I 1 2 4 0 14-8--2-8 0 0 
3 3 
I 5 H 4 0 1454+380 0 0 i 
m 01 3 a) 4 18-8:-1-9* 11-2428 s8-2* 
0-6 4 = 
IV 0-9 2 b 0 166420 0 0 


* Based on á rais. 


Table *$, Hrraot OF ORAL ADAININERATION OF NORETHYNODENL ON 
FETAL ON IN RATS 


Xorethynodrel 
Group Daly dose Daysfrom No. of Imeidence No.of Mean litter 
ang) mating rais of resorption litters size + S.B. 
Control 1 mL oll 9-13 5: 0 ^ 4 S24 23 
I 10 9-18 5 5 0 0 
II 10 10-12 5 5 3 24 + 14* 


* Inctaiiée stillborn; less than control, P < 0-OL . 
treatment proved to be most effective before implanta- 
tion; 0-9 mg norethynodrel given subcutansously on ihe 
second day post-coitum completely abolished pregnancy, 
while daily 10 mg doses by gavage from day 10-12 allowed 
some fostal development to proceed unimpaired, though 
litter size was very significantly depressed. Hienoo, 
previous reports’ that in ovariectomized rabbits as much 
as 2 mg per day of norethynodrel post-coitum fails to 
induce lantation are most probably explained by ita 
potent ibitory action on this phase of pregnancy, 
rather than a simple lack of progestational It is 
known that nidation of the rabbit blastocyst can be 
prevented by administration of the steroid prior to coitus*. 

How norethynodrel terminates p is a pressing 
question. There is some indication that tho steroid 
exerte an effect during tubal passage of the zygote. From 
Table 1 it can be seen that 0-9 mg norethynodrel com- 
pletely suppreseed fertility when given on the second day 

i but when 0-5 mg of the same totel dose was 
given on day 4 (Group III), by which time the rat blasto- 
oyst is usually in the uterus, the treatment was ineffective. 
Tt is peeeible that norethynodrel may interfere with tubal 
„transport, but ita ovacidal effects‘ clearly suggest & direct 
effect on the fertilized egg. These considerations minimize 
the importance of any influence norethynodrel may have 
on ihe uterus. However, tho failure of large doses of 
norethynodrel to induce deciduomate in rate? together 
with ite œstrogenio activity may lead one to suspect the 
steroid of an antidecidual property that could impede 
nidation. A disturbance of the developmental synchro- 
nization, between the endometrium and blastocyst by the 
steroid may also contribute to preventing implantation’. 


Tho induction of fetal resorption is probably the result ofa — 


specific action by norethynodrel; oertainly it would not 
seem to result from an unmodified ctrogenio action by the 
steroid as the equivalent of 2-5 mg/kg/day œstrone (that is, 
10 mg norethynodrel to 200-g rate, with norethynodrel 
posseasing 5 per cent of the osstrogenio activity of estrone) 
for 8 days was required to reduce mean litter size to 2-4. 
However, it is known that 0-4 mg cestrone/kg on day 10 
can produce such a response’. If Sammelwitz et al.’ are 
correct in asserting the hypophysis of the rat during preg- 
nancy is responsible for only & single release of Iuteotro- 
phin at the time of mating, then obviously a mediated 
effect via the hypophysis, similar to that involved in blook- 
ing ovulation with norethynodrel, cannot be invoked to 
explain the termination of pregnancy. Moreover, the 
steroid seems to have no direct influence on the ovary*’. 
Consequently, tho present effects on the conceptus appear 
to result from a direct action of norethynodrel or a mets- 
bolite. It should be pointed out that these observations 

in no way incongruous with norethynodrel exerting an 
inhibitory effect on ovulation. 


This work was supported by the grant of & Population 
Council fellowship. Norethynodrel was a gift of G. D. 
Searle and Co., Chicago, Illinois. 

B. K. Davis 
Worcester Foundation for Experimental Biology, 
E Shrewsbury, Mass. 
18annders, F. J., Emdocrimol., 68, 566 (1963). 
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* Phan, G., C., Hafex, H. 8. H., Zarrow, M. X., Merrill, å., 
p tea Bo (585) 
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Armillaria mellea: an Ozonophillc Basídio- 
mycete 

Ozona is a strong oxidizing agent and in very low 
concentrations ig generally toxic to both micro-organisms 
and higher planta and animals. Davis! and others? have 
examined the bactericidal effecta of ozone by growing 
EH. coli in oxonated water solutions and found that 
80 p.p.m./vol. caused 99 per cent lethality in 1 min or ` 
lees, while 1 p.p.m./vol./8 h-day is considered toxio to 
man’. It was therefore surprising to find that Armillaria 
melsa, a lumineeoent basidiomycete grown in culture, had 
ite light emiasion stimulated by high ozone concentrations 
and that it survived long oxone exposures without 
gi ery lasting ill-effect. ` 
used both & commercial negative ion generator which 
produces ozone ‘by ultra-violet light and a Wellsbach 7'-28 
oxonator with either an air or an oxygen source. The 
concentrations were determined iodometrioelly^* and by 
using a Wellsbach ozone meter with good correlation 
between the two methods. Changes in the light emission 
The general 


» 


jar &nd the light emission was monitored continuously 
through an aperture in the metal shield. It was also 
determined that the uninocul&ted agar on which A. mellea 
was grown does not absorb or decompose ozone at & 
faster rate than an actively growing culture. 

At all concentrations tested (75-500 p.p.m./vol.) there 
was an initial and usually transient rise in the light 
emission intensity (Fig. 1). At 75 p-p-m. it took 3 h for 
this peak to be reached while at 500 p.p.m. it took 8 min. 
At concentrations of 200-500 p.p.m. it took 3-6 h for 
this gain to be lost and the light-level to return to the 


- 


.810 
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original steady state. A 8-h exposure at all conoentra- 
tions did not kill any of the samples. When removed 
from the ozone atmosphere all recovered to light emission 
levels at least equivalent to the pre-exposure value 
(100 per oent) within 8 days. When A. mellea was grown 
in an ozone atmosphere of 100 p.p.m. for 5 days the light 
intensity declined about 50 per cent in the first 24 h. 
After 5 days under these conditions the light-level was 
extremely low but measurable. Part of this low intensity 
is undoubtedly due to drying of the agar. 

At concentrations of 200 p.p.m. and higher there was 
distinct bleaching of the brown melanin-type pigment 
found in normal hyphs of A. mellea. During recovery 
there was no reduoing of the pigment of exposed cells 
back to the original brown colour. Hyphs wing out 
of the exposed mycelium have the usual brown pig- 
mentation. There is thus a strong possibility that this 
pigment acts as an ozone p ing subetance by pre- 
venting the formation of free radicala and peroxides. 
Ozone has usually been attributed to these 
causes", This is particularly likely since we have found 
that Panus stipticus, another luminescent basidiomyoete 
with no pigment, is killed within 10 min in 100 p-p.m. of 
ozone. » young cultures of A. melsa which have little 
orno pigment are much more affected by equivalent canoen- 
trations than more mature samples. This unusual ozone 
protection mechanism is under continued investigation. 

This work was partially supported by N.A.8.A. oon- 


tract NA 8-389. 
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Increased Tolerance of Bean Plants to Soil 
Drought by means of Growth-retarding 
Substances 


santhemum morifolium?! plant 


than untreated ones. Higt 
temperatures following periods of low light intengitia 
caused wiltmg in control plante, while treated planta 
remained turgid. These substances are growth-retarding 
matorials':*, and some of their physiological activities have 
been reported *. 

In recent work on drought resistance it was found thai 
it is possiblo sometimes to increase the tolerance of planta 


Experimenta were carried out with Phaseolus vulgaris 
L. var. Brittle Wax. Plants wero grown in half- 
cans, conteming a loamy-sand soil (fleld capacity 14-7 per 
cent, wilting point of sunflowers 4:3 per cent). Ten 

ings were grown in each can. When tho first pairs of 
leaves were fully expanded in most seedlings, 250 ml. of 
aqueous solutions were applied to each oan oonteining 50 
mg ‘Phosfon’ and 500 mg ‘COO’, respectively. Each treat- 
ment was replicated 4 times (cans). Routine irrigation of 
the cans was continued until the expansion of the third 
leaf, after which the supply of water was ! 

Five days after the last watering the leaves of the oon- 
trol (untreated) plants started wilting, and the growth of 
these plante ceased. Nine days afterwards leaves of tho 
untreated plants began to dry and dropped. Most of the 
control planta were completely desiocated 30 days after the 
last irrigation. Fig. 1 represents the situation at the time 
when only a few of the youngest leaves of some of the con- 
trol plants remained attached at a wilting stage. 





of 'Phosfon' and ‘O00’ bean 30 after 
Fig. L Wiffect s an plants, days 


In contrast, the treated plants remained turgid in these 
30 critical days (Fig. 1). They continued growing for 22 
days after the last irrigation. A few of the oldest leaves 
started showing signs of wilting on the twenty-eighth day 
after irrigation in case of 'COO'-treated plante. In 
‘Phosphon’-treated planta some wilting was notiood only 
after 33 days. Nine days afterwards (42 days after last 
watering) leaves of the treated planta began to drop and 
the plants to dry up. At this stage soil moisture was 

med in each can and is given in Table 1. 

As seen from Table 1, ihe moisture percentage in the 
contro! soil was at the wilting point (4-36 per oent), while 
in the treated soil it was below wilting point (3-08 and 
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‘able 1. Sor. MonwrUxX OF CONTROL AND TREATED BOILS (42 DAYS AFTER 
TRAIGATION) 


Treatment Boll moisture (%) 
Control 4:85 
*Phosfon* 3-96 
‘OO?’ 30 
L.8.D. 006 0-31 


62 per cent for the ‘Phosfon’ and ‘CCO’ treated soil, 
ospectively).  . 

In a second experiment, beans were sown in clay pots 
ontaining 500 g of soil (19 per cent field capacity, 7 per 
ent wilting point), 1 plant per pot. After emergence half 
he pots were watered with an aqueous solution of ‘Phos- 
on’ (12 mg/plant/pot). Routine irrigation was followed 
util the plante reached a of two fully expanded 
saves, after which they were subjected to three different 
rater régimes. This experiment was designed as a ran- 
lomized block experiment, including four replicates per 
reatment, each of which was composed of five planta (pots). 
Che soil moisture was determined by daily weighing of the 
rote. In the water treatments the plante were irrigated at 
lifferent levels of soil moisture, as follows: A, 95 per cent 
wailable water; B, 20 per cent available water; O, near 
vilting point. 

As the plants of treatment A reached a of six leaves 
il the plants were collected and their and dry 
veighta were determined (Table 2). As seen from Table 2, 
»oth the fresh and dry weights of ‘Phosfon’-treated plante 
rere considerably higher in the ‘dry’ treatments (B and C) 
than the untreated plante. 


Table $. EFFEOT or ‘PHOSFOR’ OX THE GROWTR OF BRAX PLANTS QROWK 
: AT DIFFERENT WATER EEGDCOS 


Tet 


A) 05% available 


Fresh weight Dry weight Fresh weight y; wed 
w) [ 9] (g) (g) 


. 13-76 108 13-52 1-94 
JB) 20% available 

, ibs. 1-52 71940 | 1:85 
C) Witting point -93 0-04. 12-00 1-60 


These resulta suggest that both ‘CCC’ and ‘Phosfon’ 
»vidently increase the drought tolerance of plante. 


‘Phosfon’ was supplied by Virginia-Oarolina Chemical 
Corporation and ‘ ' by the Cyanamid Co., whom we 
shank. a s 

A. H. HALEVY 
- j B. KESLER 
The Hebrew University, 
Faculty of Agriculture, 
Rehovot, Israel. k 
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ENTOMOLOGY 


Fatty Acid Characteristics of Some Insect 
Taxa 

As a prelude to a study of fat metabolism in the parasitic 
dipteron Agria affinis (Fall.) 30 species of insects and 2 of 
spiders were surveyed for fatty acids by gas chromato- 
graphy. | Beoause A. affinis has peculiar nutritional 
requirements! it was supposed that it had a peculiar fat 
metaboliam which would produce some equally peculiar 
fat composition. 

The survey not only showed that such ao peculiarity 
existe, but also that some broad similarities exist within 
taxa. Thus, among the 80 species of insects, representing 
23 families and 8 orders, the 5 species of Diptera were 
characterized by a relatively high proportion of palmit- 


oleio acid, a proportion approached by only the single ` 


neuropteron examined. Furthermore, among the 9 
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species of Homoptera, the 5 members of the family-group 
Aphidoidee had a proportion of myristic acid much greater 
than any other of the 30 aay No obvious characteris- 
tios of the orders were found among the 7 species of 
Coleoptera and 4 of Lepidoptera. The remaining orders 
and families were represented by too few species to permit 
any inferences. m 
Thus. a biochemical property probably characteristic of 
an order has been shown in Diptera and of a family-group 
in Aphidoidea. These observations indicate that chroma- 
tography of the fatty acids may prove more useful than 
other techniques used so far in showing biochemical 
characteristics of insect taxa. 
: J. 8. BARLOW 
Entomology Research Institute for Biological Control, 
Belleville, 
Ontario. 
! House, H. L., Aan. Rev. Biochem., 31, 653 (1062). 


Significance of the Epoxidation of the 
Isomeric Insecticides Aldrin and Isodrin 
by the Adult Housefly in vivo 


PERERY!, commenting on the latent period between 
application of heptechlor (I) to tible houseflies and 
onset of signs of poisoning, poin out that although 
there is an adequate amount of heptachlor in the insect 
tissues during this period, onset of signs of poisoning 
seemed to coincide with the appearance of heptachlor 
epoxide (II) in the tiseues. These observations apply also 
to aldrin (III) and isodrin (IV)*. 


G3 Gc» G9 OP 


cl 
HI or lv V or VI 


I 
e 
- Vio VIII C 


Winteringham® suggested that the remarkable ability 
of houseflies to survive long ieee of anoxia‘ might be 
exploited to determine the role of atmospheric oxygen in 
epoxidation tn vivo and ite toxicological significance. That 
epoxidation of III or IV by the adult housefly in vivo 
delay the presence of atmospheric oxygen was demon- 

by the failure to detect the formation of the 
corresponding epoxides (V or VI) when the insects were 
dosed and kept in oxygen-free nitrogen. Penetration of 
the applied insecticides through the cuticle was, however, 
unaffected by anoxia.  ' 

Compounds II, IV, V or VI were applied topically in 


l acetone (2 ul.) to groups of ten susceptible adult female 


houseflies, Musca domestica, at a dose of 1:1 ug per insect. 
Groupe were treated and observed in air at 25° O. Alter- 
natively, groups were similarly treated after immobilize- 
tion in oxygen-free nitrogen and held in nitrogen at 25° C 
for 60 min after treatment. These groups were then 
transferred to fresh air at about 25° O. The times of 
appearance of signs of poisoning and later knockdown 
effecta are summarized in Table 1. The results show that 
anoxia has delayed by about 60 min the onset of signs of 
poisoning in the insecta treated with aldrin or isodrin. 
The interval between appearance of signs of poisoning and 
complete knockdown was somewhat shorter than that 
observed in insects kept entirely in air. The knockdown 
effect in the dieldrin- or endrin-treated groupe could, 
however, be recognized when they recovered from &noxia. 
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(95 min) and so was not delayed by more than about 15 
_min; the failure to observe the earlier signs of poisoning 
suggeste that this stage waa actually reached during 
anoxia. Moreover, aldrin- or isodrin-treated insecta 
actually recovered and behaved normally between the 
times of removal from nitrogen and the times of a - 
&noe of first signa of poisoning (that is, between 60 and 183 
min). One conceivable explanation was that anoxia had 
delayed penetration of compounds III and IV through the 
insect cuticle considerably more than that of compounds 
V and VI. However, -chromatographic analysis of 
tissue extracts showed that following a d of 1-1 ug of 
endrin in air, 0-14 ug of the unchanged insecticide was 
recovered from the tissues within the hour, and following 
a dose of 1-1 ug of isodrin in nitrogen, 0:18 ug of unchanged 
insecticide was recovered after 1 h. This shows that the 
delays indicated in Table 1 are not due to delayed pene- 
tration of the insecticide through the cuticle. 
Table L  APPRARANONR OF BIGNB OF POIBONING IX ADULT HOUENFLIZR 
XXPOFND TO INKEOTICIDES IK AIR OR IN OXYGXEX-FRER NITROGEN 


alr at 25° O 
H Time (min.) (min) 
after troat- Tims (min) after treat- Time (mtn) 
Po C CE d eu 
men ment of 
of ‘knockdown’ porains, *knookdown" 
, t oon- effects t oon- effecta 
ns’, eto. vulmons’, eto. 
onu TO 120 133 176 
Isodrin 80 125 188 175 
Dieldrin 45 78 — 96 
Endrin 45 80 — 90 


These results show that aldrin and isodrin possess lower 
intrinsic toxicities than the corresponding epoxides. The 
higher polarity of the epoxides (as indicated by their 
higher Ry values under conditions of reversed-phase paper 
chromatography) may favour & more rapid penetration of 
these insecticides to the sites of action $n vivo, posaibly by 
permitting a more favourable partition aqueous 
and lipid phases. Relevant is the observation that isodrin 
(0-37 ug), injected in 1 pl. of liquid paraffin, produced no 
signe of poisoning for 6 h in air, while with this dose of 
endrin signs of poisoning appeared in 2h. This suggesta 
that the more polar epoxide was released more rapidly 
into the hasmolymph from the injected oil. The insecti- 
cidal properties of aldrin or isodrin seem unlikely to be 
due entirely to epoxidation sinoe the related dihydro- 
compounds (VII or VILI), which do not undergo epoxi- 
dation tn vico, are moderately toxic on their own account. 

These i te are connected with an in igation 
supported in part by & grant from the World Health 
Organization. 


E G. T. BROOKS 
A. HARRISON 
J. T. Cox 
Pest Infestation Laboratory, 
Slough. 
1 Perry, A. B., Mattson, A. M., and Buchner, A. J., J. Boon. Entomol., 51, 


345 (1963). 
* Brooks, G. T., Natwre, 188, 96 (1060). 
* Winteringham, F. P. W. (personal comnmunieation). 
* Priee, G. M., Bioohem. J., 84, 03, P (1901). 


Probable Mechanism regulating Water 
Economy of Rhodnlus prolixus 


Forru-staam larve of Rhodnius prolivus decapitated 
immediately (10-20 min) after feeding have been shown! 
to excrete leas urine than normal controls. These results 
apparently contradict the report of Maddrell that 

- “ligating the fed insect anterior to the ganglionic mass has 
no effect on urine production". 

_ To decide between these alternatives the amount of 

urine produced by three groups of animals was measured: 

a) with all the abdominal nerves (originating at the large 

used ganglionic mass situated in the mesothorax) sec- 
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tioned (the leg nerves were not sectioned); (b) with tł 
connectives between the prothoracic ganglion and tl 
mesothoracic fused ganglionic mass sectioned (the 
animals lose control over the two pairs of posterior legs 
(c) controls operated without neurotomy. 

20 h after the operation all animals were fed wit 
oxalic (1 part per thousand) blood; their ani wer 
previously plugged to avoid loes of excreted urine. 8—5 
after feeding they were dissected; the success of the oper: 
tion was verified and the amount of urine produced we 
determined. The weight of the rectal contente we 
measured by difference with non-fed controls. 

The values given in Table 1 confirm the earlier result 
obtained by decapitation in showing imactivity of th 
Malpighian tubes in all operated animals if operation i 
performed before feeding. 


Table 1 
Weight of rectum. Wi ¢ 
Weight of rectum conten! 
(mg) (mg) (mg) 
Non-fed controls 3 a = b* 40 
Fed controls ut Mer Ds TH 
Group (& ^ a= 
Gros (5) 40 (n = 1-9 250 


* = Xo. of animals 


The absence of diuretic hormone in operated animal 
(judged from the amount of urine accumulated in thi 
rectum) may be attributed, according to preliminary 
observations, as follows: In animals of group (a), to thi 
interruption of the neurosecretory pathway caused by 
sectioning of the axons of the neurosecretory ocells (re 
sponsible for the production of the diuretic hormone) in tht 
fused ganglionic mass (the absence of neurosecretion ir 
these cells resembles that described by Soharrer® afte: 
section of the n.o. allatum). In animals of group (b), to the 
interruption of the central nervous efference (effereno 
which is due, probably, to dilatation of the gut*). 

Furthermore, unpublished resulta show in norma 
animals the existence of a peripheral inhibition of centra 
origin which is exerted on the abdominal wall and whick 
can be demonstrated on sectionmg the abdomina 
nerves on one side. This inhibition, probably related tc 
that found by Dethier* in Phormia, could serve as a feed. 
back mechanism (vis the hydrostatic preasure in the gut! 
for the regulation of the time of ingestion in Rhodnsus. 

The apparent contradiction with Maddrell’s results may 
be due to the fact that already during ingestion there ir 
liberation of some diuretic hormone since urine production 
starts in the first 15 min from the beginning of feeding. 

It remains to be decided whether in the input of the 
regulating circuit there operate signals of abdomen volume 
apart from those signals which arrive through the pro- 
thoracic-mesothoracic connective. e 

J. A. Núnmx 

Laboratorio de Neurobiologia, 

IBME, Obligado 2490, 
Buenos Aires. 
1 Núfios, J. A., Nature, 194, 704 (19002). 
* Maddrell, 8. H. P., Nature, 194, 606 (1062). 
* Beharrer, B., Biol- Bul., 108, 261 (1052). 
t Dethier, V. G., and Bodenstain, D., £. Tierpeyohol., 15, 1207(1058). 
* Dethier, V. G., and Evans, D. R., Biol. Bwll., 181, 108 (1061), 


Mating Behaviour of Anopheles stephensi] 


Tua successful eradication of screw worm fly from 
Curaçao and from the southern United States has created 
& great interest in the possibility of insect eradication by 
release of sterile males!. Even where complete eradication 
cannot be achieved, the method can still be used for 
limiting the population density of harmful species to a 
level where it ceases to be of importance. If this can be 
done for & certain of time in the case of vectors of 
diseases, it is possible that the disease-cycle may be com- 
pletely interrupted and the disease itself eradicated. 
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With this in view, we examined the possibility of the 
radication’ of Anopheles stephensi, the main vector of 
ialaria in southern Iran. This species has shown a marked 
mistance to DDT, BHO ani dieldrin’, thereby making 
ialaria eradication by the use of residual insecticides 
tmost impossible. The use of sterile males, we thought, 
way yield encouraging results and seemed feasible 
ecause: (1) they can be easily reared in the laboratory; 
!) the males and females can be easily separated in the 
ee E esami ae separating device of Fay 
Morlan*; (8) the males are completely harmless; (4) 
ae males are fliers—a flight- of up-to 4-3 
m has been recorded (Quraishi e£ al, 1902, date 
npublished)—and form big swarms for mating; (5) the 
mgevity of the male seems to be quite comparable with 
hat of the femalet. 
The mating behaviour of the female was examined first. 
“abelling’ the male with phosphorus-32 was found very 
onvenient for such investigations. This was done by 
saring the third and fourth instar larve in water oon- 
aining 10-20 uo. phosphorus-32/l. The emerging male 
xoequitoes were counted in fhe top shelf of an Ericsson 
saling unit type 12210. Their counts varied from 2,500 
o 38,000 o.p.m. The mosquitoes were then dissected and 
heir reproductive organs counted. Table 1 summarises 
he counta of males and their reproductive organs. 


Table 1 
_Males (c.p.m.) Reproductive organs (c.p.m.) 
1,500—4,000 TÉ—147 
4,000—6 ,000 
197—508 
11,000— 817—373 - 
30,000—88 541—741 
Melee giving a count of 7,000—13,000 were chosen for 
his iment and were kept with virgin females and 
amales which had oviposited ance. Bi females were 


rept with ‘unlabelled’ males. After 24 h the spermathece 
f all the females were dissected. The spermatheos of 
emales (both virgin and those which-had completed one 
onotrophio cycle) kept with ‘labelled’ males showed a 
ount of about 14-2 times the background. Background 
n this case was 12 o.p.m. The counts of the spermatheces 
raried from 17-5 o.p.m. to 25 o.p.m. 
Tho permets of the Panales kept with normal males 
lid not show any increase in count rate above the back- 


round. 

This clearly indicates that female’ Anopheles stephensi 
jore more dan occ an that Gini oan Do Ho veda ated 
easily by the use of ‘active’ males. 

We are carrying on further investigations on the 
easibility of using this method. 

We thank Mr. H. A. O. MoKay and Dr. M. L. Smith, 
orase renkor ana re ee ee 
JENTO Institute of Nuclear Science, for help and advice, 
ad Dr. Oh. M.-H. Mofidi for providing the adults and 
arve of Anopheles stephenst. 

Note. After having com this communication, we 
ead with interest the article, "Chemical Sterilization of 
fosquitoes”’, by Dr. Donald E. Weidhaas*, and feel that 
elease of sterile males coupled with spraying structures 
vith."Tepa' (provided the cost is reasonable and no health 
i&rards are involved) may provide an answer for the 
eradication’ of the species. i 


M. BAYEHD QURAISHI 
MARVYN ARTHUR 


CENTO Institute of Nuclear Science, 
Tebran, Iran. . 
Knipling, I. F., Sotence, 130, 902 (1059). 
Mofidi, Oh. ML H., Document IP. Cnet. Malar. and Parasitol, 
Tehran Univ., 1962). m 
Fay, È. W., and Morian, Harvey B., Moeqwito News, 19 (3), 144 (1060). 
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Identification of Early Labelled Products of 
CO+Fixation by Hydrogen Bacteria 
accumulating Poly-&-hydroxybutyric Acid 

Tira effect of the reductive pentose phosphate cycle in 
hydrogen oxidizing bacteria has already been estab- 
lished; the detection of early labelled organio acide* and 
of an unknown oom d, situated beyond the aree of 

te esters on , led to the assumption 
that other carbon dioxide fixation reactions might oocur 

Since poly-p-hydroxybutyrate (PHBA) is synthesized 
from carbon dioxide and water in h -oxidizing 
bacteria’, it became possible to investigate the fixation of 
carbon dioxide into this storage material by Hydrogeno- 
monas spec. 16 under controlled physiological conditions 
and excluding all side-reactians. 

The inoorporation of “OO, into different oell fractions 
was investi, with autotrophioally grown, washed cells, 
suspended in a dilute, nitrogen-free mineral buffer solution. 
After the incorporation time of 20 seo (30° C), 84 per cent 
of the totally fixed radioactive carbon was found in the. 
ethanol-soluble extracts. About an amount of 
radioactivity of this ethanol extract (11 per cent) was 
observed in both the steam-volatile and the ether-soluble 
fractions, while the bulk of radiocarbon (78 per cent) was 
contained in the extract after removal of the fractions 
mentioned here (in P-esters, amino-acids and sugars). 

The most intensively labelled compounds of the steam- 
volatile and ether-soluble acids of a 1-min i t were 
identified by paper-co-chromatography and by conversion 
into and separation of the corresponding hydroxamio 
acids: acetate, lactate, pyruvate, succinate, malate, 
fumarate, B-hydroxybutyrate, citrate, glutamate and 
a-alanine. Lactate evidently was an artefact, formed from 


positon constants, by co-chromatography with reference 
substances, and by comparing extracts of H: 
16 labelled with oarbon-14 and phosphorus-32 with 
extracts of Chlorella pyrenoidosa labelled with carbon-14. 
In Hydrogenomonas 16 phoephoglyoerio acid and hexose 
monophosphates dominated; ribose-5-phosphate, dihyd- 
roxyacetone phosphate, nucleotides and phoephoglyoolio 
acid were also found to be labelled. OAlorella showed coon- 
siderably more activity in phoephoenolpyruvate, triose 
phosphates and hexose diphosphate. 

When O-acetate was given instead of “OO, under 
storing conditions, the P-esters were not labelled, but 
§-bydroxybutyric acid and some other organic acids were 


- found to be radioactive. 


However, in autotrophically grown, washed oella under 
air incubated with “OO, in the presence of succinate for 
8 seo, the radioactivity first appeared in P-esters with a 
pattern typical for the Calvin cycle. Therefore we have to 
assume that even under heterotrophic conditions C-auto- 
trophically grown cells assimilate limited amounts of 
carbon dioxide via the Calvin cycle. 

When washed cells grown on succinate were oxpoeed to 
1400, under ory-hydrogen atmosphere for 9 8eo, phospho- 
glyoerio acid, hexose mono- and di-phosphates, and aspartio 
acid were very intensi labelled. same cells under 
air, exposed to “CO, in presence of succinate, inoor- 
porated “CO, mainly into malate, succinate and citrate, 
and, to a limited extent still, nto phosphate ester com- 
pounds. These observations show even cells grown 
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heterotrophically on succinate, but which were derived 
from a 0-1 per cent autotrophically grown inoculum, 
contain a carbon dioxide fixation system identical with or 
similar to the reductive pentose phosphate cycle. 
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Effects of Incorporation of lododeoxyuridine 
on Escherichia coll 


A vaRIETY of base analogues which are incorporated 
into deoxyribonucleic acid (DNA) affect the growth of 
mammalian cells, bacteria, plant and animal viruses. Tt 
has been shown! that thymine substitution by halogena- 
ted analogues is higher in thymine-leas than in wild 
bacterial strains. To morease the incarporation in wild- 
strains, inhibitors of thymidylio acid synthesis were used 
(aminopterin or sulphanilamide). The substitution of the 
natural base by the brominated analogue produces some 
physiological and genetical effects. It was demonstrated? 
that bacteria labelled with bromouracil are highly sensi- 
tive to ultra-violet irradiation. In some cases the replace- 
ment of thymine in DNA produced a significant increase 
of the frequency of mutations at specific locations of phages 
T', or T, (refs. 4 and 5) or in Salmonella typhimurium at the 
tryptophan D locus*. In contrast to the brominated 
analogues, the iodinated analogues of thymine were not 
thoroughly examined until now. 

To enhance the incorporation of iododeoryuridine' 
(IUdR) into a wild-strain of Kocherichia cols I used 
fluorodeoxyuridine (FUdR), a specific inhibitor of thymi- 
dylate synthetase. ia propagated in nutrient broth 
in log-phase were transferred into a minimal medium 
supplemented with 200 pg/ml. IUdR and 1 ug/ml. FUdR 
and grown for 8 h. In the presence of the fluormated 
analogue, 48 per cent of thymme was substituted by 
IUdR, while without FUdR only 18 per oent. Bacteria 
containing JUdR showed an increased sensitivity to ultra- 
violet light. This sensitization of micro-organisms 
labelled with IUdR to ultra-violet light was significantly 
lower than that of bacteria containing bromodeoxy- 
uridine. 

The resulting radiosensitization, expreased as ultra- 
violet dose ratio for identical survivals of normal and. 
analogue-labelled cells (dose reduction ratio), amounted 
to as much as 2-2 (48 mol per cent IUdR substitution) or 
3-4 (46 mol per cent BUdR substitution). At the same 
time the rates of mutation were estimated in the system 
from streptomycin dependent to streptomycin DE 
dent. In bacteria containing a large amount of IUdR 
(about 50 per cent) the frequency of mutations increased 


20 times, whereas in micro-organisms containing 15-20 . 


per oent of the analogue the number of mutanta waa 
increased only three times. After ultra-violet irradiation, 
the frequency of mutation increased significantly, but 
the rate of the increase was higher in the control culture 
than in that containing IUdR. After irradiation with a 
dose of 2,000 ergs/mm* the number of mutante per 
survivals in the normal culture was even 2t than in 
IUdR-labelled bacteria. This was presumably connected 
with the selection by ultra-violet light of IUdR labelled 
bacterial mutants. DNA isolated from bacteria containing 
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Utilization of Amino-Acids during Meta- 
bolism in Escherichia coli i 


Wri in the examination of metabolism and 
hydrolysis by soil bacteria of benzoic acid derivatives, 
amino-acids, and acylated amino-acids!, we have shown 
that there was a signifloant difference in strains of soil 
bacteria in their capability of metabolizing organic 
substances of different structures. We have now examined 
the metabolic activities of twenty-five strains of Kscheri- 
chia colt standard O group on the following nineteen amino- 
acids to be used as a sole source of carbon: L-glutamio and 
DI-aspartio acide, pi-alanine, D1-serine, glycine, DL- 
valine, pi-leucine, L-isoleucine, DL-phenylalanine, r-tryp- 
tophan, pr-threonine, r-lysine, DL-methianine, L-oystine, 
L-arginine, r-histidine, 1-tyrosine, r-proline, r-hydroxy- 
proline. 

The constituents of the culture medium used were: 
ammonium chloride, 0-1 gm; dipotassium hydrogen phos- 
Phate, 0-1 gm; orystalline magnesium sulphate, 0-05 gm; 
1 per cent crystalline calcium chloride, 2 drope; 1 per cent 
crystalline ferric chloride, 1 drop; DL-amino-acid to be 
tested, 0-2 gm (I-amino-acid, 0-1 gm; L-cystine and 
I-tyroeine, 0-02 gm); distilled water, 100 0.0.; pH 7-4~7-6 
(adjusted with 10 per cént sodium hydroxide). 

Special attention may here be directed to the following 
points: (1) All 25 strains grew luxuriantly in the synthetio 
medium containing alanine, aspartic and gluteníic acida or 
proline as the sole source of carbon at 37° within four 
days. This cultivation experiment was re three 
times in succession. (2) Of 25 strains, 19 were able to 
utilize serine as well as alanine. (8) The following 14 
amino-acids could not or only just be utilized by any of 25 
strains at 37° in four days: glycine, valine, leucine, iso- 
leucine, phenylalanine, tryptophan, threonine, lysine, 
methionine, cystine, arginine, histidine, tyrosine, hydroxy- 
proline. (4) The response of E. coli to histidine is worth 
noting from the point of view of phylogeny for Entero- 
baoteriaceae when considered together with the faot that 
some strains of Klebsiella, Oloaoa, Citrobacter, Hafnia and 
Proteus could utilize histidine as a source of carbon in our 

imi iments. (5) 8 essential amino-acids such 
a cou pu Gd ee T 
utilized by Z. cols. 

We thank Dr. H. Fukumi and Dr. R. Nakaya, of the 
National Institute of Health, for kindly supplying strains 
of E. cols. 
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Guanidine Conditioned Infectivity of 
Ribonucleic Acid extracted from a Strain 
of Guanidine-dependent Polio-1-Virus 

Ws have previously shown that -polio-l-virus, when 
ropagated in HeLa ocells in the presence of guanidine 
iydroohloride, oan become resistant to guanidine, and, 
fter & number of additional transfers, will become 
lependent on idine!-*. 

The work recorded here attempts to evaluate: (a) the 
nfectivity of RNA extracted from either guanidine- 
ensitive or guanidine-dependent strains of polio-1-virus; 
b) the influence of guanidine on the infectivity of such 

The RNA was prepared eessntially &ocording to the 
noethod of Gierer and Schramrf‘, except that the extras- 
ion was performed at 56° O. The infectivity of such 

was tested on cells pretreated with hypertonio 
aline solutions. Virus preparations, as well as viral 
ibonucleic acid, were prepared as follows: three-day cul- 
ures of HeLa cells were infected with 10* cytopathogenic 
mits (CPU) of either guanidine-sensitive polio virus or 
nrus which had become guanidine-dependent by 77 trans- 
ers in the presence of 200 pg guanidine hydrochloride per 
nl. After incubation at 37° O for 2 h, 10 ml. of mainten- 
ince medium! were added to each flask. In some cases, the 
naintenance medium also contained 200 pg guanidine 
iydroahloride per ml. The cultures were incubated at 
37° O until cytopathogenio lesions were clearly evident. 
Chey were then submitted to three oycles of freezing at 
— 80? O, and thawing at +20° O. Each preparation was 
livided into two portions. One portion was centrifuged at 
5,000 r.p.m. for 5 min, and the supernatant utilized for the 
letermination of complete virus by CPU titration. The 
jeoond portion was shaken for 10 mm in a 56° O water bath 
with an equal volume of phenol (Merck; peroxide free, 
saturated with water at 4° O). The mixture was briefly 
oled in ice and centrifuged. The upper layer was 
yxtracted 5 times with peroxide-free ether, and stored at 
— 30° O in small Petri dishes. 

HeLa cell monolayers were pretreated prior to infection 
»y successive washes with 0-3 M sodium chloride, and 
then 0-6 M sodium chloride. Immediately before infec- 
jion, the RNA tions were thawed, diluted into 
3 volumes of 1:2 M sodium chloride, and incubated for 8 
nin a&b room temperature in the oe or absence of 
L RNase per ml. (RNase: BDH, Chemical Division, 
Poole, England). 1 ml. of decimal dilutions in 1.2 M 
xodium chloride were used to infect the pretreated cell 
ayers. After 20 min at room temperature, unabsorbed. 
RNA was removed with 2 washes of 0:6 M sodium chloride; 
L0 ml. of maintenanoe medium (minus serum) were added. 
[he cultures were scored for cytopathogenio lesions after 
3 days at 87? C. All the cultures were by 8 
sycles of freezing and thawing as before, and cell débris 


Table 1 z 
3 by HeLa oola cultured 
Inoonla in absence in presence 
of guanidine of guanidine 
(BOO surat) 
Polo 1 10* 10* 
RNA from pol 1 guanidine-sensitive; main- a 10 
tino medinm wichenut ' 10° <10 
dom ; with guanidine [ 
hyärochlorido 100 Fam. = <10 <10 
dem ; In presence RNase; maintenance 
medium without <10 <10 
Polio 1 «10! 10* 
RNA from pollo 1 guanidtne xu d 
maintenance Siboni quaai»! <10 <10 
dem; mamtenance medium guankiine 
Hem ; In 100 PEN matntenanee s Mw 
; in presence ane; 
medinm with guanidine hydrochloride 100 
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removed by centrifugation. Virus production in each of 
the cultures was assayed by ining the OPU in each 
of tha supernatants. As shown in Table 1, RNA extracted 
from guanidine-sensitive polio virus was able to infect 
cell cultures and produce whole virus, as shown by the 
appearance of OPU. Guanidine hydrochloride inhibited 
the ability of this RNA to produce whole virus. On the 
other hand, RNA obtamed from guanidine-dependent 
virus induces whole guanidine-dependent virus only when 
guanidine is present in the maintenance medium. The 
lack of infectivity of phenol extracts treated with RNase 
confirms the RNA nature of the infective materials. 
These i clearly show that the guanidine- 
S p Anoe ot pO PEHE ee Tae Quen Manda UU ae 
A. 


"Experimente with guanidine labelled with carbon-l4 
are in progress to ascertain the possibility whether or not 
guanidme-dependent viruses incorporate guanidine. _ 
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Immunological Response of an Elasmobranch 
to Human Influenza Virus 


IwvasriGATIONS here- concerning virus infections of 
marine animals and of their cells in tissue culture indicated 
the need for an understanding of the immunological 

of such animals. To our knowledge there are no 

lished reports on antibody production in marine fish 

elasmobranchs or teleosts), -such investigations 

have been reported for fresh-water fish’. This paper 

represents & preliminary report on the production of viral 
antibodies in sharks. 

Three female 10-15 Ib. lemon sharks, Negaprion 
brevirostris, were injected with the PR 8 strain of influenza 
A virus (chick allantoic fluid, hemagglutinin titre of 6,400 
units/ml.) according to the schedules seen in Table 1. The 
resulta of hssmagglutination inhibition testa with sera from 
these animals, performed at room ture (approxim- 
ately 27° C) and using guinea pig red blood cells, are also 
shown in Table L they indicate that sharks are 
capable of forming antibodies to & mammalian virus. 
Heating these immune sera to 56° O for 30 min failed to 
reduce the ination inhibition activity. Both 
normal arid immune shark sera contained hgmagglutinins 
for guinea pig red blood cells as well as non-specific 
inhibitors in low concentration for influenza A-2 (Asian 
strain) and influenze B (Lee strain). The former could be 
removed by adsorption with guinea pig red blood cells and 
the latter by adsorption with kaolin without reducing the 
immune hemagglutination inhibition titre to PES virus. 
Immune shark sera also neutralized PB8 virus infectivity 
for chick embryos, as seen in the corresponding of 
Table 1. However, complement fixation testa with PR8 
antigen indicated that shark sera did not fix guinea pig 
complement. Indirect complement fixation testa have 
not yet been done. 

These investigations indicate the elaamobranchs can 
form specific heat-stable antibodies to influenza virus. 
Work is at present in progress to determine the effecta of 
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Table 1 BEROLOGIOAL TESTS ON SERÁJ-OF SHARKS IMKUNIKNED WITH 
IwrLvMEXA A-PRS 
Serum 
bod againtina- Neutralization index 
Animal ^ Time, collection Ihibi- at serum dilution 
No.  route* of in (days) tlon ittre 1:10 120 1:80 


8.0, 0 «110 1 — — 
0-5 ml. 8.0. 10 1:40 
0:5 mL 8.0. 


| 19 1:80 
+8 mL LP. 42 1:040 300 2800 >300 
E vu 13 
ys2x C. 10 120 
+2 mL Į P. : 
11 days 5 mL LP. 23 1:80 
B Odays2 ml. LP. 0 1:10 
10 days 2 x 0-5 mL B.C. 10 <io 
+3 mL LP. 
21 days 5 mL LP 23 1:40 
* 8.0. =snbortansous LP. = intraperitoneal. 
— = Koi tested. 


different routes, dosages and schedules of injection of PR8 
as well as other antigens. In addition to serological 
investigations, the present work includes chemical charao- 
terization of shark antibodies. 

Part of this work was carried out at the Lerner Marine 
Laboratory, Bimini, British West Indies. We wish to 
thank Dr. Robert F. Mathewson and his staff for their 
help. The work was supported by a contract from the 
Office of Naval Research, U.S. Navy. 

Note added in proof, Recent results indicate that the 
lemon shark is capable of producing hsmagglutingtion- 
inhibition titres of from 1: 6,000 to 1: 40,000 under 
certain conditions of dosage and route of injection. This 
work will be published elsewhere. 
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An Anti-Virus Action of Azaserine- 
Thioguanine In vivo 

Racmwr work on the tumour-inhibiting action of 
6-thioguanino (TG) has suggested strongly that porn 
inhibition is correlated. with the incorporation of into 
the tumour nucleic acids, and particularly into DNA. 
Pre-treatment of tumour-bearing mice with azaserine (AR), 
an inhibitor of de novo purine synthoeis, greatly enhanced 
the inhibitory action of TG, and this was associated with 
an increased incorporation of TG into the tumour.nuolsio 

acids)’, 
' From those results it seamed possible that TG, with or 
without AB, might have anti-virus activity, and some 
preliminary observations are reported in this oommunica- 
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tion. As a test system it was decided to use the virus dis 
covered by Riley e al.*, which causes an elevation of plasm: 
lactic dehydrogenase (LDH) activity by a factor of abou 
6-fold in infected mice. These authors showed that th 
virus wes present in many varieties of transplantabl 
mouso tumours and that it was readily transmitted b; 
inoculation of small amounts of blood or plasma take: 
from tumour-bearing mioe. The inoculated animals ma; 
in turn be used as souroos of virus. These observation 
have been confirmed and extended by many inveetigatore' 
One important reason for using the Riley virus-plaami 
LDH system in the present work was the readiness witt 
which virus activity oan be assayed by using the rise ir 
plasma LDH activity which occurs after the inoculation o: 
an infective dose. After inoculation, Riley virus builds uy 
very rapidly in the plasma after a short lag phase. Rowsor 
and Adams‘ showed that the plasma of mice inoculated 
with about 10* infective doses contained little virus 5 Ł 
afterwards, but that during the next few hours the plasme 
virus titre rose to about 10* infective doses/ml. 
Experimentally, groups of four mioe were inoculated with 
0-01 ml. of plasma taken from & mouse which had been 
infected four weeks previously with Riley virus. Fifteen 
minutes before the moculation one group of mice was 
injected intraperitoneally with 10 mg/kg AS. One hour 
after inoculation this group was injected with 10 
TG, repeated at hourly intervals for 6 h, and finally with 
two, similar doses of TG at 90-min intervals. Blood (0-08 
ml.) was withdrawn from the tails of the control and 
treated mice at intervals, and the blood from each up 
pooled, diluted in heparin salino, and centrifuged. Borial 
dilutions of plasma were then injected into groups of three 
mice. After seven days their LDH activity was determ- 
ined‘ and the results are given in Table 1 as high (infected) 
or low (normal). Five hours after infection the plasma of 
both groups of mice contained less than 10" infective 
doses;ml. After a further 2 h the titre of the untreated 
group had risen to approximately 10* infective doses/mL 
of plasma, while that of the treated group was between 
10* and 10‘ infective doeos/ml. Eleven hours after infec- 
tion the titre of the untreated group had risen to between 
10* and 10" infective dosea/ml. while that of the treated 
mice remained at around 104 infective doees/ml. Twenty- 
four hours after infection the titre of both groups was at 
least 101 infective doses/ml., which is considerably higher 


-~ than the maximum titre obtained by Rowson and Adams. 


This may be due to the use of a different strain of mice, or 
a higher initial infective dose. 

The resulta show that over the period during which the 
injections were given there was a large reduction in plasma 
virus titre in the treated animals. By analogy with the 
mechanism of the inhibition of tumour growth resulting 
from treatment with an AS-TG combmation it seems 
reasonable to suggest that TG is being incorporated into 
the virus nucleic acid to produce a non-infeotive molecule. 
Further experimenta are in progress to teat this hypothesis. 

The nine doses of 10 mg/kg TG given to the mice during 
the course of treatment caused a loss in body-weight of 
about 5 per cent, which was regained rapidly, and the 
mice appeared healthy and active at all times. 


Table 1. RILEY VIRKUS OONTENT oF SERUM TRON Normal (M) AND AS-TG TENATED (TG) MION AFTER INFECTION WITH 0-01 ML. or PLASMA FROM A 
PREVIOUBLY INFECTED MOUSE 


: Timo of withdrawal of blood samples (hours after infeetion) 
ML of plasma 5 7 1 24 

ín hi TG x TG x TG x TG 

0: +++ tT-— 
1074 +++ +++ 
107 2 +++ +++ 
101 +++ +++ 
10 sag = ~ 
10-*° Se ee ——— REM eae 

1o- FHT nea id 225 

10+ - --- —-—- 

10-4 --- --- + -—— +++ Tt- Ls 

10* --- --- +++ +++ +++ +++ 7 

101 --- --- +++ +++ 


of plagma were inoculated tnto 


of three mke. 


The plasma LDH activity of these antmals 


dilutions 
was determined seven days after inoculation. LDH acttvities in the individual mice are as normal (—) (non-infected) or raised (+) (Infected). 
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Very recently a reporb has appeared suggesting that 
doguanosine reduces by a factor of 10 the infective Rous 
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Reaction between Monocalcium Phosphate 
and Calcium Carbonate 
Wain an acid phosphate is applied to a soil containing 
aloium carbonate or mixed with lming material a reaction 
A esas ese io undue ie si d ee phe 


laced in a glass tube and a 2:5-om layer of monocalcium 
ihosphate (analytical grade) was placed on top. Air 
aturated water vapour was then passed down the 
olumn for 10 days. During this experiment the layer of 
elcium phosphate was seen to absorb moisture and a hard 
i-10-mm thick cake was formed at the of the calofum 
arbonate column. After ion of this cake from the 
‘alcium carbonate column it was found (by X-ray diffrac- 
ion analysis) to consist mainly of dicaloium hate 
lihydrate (about 80 per cent) and some calcite. 
‘The experiment was repeated with commercial granular 
riple superphosphate (49 per cent phosphorus i 
article size 2-4 mm) instead of pure mon phos- 
bato and the result was similar to that ‘with the pure 
ihoephate. ~ 
‘able 1. EATE OF EXACTION PETWEEE DRY TRIPLE BUPHRPHOSPHATE (TAP) 
xD Dar CARBONATE WHEN ABSORBING WATER FROM Momsr ÁIR 
mL X/10 Ba(OH), consumed por g triple 


Amount of TEP 
used (g) 1 day 2 days 3 days 8 days 
00477 28-2 2-0 e9-7 74:3 
0 -08608 40-0 64:8 68:3 70-1 
0-0002 38-6 60-6 68-1 660 
ioan 388-9 a212 670 70-1 


In a second experiment the evolution of carbon dioxide 
‘esultang from the fi ing reaction between monooalcium 
j»hosphate and calcium oar Ca(H,PO,), + Oa00, + 
H,O+20aHPO,.2H,0 + CO, was measured as a function 
of time, sq este miocro-diffusion flasks!. The small 
vessels were -filed with dry calcium carbonate and a 
mown weight of dry triple superphosphate (49 cent 
2 orus pentoxide, particle size 2-4 mm) was p on 
the surface of the calcium carbonate. 5 mi. N/10 barium 
hydroxide was measured into each of the flaske, which 
were kept at laboratory and the unused 
barium hydroxide was titrated with N/10 hydrochloric acid 
at intervals. A blank with no ph te was included. 
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The' results -of this experiment, as ml. N/10 
barium hydroxide used per 1 g triple superphosphate, are 
iven in Table 1 and indicate that the initial reaction 
loading to the formation of dicaleium phosphate termin- 
M nding Ordo E t supports the assump- 

The ing of the experiment su 
tion of Lehr e£ al that the monocalaium phosphate in 
fertilizer granules can absorb sufficient water from the 
vapour phase for complete dissolution. Tho formation of 
dicalotum phosphate dihydrate by reaction between. 
calcium carbonate and the acidic solution from monocal- 
cium phosphate is also in agreement with investigations at 
Tennessee Valley Authority®*. The length of the period 
required to complete the reaction (Table 1) corresponds 
well to the time needed by tablets of monocalcium phos- 
phate to absorb enough water from saturated air for 
mmplete hydrol rat 
i» wees B. Langan 
i D. J. Paston* 
. IxcA-Lisa Svansson t 
Department of Soil Science, 
Levington Research Statian, 

Ipswich. 


ML, TR. Brown, WB, and Brown, B. H., od Sol, Son Amar. Pre. 
3 (1960). z 
1 Huffman, A. O., Pres. Fert, Soc. London, 71 (1963). 


Soll N Accretion under Different 
Covers in a Tropical Rain-Forest Environment 


Ix the course of an investigation! of soil fertility-levels in 
iculbure farm at University 
) nitrogen accumulation 


yer, high in organic matter, was removed in the process 
1) stargrass (Oynodon yus); (2) no vegetation; 
) a mulch of speargrass (Imporaia cylindrica) renewed 
about once a month in the wet season; (4) tropical kudzu 
(Pueraria phaseoloides); (b) regenerated bush. With the 
exception of the mulehed plot no plant material was 
re sed from, or added to, the plota ab any time, Annual 
rainfall at the site was as follows: 59:8 in. (1957); 39-2 in. 
(1958); 45-1 in. (1959). Loases as a result of leaching and 
ins in rainwater are not known, but published figures 
indicote that the net ins or losses due to these factors 
are likely to be compared with the differences 
in this communication. Under ical conditions 
losses by leaching may be 15-86 Ib.? and itions in rain- 
water and dust 4—50 Ib.* per acre annum. 
Soil samples were taken to a depth of 16 in. in January 
1957 and December 1959; the two sampling sites on each 


- plot were 4—5 ft. 


apart. 

Table 1 shows the total nitrogen contenta of these 
samples. In converting nitrogen percentages to Ib./acre 
it has been assumed that an acre-6 in. of soil weighs two 
million Ib. Differences between the values for the 1957 and 
1959 samples give a measure of accumulation or loss of 
nitrogen over a period of about three years. x 

Striking differences are apparent in the legume and bush 
plota, increases of 770 Ib. and 640 Ib. nitrogen per acre per 
annum respectively having occurred in the 0-16 in. layer. 
In the case of the legume, which was well-nodulated, most 
of this increase may be attributed to symbiotic nitrogen 
fixation. Lie cdsip dinge Ebrei ni p pie 
two or three times usually anticipated under either 
tropical or temperate legumee, although in New Zealand 


en 
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Table 1. EZELDAHL NrrkOGNN AND CARBON : NITROGEN Ratios OF Som UNDER Fiya DIFIXXENt OOYNR TEXATKEXTS AT IBADAN, NIGERIA 
Oover 
Boll Baro Muloh Stargrass i Tropical kudxu Bush 
depth Jan. Deo. Differ- Jan. Des. Difer- Jan. Dee. Differ- Jan. Deo, Differ- Jan. Deo. Differ- 
(im) 1957 1960 ence 1087 1950 ene mee ee ones 1067 1969 ence 1057 1959 eno 
0-4 96 13 +27 127 164 +37 198 285 +37 150 283 +133 211 941. +130 
4-8 67 76 +9 113 123 +10 91 152 +61 76 100 +24 aa 112 +30 
8-12 71 66 —5 84 B4 0 88 es —25 53 87 T94 57 91 +84 
12-16 72 73 +1 71 74 +3 73 55 —18 45 -` 85 -+40 76 7b —1 
0-316 3806 338 +82 395 445 +50 450 507 +57 334 555 +231 426 610 +108 
$ Carbon : 
0-16 74 71 738 8-3 83 8: E 9-8 81 84 86 
symbiotic fixation of 600 Ib. nitrogen per acre per annum added down to the 16 in. depth by excretion or death o 
has been reported‘. It is perhaps significant also that the roota. 


The increase in soil ni 
what lower than that in 


the greatest nitrogen-flxing activity, presumably by free- 
living micro-organisms, was in the litter and surface soil 
layers where very rapid turnover of organic matter 
occurs. 

In the abeenoe of a statistical estimate of error too 
much emphasis should not be placed on the smaller gains 
of nitrogen reported for the remaining three treatmenta. 
On the mulched plot, of course, nitrogen has been added 
in the mulch and this is reflected in higher values for the 
1959 samples. The apparent acoumulation of nitrogen in 
the 0-16 m. layer of the bare plot, amounting to 110 Ib. 
per acre per annum, may or may not be real. Most of the 
increase occurred in the surface layer and the possibility 
of non-symbiotic fixation by blue-green algae cannot be 
excluded. These are commonly observed in the tropical 
rain-forest region on bere soil surfaces when the latter are 
moistened (cf. Lawson’). Fuller e£ al.” have reported that 
soil crusta containing blue-green algae showed increases 


in nitrogen of up to 0-04 per cent in four weeks. Fixation 
of this i /oould account for increases of the order 
mentioned here. 


The grase plot showed an increase in nitrogen in the 0-16 
in. layer amounting to 80 Ib. per acre per annur more than 
that in the bare plot. Non-symbiotic fixation has very 
likely made a contribution in this instance as it haa been 
shown in a greenhouse experiment with a similar soil that 
kd arena of grass stimulated nitrogen fixation!*. It 
should be noted, however, that the upper 0-8 in. layer 
showed an increase of 980 lb. ni per acre over the 
three-year period while the 8-10 in. layer showed a decrease 
of 410 lb. per acre. This suggeete some, at least, of 
the nitrogen accumulation in the surface soil layers under 
' the grass was due to the redistribution of nitrogen in the 
profile. Obviously care must be taken in the interpreta- 
tion of nitrogen increases in soils under grass if o y the 
upper horizons have been sampled. 

t is probable that the same redistribution mechanism 
was operating in the other plota carrying living vegetation 
a8 no nitrogen &ooumulated in the 12-16 in. layer of the 


bush plot. In the legume plot this appears to have been . 


masked by symbiotic nitrogen fixation, nitrogen being 


rec s Cee Dé uvolved in tio veasteted ples 
is the release of fixed ammonia in the lower parts thi 
profile and ite transfer to the surface via vegetation. Thi 
suggestion is purely speculative as little ia known of thi 
quantities of flxed ammonia preeent in tropical soils, o; 
ite significance as far as plant growth is oonoerned. Ar 
appreciable proportion (14-78 per oent) of the tota 
nitrogen in some British Caribbean soils has been reportec 
to consist of flxed ammonium nitrogen", and it is knowr 


that-enormous quantities of are present ir 
igneous rocks". Under tropical itions, in particular, 
where weathering frequently extends to & considerable 


depth, the release of this nitrogen may be important in 
plant nutrition. 


man ei a]. with te 


fixed ammonia by weathering. 

Tt is intended that this experiment be followed by similar 
experiments, involving ed plota, adequate replication, 
periodio sampling over.a long time, and repetition at & 
number of locations in different ecological zones within 
Nigeria. . 

E E. O. JarvxBo 
Faculty of Agriculture, 
University of Ife, 
Ibadan, Nigeria. 
A. W. Moors 
t of Soil Science, - 
-University of Alberta, 


« F.S. J. Soi, Tech., A, 35, 30 (1083). 
Proc. Eighth Intern. Grassland Cong., Seas. 5, A6 (1000). 
Pub. Inst. Nat. Agron, Congo Beige, Bor. Bal., 
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FORTHCOMING EVENTS 
(Mesinge marked with an acerish are open to the public) 
l Monday, January 21 


ROTAL GROGRAPRIDAL BOGUETY (at 1 Kensington Gore Qore, London, S-W.7), s 
p.m.—Mr. pese ole: “Hxploring the Roman Fenland 


aei Meu MLmOTRIDAL HEÓIENERS, paie Drvumox (at 
Place, London, W.O at 5.90 p.m.—Dr. P. O. Olemmow: “Mag- 
conydrodynamis Waves in Ionosphere”. 


INFTUTUTR OF MUFTAL FINISHING (at tho Northampton Oollege of Toob- 
bo Bt, Toan Btrest, onder, XL0O.1), at 6.15 p.r.—Mr. B. H. Bunce: 
of Hiectroplated . 


OumaiwrEY, LONDON SECTION Suoro (at Tnfeld Technical 
Ponders Bd), a 7 pm. —Dr. A. G. Maddock: 


Tuesday, January 22 


nr Stet, i or or NE (n e 


ROYAL.IN"TTTUTS OT 
Queensway, 


Anatomy Theatre, University 
ie aois DE A. D. 


Umrvx&grTY OF LONDON the Imperial College of Belenee and Ted. 
logy onion, BW P), at B0 p Pr, . Gaydon: Appiano 


aturo). 


D eg e LONDON (4t bë Se Tondon Bhool: of 5 ns Tropical 
een. Koppel Riroot London, W at 5.80 p.m.— 
vf. KE B. ; SR Meo Deniual Le Divas. of twelve 
»*ures on “The Basis of Medicine” by the British 
xigraduate Modica] F: ) 

Boomrr oF OHEXIOAL INDUSTRY, PLASTICOS AND POLYMER GROUP (ai 
. Belgrave Square, BW) cab 6.20 erate H. Batar (Baale): 
Jycloaliphatie 


INSTITUTE OF M i (a pui 
Mb, to, London, B.W.7), at 15 p.m.—Mr. 


Wednesday, January 23 


EE OT LODOS e tho Postgraduate Medical Schoo! of London, 
W.1%), at 23 p.m.—Dr. K. L. Goldamtth: “Anti 
and Leueooyies".* 


iutomologios] Botte ir Queen a 


"ia io Palais ed 

F MLBEOTRIOAL MXGIKENES, POWER DIYISION (at Savoy 
aham. acor iden WO) a SAO Gao pe rH Borat end ME G. 
mioonductor Reotifer”, 


E OF RADIO HXGDNENRS, Soe GROUP (at the 


Ergo DN 
mot, Laan, M. orte Mann Eoo Diode e 


INFTTUTOK OF MBOHAXIDAL HNGIKENZS 1B Walk, Wesi- 
tpt, London We), Ab 6 pu E Moma xi A. Construction 
NE Rer Large Tankers in Japan" iniu nde ae E 
SodnrY or OHENMIDAL IND Belgrave Spee, Lenton, BWT 
yernical Group, oap, af Ut Belgrave wo 
ie E da ) 
ROYAL INSTITUTE OF OGEMIRTEY loma Peta (e oin with 
© BLoUGH OoLLBGR Scuurmo Boomer, at Slough of 
RS: “N Y Hydrocarbons”. ' 


Thursday, January 24 


UxivmzsrtY OT LONDON the Anatomy Theatre, Untversity ee oe 
ower Strect, London, W.O. ), a$ 1.15 p.m.—Mr. A. P. Cavendish: 


phy as Hitoal". 

or ( Burlington House, Pjeoedilly, London, 
1), —Dr. 0. G. Johnson: “Inseot Migration, Dispersal, and the 
cae" T Mu. m B. Lacey: Discovery of 


H “The 
riarum in Britain"; Dr. R. R. Davies: “Studies on the 
ur Berane dip 


a N.W.3) af 5.15 (a rot IL. Balsay: Rinvontary Part: 
m. 
Me na] Doa 


aE Btreot, lavet. London, W:O), Ars 
‘Structural Türonibosis". € (Fifth 


Friday, ae 25 
ROTAL ASTROWOMIOAL BOCINTY (at Burtington House 
r1), af 415 
A at 4 $ pm Geophysical on “Long Bea Waves”. Obair- 
UnNivensrry oF LONDON (at the 


ton, 1 Ue BIB prn Bie Richard van der Bies 
The Bire Galaxy”. 


the 
ROTAL INSTITUTE OF OHENIFMTRY, LONDON RECTION 


E 
abora! Lensüeld ai 8.80 p.m.—Mir. D 
ont Road, ey p.m. G. himan 
Saturday, January 26 
ASBOOLLTION of Botany, Untver- 


BYNTEXATIOS 
iy, Edgbeston, 
axonomy 


ab R10 pe Meeting on “The Place cf 
in the Teaching of P biga P 


(u^ NATURE © 


Puastios INETITUTS, Prasa GROUP (at the Welleome 

B Huston Road, London, N.W.1), at 4 p.m. 

ton House, Ploodilly, London, W. Co Bee onere. Ju tht Otu 
io Institute, "ns D the Chemical 

endi on ie di 


Bled, Lond, W.O CD, af a T pae fur D. 3. dime 


APPOINTMENTS VACANT 


APPLICATIONS are invited for -the following appointments on oc before 
mentioned: 


the dates 
AmawrawT OHTA IXEFROTOR (with a first- or second-class honours, degree 
ETE ring, and Leg of. an 
a rà rer, io as carp) of minos the Inspectorate 
problema In alear ahemtsiry, nd rib 
The Otvil 17 North Audley , London, 


.l, quoting Ref. 8/5613/63 (January 81). 

LEoTUXNR IN Puywos The Beguirer, King’s College (University of 
Lonin). Strand, London, W.02 (fanuary $1) 
BENOR or ÀNKINTANT LROTUREX IN MATAEKATIOS 
Btanmer House, Btanmer, Brighton 


—The strar, U of 
(Jannary 
` p»oruxxss (2) © DEPARTMENT OF PHYSIO&—The 
Badeze Univer Colleg of Bout Wale and Cathays 
Oardiff (February 2). 
LECTURER Or ( two OmmiasTRY— 
The Registrar 22, O.R.B.), The Univerzity, (Eobruary $) 
THE OF os— The 


a 
) Is PHYEIOS AND MATHEXATIOB at A 
, Victoria, Australta—Counoll for 
for Overseas 12 Linooln's Im Fields, London, W.0,2 (February 5 
LECTURER Brooumxiur&Y— rhe Seereary of University Court, 
Untveraity, (February 7). 
R3ADER erably with a higher degree and 
) IK FLUIDS AND HYDROLOGY IN AETMENT OF CIVIL 
@—The Clerk to the Governing y, Baitersea 
Teehnology, London, B.W.11 (February 8). 
and an LECTURER IN PHYMON—The Registrar, 
The U , Sheffield (February 9). 
or IN THE DEP 


AETYXEXT 
MATHNENATIOB AND MATHEMATICAL The Registrar, U 
goleg af Beret Walse and MOR eee ORUM Barx, er 


in soil or rook Becretary, Univecalty 
College, Gower Street, W.0.1 (February 14 
READER IN at Mary 
, Untveratty of London, Benate House, London, W.C.1 (F 14). 
THR AETXENT OF BI 


either logie t ie Ue am Paari The Registrar 
The Universtiy fe ploen ei ee aj j 


LECTURER IE PUER MATHEMNATIOS at 
gy ke i is 
British 


Won Geeun T i 
CHATE O| T PART in tho Bhool of Biclogeal Bienen a$ Kina’s College 
University of London, Senate House, London 
E EO QNNM 
lw) IN THE 
.), The Untver- 


Lgorvaxa rx, Pare at te Univer of Tesmanla 
, Association of Universities of the British 


320 


(prno Om 
Op martbaroogh House, Pall Mall, London, 8.W.1 (Australis. 
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ere Samos ae liems as Gorea Maey Oria: Siu 


Registrar, The Univeral 


Academis 
of London, Senate House, London, W.0.1 (F'ebru- 


OF OIYIL HNGIKXNRIKG— The Secretary, The Queen's Universtiy, 


pow 


N. Ireland 28 
Fobruary 28). 


Pune MATHEMATIOS—The Master, Hmmannel 


pidge larch SUL Cic witht ibali ven to Antmal 
‘erence 
pALQOTUREE rw AGRICULTURAL Gi The Secretary, Wye Oollege (Untversity of 


cipal, Hoekerll Q B [r4 Herta. 
College, B ru onil eri 


AND HDUGATION—The Prin- 


af ag ee Bt. John’s, 
Newfoundland, P d 

UIT (honours graduate) for bario considerable human 
interest the physics of respirable d 


ust ed its measure- 
Otter (i650), uana Basearen Sad 


ades. P , eed re 

Piawt BREEDER (22-45, with a degree tn natural science and two years 

Bit of C M ES EET EY: ) m ihe 
Kenya work as a member 

Team wheel Director of Recrutnent, 

Deparüneni of Technical Oo-o ; Bmtth 

Street, London, 8.W.1, quoting Ref. 0.1/R0.218/80/04 

PRINOIPAL LECTURER (well qualified with soand 

Fee tne SIBERY-- LI Aosdemlo Rogsirar, à College 

òf Technology, TUE Horta. 

westüeld College (University of London), Hampsiond, Lemdu, NOW Ro 

VIGB-PRINGIPAL— The Secretary and Registrar, Bnatol of Belenos 

end Technology, Ashley Down, 7, quoting Ref. OST. 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 
Great Britain and an 


Bo ne tor Sieg 


By Douglas Guthrie. Top. AO plate, (Hd (Edinburgh: The’ Royal Boss 


London County Council. tifo Braneh. 

dE e EE Aa wer for Ho roar, 199]; Pp. 71. o 
Briss Atari (formerly Falkland dencies - 
vey 


Series). No. 29: 
HAL 8 


Btation (Beoand 
in Buil 1: Properties and Uses. Pp. 6. (London: 


Museum (Natural ). VoL 2, No. 12: The 
Raven. Dol Eod 


Himala. By P 
.v SNo. M No. 10: : The Hdeniifostion of 


Ed i1 Q0 plato plan 19 Boe KO ET s 


By P. H. Greenwood. To air late 1. 2604. Vol 9, No. 5: Kote 
fc tube of m Hebridean Land Land Snail. By alan Alan Solem 
215-247 + Dani T. 165. ol. P No. 0: Obearvations on th 


oteront, an an Order of Telecst Fishes. B Marshall. 240-270 & 
VoL 9, No. 7: Darwin’ Bpecimons N. p. Maraball. Pp. 2 


of emphritit: 
Br J. ECCLE pts 1-10. 20s. (London: Bros 


Other Countries 


Du nere M ere P 2. E Cag? 
une, 0. 


Report of the Trustees of the Apud Arts 
Wis yoy, for the year ended Min Bogen, T 24. (Gruner 


ards—C. Instrumentation, 
Md Pp. 1t + 42. ashington, D.O.: Government Prn&ing , 1002 


oenta. 

Food and Agriculture of the United Nations, FAO 

Technical Paper No. 19, Vol. 1: World List of 
1 e and i MSIE Prepared arel, Dy TA Dtvisior 
lology Branch. (Rome: Agriculture Organizatio 
of the United Nations, 1062.) [261 
de Diamantes de (DIAMANG). Servicos Oulturan 
useu 


1962.) ' 301 
Bothi Australa, t Pedy Qut ant Ypa fe, 
SS pata. t Adelaida? Indis o 

Australis: oui nus a 
tion. SES BOM Mo. 2o: The Ohemiiry iùd Minorälogy of Latorii 
Bails in the Boath-West of Western A By a. G. N.L 
M. MoKenzie and M. J. M. : Common 


Federation of Malaya. Annual 

Research for x 1090; . Vit184. (Kuala Lumpur: Institute for Medics 

Research, 1902.) 2.50 Danara- 301, 

Annals of the New York Academy of Solences. VoL 99, Article 8: 
Oonferenoe. B John M. Converse, Blair O 


fn Oiinicel 
&nd 17 other authors. Pp. 1-180. (New York: jew York Academy o 


de l'Institut National pour l'Htude Agronomi an Cone 
egi RR Taltération des Roche ot la Formation 
Sols au Kivu epobliqua du : 00+ Bå Photo Oiriieliee: Inst 
DEUM L. Vielvoyo ot .J. 90 + 38 Photos. (1Xruxelles: 


que du Congo, E francs. [301 
for Northern Binds Ur University of Saskatchewan. First Annus 


Institu 
Report, 1960-1961. Beoond Annual 1961-1902. .1? 
(Baskatoon, Canada OUR: adu for Northern Anant Barlios. "Tho Univer, 98 
United States Department of the Interlor: Fish and Wildlife Service 
of Oommercial Wishery Buletin No. 108: Atlas of th 


Ooeanographio Climate of the Hawauan Islands R By AERE 
+ 371-428 oents. Fishery B No. ` 
ment of and Y Larve of Yellowfin Menhaden. By John 


4 

paaa Btala Dopartmant of tho Interior: Fish and Wildlife Berviot 
(roseo pe Mer ve a Fisheries, Fishery Bulletin No. 207: Pompano 
Fislds. “Bp. ) of South Atlantic Coast of the United Btates. eed 
da. $E M n bef mor No: Effect c 


a 

tieng an R. Pugh. Pp. iv-- 273-234. 15 omi: 

N American Balmonidas 

Board of Oanada. Buletin X 199: RS 
0. 

Noa fry M 


2 dorlari: iU 

Indian Forest Bulletin (New Series) —Ento No. 171 ("s A 

of Insect Pests of F ER Adjacent Oountrie 

fArrenoed Alphebohoally According to the Plant Genera and Species, fo 

Use of Forest Officers), Part 8: List of Insect Pests of Plant Genera ''P^ 

to "E" (Paedsria to Rumes). By B. N. Mathur and Balwant singh. Pp. 180 
of Publications, 1060.) Rs. 16.00; 25s. [41: 
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ANNOUNCEMENT 


A new British Company presents the wide range of laboratory equipment by Jouan of Paris. 








SJ SCIENTIFIC TECHNIQUES LTD. 


9, RELIANT WORKS; BETCHWORTH, SURREY. 


No. | THE BONET-MAURY 
BIOPHOTOMETER 


For continuous recording of optl- 
cal density changes In culture 
medla—up to slx samples at a 
time. 





A recent evaluation Is given In : 
‘Metabolism of Resistant Mutants of Strepto- 
coccus faecalis—iV. Use of a Blophotometer in 
Growth-Curve Studies’ by M. Katharine 
Coultes and Dorris J. Hutchison, Journal 
of Bacteriology (U.S.A.), Vol. 84, No. 3, pp. 393- 
401, Sept. 1962. 


Write for detalls to : 


In association with Metallurgical Services 
(Planned Products  (Metallurgy)) Ltd. 


TELEPHONE: BETCHWORTH 2686 





£500 A YEAR TAK FREE 
FOR YOUR FAMILY 


The Equitable offers you a special plan to protect your family's 
future at the lowest possible cost. Should you die within a 
period of 20 years your dependants will recelve £500 & year 
tax free for the balance of the period. 

You only pay premiums for 15 years and if you aro 29 now 
tho cost is as little as £18.5.0. a year—about 7/- a week. The 
premiums for larger benefits are in 

_ Tbe Equitable offers attractive terms because it bas no 
sharcholders to take any part of the profits and pays no com- 
mission for the Introduction of busmess. 


THE EQUITABLE 
FOR A BETTER DEAL 


Egurr A 

Pee mle i deni af i luc Bede 
f l 

I 

l 

l 

l 

l 





CYGNET meets the 


demands of science 





EPER CI a I ey AOA 
het ar meny oi Tia country’s most important laboratories. 
and versatility of 
contribute ty the maxim clency of our installa- 
furniture 


CYGNET JOINERY LTD 


HIGHER SWAN LANE - BOLTON 
TELEPHONE: BOLTON Gil (9$ Anes) 
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OLASSIFIED ADVERTISEMENTS 


are charged at 12x. for the fiut Tine and 
Ga. per ime thereafter. Lines in caphals or 





APPOINTMENTS VACANT 


KWAME NKRUMAH UNIVERSITY 
OF SCIENCE AND TECHNOLOGY 
KUMASI, GHANA 

Tn DEPARTMENT OF PHARMACY 


Lecturer: £6.1,050 by £6.50 to 
EID b7 00.2 1089 1,850, £G.1,900 
vor Lecturer: £G 1,750 by £G 75 


Lecturer: (Contract) £G.1,385 by 
£0 66 to £O LAS by by £699 to £G.2,442, 
£G.2,508. 


Children's allowances are paid in respect of ex- 
Patriates up to a maxmmum of five at the rac of 


ebore-menti 
iine than Febeuaty 15. 1963. 


TEXAS TECHNOLOGICAL 


COLLEGE 
LUBBOCK, TEXAS, USA 
The Physics Department of Texas Technological 
College vies apphcanoms for appomiment at 
tbe rank of Awmant Professor and above These 
inciude a comb«unanon of teaching and 





the names of three 
ref should be sent directly to Professor 
H. C. Thomas, Department, Texas Tech- 





BANGOR 
mvied for the post of Pro- 
fessor and Head of the of Phynce. 


Tbe appomtunent will date from October 1, 1963, 
and the salary wil be not less than £2,600 per 
annum, with superaennuanuon and famiy alow 
ances. 


Ten copes of the appbcation should reach the 
from whom further 





AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF LAND RESEARCH 
AND REGIONAL SURVEY 


SOIL SCIENTIST 


Applications invited for appointment to a postion of Sod Scitht with the 
Orsanmation's Drvaioa of Land Research and Regional guncy, located at Canberra, A.C.T. 





Research Engineers 


-Research Chemists 


QROUP LEADERS 


A re-organiauon and expanmon of Research and Development 
Celulose 


Street, London, S.W.l, England, or reply m confidence to 


COLUMBIA CELLULOSE 


COMPANY, LIMITED 


1030 West Georgia Street, Vancouver 5, B.C. 
Attention : Director of Research and Development. 
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CONTROL OF WATER SUPPLY AND 


P un eed ue E a e M 
the House of Lords last February, when the Man- 
chester Corporation Bill proposing to take water for 
Manchester and south-east Lancashire was rejected, was 
not entirely due to the amenity aspect and the defeat of 
an attempt to intrude on a national park. It was also 
due to the wider issues of water supply generally and the 
possibilities of alternative sources of supply. The Man- 
chester submission as to the need for extra water supply 
had been carefully prepared and was fully supported by 
the evidence of the Committee on the Growing Demand 
for Water in its first, second and final reporte. Since then 
a technical committee of water engineers has been studying 
the present and future water demand in the Manchester 
region and the possible sources of supply, and another 
group, including representatives of the Lake District and 
of water users in south-east Lancashire, has been exam- 
ining the amenity aspect of various projects. 

In the meantime, however, the national aspect of the 
whole-problem of water supply and conservation has come 
to the front, and the particular issues of Manchester and 
south-east Lancashire, and Ullswater or Windermere seem 
more likely to bo considered, as they should be, in the 
national context. The Proudman Committee had already 
presented its final report, in December 1961, when the 
debate was held, and shortly afterwards, in April 18682, 
the Government published its proposals in a White Paper, 
Water Conservation in England ond Wales (H.M.B.O. 
Omnd. 1698). This was debated in the House of Lords 
on May 23, and later the Government produced its Water 
Resources Bill*, which received a first reading in the 
House of Lords on November 22. E 

The White Paper seta forth very fairly the background 
against which the Government had desided that the 
rising demand for water for domestic, industrial and 
agricultural use would require action over a wide front 
and had been led to extend the terme of reference of the 
Sub-Committee inquiring into the situation. The Bub- 
Committee's.final report convinced the Government that 
comprehensive action to conserve water resources was 
urgently required, and, in particular, that a new approach 
was neoded to the whole problem. The Government 
&ooopted the recommendation for the establishment of 
river authorities throughout England and Wales, to be 
responsible for water conservation and also for the funo- 
tions now performed by river boards. Moreover, ib 
accepted the need for a central authority distmot from 
the Ministry of Housing and Local Government, but 
responsible to the Minister, to collate information about 
water resources on a national basis and to secure and 
eo-ordinate the promotion by river authorities of major 
conservation schemes, particularly schemes to transfer 
water from one river basin to another. 

As to the size of the river authorities, the Government 
agreed with much that the Sub-Committee had to say 
regarding the advantage of a small and compact body. 
However, because much of the income of the river 
authorities, particularly for land drainage functions, will 
be raised by precept on local authorities, the Government 


* Water Rescuroes vic 122, : T 
1902) Ga. net. | Bil. (LL) Pp. x+ (London: H.M.8.0. 
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Agriculture, I 
responsible for land drainage and fisheries aspects and 
the Minister of Housing and Local Government for water 
conservation and prevention of pollution aspects. 

It is to be regretted that the amenity aspect wes 
completely ignared in the White Paper, for inasmuch as 
the Minister of Housing is responsible for national parks 
it should be carried out by him. However, the same 
Minister is to be specifically charged with appointing & 
small central authority to build up & national picture of 
water resources and i determine where 
alternative supplies are best available, advise on capital 
investment and initiate research. This central authority 
is to be concerned with water conservation only but, 
although primarily an advisory body, ib will have powers 
to control the fact-finding activities of the river authorities. 


When these 
Lords on May 23, Lord Silkin, who had begun by stressing 


found wide support in the debate and the advisory ohar- 
soter of the proposed authority was alao oriticized, the 
preference on balance being for a body with executive 
powers. The question of amenities was raised by Viscount 
Colville, Lord Chorley and Lord Walston, who urged that 
this aspect should be considered from the start and 
required decisions at a national and not & local level. It 
was also urged that statutory water suppliors should be 
more ready to provide non-potable water to industry. 
In replying to this debate, the Parliamentary Secretary 
to the Ministry of Housing and Local Government, Earl 
Jellicoe, claimed that a consistent national water policy 
had been pursued since the publication in 1944 of the 
White Paper, A National Water Policy. He pointed out 
that the present paper showed that the Government 

the view of the Proudman Committee that 
it should nó longer be left to individual initiatives to 
develop Britain's water resources saooording to their 
separate needs. Comprehensive action was urgently 
required as well as a new approach, and this for the first 
time was proposed in the White Paper. He also added 
supporting, the large expenditure involved being met 
from fees and charges from all extractors and users. He 
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"suggested that the Government still had an open mind 
as to the number of authorities, but he strongly defended 
the view that the new central authority must in the main 
be advisory. _ / 

Earl Jellicoe oonfirmed' that the new central authority 
would have power of initiation and that its propoeed 
responsibilities were those detailed in the White Paper, 
but on the question of research, which had been men- 
tloned by several speakers in the debate, he laid particular 
stress on the part which the central authority might 
» -haye to play. It would be difficult, he thought, to over- 
‘trees the importance of research into all aspects of water. 
As visualized at present, basic research would remain 
the responsibility of the Hydraulics Research Station, the 
Water Pollution Research Laboratory at Stevenage, the 
Meteorological Office, the Geological Survey, the Water 
-Regearch Association and other existing bodies. How- 
ever; he pointed out that a special Hydrological Research 
Unit had recently been established under the wing of the 
Hydraulics Research Station and suggested that the new 


" authority would be represented on the Co-ordinating 


Committee on Hydrological Research, and besides com- 
missioning basio research the new authority would stimu- 
province of the new authorities. For these reasons the 
new central authority would require its own permanent 
staff and the services of men with a wide range of 
technical and professional competence. 
. There is obviously room for some discussion as to the 
effectiveness of the proposed organization for research. 
Apart from possible overlapping, the division of respon- 
sibility does not appear to be by any means clear, and 
although two at least of the bodies concerned—the Council 
for Scientific and Industrial Research and the Nature 
Conservancy—are responsible to the Minister for Science, 
the position of the latter was never mentioned. Earl 
Jelliooe was clearly hoping for a good deal of voluntary 
agreement, but on the amenity issue he himself said very 
little—the record of his Ministry as a oo-ordinating 
authority is not at all encouraging in this context. 
These points were not discussed further in the debate 
:on May 28, nor was the question of such alternative 
sources of supply as the use of sea-water mentioned. 
- Hotvever, when the Water Resources Bill received its 
second reading in the House of Lords on November 22, 
this aspect and the question of research were repeatedly 
stressed. In introducing the Bill, Lord Hastings directed 
attention to the research function of the proposed Water 
Resources Board. Besides making known to the several 
research agents the questions to which answers would be 
needed, the Board would organize the necessary field 
work through the river authorities, and would also be 
empowered to carry out research if it seamed to be the 
most appropriate agency for a particular project. He 
also submitted that the Board had a key role in planning 
the development of water resources, and without promis- 
ing the disappearance of such controversial issues as the 
water sohemes discussed under the Manchester Cor- 
poration Bil, he mamtained that once the Bill was 
operative the Board would be able to review alternative 
ways of meeting & particular need. Moreover, it would 
be able to reach an informed judgment on the practical 
merits of any particular proposal, in which due account 
would be taken of the amenity aspect. 
In the earlier debate Lord Jessel had put the cost of 
distilled sea-water as 10s. per 1,000 gal. as against an 
average of 3s. for treated or potable water. In the meen- 
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iimó, a good deal of furthér attention has, been. directed , 
to the use of sea-water as well as to the re-use of industrial- 
effluent, and it was not surprising that this aspect should 
be particularly prominent in the debate on November 22. 
A. symposium on the re-use.of water in industry had 
already been arranged in April by the Industrial Water 
and Effluent Group of the Society of Chemical Industry, 
although the papers presented were not published in 
Chemistry and Industry until December. The symposium 
brought out the way the high cost of town water already 
induced industry to keep ite consumption to a minimum. 
With the need for water of low hardneas for some pro- 
ceases, obtainable only by de-ionizing, and, on the other 
hand, the increasing emphasis on the treatment of effluent 
to ensure that the water discharged from industrial pro- 
cesses was substantially free from toxic constituents, the 
electroplating industry, for example, had found that very 
considerable economies could be obtained by re-using 
water in plating proceases. Probably the greater part of 
thé water used by industry is for cooling purposes and 

Obviously, any national water policy should give the 
Maximum encouragement to the re-use of wator in such 
ways; but it is no leas important that every encourage- 
ment should be given to the possibility of obtaining freah 
water from the sea. It was, in fact, stated at tho first 
European symposium on “Fresh Water from the, Sea”, 
held at Athens during May 31-June 4, that, with the 
rapid growth of industry and populations, every country 
will before long face a water shortage and will require to 
supplement ita supplies by producing fresh-water from sea- 
water. At prosent, evaporation is the only commercially 
feasible method of de-salination and is likely to remain so 
for the next decade, though ultra-filtration or reverso 
osmosis is regarded as offering the most promising of the 
more-distant prospects. Dr. R. B. Silver claimed, however, 
that distillation was now only a fifth of the cost of what 
it was in the early 1950’s and that distillation was a 
completely proved and practical process at costa oom- 
petitive in many areas with those of normal water catch- 

Production of drinking-water from sea-water in Britain, , 
using cheap sources of waste steam, for example, is 
estimated as costing at present rather more than 3s. per 
1,000 gal., but it is predicted that within flvo or ten years 
this could be reduced to 2s. per 1,000 gal. Lord Balfour 
of Inchrye in the House of Lords debate said that in the 
United States four or five demonstration plants were 
already producing water at 63s.—7s. per 1,000 gal., a 
quarter of the cost in 1952, and that plant to supply. 50 
million gal. a day now under investigation was expected 
to give a cost of 2s. 6d. per 1,000 gal. Lord Balfour urged 
that the closest poesible touch should be maintained on 
this subject with the United States. 

Lord Balfour, who had also cited three examples of 
such distillation plante in actual use, had stressed the 
research responsibilities of the Water Resources Board in 
this connexion. Those responsibilities were equally 
emphasized by Lord Silkin, who was concerned with the 
possibility of some confusion of responsibility between the 
Water Resources Board and those to the Central Advisory 
Water Committee, and by Lord Fleck. The latter thought 
that it was important that industrial water should have 
an adequate place in the organization established, and ' 
that Britain should have regard also to the Intornational ` 
Hydrological Programme of Unesco, the World Health 
Organization, the Food and Agriculture Organixation and 
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the World Meteorological Organization. Lord Burden 
also strongly urged the need for directing adequate atten- 
Hon to the distillation of sea-water, and the Earl of 
Malmeabury again pointed to the risk of duplication of 
research if the Water Reeources Board was not adequately 
represented on the Hydrological Research Committee. 
In replying on the debate, Earl Jellicoe weloomed the 
references to research and agreed as to the need of 
directing attention to the possibilities of distilling salt 
water. The need for the complementary use of surface- 
and ground-water was also recognized, and the stimulation 
and co-ordination of research in that fleld would come 
within the orbit of the Water Resources Board as well as 
of the Committee on Hydrological Research, on which 
the Board would be represented. On the question of 
amenity, which had been raised again very firmly by Lord 
Silkin, Lord Fleck (who referred particularly to the 
Nature Conservancy), Lord Henley, and Lord Chorley, 
Earl Jellicoe was scarcely more forthooming than in the 
earlier debate. Without denying that the defanoe of 
amenity might perhaps be strengthened in the Bill, he 
reiterated that the Bill necessarily represented a balance 
of intereste. Meanwhile, it seams very clear that the Bill 
demands very close scrutiny from the point of view of 
research as well as of amenity—imeluding in this context 
the position of inland waterways generally, though they 
may also have a supply function. Particularly, it needs 
close scrutiny in order to ensure that the allocation of 
responsibility is sufficiently clear to enable effective action 
as well aa efficient diffusion of information to take place. 
In ita present form there is some room for doubt whether 
it is likely to ensure the co-operation which the Govern- 
ment itself desiderates to command adequate resources 
and avoid duplication or overlapping of effort, quite apart 
from providing adequate defence or hearing for what may 
be minority, but no,lees vital, national interests. 


WATER-RESOURCE PLANNING] 


Design of Water-Resource Systems 

New sabia ue for Relating Economic Objectives, 

ME ysis, and Governmental . By. 
ur Massa, Maynard M. Hufechmidt, Robert Dorfman, 

Harold A. Thomas, Jr., Stephen A. Marglin and Gordon 

Maskew Fair. Pp. xviii+ 620. (London: Macmillan and 

Oo., Ltd., 1962.) 905. net. 


HE appearance of an American manual on the design 

of water-resource systems during the passage of the 
English Water Resources Bill through Parliament is 
indeed fortunate, for the Bill proposes the setting up of 
research groups for which such a manual would be 
invaluable. 

Any organized community needs water for a great 
variety of uses. Domestic purposes and the dispoeal of 
waste products immediately spring to mind, but water is 
also needed for industrial dad agricultural purposes, for 
transportation and power production, and for recreational 
facilities. These uses often overlap, sometimes supple- 
menting, but more often conflicting with each other in 
any tightly packed community. it is necessary to 
turn to multi-purpose projecta in the use of water. These 
multi-purpose schemes will cost different amounts accord- 
Pe their composition, while subsequent financial returns ' 

ill also differ according to the basic design. This brings 
us to gn operational field where eoonomiste, ongineers and 
politicians all overlap. 

The engineer can indicate what can be done and how 
thuch ib will cost. The economist can perhaps more readily 
indicate what is worth doing and how essential it is to the 
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community, while it is more often than not the politician 
who eventually decides because of the large sums of public 
Arriving at the right answer to provide 
a reliable guide for the politician involves the close co- 
operation of the engineer and the economist, and this 
manual on the Design of Water-Resource Systems is an 
attempt to effect this kind of co-operation. 

Under the direction of Prof. Arthur Maas, all the inter- 
ests involved were brought together at Harvard University 
in a water-research p and this book of 620 
pages, 93 tables and 98 diagrams is the final report of the 
group inquiry. The methodology of system design, a8 
defined in the book, involves four related steps: identifying 
the objectives of design, translating these objectives into 
design criteria, using the criteria to devise plans for the 
development of specific water-resource and 
evaluating the consequences of the plans that have been 
developed. : 

The book presents the first attempt to work out methods 
of choosing the right and moet economic design method 
of multi-unit, multi-purpose, water-resource development 
in any given, river basin. New methods of river-system 
design and @ comparison with those now in use are 
featured. The two chief new techniques considered are 
the construction of mathematical models that produce 
optimal decisions and the simulation of systems on high- 
speed digital computers. The treatment is necessarily 
detailed and in places somewhat complex; but for those 
who need only the main principles, there are four - 
ized chapters which, taken together, give a comp ive 
account of the investigation and its results. 

i W. G. V. BALOHIN 


POPULARIZATION OF SCIENCE 


Atoms and the Universe 

An Account of Modern Views on the Structure of Matter 
and the Universe. By Prof. G. O. Jones, Prof. J. Rotblat 
and G. J. Whitrow. Second, revised edition. Pp. 275+ | 
37 plates. (London: Eyre and Spottiswoode, 1062.) 
30s. net. 

T is nowadays generally thought desirable that the 

intelligent layman should have a knowledge of the 
work of the scientist. Just whab form this populariration 
should take is leas clear. One approach is to emphasse- 
the wonder and excitement of modern scientific achieive 
ment so that it oan be read as romance. Another approach 
is to try to explain the scientific method and the way 
scientists think. Stil another approach is strictly practi- 
cal—how to build your own radio telescope, for example. 

The best examples of popularization oombine some 
aspeots of all these approaches, and if, with all this, real 
scientific accuracy can be retained, the result is exciting 
for the layman and respected by the scientist. 

The t volume is an excellent example of the best 
of such books. It is the second edition of a review of 
nuclear and atomio physics which has already established 
an enviable reputation. The authors lead the reader 
from the discovery of the electron and the nature of the 
elements to the age and sire of the universe. They 
emphasize the unity of the scientific view of Nature and 
show that the division into physica, chemistry and the 
biological sciences is largely one of convention and con- 
venience. To discuss the whole of modern physics in 250 
pages is clearly impoasible; but the authors have made a 
careful selection of those phenomena to be imaluded. 
Invariably these are clearly and simply described. After 
all, most of the concepts of modern physics can be 
extremely simply described in words. It is only when a 
quantitative mathematical formulation is required tha 
complexity is revealed. ‘ 

This second edition is satisfyingly up to date, including 
the most recently discovered hyperon and the latest in 
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high-energy accelerators. The last third of the book is an 
excellent aketch of our present knowledge of the solar 
system, galaxy and universe. This is the oldest of the~ 
‘branches of physics with a 5,000-year history at least. 
Yet it still abounds with open questions, and now that 
man is becoming able to make faltering forays into space 
the whole subject is one of the highest excitement for 
both scientist and layman. : 

The authors have wisely chosen to abandon almoeb 
completely the historical approach-which is so often used 
in popular scientific books. Instead, they describe the 


-continuing with the binding of atoms into solid matter 


and finishing with the universe. This emphasizes the 


' unity and beauty of the physicists’ picture of our environ- 


ment which is the concept which gives most thrill and 
satisfaction to the scientist himself. He is normally lees 
moved by the romanticized history of bis subject. How- 
ever, there is one interesting feature of the scientific 
‘scene which is obscured. by the non-historioal approach, 
though the authors occasionally refer to it. These are 
the conditions historical, philosophical, social, psycho- 
logical, technical and eoonomio which make a scientific 
break-through possible. The flash of insight may occur, 
but it is the result of a very largo number of pre-oondi- 
tions. The scientist must be looking with sufficient 
flexibility of mind at the right class of phenomena with 
the right claas of instrument. The last requirement, 
which depends on engineering and industrial developmenta 
often far removed from physics in their motivation, may 
be the limiting factor in many cases. Devel te in 
mechanical ing underlie much of what is described 
in this book. History that as soon as a new 
equipment becomes possible to build, the physicist will 
appear to use it to further our knowledge and sometimes 
to give a really freah insight. 

The authors do not overlook whst might be called the 
philosophical aspects of physios, and in the introduction 
and an appendix, and in a chapter on the transition from 
classical to modern physics, touch on many of the interest- 
ing aspects of how eoientiste operate and think. 

There are few errors or mistakes in such a book. How- 
ever, the statement on p. 50 that the a tus for identi- 
fying the antiproton was 'ingenuous' is surely an under- 
statement ! 

It is hoped that this excellent little book reaches an 
even wider public, and enhances people’s interest and 
understanding of the physical world in which, for better or 
worse, they find themselves. E. B. PauL 


TERTIARY FLORA OF SPITSBERGEN 


Studles In the Tertlary Flora of Spitsbergen 

With Notes on Tertiary Floras of Ellesmere Island, 
Greenland, and Iceland—a Palynological Investigation. 
By Svein Manum. (Skrifter Nr. 125.) Pp. 128+ 21 
lates. (Oslo: Norsk Polarinstitutt, 1962. Distributed 
by Oslo University Press.) 26 Kr. E 


6 Ex book deeoribes the pollen and spore flora of 
Palmocene to Eooene beds in West Spits . 
Seventy pollen and spore types are described (15 Sporitee, 
54 Pollenitee and 1 uncertain), and many of these are 
illustrated by line drawi and pho hs. Most of 
the types described could not be referred to species 
previously deeoribed, and & number of new species are 
made. 'The palynology is largely qualitative, but & few 
quantitative analyses were made., In addition to the 
Spitsbergen material samples from the Lower Tertiary of 
Ellesmere Island, Greenland and Iceland are described 
and compared with the Spitsbergen flora. Though the 
floras from these regions are not identical, they a 

to be composed of the same families and genera. 
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commonest pollen grains in most of the samples aro 
ooniferous, and of tho inaperturate type. 

_ The Arcto-Tertiary flora has received much attention 
since Heer’s pioneer studies in the late-nineteenth century. 
The Pe eens are largely of macroscopic plant 
Temaing, an - Manum makes an interesting comparison 
of theso with the microfoesil record. There are curious 
divergences. Among the maorofoemila, Metasequoia 
occidonialis is very common, but few Metasequoia-typo 
pollen grains are found. Conversely, Soiadopitys pollen 
occurs in all the samples, but ita macroscopic remains 
have not been found. In macroscopic remains of 
Pinaceae are rare, but pollen of Pinaceas-type is fairly 
abundant. In the Angiosperms Cercidiphyllum arctioum 
is the most abundant macrofosail, but pollen grains of 
this genus have not been found. On the other hand, 
Betula and Alnus have been found—both macrofossil and 
microfosail. 

The new plant records from Spitsbergen make little 
difference to Heer’s original interpretation of the climate 
as temperate. Dr. Manum ‘shows, however, that the 
original conception of an Arcto—Tertiary flora of deciduous 
type is too simple an interpretation of the vegetation, 
and that, as might be expected, there must have been a 
diversity of temperate vegetation types, both deciduous 
and evergreen, the latter containing an important element 
of evergreen conifers. R. G. WEST 


CHEMISTRY FOR ENZYMOLOGISTS 


Molecular. Biochemistry 
By Edward M. Kosower. (MoGraw-Hill Series in Ad- 
vanced Chemistry.) Pp. xii4-304. (New York: MoGraw- 
Hill Publishing Company, Ltd., 1962.) 97s. 
NE may ask: Is biochemistry to-day other than 
alesul? However, this book is far from being 
yet another addition to the accelerating flow of works on 
general biochemistry. The title stems from the concept 
of molecular biology, and the author defines his subject 
as the study of the detailed chemical mechanisms of the 
chemical transformations in biology. In fact, he presenta 
an analysis of selected enrymological reactions within 
a sophisticated framework of modern physioco-organic 


The three parta of the book are entitled: ‘Biochemical 
Patterns", ‘Chemical Patterns" and ‘Physical Patterns". 
The first part, of 63 pages, surveys some of the main 
in ted enzymological pathways: glycolysis, tricarb- 
oxylic acid cycle, terminal oxidation and phosphorylation, 
etc. Within the space ullowed the author can do little 
more than enumerate the reactions and indicate possible 
mechanisms. For the chemist-turning-biochemist there 
are pitfalls to be avoided: clear distinction between 
hypothetical and experimentally established reactions is 
not always made clear. Particularly unfortunate is the 
chapter on photosynthesis. After a résumé of carbon 
dioxide fixation reactions and discussion of semi-con- 
ductors, the author presents a speculative mechanism for 
oxygen evolution (p. 34). It is not clear why this was put 
forward, rather than a scheme based on the experimental 
studies of Hill, Duysens, Kok, Witt and others. 

The second and largest section of the book is devoted 
to mechanisms of the reactions summarized, earlier. 
Armed with an extensive knowledge of chemical theory, 
the author systematizes a wide range of scattered material 
which the enzymologist could not hope to encompass 


.unaided. The subjects treated include enolization, 


hydration and dehydration, hydrolysis, organic phos- 
phates, pyridinium compounds and oxido-reductions. 
The treatment of the nicotinamide coenzymes in the light 
of pyridinium chemistry is outstanding, as might be 
e from the author's deep interest in the subject. 
A fitting climax is provided by the final section, which is 
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devoted to the fundamental problem of enzymology: the 
nature and function of active sites. Compressed within 
nineteen pages are not only useful evaluations of pub- 
lished work but also the author's original views on 
proaches to the problem. 

"E ho text da unusually fes from amr and la: anii 
indexed. References are numerous and up to the minute. 
One can oriticixe the exoeemive use of inverted commas, 
which can give the text a disjointed appearance. This 
book will be useful to all who delve into the mysteries of 
enzyme action. E. F. HAETRHE 


ACTIVITY IN ANALYSIS 


Analytica] Chemistry 
Vol. 2. Edited by Carl E. Crouthamel (Progress in 
Nuclear Energy, Series 9.) Pp. vii--400. (London and 
New York: Pergamon Press, 1961.) 100s. net: 15 dollars. 
HE first volume of this series consisted of a collection 
of papers frorn among thoee presented at the second 
International Conference on the Peaceful Uses of Atomic 
Energy held in 1958. The papers in this second volume 
have not previously th references to the 
1958 Conference .p ings occur ently in several 
of the sections. The eight topics dealt with here. each 
by &n authority in his fleld. are thoee considered likely to 
have & marked influenoe on'the future of analytical 
methods associated with nuclear energy. i 

The first chapter on ‘Recent Advances in Counting 
Teohniques” opens with an excelent account of gas 
ionization rtional counters and their use in non- 
dispersive X-ray analysis. The theory and construction 
of these counters are dealt with in detail. , This is followed 
by sections on p-n junction and surface barrier counters, 
and on scintillation . . 

The second chapter, on the “Applications of Electron 
Spin Resonance 8 ', gives a full account of 
the theory of electron spin and of the many types of inter- 
action affecting the energy-levels of the ‘spinning’ elec- 
tron. This is followed by a description of many applica- 
tions, including investigations on transition elements, 
donor concentrations in semi-conductars, organic free 
radicals and radiation-induoed free radicals. Some notes on 
microwave and radiofrequency electron spin resonance 
equipment conclude this section, but the experimental 
approach is not oovered as completely as the theor- 
eti ` 

The next chapter, on “Recent Advanoes in the Separa- 
tion and Analysis of the Transuranium Elements", covers 
the analytical chemistry of ten elements and closes with 
& footnote on the—discovery of element 103. This is 
followed by one on ‘Applications of Liquid-Liquid 
Extraction in Inorganic Separations". The general oon- 
oepts of the prooees are lucidly deecribed and there is & 
good account of positive and negative mvnergistio effects. 
Many examples of fundamental research on seperations 
oo use in analysis are given. 
^ A review on, "Flame Photometry and Atomic Absorp- 
tion Spectroscopy” describes the principles of the methods 
and in the case of flame photometry emphasis is placed on 
high-temperature oxyoyanogen flame photometry and on 
Dean’s technique of using as carrier an organic solvent 
which has previously extracted and concentrated the 
elements of interest. The limits of detectian of a large 
number of metals. under different experimental conditiona, 
are given ifi tabular form. 

A chapter on ‘Recent Advances in Ultra-violet, 
Visible and Infra-red Spectrometry” covers the period 
of the past decade. The determination of a number of 
metals including technetium. of interest as a corrosion 
inhibitor. is deecribed followed by practical details of 
the pressed pellet technique in infra-red analysis and of 
absorption spectrometry in molten salta. 
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The penultimate chapter considers two aspects of the 
interaction of beta particles with matter. The first deals 
with ‘backscattering and’ describes the effect of atomic 
number of the backsoatterer, and the energy degradation 
and angular distribution. of the backscattered beta 

icles. The second details the excitation of character- 
istio X-rays by beta particles and the design and uses of 
X-ray sources based on this phenomenon. .— 

The volume ends with a general account of ion exchange 
chromatography, including the use of hydrous oxide and 
heteropolyacid salt morganio exchangers and cellulosic — 
exchangers. Organic applications are inoluded. m 

A good feature of this volume is the comprehensive 
bibliography at the end of each chapter. The editor's 
aim of inoluding the basio principles of new techniques 
in addition to covering recent advances is amply fulfilled 
in this book. The subject index is scanty, and it might 
have been better to omit the lengthy author index, which 
includes all the names in the references, and devote more 
space to the former. ~ D. I. Ooow2ua 


ADVANCES IN INORGANIC 
CHEMISTRY 


Advances in Inorganic Chemistry and Radlochemist 
Vol. 4. Edited by Prof. H. J. éus and Dr. A. G. 
Sharpe. Pp. vili+ 344. (New York: Academic Press, Ino.; 
London: Academic Press, Inc. (London), Ltd., 1902. 885. 
HE ious volumes in this series have each strongly 
A e tier cà icular group of 
elements, but in the present volume It is the subject of 
organometallic compounds which recurs throughout the 
book. They are the subject of the very complete and 
up-to-date review on ‘‘Olofin, and r-Allylio 
Complexes of Transition Elemente", by R. G. Guy and 
B. L. Shaw, and figure extensively in the review on the 
stereochemistry of nickel, palladium and platinum by 
J. R. Miller, and in “The Use of Nuclear Magnetic Reson- 
Inorganic Chemistry”, by E. L. Muetterties and 
W. D. Phillips. There is a certain amount of overlap, 
particularly between the first two of these chapters, but 
this is not serious as Miller emphasizes the actual stereo- 
chemical structures adopted by the compounds of these 
elements while Guy and Shaw pay major attention to the 
compounds themselves. The article on nuclear magnetic 
resonance, a technique which has played & fundamental 
part in the elucidation of the structures of organo- 
metallic compounds, only deals with the spectra of these 
compounds as particular examples but also deals very 
fully with most of those aspects of nuclear magnetic 
resong&noo n which would be of interest to a 
physicist or physica] chemist interested in the spectra of 
inorganic compounds. 

K. W. Bagnall writes on ‘The Chemistry of Poloniam”. 
Extensive reviews were written on this little-known 
element as recently as 1957, but in spite of this {ta reac- 
i i i i that a new review 


.É. Thilo, as there is no great extension to the discussion 
given by Van Wazer in his book of 1958 while the treat- 
ment is rather classical with only brief reference to some 
of the modern physical methods which have been used in 
the study of these compounds. Finally, J. D. MacKenzie 
reviews “Oxide Melts”. The examination of molte is 
rapidly becoming of major importance as they provide 
opportunities for carrying out reactions in & non-aqueous 
medium at an elevated temperatüre. Oxide melts are 
little understood at the moment but this review summar- 
izes the known joe of these systems. There are 
no articles on i in the present volume. 

D. W. A. Sane 
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PHYSICAL AND CHEMICAL TABLES 
., FOR X-RAY CRYSTALLOGRAPHY 


International Tables for X-ray Crystallography 
General Editor: Dame Kathleen Lo e. Vol. 8: 
Physical and Chemical Tables. Edited by Caroline H. 
Maogilavry and Gerard D. Rieck. Pp. xvi--362. (Bir- 
mingham: The Kynoch Press, 1962. Published for the 
International Union of Crystallography.) 118s. 

HE fifty years which have elapsed since the discovery 
-À.of X-ray diffraction by crystals have witnessed the 
development of X-ray crystallographic techniques as a 
structure-determining tool of unprecedented power and 
catholicity of application. By it the complexities of 
mineral structures have been rationalized, the exotio 
configurations of natural producta elucidated and the 
elaborate architecture of the giant globular proteins 
mapped out. Fortunately, it was recognized early that 
this diversity would make discipline-in the presentation 
. Of resulta, and uniformity of nomenclature and convention 
. particularly desirable. The first attempt to provide such 
an authoritative basis was by the Internationale Tabellen 
sur Bestimmung von Kristallstrukiuren of 1985. In 1946 
the International Union of Orystallography decided on a 
complete revision and extension of these tables under the 
general editorship of Dame Kathleen Lonsdale. Two 
volumes, one on space groups, one with mathematical 
tables, have already appeared; Volume 8, dealing with 
physical and chemical tables, represents the completion 
of the 1946 project. 

Section -1 describes the general physical properties 
(morphological, mechanical, optical, magnetic, electrical 
and thermodynamic) which should be determined in a 
preliminary investigation of any crystal; it provides date 
on immersion media for measurement of refractive-indices 
and detailed methods for determining crystal density. 
The preparation, mounting and setting of crystal speci- 
mens is also discussed. Section 2 is concerned with data 
needed for analysing basic interaction of X-rays and 
crystals: tables of wave-lengths and absorption edges are 
followed by lista of filters, monochromators and standard 
crystals the diffraction spacings of which can be used for 
calbration. A set of best values of the universal physical 
constants is provided together with a valuable resolution 
of the confusing situation about the use and standard- 
ization of A, A and X unite. Beotion 8 is concerned with 
the next phase of an X-ray crystallographic vestigation: 
the measurement of Tahotopeaphibally and counter 
recorded intensities and their correction for the effects of 
absorption of -the radiation by the specimen. Atomic 
scattering factors for all the elements are collected together 
and a critical appraisal of the methods used to derive 
them is p Other sections provide important 
interatomic distances determined in inorganic, organio 
and metallic systems; deal with small-angle scattering, 
texture and line-bro&dening analysis in polyorystalline 
material; and catalogue the precautions to be taken 
against radiation injury. 

Unlike the two poig volumes these tables are con- 
cerned with experimen techniques and data from 
physical measurement.  Disoussion of the former is 
necessarily prone to the ies of subjective appraisal 
and the latter will have to bc anionded us better resulta 

. become available. This volume does not, therefore, have 
. the air of authoritative finality possessed by ite more 
mathematical predecessors, but its comprehensiveness 
and the sound judgment in appropriately weighting the 
various topics is & triumph for ite Dutch editors, f. 
Caroline Macgillavry and Dr. Gerard Rieck, and their 
assistants. 

No X-ray orystallographical laboratory worthy of the 
name will fail to add this magnificently printed and 
luxuriously bound volume to the two they already should 
possess. - STRUTHER ABNOTT 
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NITROGEN RELATIONS OF 
PLANTS 


Nitrogen Metabolism In Piants 
By H. B. McKee. Pp. 728. (Oxford and London: 
Clarendon Press: Oxford University Press, 1962.) £5 5s. 


RIOR to the publication of this large and important 

new book, Dr. McKee, now of the Division of Plant 
Industry, Commonwealth Soientifle and Industrial Re- 
search Organization, Canberra, bad already a reputation 
as the writer of valuable review articles on nitrogen 
metabolism in plante which have appeared at intervals 
over the past twenty-five years and have been indispensable 
to workers in that field. This book representa a synthesis 
of these earlier reviews, now brought up to date and 
extended by & widening of the field covered and by the 
incorporation of historical matter. 

As might be anticipated, the main sequence of treat- 
ment is to proceed from the uptake of nitrogen compounds 
from the soil and their transformation within the plant 
to the occurrence, biosynthesis and breakdown of amino- 
acids and amides, leading to the composition and synthe- 
sis of proteins and of alkaloids. Valuable chapters on the 
storage and transport of nitrogenous substances in the 
plant and on the nitrogen-cyole are included, as well as 
a substantial treatment of the biological fixation of 
nitrogen, extending to sixty-three pages. 

Dr. McKee writes interestingly, with a historical 
approach, one effect of the citation of so many old writings 
being that the bibliography and author index together 
account for some two hundred and fifty Bome 
of the material that he has gleaned from these older sources 
is of considerable interest, as, for example, is & report (of 
which I myself anyway was unaware) of the ocourrence 
of root nodules on a species of Rhamnus. In other cases 
the reader is left in doubt whether an old paper is worth 
hunting for: thus he is not told whether any attempt to 
maintain aseptic conditions was made in nineteenth- 
century work alleged to show uptake of amino-acids by 
higher plante. In a few instances there is a lack of balance 
between the old and the new. Thus quotations from & 
highly conjectural paper dated 1829 are prominent in a 
short account of carnivorous planta, while there is no 
reference to the invaluable monograph by Lloyd pub- 
lished in 1942. It could also be considered an omission 
that, though the preparation of food protein from leaves 
is mentioned, no references are cited in this connexion. 
As examples of a tendency to repetition may be noted 
similar statements concerning the form of nitrogen in 
snow on pp. 437 and 440, the constitution of insulin on 
pp. 301 and 361, the origin of combined nitrogen in sedi- 
mentary rocks on p. 484 (the same information is given 
twice on that page), and fixation in Oyeds nodules on 
pp. 45 and 71. 

For the most part Dr. MoKee is very well informed, 
but on p. 78 it is wrongly stated that Pommer classed as a 

the o which he recently isolated from 
alder nodules and held to be the true endophyte. Though 
he felt unable to decide its precise systematic position, 
Pommer thought that the isolate was probably an actino- 
myoete or related i The description on p. 114 
of the content of an article by Oheniae and Evans on 
nitrate reductase is inaccurate; moreover, if this enzyme 
does form part of the fixation mechanism it seems more 
likely to me that oxidized forms of nitrogen will precede 
rather than follow ammonia formation. Very few 
misprints have been noted. The text would have beer 
brightened by & few illustrations. 

Despite ‘these minor strictures, with which not all 
readers may agree, there is no doubt that this volume 
will make & very valuable addition to the libraries of 
the many institutions and individuals interested in the 
nitrogen relations of plante. It would indeed be a tribute 
to the industry of one man that he should even attempt to 
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review go large a sector of plant physiology and chemistry, 
-let alone bring the venture to & highly satisfactory oon- 
clusion, aa Dr. McKee has done. He haa every reason to 
take pride in the publication of this book—a signal event 
in the history of Australian and Commonwealth botany. 
G. Bown 


, MICROFAUNAS OF EUROPE 


: Leitfosslllen der Mikropalaontologle 

Ein Abriss h ben von einem Arbeitskreis deut- 
acher Mikropaläontologen. Pp. viii--432; Tafeln und 
Tabellen {in separete volume) mit 61 Tafeln und 22 
Tabellen. (Berlm-Nikolassee: Gebrüder Borntraeger, 
1962.) D.M. 182.80. 


HESE volumes—text and plates—are the work of 
fifteen German micropalwontologists closely con- 
nected with the oil industry. The treatment is severely 
practical; micropalsontology may be a branch of biological 
gcienoe, but ite aim is to enable exact stratigraphical cor- 
relations to bo made. The fossils described and figured 
are thoee which are most useful from this point of view. 
Even twenty tiny sidetite nodules, characteristic of the 
zone of siderite (base of Wealden 8), make an unexpected 
appearance on Plate 80. On the other hand; no considera- 
tion is given to fossil pollen, and fossil spores are only 
oursorily discussed. This omission can be easily defended 
since the two sides of micropalmontology appeal to quite 
distinct groups of people. In the present work an admir- 
able uniformity of treatment has been attained; the 
authors appear to have the same views on the species 
problem and on stratigraphical subdivision. Presumably 
this is the result of many conferences and considerable 
The first part of the text consiste of & discussion of 
taxonomic problems and palsontological and strati- 
graphic nomenclature worthy to rank with the famous 
chapters in Arkells’s Jurassic System. Later sections are 
stratigraphically arranged, commencing with & discussion 
of some Palmwozoic microfaunas which includes short 
accounts of the ostracods of the Upper Devonian, of 
zoning in the productive Coal-measures of the Ruhr, 
of foraminifera from the Middle Devonian, Upper 
Devonian. Lower Carboniferous and Zechstein. A fine 
well-illustrated section deals with ronal division based 
on conodonts in the Devonian and Lower Carboniferous. 
The discussion of the succeeding Mesozoic begins with a 
short account of micropalmontologioal divisions in the 
German Keuper and continues with chapters on the Lias, 
Dogger and Malm. In these, after short but valuable 
discussions on stratigraphy and faunal assemblages, 
descriptions of zonal fossils, chiefly ostracods, occupy 
many pages. The two succeeding chapters on the Lower 
Cretaceous are devoted to the German Wealden and the 
¢marine rooks of north-west Europe and Tethys. Both 
are of considerable mterest to British readers, since they 
contain detailed discussions of stratigraphy and facies 
and the successién of ostracods and foraminifera which 
are directly relévant to British stratigraphy. Equally 
important in this regard is the chapter describing the 
Upper Cretaceous rocks of north Central Europe in which 
the emphasis is on biostratigraphy and foraminiferal 
succession, 67 species of foraminifera being described 
and figured. 

The text ends with two chapters on the Tertiary of 
Germany, one a valuable general account of the strati- 
graphy, facies and microfauna (chiefly foraminifera) of 
north-west Germany, the other a very detailed study of 
the Rhine Graben, with a description of characteristic 
foraminifera and ostracods. 

The volumes are well produced, with wide margins 
and excellent plates. Many species are illustrated three 
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times, once as an isolated object in half-tone, & second 
time as a component of & ical assemblage of micro- 
fossils, ee aia ae ine drawing in the margm 
of a stratigraphic table. The good practical sense of the 
authors can even be seen in the colour of the binding, 
which can be easily picked out on the bookshelf, and the 
bold lettering of the title on the spine. The,price may 
seem high, but the sheer bulk of information presented is 
quite remarkable. Anyone interested in the zonal strati- 


graphy and mierofaunas of Europe will find this work 


A. Woop 


~ 


indispensable. __ J 


MACROMOLECULES: BIOSYNTHESIS, - 


STRUCTURE AND FUNCTION 


The Structure and Blosynthesls of Macromolecules 
Edited by D. J. Bell and J. K. Grant. (Biochemical 
Society Symposium No. 21, held at Senate Fouse, 
University of London, 27 and 28 March, 1961.) Pp. v+ : 
18244 plates. (Cambridge: At the University Prees, 
1962.) Cloth 80s.; Paper 20s. net. 


Ors lee ele aa eS 


essays and reviews published for the dissemination of 
information and as a record of the proceedings during 
part of the fiftieth anniversary meeting of the Biochemi 
Boocieby. 

EO A to the scientific literature, the volume 
presenta a mixture of interesting history and exciting 
news. When the lectures were delivered, in the spring of 
1961, two of them were particularly timely: M. F. Perutz 

ve a lucid account of the work of J. O. Kendrew and 
himeclf on the success in the determination of amino-acid 
sequences in ptoteins by X-ray orystellographio tech- 
niques. This was a fine progress report of a subject which 
will produce a more definitive statement soon. J. Monod’s 
lecture was noteworthy for ita scientific content, the 
description of the controlling steps in enzyme formation, . 
and for the fine presentation. Both these lectures made 
very personal impresaions of the authors’ recent intereste 
and achievements. Prof. Monod's account of the predic- 
tion of the existence of messenger RNA from his work 
and ite subsequent experimental demonstration by British 
and American workers has & very special intellectual 


P. Doty gave & stimulating account of the consequences 
of the established structures of nucleic acids in terms of 
physicochemical behaviour in solution, and J. N. Davidson 
deécribed polynucleotide biosynthesis with more examples 
from mammalian systems than one usually gete in such 
accounts. = 

E. L. Smith's account of protein structure in relation 
tò enzymatic activity, with special reference to papain, was 
an interesting if somewhat circumscribed survey of pro- 

in that fleld. His judgment and contributions in the 
fold of protein chamiatry of enzymes is undisputed. His . 
interpretations of kinetics and mechanisms are, how- 
ever, not quite so unambiguous, and the reader would 
be advi to consult them side by side with other, 
views. 

"WW. Z. Haseid and E. L. Hirst discussed, respectively, 
the biosynthesis and structure of polysaccharides. Both 
these articles will serve for some time as authentic accounts 
of important chapters in biochemistry. 

Prof: F. G. Young, who imtroduced the symposium, 
presenta us with & very stimulating account of various 
problems and ideas in modern biochemistry. The meeting, 
as a whole, was a good reflexion of those aspects of 
biochemistry to which British bioohemists have made 
their greatest contributions in recent years. The resulting 
volume should make exciting reading for those who 
were unable to enjoy the lectures and useful reference 
for all of us. H. GurFREUND 
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Marine Molluscs of Victoria 
By J. Hope Macpherson and O. J. Gabriel. (Handbook 
No. 2.) Pp. xv+475. (Victoria, Australia : Melbourne 
University Prem ; London and New York: Cambridge 
University Preas, 1962.) 634. 
HERE is no doubt that studente of the marine 
biology of south-eastern Australian shores will find 
this book of considerable help in their investigations. 
For amateurs taking their first steps into conchology, 
it will also be of great value. There are comprehensive, 
and yet not over-powering, introductions to each of the 


._~-five classes of the phylum Mollusca and sensible notes on 


methods of collecting. The descriptions are basically 


4 enera and species; these compensate for the 
lack of keys which would have made the book much more 


.— useful to everyone. There is a very good gloesery. 


This work, however, is not intended as an introductory 
text-book, and it is beyond tho elementary stage that some 
features could have been improved. It is regrettable that 
measurements have been presented only in inches and too 
frequently as, ‘sire l4”. This is not sufficient. Size 

must be available for collectors and students. 
ough executed with a high degree of technical s 


- somo of the black-and-white figures could have been, more 


accurate—in Xenogalea thomsons, for example, the colum- 
not smooth as_illustrated in 
Fig. 177. This.shell is much more handsome than this 
figure shows—indeed, it is doubtful if there is a place 
to-day for a shell-book which does not at least have some 
of tho illustrations (certainly the cowries and murex shells) 
in colour. The value of a good coloured photograph of a 
shell to & working systematist cannot be over-estimated. 
Greater detail of distribution outside Victorian and 
Australian waters would have been a useful addition and 
a map showing the principal localities in Victoria itself a 
great help. There can be no virtue in making up common 
names for all shells, some of which are far from oommon, 
as has been done in this book. This does not present a 
good example to students and amateurs, who must become 
familiar with the binominal syatem of nomenclature from 
their earliest days if their collecting is intended to be at 
first purposefal and then scientific. Nonmanw TuRBLH 


Destructive and Usefu! Insects 

Their Habite and Oontrol. By O. L. Metoalf and W. P. 
Flut. Fourth edition. Revised by Prof. R. L. Metoalf. 
(McGraw-Hill Publications in the Agricultural Sciences.) 
Pp. xii+1087. (New York: McGraw-Hill Book Com- 
pany, Ino.; London: MoGraw-Hill Publishing Company, 
Ltd., 1962.) 135s. 6d. x 


ETOALF and Flint has been & standard referenoe 
book since its original appearance in the ‘twenties. 

Dr. R. L. Metcalf, professor of entomology at Riverside, 
California, has carefully revised the whole book and 
entirely re-written the chapters on “Insect Control" and 


` "The Applications of Insecticides”, as well ss greatly 


ingreasing the size of the sections on claasification and on 
the morphology, physiology and biochemistry of insecta. 
Most of the illustrations of the earlier editions are retained 
but all have been printed fram new blocks which, with the 
improved paper, give the new edition a refreshingly clean 
and tidy appearance. Only a very few of the figures (for 
example, the fly in Fig. 2.16) are less eerie an the old. 
All have been re-lettered and labelled in . A small 
error has been introduced into Fig. 4.15, where two 
different structures are called the hypopharynx. 

The thinking in the book remains rather old-fashianed—- 
you n&me your pest and spray it acoording to the recipe. 
Perhaps in future editions more attention could be given 
to the long-term ecological effects of continued insecticide 
treatment. Where insecticides have E E out- 
breaks it is not enough to term them ‘si ects’ and 
explain them away as the tesult of ‘improper’ application 


NATURE 


January 26, 1963 -vou 197 


of insecticides. At present one cannot tell what long- 
term effects treatment may have on other species, bene- 
ficial or otherwise. Obviously there is still much to learn 
in this rapidly advancing field in which the full testing of 
one new insecticide would take years of careful experiment. 

This book should have at least as good a run of useful life 
as the earlier editions it so worthily replaces. 

7 G. O. VanrsY 


Animal Ecology 
By Prof. 8. Charles Kendeigh. Pp. x--468. (London: 
Prentioe-Hall International, 1961.) 70s. 
zd. volume is intended for undergraduates with at 
least one year’s training in zoology and appears to 
form the basis of a lecture course in antmal ecology given 
by the author at the University of Illinois. It would be 
easier to assess ite full worth if one could also attend the 
practical course at which one hopes the major defect of 
the book would be remedied. Here is & large work with 
approximately 1,500 references and an astronomical num- 
ber of . It oould have been of more value to the 
stu had there been fewer facts and more guidance en 
how to assess their worth. As in all branches of biology, 
-the value of any ecological work relies on a full under- 
standing of the methods and techniques utilized and 
the rigorous interpretation of the results obtained. It is 
& pity that this is not communicated to the reader. 
Nevertheless, this comprehensive and reasonably well. 
illustrated aocbunt may be read with interest. Following 
_ introductory chapters devoted to the scope and history 
of the subject and the general nature of environmental 
responses, there are accounts of different habitats (streams, 
lakes, ponds, foresta, eto.), ecological proceases, and 
community. dynamics (dispersal, migration, food and 
energy relationshipe, speciation). The final part deals. 
with the geographical distribution of communities (temper- 
ate deciduous forest, coniferous forest, tundra, grassland, 
desert, tropical and marine communities). 
R. H. Hapiay 


South African Lepidoptera 

By L. Vári. Vol. 1: Lithooolletidae. (Transvaal Museum 
Memoir, No. 12.) Pp. xix+238+112 platee. (Pretoria: 
The Transvaal Museum, 1961.) n.p. 


HIS is the first volume of a proposed series of 
taxonomio revisions of the world genera and southern 
African species of the lepidopterous superfamily Tineoidea. 
The family Lithooolletidae is characterized, and keys are 
provided to genera and species. Twenty-four new genera 
and more than & hundred new species are described, 
Where knowledge of a species permite, an account is given 
of the type of leaf-mine formed by the larva. Mention is 
also made of the distribution of each species, but not of 
some of the genera. Critical examination of the type 
species and the previously inoluded southern African 
species of bach genus has resulted in the lumping or 
splitting of many genera, the transference of many\ 
species from one genus to another, and the discovery of 
many synonyms, necessitating many changes m nomen- 
clature. The descriptions of new species are unfortunately 
not accompanied by a differential diagnosis, and there 18 
no clear statement that type material of species other than 
new has been examined. It is disputable whether there is 
much advantage to be gained from quoting the sometimes 
long original descriptions of previously described species. 
The selection of a male from a Meyrick syntype series of 
one male and one female and its designation as holotype, 
instead of lectotype, is incorrect. 

The numerous drawings of wing-venation and genitalia 
and the excellent coloured re ction of paintings and 
colour-photographs merit special mention. 

From the outset, this work wil be indispensable to. 
those engaged in taxonomic work on the dr and to 
collectors of African microlepidoptera. . Warson 
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MARTIAN BIOLOGY : THE EXPERIMENTALIST'S APPROACH 


nyc S. M: SIEGEL, L. A. HALPERN, C. GIUMARRO, G. RENWICK and G. DAVIS 
Union Carbide Research Ínstitute, Tarrytown; New York 


ECENTLY, Salisbury, EEEE EEA Es 

NAE Di re MA UA 
He QU DRM MONEO, cyolee in which 
such forms might 


we question his reservations about the use of simulated 
i ta. Speculation or even sound theorization 

the ‘sole model for life now available to 
us is life on Earth. Because statistical factors influence 
evolution, one would expect even identical planeta to 
exhibit appreciable in life-forms. Neverthe- 
lees, Earth and Mars might contain local environments in 
which oonvergent forms could arise. Thus, Salisbury 
suggests that the higher terrestrial plant, rather than the 
lower forms traditionally postulated in astronomical 
circles, is a good model for explaming some of the pheno- 
mena which have been held to indicate the presence of 
life on Mars. On the other hand, he distinguishes highér 
px as plants which “universally require oxygen”. 
detaan sisse a divenne herean the tence: 


trial model and ite Martian counterpart which we believe 


may not exist. 


Higher Plants at Low Oxygen Pressures 
Mature air-grown plante, including Coleus, marigold 
and Alyssum, can survive many days under near-anaerobio 
conditions in spite of their &erobio history*. Lettuce, 
tomato, cucumber, been, marigold, Zinnia, rye, corn, 
Ageratum, Dianihus, Celosia, rice, turnip, brooooli and 
other common plante germinate well and produce sizable 
in an atm cantaining 5 per cent oxygen 
or leas (ref. 8, Table 1). Several of these planta—notably 
cucumber, rye, corn, rice and Celosia—produce some 
seeds which are facultative anaerobes. 


Table 1. GERNIKATIOE PERCENTAGE AFTER 3-6 DAYE 


Atmosphere 
Kind of seed (ar 1% oxygen + 5% oxygen + Air 
% argon % argon. 

Lettuee 0 78 78 96 
roe 0 338 - — 57 
0 123 — 57 

Osteria 2 81 — æ 
Alyuwm 0 11 — 80 
Portulaca 0 50 — 55 
Carrot 0 50 — a3 
Onion 0 65 — 6 
Onocumber 17 88 96 100 
Bean 0 = 60 53 
Coleus 0 — H 91 
Tomato 0 — 3 91 
Dianthus 7 — 50 B2 
Ageratwum — — 3 84 
Em 1) o3 (Bo 
Boot 0 — 40 50 
Rye 40 50 E ` E 
Com 29 — LI 80 
Bice 24 u 23 


philio sarobi and a sizable minority, perhaps 10 per 
cent, can function anaerobically. 


Low Oxygen-Low Temperature Interaction 


` Many terrestrial planta are hardy enough to survive 
freexing and to grow during the more moderate. phases 


XN 


. mild*§, 


P ANE T E quM I EU 
Mars. The south tropical latitudes of Mars are notably . 
Furthermore, we have found that cultivation of 
seeds in atmospheres containing little oxygen 
the resistance of the seedlings to freezing and lowers the 
minimum temperature required for germination. Thrée- 
week-old cucumber seedlings grown from seed in air or 
San atnomnbere of © Gee Gait oxyuen And Dd ver occi 
argon were cooled to — 10° O, kept at that temperature for 
l h, and then allowed to thaw. As the air- seedlings 
thawed, they collapsed, presumably because of mechanical 
"damage by ice orystele (Fig. 1, left) In contrast, tho 
sturdy seedlings 


M3. 7 


enhances .- 


grown in an atmosphere of 2 per cent |. " 


orygen were not damaged (Fig. 1, right). 
below 10? C, cucumber seeds will te in air to an 
extent no greater than 10 per cent in 10 days. If, however, 
the seeds are incubated in an argon atmosphere (contain- 
ing only 0-005 per cent oxygen) 50-00 per cent germinate 
in 20 days at 6°-7° C, and subsequent shoot extension at 
a rate of 10 mm a day has been noted. Even under 
aerobic conditions, germmation of cucumber seeds exposed 
daily to temperatures of — 7? C for 8 h and 23° O for 16h 
was about 30 per cent in 2-8 days and 50 per oent in 4 days. 
Cucumber is not noted for ita resistance to cold. 

Hardier species can germinate when exposed daily to 
temperaturos of --7° O for 16 h and 28° O for 8 h. For 
the common ‘rock garden’ Dianthus and Ageratum, 
germination is 10 per cent in 3-4 days in these temperature 
conditions. Germination for these ies was doubled 
or tripled when the daily freezing period was shortened 
to 8h. 

We havo already reported’ the germination of winter 
rye and the development of grean winter rye seedlings 
under & synthstic atmosphere which simulates in most 
respects the believed to exist on Mars‘, using 
& temperature-cycle of + 20° O (day) and —10° C (night). 
In one respect our synthetic atmosphere ers oon- 
siderably from the real Martian atmosphere in that we 
added 1-2 per cent by weight of water in the soil, which 
results'in & substantial partial of water in the 
enclosed atmosphere. The best available information 
indicates a much lower 2 orders of magnitude) 
average water content in the atmosphere than is 
present under our conditions. However, it must be borne 
in mind that astronomical observations of the Martian 
atmosphere as a whole would not, in all probability, 
reveal the presence of localized bodies of water, or of 
microclimates at the surface of Mara which are much 
higher in water content than for the total Martian atmo- 
sphere. 


Xerophytes 


aE ne ee ee 
In this experiment, specimens 
Sgcarcithar ih air Gr in a oyakhetin incen 
composition as follows: oxygen, 0:09 per cent; carbon 
dioxide, 0-24 per cent; argon, 1-89 per cent; and nitrogen, 
98-28 per cent. 
This gas mixture was used at a total pressure of 0-1 
atmosphere (after De Vaucouleurs", who provides a good 
general treatise on aereography). The plants were placed 
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L Left: air-grown $-week-old cucumber 
y freese-reaistant oneumber seedlings 


Sewn rd. 
- Both groups had been kopi at CIO d apo 


in a 1: l mixture of potting soil and ‘Perl-lome’ (‘Perl- 
lome’, a product of Certified Industrial Products, Ino., 
Hillside, New Jersey, is a derivative of perlite. Do 
Vaucouleurs suggests that a felsitic rhyolite covers the 
Martian surface, and lite is such & voloanio mineral). 
he water content of the adil and Parl iano mixture was 
about 1-2 per cent by weight. 

After about a month at 25° C, the jars were transferred 
to an unheated greenhouse. Temperatures were recorded 
and obeervations on plant conditions were made during , 
January, February and March 1962. The mean daily 
maxima for these months were + 5? O, —2° C and +8°C, 
respectively. The mean nightly minima were — 9? C, 
— 12? C and 0? C. 

By the end of February the four 
BOSE es wore did bu Hie ocean Pn ho BUR 
atmosphere were normal in appearance—green and ereot 


by contrast with the yellow, shrivelled grown in 
air. At the end of March, only one of the ts in the 
synthetic atmosphere appeared normal. The remaining 
three were no longer ereot, retained green _ 


they 
coloration and were not desiccated. Six 
plants were grown in each atmosphere. Three of those- 
grown in air survived through February, and all those 
grown in the synthetic atmosphere still appeared normal 
at the end of February. During March, the remaining’, 
plants grown in air died, while only one of those grown 
in the synthetic atmosphere died. 

After 3 months of cold, the planta were examined and 
analysed. The Euphorbia plants grown in air had lost 
height, diameter and fresh weight (Table 2). Plants 
grown in the synthetic atmosphere showed a gain in these 
measurements, and all had retained some green coloration, 
even though only one out of four was scored as ‘normal’. 
All the Gymnocalyotum plants lost weight, regardless of the - 
atmosphere in which they were grown. 


Table 2 CHANGES IN WEIGHT ARD BIXB OF INROPHYTES UNDER BIPELI- 
kn c ap OOXDFTIONS 


Intal final Change Tnidel Fina! Obange Initial Fini Chenge wi.) 


114 101 -18 aT Lon ieo 54 -06 47 
116 119 3403 fo 77g P rodeo $0 35 +05 55 
, iia TUM T 52 -87 5*1 

ere Ce xp r^ od. 


“F specimens in each atmosphere. 
«f Aix specimens in canh airnosphare. i 
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{ Oomparative ‘chemical and biochemical 


| ing pattern of similarities and differences. 

| Spectrophotometrio determination of chloro- 

. ^| Phyllis’ in acetone extracta of the leaves 

ee j (which form an apical whorl) showed that 

= none was present in the group of dead plante 

| that had been grown in air. Chlorophylls 

a and' b were present in the usual 3-: I ratio 

in extracts from plante grown in the synthe- 

tic atmosphere. Longitudinal sections (8—5 

| mm) from the aerial portions of the plants 

were tested by immersion in several common 

reagents. Tissues from the two' groupe 

were similarly treated. Marked differences 

were observed in peroxidase activity and 

in the resulte of non-carbohydrate aldehyde 

determinations. (A mixture of 10-9 M 

lol and 107 M hydrogen peroxide 

in phosphate buffer (pH 4:5) was used 

as the peroxidase developer.) Even sharper 

were the distinttions in the results of 

tests for reducing sugar, starch, \phos- 

phorylase activity (tissues were im- 

mersed in 1 per cent glucose-1-phos- 

phate at pH 6-60 for 1 h at £5° C, then stained with KI, 

(after 8. Siegel, Bot. Gas., 114, 189; 1952) and indole; 

all results were negative for the air-grown group and 

positive for the test group. Determinations of elament 

composition for the two groups reflected no striking 

differences. (The determinations were made by Micro- 
Tech- Laboratories, Skokie, IIL) 


Germination Without Liquid Water 


Fee KE eee con toe Saab earn case 
able to suppose that lante other than typical desert forme. 
may be able to pt to dry conditions. The seed, 
paray & rich source of hydrophilio poai is wel 

own for ite imbibitional powers. A somo 
ekparühdria wens oleis oni Li wlidh dry Scia were 
supported in cl jars, in air at & pressure of 75—125 mm 
of mercury, eoa a p tt oe Germination. 
was slow a8 with usual rates, but the results 


"(Table 8) show that a number of species can 


germinate 

and produce seedlings without diffoulty under such condi- 

tions. Waon Woie tyo ee Taod ee oes 

atmosphere at a total preasure of 75 mm of mercury, 150 

mii above a: aurea GF liqaid wuter. germination was 

mend prompt and considerable root growth was 

noted after several days (Table 4). DEC 
Table 3. GaxxIKiTION OF SEEDS IE WATER VAPOUR IN AIR at 25° O 
Germination after 
Kind of seed 13 days (per cent) 


18 


Celosia 100 
Eyo 100 


Table 4. GXRXWINATION OF EYE IK 
i eas 


Ineubation time ‘Germinated Longest 
(daya) germinated (per cent) roots (mm) 
1 6 45 1 
4 45 23-8 5 
5 100 768 15 
Other Factors 


In our we are also investigating the effecta 
of substratum and of ultra-violet radiation on t 
growth under oonditions of low temperature low 
oxygen supply. We have obearved that remar high 
levels of ultra-violet radiation are sometimes to 


suppress the growth of higher plante (energy of 10* ergs/ 


` 
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om! 15 only marginally effective as an inhibitor of growth 
in bean embryos). 


Animal Forms 


Most of our investigative efforts have been concerned 
with the flowering plant. Other plants also show promising 
behaviour at low oxygen-levels. The fungus Alternaria 
and gametophytes of the fern Pteridium have been grown 
in an atmosphere of 5 per cent oxygen and 95 per cent 
argon. 

Among animal forms, the ciliate Oolpoda grows in hay- 
infusion cultures prepared and maintained under the 
synthetic atmosphere. HeLa cells, which oan grow for 
4 days under strictly anaerobic conditions more rapidly 
than in air, are being examined for adaptability (including 
clonal selection) to anaerobic culture of indefinite duration 
at low temperature in media of high oamotic concentration. 
Planaria have thus far shown rigidly aerobic behaviour, 
but they have been maintained for as long as 23 days in 
5 per cent oxygen and 95 per cent argon-and 16 days in 
2 per cent oxygen and 98 per cent argon, as compared 
with 93 days in air. 

The most striking results have been obtained with 
the common brine imp, Artemia salina. In sea-water 
(salinity 3 per cent) or sea-water (selinity 1 per 
cent) in both liquid and agar media, active, viable Nauplius 
larves have been hatched in approximately equal per- 
centages in air, in air reduced to 0-03 atmosphere, and in 
the synthetic gas mixture of 0-1 atmospheres. Typical 
values for hatching, based on findings with several 
hundred eggs per trial range from 35.t0 45 per ont in 
2 days. 

It seems likely that marine organisms could to 
the requiremente of existence in & variety of synthetic 
environmente—existenoe in a medium which is ‘dry’ in 
the physiological sense and has a depressed freexing 
point". Tf, as in the case of Artemia, such organisms were 
also facultative anaerobes or near anaerobes, their pros- 
peota for survival would be good indeed. 

Members of other invertebrate phyla also possess 
unusual ranges of tolerance to low pressure, low oxygen, 
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and low temperature. The small black ant, Monomorium 
minutum, retains general activity and positive phototexy 
after moro than 15 h in 1 per cent oxygen and 99 per 
cent argon. The nematode C remains active 
indefinitely under anaerobic conditions or at total preesure 
of 0-08 atmosphere and shows remarkable tolerances to 
freezing and to salinity well in excess of that of sea-water. 


Conclusions 


was the fndmg 
tures could be conditioned in a favourable manner by~. 
synthetic atmospheres low in oxygen. It would be reason- 
able to expect other combinations of stress factors to 
give rise to unusual and exciting biological responses. 
While it is impossible to project these findings on to 
present-day attempts to anticipate the nature of life 
elaewhere in the solar system, it is reasonable to conclude 
that the ‘plasticity’ of organisms as we recognize them is 
far groater than the teachings of modern biology indicate. 
Thus, whatever environments may be encountered during 
future explorations of the solar system there is every 
that those which are not too extreme relative to 
for example, those on Mars may well 
support forms of life that we could recognize readily. 
1 Salisbury, F. B., Solanos, 136, 17 (1062); this ardole contains an excellent 
bibliography. 
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FUNCTIONS OF THE TWO FORMS OF LACTIC DEHYDROGENASE IN THE 
BREAST MUSCLE OF BIRDS 


By Dr. A. C. WILSON, Dx. R. D. CAHN and Pror. N. O. KAPLAN 
Graduate Department of Blochemlstry, Brandeis University, Waltham 54, Mass. 


Ale basically different molecular forms of lactio 
dehydrogenase occur in the tissues of most animals!-*. 
They differ in amino-acid perre immunochemical 
structure, electrophoretic mobility, relative rates of 
reaction with es of the coenzyme nicotinamide— 
adenine dinucleotide (NAD) and several other physico- 
chemical and enzymatic properties. One of the enzymes, 
the more negatively charged at pH 7, predominates in 
the heart musculature of most vertebrates, and is called 
the H enzyme. The other, called the M enryme, pre- 
dominates in many skeletal muscles. 

The H consiste of four identical sub-unita of 
molecular weight about 30,000 as does tho M enzyme. 
But the M sub-unite differ from the H sub-units in many 
properties, including amino-acid sequence, as tryptio 
digesta give different fingerprint patterns. When these 
two different sub-unite are produced in the same cell, 
they combine with each other in groups of four in essenti- 
ally random fashion to give the two ‘pure’ enzyme 
typee—H, and M,—and three ‘hybrid’ having 
the composition H,M, H,M, and ;M, This 
accounts for the five electrophoretioally distinguishable 


forms of lactic dehydrogenase detected in most animale 

This article is concerned with the metaboli¢ functions 
of theee two basically differant types of lactic dehydrogen- 
aso. It was noted previously that the conversion of 
pyruvate to lactate by the H enzyme is strongly inhibited 
by fairly low concentrations of pyruvate. By contrast, 
the M enzyme funotions with increasing effloiendy at 
these same pyruvate concentrations and is inhibited. -only 
by very high pyruvate concentrations (Fig. 1)?*. It waa 
therefore suggested that the H enzyme could not pèrmit 
the rapid production of lactate and would favour complete 
oxidation of glucose via the Krebs cycle; the M enzyme, 
on the other hand, should ‘permit the rapid conversion 
of pyruvate to lactate and the aocumulation of an oxygen 
debt under anaerobic conditions. In support of this 
suggestion the H enzyme predominates in the heart, a 
highly aerobically oriented and well-oxygenated tissue; 
and the M € ‘predominates in skeletal muscles 
many of which ction only on sudden occasions and 
then relatively anacrobically with the consequent pro- 
duction of lactic acid and oxygen debt. 
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Table 1. LAOTIO DEHYDROGENASES OF BREAST MUSCLE 




















r 
mnhibrüon 
o n tafe NADH: Electrophoretic foams 
NADH M, MH MAH, MH, H, 
1 Wilson's pe&rel Ocramítes oceanicus 38 - - - 
1 Dovas Z lanius alle 36 id a 
Ruby-throated humming-bird rokiloous colwb: us 28 + ++ ++ ++ 
4 Chimney swift Chasis a pelagics 2-2 ++ ++ ++ ++ ++ 
$ Blaok-bellied plover " 2-1 
Golden-erowned kingis Regulus satrapa 21 
7 Bleck-oapped atricepi lia 19 
$ WwW ki Pkilohela menor t9 tt ++ ++ ++ ++ 
10 Bramm mmi m Una 12 ++ ++ ++ ++ 
vireo Mio nur 1-7 ++ ++ ++ ++ 
12 pigeon (wild) Hns 14 ++ ++ + + - 
18 Black du Anas platyrkynockos 16 ++ ++ ++ + 
14 Sparrow leucophrys 16 
15 Black and white warbler Mwiohlis varia 16 ++ ++ ++ + - 
16 Prmntail dock Anas acuta. 16 ++ ++ ++ + = 
| Emme comes i 
, 15 ++ ++ ++ + + 
w Falco sparverius 1- ++ ++ ++ + = 
21 shafted fitaker Oolaptes 15 ++ ++ ++ En "i 
E Rough EIN k 5 it 
wW. 
24 E wid) Anas platyrkynchos 14 ++ ++ ++ + = 
25 Great blue heron Ardea herodias 1-3 ++ ++ + + + 
26 Blus jay cristais 1:3 r 
27 H eritis 13 ++ ++ + - - 
20 fi 1 nngfah y pra ar ia id Mrd H X = 
a ` ++ ++ + - - 
80 Towhee Pigiho eryhrophthalme.s 12 ++ ++ + = a 
31 Barred owl Stns varis 12 
32 rail Rallus limicola 11 tct ++ + - xt 
33 La duck Anas platyrkysnohos 108 
34 Domestio duck Anas 1-08 ++ + - = = 
ie Domestio fowl Gallus 0 95 d. ai = 
9 
37 Gutnea fowl Nwmds meleagns 0-8 ++ = ES = 
28 Ruffed grouse Bonasa 08 ++ = = et 
29 - pheasant Phasianus colokicus 07 ++ = = = 2 
40 Resve’s pheasant 0-7 
fowl, puo Af, 005 ++ - - - - 
c Domestic fowl, pure H, 34 - - - - ++ 

















Bourees of Nos. 1-5, 7-11, 18, 16-23, 25-29, 81, 32, 37-39 from Dr. W. and Mr. 
fog Dr, O, angal and Mr. W. Conway, Brix tod (Now York); No. ud 
on Messrs. W. Palas, 


Substrate inhibition. Further support for this sugges- to which the lactic dehydrogenase is inhibited by high 
tion concerning the different metabolic roles of H and M pyruvate. 
lactic dehydrogenase has now come from examination of The correlation is also apparent, on a smaller scale, 
the breast (pectoral) muscles of more than thirty species of within taxonomic sub-divisions of the birds. Amo 
adult birds. The resulte are summarized in Table 1. The the passerine birds, for example, the towhee (a proud 
fos sie of substrate inhibition ıs indicated by the ratio 
NADH 


NADH,’ which is the ratio of the lactic dehydrogenase 


activity at 3-3 x 10+ M pyruvate to the activity at 10-* M 
pyruvate. 

Pyruvate does not inhibit the breast muscle enzyme of 
the pheasant, grouse, guinea fowl, partridge or domestic 
fowl. Usually these birds fly only occasionally and then 
in short bursts. After they have been flushed a few times 
im rapid succession their breast muscles are greatly 
fatigued’, owing in all probability to the accumulation 
of & severe oxygen debt. The majority of birds, which 
fly more often or in longer bursts, show even more sub- 
strate inhibition. The strongest substrate inhibition, 
similar to that shown by the heart, is found in the breast 
muscle of the storm petrel, the humming-bird and the 
swift, which spend much of their waking lives in active 
flight, and the dovekie, which flies swiftly with a rapid 
wing beat for long distances and swims under water by 
means of ita wings. The rough-legged hawk spands much 





time in the air, but usually glides m such a leisurely way 388x104 107 38x10* 104 
that little breast muscle activity would seem to be Pyruvate concentration (M) 

involved. It shows only a moderate degree of substrate eres OF to irata on the aet rity-ot Hle H 
mbhibition. There is therefore a good qualitative correla- Ha x enxymos dé the domestie fowl. The ioi Pres ied wore 
tion between the degree to which the breast muscle of desxfbed by Cahn œ al, (ref. 3), Dacho deh sr TRE 


À spectropho 
birds can maintain continuous activity and the degree at Fon keen phosphate buffer (0-1 M, pH 7-5) 


~ 
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finch) gives & low value consistent with ite reluctance to 
fly often or in more than short bursta, whereas the jay, 
Tuv Men) aa RT Me DE 

y more frequently and in more sustained bursts. Birds 
like the warbler, vireo, chickadee and kinglet which hunt 
insects among the branches and in the undergrowth do 
not usually fly m such sustained bursts as the starling or 
grackle, yet they give a high value. This can be associated 
with the fact that they fliok their wings incessantly while 
hunting; in addition, the kinglet has a babit of flubtering 
ite wings even while perching*. 

The trend is also demonstrable within a single species, 
for example, Anas platyrhynchos, the duck. The mallard 
(A. p. platyrhynchos) and the black duck (A. p. rubripes) 
both exhibit a moderate degree of substrate inhibition 
and often fly in a sustained manner. The domestic duck 
(A. platyrhynchos) and the Laysan duck (4. p. laysanen- 
eis)! have lost the capacity for sustained active flight and 
their breast muscle lactic dehydrogenase exhibita virtually 
no substrate inhibition. : 

The correlation between the degree of substrate inhibi- 
tion and flight habite is good, but may not be perfect. 
The dovekie &nd the murre seem to have rather similar 
flight habite; but their degrees of subetrate inhibition 
differ markedly. Their flight habite may differ more 
than has been generally assumed’. What is probably more 
important, ther underwater habite differ. Murrea dive 
more deeply and for longer Y ipse than dovekiee*-!. 
Murres must, therefore, have capacity for developing 
& pronounced oxygen debt. This would account, at (pd 
in for the lower degree of substrate inhibition shown 
by the breast muscle lactic dehydrogenases of murres. 

The woodcock has flight habite more like those of the 
galliform birds than those of ite relatives, the charadriiform 
birds (for example, murre, gull, plover and dovekie), 
which are all capable of sustained active flight. The 
substrate inhibition exhibited by the woodoock breast 
seems more in keeping with ita ancestry than ite present 
flight habite. 

Another problem is raised by birds like the rail, which 
show little substrate inhibition although they can migrate 
long distances. Except in the migratory season they fly 
very little and in short bursts. The capacity for sustained 
active flight may be less impottant than the practice of 
sustained active flight in determining the degree of sub- 
strate inhibition. Possibly the degree of substrate 
inhibition changea at the time of migration.. However, 
our results with a strongly migratory race of the white- 
crowned (Zonotrichia leucophrys gambeli) do not 
support this poesibihty. Drs. J. R. King and D. 8. 
Farner kindly supplied us with the breast muscles of 
two groups of captive sparrows. 

(1) Three birds in the non-migratory state. These 
birds had been kept on short photoperiods (8 h/day) 
from the previous winter, when they were captured, 
until June 29, 1962, when they were killed. 

(2) Three birds in a state of migratory unrest ( Zugun- 
^uhe). These birds were kept on the short photoperiods 
until June 4, 1962. They were then to long 


cha ea 20 h/day) until July 12, 1962, when they 
were killed. King and Famer have previously shown 
that & strong urge to migrate develops in such 20-h birds 
but that the 8-h birds are devoid of the urget". The 
resulta are presented in Table 2. The two groups had the 
same degree of subetrate inhibition, although the ocon- 
centration of lactic dehydrogenase in the migratory 
gr was double that of the non-migratory group. 

till, this experiment doee' not rule out the possibility 
that actually migrating birds, in contrast to caged birds 
with a strong urge to migrate, would have an enhanced 
degree of substrate inhibition. 

To summarize the resulte presented so far, the correla- 
tion between substrate inhibition and flight habits is 
remarkably good, although there are some posible 
discrepancies which need to be examined further. 
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Table 2. Lacmo DEHYDROGENASE FROM DRRAST MUROLB oF WHTTA- 
OROWNED 











SPARROWS 
Hnzyme concentration * 

Migratory state (NADH LNADH#) (unrta/g wet wt.) 
migratory 1455 163 
usd 1-02 106 
£ 1-66 178 
Mean 141 140 
Migratory unresi 1454 861 
1-63 849 
159 476 
Mean 1-69 305 








* A unti is that leotio activity which causes unit d 
in absorbanee at 840 marito, measured in a final volume of 
ry 


consentration of 8-3 x 10 M, as deseribed in 

Relative Proportions of H and M. Electrophoresis of 
breast muscle extracta in starch-gel reveals that the 
different degree of substrate inhibition in the breast 
muscle of different birds is largely due to different p T- 
tions of the M and H sub-unite (Table 1). The V a 
birds and the domestic duck have the pure M enzyme 
(M,) and at most & trace of the M,H hybrid. A small 
pro ion of H sub-unita occur in the rail and the towhee 
as shown by the presence of considerable amounts of the 
M, and M,H, forms together with a little of the M,H, 
form. The species showing intermediate degrees of sub- 
strate inhibition contain nearly aa many H sub-uniie as 
M sub-unita because the Af,H, and even the H, forms 
are detectable. Finally, birds which show strong sub- 
strate inhibition have mostly H sub-unite. 

Taxonomic differences in the properties of H and M. 
The resulta in Table 1 illustrate that the differences in 
substrate inhibition among the various species is due 
mainly to differences in the relative proportion of H and 
M sub-unita and not due to great differences in the 
catalytic ies of the sub-unita themselves. However, 
it ahould be pointed out that there are small differences in 
the properties of the M and H sub-unite in the various 
taxonomic groupe of birds. The results in Table 1 indicate 
amall differences between the M enzyme of the various 
galliform birds. This has been confirmed by a comparison 
of reaction rates with a number of coenzyme analogues 
‘ag well as by immunological methods as illustrated by 
the complement-fixation results in Table 8. Complement- 
fixation methods" also reveal differences between the H 
enzymes of different galliform species (Table 3). Details 
of these investigations will be presented in a future publi- 
cation. 
OOXPLEMENT-FIXiTiOX TAFT, UsIKG ANTIBODUES DIRBOTED 

vam Af AND H XXYXBe or THE DOXISTO FOWL 


Table 3. 














TE all ioces, The resulta are expressed 
iT peak fixation relative to the domestic fow value. 

Discussion. Insects have provided results analogous 
to those presented here on birds. The flight muscle of 
the locust and other inseota is capable of sustained, highly 
aerobic activity and contains a high level of e d 
phosphate dehydrogenase but only a trace of lactic 
dehy: Tn contrast, the jumping muscle of the 
locust, which functions only in occasional brief bursts, 
has more lactic dehydrogenase than glycerophosphate 
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dehydrogenase! We have found that the lactic 
dehydrogenase of the jumping muscle of the locust 
(Schistocerca gregaria) and the cave weta (Pachyrhyma 
fasctfer) resembles the M enzyme of birds in having a 
low degree of substrate inhibition. 

A possible histological baa for our ‚breast muscle 
resulte is provided by the work of George ei al.1*, who have 
demonstrated two types of musole flbre in breast muscle. 
One type, called the white fibre, is broad, pale m colour, 
rich ın glycogen and poor in mitochondria; the other, 
called the red fibre. ıs narrow, red and rich m fat and 
mitochondria. Only white fibres are found in the chicken, 

but the pigeon, which is quite a strong flier, has both 
> “fibre types. Since the pigeon was shown ın the present 
-work to contain both H and M sub-unite in ite breast 
muscle, one is tempted to guess that the H sub-unite are 
produced by the red fibres and the M sub-unita by the 
white fibres. However, in the pigeon and all other birds 
examined, the hybrid forma of lactic dehydrogenase occur 
in the proportions one would expect if both H and M 
sub-unita were produced in the same cell. For this reason, 
1t seems unlikely that the two fibre types produce different 
lactic dehydrogenase sub-unite. 

We thank the people who supplied many of the birds 
(Table 1) and the two insectes (Dr. P. T. Haskell of the 
Anti-Looust Research Centre, London; Dr. K. O. Hi 
of the University of Sheffield; and Mr. G. B. Kitto of the 
Victoria Univermty of Wellington, New Zealand) Wo 
also thank Drs. C. Thorne of Brandeis University, R. 


Paynter of Harvard University and R. Orr and W. Hamil- . 
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ton of the California Academy of Sciences for helpful 
discussions. We thank Mrs. James Lucchese and the 
Misees Natalio Grimes and Pat Boulton for assistance. 
This work was supported m part by grante from tho 
National Science Foundation (G-14612), the National 
Institutes of Health (O ¥-3611) and the American Cancer 
Society (P77-E, Thomas S. Miller Memorial Grant for 
Cancer Research). 
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LOCOMOTION IN WHALES 


By P. E. PURVES 
Department of Zoology, British Museum (Natural History) 


HE best authenticated maximum speed of swimming 

in whales is 15 knota, although bursts of 20-25 knota 
have been claimed by some observers. Using the equations 
relating to rigid and streamlined bodies, Gray! was able 
to show that the power available in the locomotory muscles 
of dolphins was insufficient to overcome the drag of the 
body at these high speeds. From this he concluded that 
the flow of water around the whale’s body must be almost 
completely laminar, and suggested that this might be 
due to the acceleration, by the action of the caudal flukes, 
of the water particles in the boundary layer. It is pro- 
posed to show that the anatomical facts favour Gray’s 
h : 


Parry" reviewed Grey's Paradox, aa it was called, and 
gave & quantitative treatment of the dynamics of the tail, 
based on the equations of v. Holst and Kuchemann* 
relating to the flight of birds. He, too, concluded that the 
power available was only conmstent with the assumption 
of laminar flow. Kramer‘, m attempting to explain the 
apparent absence of turbulence, invoked the structure of 
the akin and subjacent oil sinuses as being ngible. 

The task of measuring the water flow around the body 
of a swimming dolphm is.perhape insurmountable; but 
there is a great deal of indirect evidence by which it is 
possible to deduce the average orientation of the slip- 
stream and the relative velocities of ita components. In 
the first instance, moet of the observations of whales and 
dolphins swimming at high speed have been made while 
the animals were at, or near to, the surface, and rt was 
considered by me that in such circumstances there must 
' often have been a strong preesure gradient postero- 
dorsally along the flanks, and consequently an average 
displacement of water in this direction. Furthermore, 
since, for reasons which will be explained later, it is 
considered that there is only one true power stroke in the 


me n7 


tail, this being the upstroke, rt was presumed that there 
must be a predominant upwash of water in the direction 
of the tail. It is noteworthy that in all the immi 

odontocetes, the entire dorsal surface of the body, pos- 
terior to the dorsal fin, is strongly ‘faired’; while on the 
ventral surface this ‘fairmg’ does not extend beyond the 
level of the anterior ity of the caudal peduncle. 

Fig. 1 is a photograph by F. C. Fraser showing a common 
dolphin, Delphinus delphis, just breaking surface in still 
water. The photograph was taken in the North Sea in 
the mornmg sunlight and is in iteelf unique; but it also 
provides a great deal of information about the average 
displacement of water around the animal’s body. Tho 
bow-wave is spread out m two extremely thin sheets of 
water on either side of the body, lke the wings of a 
butterfly. The thinness and clarity may be judged by 
the lack of distortion in the reflexion of the body, dorsal 
fin and those of the sheets themselves, in the undis- 
turbed water in the vicinity. One would imagine 
that if the animal were just submerged these two aheeta 
of water would be closed over the back, like the wings of 
a butterfly at rest. Posteriorly, there is a powerful upwash 
of turbulent water over the dorsal edge of the caudal 
peduncle, and two trailmg vortices in the wake. This 
would correspond in the submerged condition to a power- 
ful acceleration of water over the dorsal aspect of the 
flukes. 

If it be accepted that the foregoing assumptions are true, 
it follows that the shearing stresses at the surface of tho 
skin, due to the flow of water, should be at an average 
maximum in a postero-dorsal direction. It will be seen 
now that the detailed mechanical structure of the skin is 
consistent with this hypothesis. According to Johnston 
and Whillis* the main function of the papillary form of 
the corium is that of preventing the epithelium from 





Fig. 1. A common dolphin just breaking surface. (Phete: FO. Fraser) 


being stripped off the surface of the skin by shearing 


stresses, and it is interesting in this respect, that tho © 


dermal ridges on the palm of the human hand are orien- 
tated in such a way, that when a shaft is grasped by tho 
hand, the ridges lie approximately parallel with the long 
axis of the shaft. 

The dermal ridges are extremely well developed in 
whales and have been described by a number of authors— 
Japha', Schumacher in Bolk’, Parry*, van Utrecht’ and von 
Naakigeboren!*, and it is generally stated that the ridges 
lie parallel with the long axis of the body. However, the 
stratum corneum is perfectly smooth and undifferentiated, 
so that it ia quite impossible to determine their total 
orientation by superficial examination, and the conclusions 
of most of the above authors have been arrived at largely 
from the examination of sections of isolated pieces of akin. 

In order to investigate this subject more fully, the 
stratum corneum was removed from the entire body of a 

juvenile common dolphin, Delphinus delphis, 

y the laborious, but effective, process of rubbing it 
down with a very fine grade, waterproof, abrasive cloth. 
The skin was then examined over the whole surface of the 
body through a binocular microscope. It was found that 
the dermal ridges lay parallel with the long axis of the 
body only in certain clearly defined areas, and that 
the latter represented an extremely small ion of 
the total surface area: The whole system follows a pat- 
tern now to be described (Fig. 2). 

Over the forehead, and along the entire length of the 
upper two-thirds of the flanks, the ridges pessed obliquely 
upwards and Backwards, making an angle of approx- 
imately 80° with the long axis of the body. The ridges 
on the caudal peduncle were also thus orientated, except 
near the insertion of the flukes, where they swept pos- 
teriorly towards the caudal notah. From the insertion 
of the rostrum, a long, narrow band of ridges passed 
backwards, dividing round the eyes, and, undulating 
along the ventral lmit of the flanks, terminated at the 
anterior ventral extremity of the tail. Another band of 
ridges, commencing at the rostrum and posterior part of 


the mandible, passed obliquely downwards over and - 


under the flippers. On the chin, throat and belly, the 
ridges were poorly developed but there was some orien- 
tation of those behind the flippers towards the central 
axis of the abdomen. 


On the flippers, dorsal fin and flukes, the ridges lay 
almost horizontally, but tended to become orientated 
towards the normal of the anterior curvature of these 
appendages, that is, along the linea of minimum width. 
Anterior to the dorsal fin, the ridges on the upper surface 
of the head and chest formed a narrow, horizontal band 
which divided round the base of the fin and then swept 
upwards in conformity with those on tho flanks. Along 
the faired edge behind the dorsal fin the ridges of the two 
sides converged in & multiple chevron pettern without the 
least trace of horizontal ridges. 

It is the small band of ridges reaching down to the 
flippers which probably provides the clue to the mode of 
locomotion. These lines are strongly reminiscent of the 
theoretical ‘downwash’ effect shown by Harris! on 
wind-tunnel models of the It will be recalled 
that the pectoral fing of the side-gilled selachians, unlike 
thoee of the bony fishes, provide for lift of the thorax by 
a hydroplaning effect against the downward and forward 
thrust of the heterocercal tail. It was then considered 
that in the living dogfish there might also be an ‘upwash’ 
effect, due to the action of the tail, which would not be 
demonstrable in the wind-tunnel model. the 
dermal denticles are arranged like the scales of bony 
fishes, in oblique, parallel rows, the spines of these den- 
ticles are orientated on the ventral half of the body in 
the direction of the theoretioal downwash, while those 
on the dorsal half are orientated obliquely upward and 
backward, in the direction of an apparent upwash (Fig. 3). 
It will be seen that there is some resemblance in the 
orientation of these spines to that of the dermal ridges 


of the dolphin. 

It is & t from the arrangement of the pectoral 
musolee the dolphin that the main function of the 
flippers is also that of maintaining a hydroplaning effect. 
The muscles of extension are poorly developed and the 
trapezius is vestigeal, the greater part of the work of 
extension evidently being performed by the pressure of 
water on the ventral surface of the thorax and flippers. 
On the other hand, the muscles of flexion, abduction, 
adduction and circumduction are all well developed. 
These are the muscles which act antagonistically to the 
preasure of the water. 

Turning now to the action of the tail, it has been 
stated, Parry’, that the tail and flukes oscillate inde- 
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Fig. 4. Diagram of a common porpoise, Phocsene phocoena, showing orientation of the dermal ridges 


pendently and sinusoidally in a direction at right angles 
being with 


spinalis and 
longissimus dorsi are included, is approximately double 


the downstroke, and provide the greater part of the 
forward thrust. The forward momentum, thus imparted, 
together with the buoyancy, assists materially in returning 


velocity and gravitation on the body provide most of the 
lift of the wings during the upstroke. 

It is clearly important, in ssseasing the power available, 
that some agreement should be reached about the iden- 
tifloation of muscles which constitute the locomotor 


muscle mass from oooiput to tail, yet he denies any 

: ; ial and ] ial 
; B, in his tabulated 
Hsts relating to fin whales, obviously izes such an 
asymmetry. An asymmetry of function, the case of 


^ 
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the bottle-nosed dolphin, is demonstrated in the serial 
film shown in Parry's! paper. It will be sean that 10 
frames are required to return the tail from maximum 
elevation to the horizontal position. From maximum 
depreasion to the horizontal position only 5 frames are 
required. The extra thrust of the ke is also seen 
in the independent movement of flukes. On the 
downstroke there is no clearly defined angle of attack 
between frames 1 and 9, that is, not until the tail is clear 
of the upwash. On the upstroke, however, the angle of 
attack changes rapidly between frames 16 and 18. 

That Slijper’* made this observation from Parry's film - 
eee Ms eee proat pE the Prial 
w. he uses to demonstrate. the interdependent move- 
ment of the flukes; thus frames 1 and 2 in Slijper’s pa 
represent frames $ end 9 from Parry's film, while 
frames 5 and 6 in Slijper represent frames 16 and 18 from 
Parry’s film. 

The effect of a more powerful upthrust would be 
essentially similar to that of the heterocercal tail of the 
dogfish, that of tending to push the body downwards and 
forwards. The t of the dermal ridges on 
the throat and y seems to indicate that the latter are 
Pressure sreas. -The antero-posterior circulation round 
the hydrofoil of the flukes induced by a powerful upthrust 
would produce an acceleration of water particles over 
their’ dorsal aspect, and consequently obliquely over the 
flanks. This excess of velocity over the observed momen- 
tum of the animal is that to which Gray referred, and is 
analogous with that part of the velocity of the alip- 
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stream which produces the ‘lift’ on an aircraft wing. It 
is expected that during rapid swimming the amplitude of 
the tail beat would be much smaller than that shown in 
Parry’s film, the frequency of oscillation being correspond- 
ingly greater. It is possible that in these conditions there 
ig never any appreciable angle of attack on the downstroke. 

If the orientation of the dermal ridges does indeed 
indicate the average flow pattern- round the dolphin's 
body, it would clearly be erroneous to use the total length 
of the animal in the caloulation of Reynold’s number. 
The calculation of total resistance would appear to be a 
ee ee qu. jus number of 
different values of Re. and a correspondingly large number 
of ‘drag coefficients’. No attempt has been made here to 
give a quantitative assessment of the drag on the dolphin's 
body, not only because of the departure from simple 
boundary layer phenomena expected by the accelerations, 
described here, but also because very little agreement 
oan be found in the literature about the exact value of 
Re. at which the transition from laminar to turbulent 
flow occurs. For example, Gray’ gives the figure as 
He. 5x 10, Kramer‘ 2-8 x 10*, while u gtates that 
the slightest disturbance will cause the flow to become 
turbulent above Rs. 2x10. It may be stated, however, 
that if Kramer's value is used, then the oblique flow over 
the body of a 6-ft. dolphin at pe oe eee 
cen’ laminar, irrespective of any’ moulding of the ski 
due to dermal ridges, or subdermal oil sinuses. As pre- 
viously stated, the dermal ridges are not apparent on the 
external akin of a healthy dolphin, and the oil ducts, which 
lie deep to the panniculus carnosus, are only conspicuous 
in the thoracic region, where they are associated with the 
pectoral musculature. The panniculus carnosus is very 
well developed in cetaceans and takes the form of broad, 
"but discrete sheets, covering over the muscles of the 
shoulder, chest, neck and abdomen. From the general 
appearance and disposition of its components it would 
soam that its main function is that of smoothing out the 
transverse contours of the subjacent musolee. 


A paper by van Heel!* recently received, concerning . 


tal work with the common porpoise, Phocasna 
stated that these animals "never showed their 
flukes and seldom jumped . . . in smooth water a oon- 


> . Prof. D. M. Steinberg 

Pror. D. M. SrsissHaa, who died in/November at 
the early age of fifty-three, was one of the leading figures 
in the Russian entomological world and well known 
abroad as an active icipant at international entomo- 
logical and zoologi w. He was born at Lenin- 
grad in & highly cultured family, bis father being profeesor 
of the theory of music in the Musical Academy and the 
maternal grandfather the composer N. A. Rimsky-Korga- 
kov. After graduation from the University of Leningrad 
in 1930, D. M. Steinberg worked for & short time at the 
Oceanographic Institute at Vladivostok, but soon joined 
the All-Union Institute for Plant Protection in Leningrad 
and also lectured at the Medical Institute. In 1945, he 
moved to the Zoological Institute of the Academy of 
Sciences, where he spent the’rest of his life. 

D. M. Steinberg's scientific interests have been very 
wide, but his works are characterized by their thorough- 
nees, critical insight and often an original approach to 
the subject. Most of his eighty papers deal with the 
comparative morphology of insecte and their physiological 
ecology; more recently he turned his attention to tax- 
onomy and produced a monograph on wasps of the family 
Booliidae in the Fauna of the USSR. Among his outstand- 
ing works may be mentioned hia dootor's thesis on the 
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spicuous surface wave could be observed if the animals 
were moving quickly or near the surface”. This observ- 
ation to indicate that Phocasna ig a rather slower 
swimmer than Delphinus, but that there is an average 
drad apart RS ec aia ae Van 
trecht’s statement that the dermal ridges lay at a alight 
angle to the long axis of the body was found to be true 


over the part of the flanks and the dorsal surface, 
but the belly and caudal peduncle showed the 
familiar ' and ‘downwash’ orientation (Fig. 4). . 


Van Utrecht’s obeervation that the typical pattern 
becomes visible at the surface is most clearly seen by 
careful examination of the fine ‘brush marks’ in the 

i zones between broad of pi t. If 
the foregoing hypothesis were correct then it 1s true to say 
that the streaming lines of colour which are to be seen on 
many species of odontocete provide, at least, an approx- 
imate guide to the flow of water over the body, and it is 
interesting in this respect that there is scarcely a species 
which does not show tbe ‘downwash’ effect behind the eyes. 

Note. A reference discovered after the present article 
had been submitted for publication shows that Sokolov" 
had made a similar observation. Without giving details 
he states: “Oblong epidermal septa in the thoracic skin 
of quick-swimming whales as well as that of the flukes of 
all Cetacea are always arranged im a definite direction, 
namely, along the lines of flow of water over the whale’s 
body when swimming” 
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morphogenetic potentialities of the larval hypoderm of 
insects (1942); comprehensive flold and laboratory investi- 
gations on the web-worm (Loxostege sticticalis), containing 
a wealth of data on its ecology, behaviour (particularly, 
flight in relation to the dynamios of the air) and physiology, 
with special reference to the conditions of sexual matura- 
tion (1935); a valuable review of Russian, work on insect 
morphology for. the period 1917-57 (1957), eto. His 
latest interest was in the theoretical te of biological 
control of insect pesta, in which connexion he spent three 
months in 1961 in Canada, studying research methods. 
He also visited Iran (1955) and Ethiopia and the Sudan 


~ Republic (1959) for entomological investigations. He 


organized and led research expeditions of the Zoological 
Institute to Kazakhstan (1949-51) for a survey of the 
insect fauna in the steppe areas where the development 
of forest shelter-belts was planned; and Turkmenia 
(1952-53) for investigations of the insect of the deserts 
scheduled for irrigation; the object in both oases was to 
discover the natural components of the fauna likely to 
become - important pests under the conditions of new 
land use. D. M. Steinberg’s influence on the development 
of entomology in his country was very great, and his 
premature death leaves a wide gap in the senior ranks of 
Soviet entomologists. B. P. Uvarov 
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Dr. Richard E. Trees 


, Der. Riomano E. Taunus, a theoretical physicist at the 
National Bureau of Standards, U.S. Department of Com- 
merce, died on October 27. Dr. Trees had mado dis- 
tinguished contributions to the quantum theory of 
complex atomio 

Born in Philadelphia m 1920, Dr. Trees received his 
B.8. degree in naval architecture and marine engineering 
at the. Webb Institute of Naval Architecture in 1948. 
He received his M.8. and Ph.D. degrees in physics from 
the University of Pennsylvania in 1949 and 1961 respec- 
tively. : z 

He joined the National Bureau of Standards in 1981 
as a physicist. In 1955, Dr. Trees was the recipient of a 
Rockefeller Publio Service Award, which enabled him to 
spend a year in research at Princeton University. He 
received a Meritorious Service Award from the U.S. 
Department of Commerce in 1958. 


Prof. T. H. Berlin ` 


Pror. TuHmEopozs H. Brsarm, of the Rockefeller 
Institute, a leading American theoretical physicist, died 
on November 16. 

Dr. Berlin went to the Rockefeller Institute, New 
York, in February 1961 to develop a school of physica 
and mathematics with Prof. George E. Uhlenbeck, a 
physicist, and Prof. Mark Kao, a mathematician. He 
was formerly profesor of physics in the Johns Hopkins 
University. 

Born in New York City on May 8, 1917, Dr. Berlin 
received the B.B. degree in chemical engineering from the 
Cooper Union Institute of Technology, and the M.8. and 
Ph.D. from the Univermty of Michigan. 

His Ph.D. thesis was on the quantization and electric 
interaction in diatomic molecules. ing the Second 
World War, while a graduate student at the University 
of Michigan, he worked on the proximity fuse. 


t 


The British Broadcasting a F ORE 
Ir Haro Ishop, C.B.E. 


Sim Hanorp Brsuor, director of engineering since 1952, 
will retire ón May 10, the fortieth anniversary of the dato 
on which he joined the B.B.C. Ho is the first man to 
complete forty years’ service with the B.B.C. Sir Harold 
received his technical education at the City and Guilds 
College, being awarded the associateship of the College m 
1920. He was later awarded the fellowship of the City 
&nd Guilds Institute and the fellowship of the Imperial 
College of Science and Technology. After two years with 
H.M. Office of Works and a year with Marooni's Wireless 
Telegraph Co., Ltd., ho joined in 1923 the British Broad- 
casting Company, which m 1927 became the British Broad- 
casting Corporation. He was senior superintendent en- 
gineer from 1923 until 1929, assistant chief engineer from 
1929 until 1943, and chief engineer from 1948 until 1952, 
when he was &ppointed to his present post. He was 
awarded the C.B.E. in 1988 and created Kni Bachelor 
in 1955. Sir Harold was chairman of the Radio Section 
of the Institution of. Electrical Engineers in 1941—42, a 
member of the Council from 1944 until 1947, vive-president 
from 1948 until 1953, and president in 1953—54, and was 
awarded the Institution ium in 1935. He was 
president of the Association of, Supervising Electrical 


Engineers from 1956 until 1958 and president of the: 


Television Society m 1961 and 1962. 


Mr. F. C. McLean, C.B.E. 


Sœ Hanorp will be succeeded as director of engineering 
by Mr. F. O. McLean, who is at present deputy director 
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He joined the faculty of the Johns Hopkins University 
in 1940, and was appointed assistant professor in 1947. 
He was then named associate profeasor of hyaios in 
Northwestern University and, in 1955, to Johns 
Hopkins University as a full professor. f 

Dr. Berlin in 1952 and 1953 was a member of the 
Institute for Advanced Study, Princeton University, as & 

. Guggenheim Fellow. At the University of Michigan he 
stadied under Prof. Uhlenbeck, and at the time of his 
death was in writing & volume on statistical 
physios with Prof. Uhlenbeck. 

A Fellow of the American Physical Society, Dr: Berlin 
has served as associate editor of the Journal of Chemical 
Physics and the Physical Review, publications of the 
Society. Last year he served for a time as the editor of 
Physical Review Leiters. 


. Mr. C. W. Wood 
Cvnr, WanouP Woop, senior science master at St. 


~ Bees School (Cumberland) from 1945 until 1959 and since 


1960 executive editor of the new Commonwealth and Inter- 
national Library of text-books, died in an Oxford nursing 
home on Decamber 20, at the age of sixty-two. He had 
recently been appointed a director of the Pergamon 
Preas. - 

Cyril Wood, who was born in Yorkshire, held a first- 
class honours degree of the University of Manchester and 
was also & master of science of the same University. 
He was chief examiner in physice-with-chemistry for the 
Northern Universities Joint Matriculation Board and 
assistant examiner in the General Certificate of Educa- 
tion for the Examining Boards of Oxford, Cambridge 
and Walesa. Before joining the staff of St. Bees, Mr. 
Wood taught chemistry in Leeds Grammar School for 
twelve years. 

During his lifetime Mr. Wood wrote fifteen general 
science and chemistry text-books. Ü 


NEWS and VIEWS 


of i ing. After taking his degree at the Univermty 
of Birmingham, Mr. MoLean joined Standard Telephones 
and Cables, Ltd., in 1925 as an engineer on radio projecte 
and spent six years in the Paris laboratories of fhe Com- 
pany. In 1937 he joined the Station Design and Installa- 
tion ib galery of the B.B.C. and became assistant to 
the chief engineer in 1947. He was promoted to assistant 
chief engineer in 1951 and deputy chief angineer in 1052, 
and has been deputy director of engineering since 1960. 


Mr. M. J. L Pulling, C.B.E. 
THa new deputy director of engineering wil be Mr. 
M. J. L. Pulling, who is at present assistant director of 
engineering. Mr. ing was educated at Marlborough 
College and at King’s College, Cambridge. After a period 
in industry he joined the B.B.C. i ing Information 
Department in 1934. He became samstant to the assistant 
chief engineer in 1937 and superintendent engineer 
(recording) in 1941. From 1949 until 1956 he was senior 
^ superintendent engineer (television) and was appointed 
controller (television service engineering) in 1956. He 
took up his present post in January 1962. 
Mr. D. B. Welgall 
Mx. PULLING will be succeeded as assistant director of 
engineering by Mr. D. B. Weigall. On leaving the Univer- 
sity of Oxford in 1933, Mr. ‘Weigall joined the B.B.O. as’ 
a student apprentice. He was a member of the Research 
Department from 1935 until 1939 and was seconded as 
chief engineer to the Malaya Broadcasting Corporation 
from 1940 until 1942 and afterwards to the Mimistry of 
Information. In 1946 he joined the Department of the 
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(Sound) and became a senior 
engineer in the and Installation Department m 
1948. From 1961 until 1962 he was in the External Broad- 
casting eering De t and became chief 
engineer (external broadcasting) in May 1962. 
Dr. K. R. Sturley 
Taa new chief , external broadcasting, will be 
Dr. K. R. Sturley. leaving the University of Birming- 
ham, Dr. Sturley joined Marconi’s Wireless Telegraph 
Co., Ltd., in 1936. He remained with them until 1945 
when he joined the B.B.C. and was appomted to his present 
post as head of the Engineering Traming Department. 


Marconl Director of ene neenne ESTE CS 
r. E. Eastw B.E. 


Da. E. Easrwoop has been appointed director of 
engineering and research of Marconi’s Wireless Telegraph 
Co., Ltd. Born in Rochdale, Lancashire, Dr. Eastwood 
was educated at Oldham High School and later at the 
University of Manchester and Christ's Oam- 
bridge. He joined Marooni's in 1948, from the ‘Nelson 
Research Laboratories of the English Electric Company, 
and was appointed deputy chief of research. In 1954 he 
became chief of research, and in 1902 he was appointed 
to the new post of director of research. He was awarded 
the Wakefleld Gold Medal of the Royal Aeronautical 
Society in 1961, in recognition of his contributions towards 
safety in the air, and he was awarded a O.B.E. in the 
1962 New Year Honours List. In 1961 he was elected 
to the Board of Marconi Instruments, Ltd., and was 
appointed director of research for the entire English 
Electric Group in August 1962. He is at present giving 
the 1962—63 series of Faraday Lectures for the Institution 
of Electrical i In this newly created post, Dr. 
Eastwood will responsible for all engineering and 
research work within the Marconi Company. 

- Mr. R. J. Kemp, formerly deputy engineer-in-chief of 
the Company, is appointed deputy director of engineering 
and research. 


1962 James Clayton Prize 

Tue Institution of Mechanical Engineers has awarded 
the 1962 James Olayton Prize to: Dr. H. E. Merritt, for 
his contributions to mechanical engineering science by 
theoretical and practical investigations leading to his 
solution of many problems involving tooth gearing, in part 
communicated to the Institution in the form of papers and 
lectures; Dr. D. G. Christopherson, for his broad oontri- 
bution to mechanical engineering | science by way of his 
researches into lubrication, elasticity and plasticity, and 
through his services in the development of engineering 
education. This Prize is drawn from the Clayton Trust 
Fund, and represents one-quarter of the annual income of 
- the Fund (nearly £6,500 each year). It is awarded 
annually to a member or members of the Institution who 
in the opinion of the Council contribute most in the year to 
modern Engineering Science by way of research, invention, 
experimental work or & treatise or paper on a modern 
engineering subject, ar originality in engineering design or 
by service to engineering. 


The Association of Universities of the British Common- 

wealth 

Tum report for the year ended July 81, 1962, of the 
Executive Council of the Aseociation of Universities of 
the British Commonwealth records a membership of 118 
universities, 10 university co and 4 other pros 
institutions of higher education (Pp. 30. 
Association of Universities of the British Tiii 
wealth, 1962). While the final total of 967 vacancies for 
1961—82 was not significantly higher than in the previous 
year (943), the number of applications received for the 
posts announced fell from 1,684 to 1,898, and the number 
of announced oases in which the appomtment went to a 
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candidate secured by the Association’s advertisements 
rose from 127 to 161; during the year 4,741 specific 

inquiries about advertised posts were handled. The 
Association continued to provide the secretariat for the 
Commonwealth Scholarship Commission in the United 
Kingdom and to asist in the selection and placing of 
Scholars and Visiting Fellows, and has also assisted with 
the competition for the Frank Knox Memorial echolar- 
ships, with the Marshall scholarships, the Commonvweelth 
University Interchange, thé Drapers’ Company scholar- 
shipa and the admission of candidates to universities in 
France by virtue of examinations passed in Britain. A 
note is appended on the work of the Committee of Vioo- 
Chancellors and Principals. 


University Support In Canada 

Tma report on University Support 1961-62 of tho 
National Research Council and the Medical Research 
Council of Canada records direct expenditure by the 
former of 8-85 million dollars, of which 82-8 per cent was 
for some 1,000 research granta to members of university 
staffs and 17-2 per cent for 675 uate scholarships 
and fellowships (Pp. vii+ 188. N.R.O. No. 6862. Ottawa: 
National Research Council and Medical Research Council, 
1962. 50 cents). Of the total expenditure, 8 million 
dollars was provided by the Council, 700,000 dollars by 
the Atomic Energy Control Board, 24,460 dollars by 
the Fisheries Resoarch Board and 120,037 dollars by the 
North Atlantio tion Science Committee. 
Of expenditure totalling 965,892 dollars for indirect sup 
port, 48-6 per omnt was to scientifio organizations and 
functions, 36-5 per cent for the publication of aix scientific 
periodicals and the remainder for administration of the 
programme. The total of 9-81 million dollars compares 
with 8:17 million dollars in 1960-61 and 8-82 million 
five years ago. The Medical Research Counoil's pro- 
gramme of support totalled 8-36 million dollars in 
1061—62 oompered with 3-31 million dollars in 1960-61 
and 894,85" million dbllars five years ago. Of the total, 
82-7 per cent was for 383 research grants to Canadian 
institutions and 15 per cent for 60 fellowships, 24 
associateships and 24 summer scholarships. Lista of 
fellowships and scholarships and of research grants are 
included m each report. 
Management Studles In Technical Colleges In Britain 


‘Vigorous further development of uate courses 
of high quality is recommended in firat report of the 
United Kingdom Advisory Council on Education for 
Management, 1962, Management Studies in Technical 
CE SEP (Pp. vilit+ 19. Lofidon: H.M.B.O., 1902. 2s. 
net). gh gus points out that the technical colleges 
provide a wi range of courses in management studies, 
including the new diploma in t studies, a 
national award introduced in 1961. It is of great import- 
ance that the diploma course should be of a high standard 
at all centres where it is offóred, based on teaching of 
high quality, with rapid build-up of full-time courses, 
and concentrated at a relatively limited number of 
centres, where exploration and development of the fleld 
of knowledge are possible. Some full-time staff may be 
obtainable fram industry, and the special needs of manage- 
ment departments should be recognized in staff 
complaints and regard paid to opportunities for research 
and consultancy. A sustained effort is needed to ensure 
& continuous flow of information about tho purposes of 
management education and the available facilities. 
Besides the courses with 2,360 students at forty-three 
technical colleges (including four colleges of advanced 
technology) in October 1962, twelve universities are 
offering courses, in eight of which postgraduate full-time 
courses of & year’s duration are available. The importance 
of olose co-operation between the colleges and the firms 
providing students is stressed, and the report includes 
recommendations for the training and dovelopment of 
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teachers, such as overseas visits, interchange of staff, and 
the use of part-time staff. 


The Sixteenth Arthur Stanley Eddington Memorial 
Lecture 


In the sixteenth Arthur Stanley Eddington Memorial 
Lecture, "On Having a Mind”, delivered on November 9, 
1962, Prof. W. Kneale conoludee that we must retain the 
Platonio notion of mental events which are distinct from 
anything in the physical world and manifest a special 
kind of connectedness (Pp. 56. Cambridge: At tho 
University Press, 1962. 4s. 6d. net; 95 cents). The 
occurrence of. such events is part of what we ordinarily 
intend to assert when wo speak of the existance of minds 
and & presupposition of all the more interesting things we 
want to say about them. He believes that an analysis of 
perception which does justice to the complications of our 

i talk about it must be a casual theory of some 
kind, and that the distinction of primary and secondary 

ities, as drawn by Look» at his beet, is a very important 

very of philosophy. He does not attempt to consider 
how it came about that some organisms have minds, nor 
yet what advantage, if any, an organism can gain from 
having.& mind, but in this part of our search for truth he 
thinks we are still like children playing with pebbles on 
the shore of a great ocean. He suggests that the survival 
of the Platonic theory of mind Poen me pest three 
oenturies in spite of fairly obvious difficulties is not due to 
the dominance of a religious interest among philosophers 
but to ita leaving the way open for the development of 
natural science. 


U.K. Population Trends In the Late ’Fiftles 
Iw the third part of his statistical review for 1960, the 
Registrar General remarks on the change in the pattern 
re ulation growth which took place in the late ‘fifties 
hs Beptotrae General General's Statistical Review of England and 
Wales fer the year 1960. Part IO: Commentary. Pp. 
xiv--281. London: H.M.8.O., 1962. 21s. net). Between 
1959 &nd 1900 the home population increased by 869,000 
persons, compared with 277,000 and 202,000 m the 
previous two years. Natural increase accounted for 
255,000, the remainder being due to net migration. As 
there was a not inappreciable outward movement, total 
immigration was considerably heavier. Live births at 
785,000 were higher than in any year since 1947, and it 
seems reasonably certain that ultimate family size has 
been rising. The marriages of 1936-41 achieved about 
two children apiece, those of 1946 are likely to achieve 
2-2, the most recent cohort for which the i 
General makes an estimate are likely to have between 
2-3 and 2-4. A rise of 20 per cant in total family size 
over & period of 15 years is obviously an important shift 
and needs explanation, though this is not the task of the- 
Registrar General, who confines himself to the role of 
chronicler. It is, however, to be noted that the 1962 
total of births is likely to exceed that of 1960 by a oon- 
siderable margin. As rogards deaths, the principal com- 
parison made is between 1950 and 1960, two years not very 
different climatically. Infectious diseases, and particularly 
tuberculosis, have fallen very considerably, from 47-0 per 
100,000 in 1950 to 12-8 in 1960. As regards cancer, an 
increase of 53 per cent in the standardized mortality ratio 
is noted for cancer of the Jung among males and a 35 per 
cent increase for females. Du eee of life at birth 
was 68 yoars for men and 74 for women, at age 45 the 
figures were 27 and 82 years, and at age 65, 12 and 15 
years, respectively. Marriage rates continued high, the 
gross nuptiality table for 1960 implying no fewer than 
96-4 per oant of females marrying by the age of 50. 


Antiquitles from Benin, Nigeria 


BuwrN sculptures are well known and can be seen in 
most of she major ethnographical museums. Frequently 
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they were made by the oire perdue method and the artista 
showed great skill in their productions. Bronze is oom- 
monly the material used, but brass also ocours. As there is 
no tin available in Nigeria, this latter alloy must have 
been imported, pue TO hy Pyare Sudan: These 
sculptures have made in Benin for a very lo se 
indeed, since the sixteenth century. Did the early 

guese traders have any influence on & native art 

in the country at the time ! Pai ote eie 
the punitive expedition of 1897, when the country was 
opened up, that these splendid sculptures became known 
in England. Nowadays they are much sought after and 
command a price. 

Captain A. W. F. Fuller, who was born m 1882, and 
came of a family long settled in Sussex, started the hobby 
of collecting at an early age, and his collections from 
Oceania and Africa became famous. Towards the end of 
his life he became interested in the Chicago Natural 
History Museum, and there all his collections are to be 
found. The Museum already had a good number of 
specimens from Benin, and these together with the Fuller 
examples are now on show. A well-illustrated catalogue 
has been produced, and for those who cannot visit Chicago 
iteolf this will be of great interest (The Art of Benin: a 
Catalogue of an Exhibition of the A. W. F. Puller and 
Ohicago Natural History Museum Collections of Antiquities 
from Benin, Nigeria. By Philip J. C. Dark. Pp. iii+ 74+ 
48 plates. Chicago: Chicago Natural History Museum, 
1962. 2 dollars). 


` 


Russlan Geology In Translation 


For some years the American Geological Institute has 
been conducting an extensive programme of English 
translation from Russian, Chinese, and other ‘difficult’ 
languages, much of which has been published in ita 
monthly periodical International Geology Review (55 dollars 
per year; 15 dollars to eduoetional institutes and - 
sonnel: American Geological Institute Translations o6, 
2101 Constitution Avenue N.W., Washi 25, D.C.). 
A special supplement to the October 1962 issue of this 
journal, in the form of an 89-page Catalogus of Tranala- 
tions of Russian Papers in Geology, Solid-Harth Geophysics, 
and Belated Sotences through 1561, is likely to meet a 
present need. Tt records fifteen Russian periodicals in the 
earth sciences of which oover-to-oover translations are 
made by American agencies; and it lists a further 1,652 
papers from other serials (dating from 1953 to 1961) of 
which translations are available, with the sources whence 
copies may be obtained. One noteworthy omission from 
the list of oover-to-oover translations is the Bulletin of the 
Moscow Sootety for Natural Research (Geological Section), 
now being produced in English, on behalf of the National 
Science Foundation, by the Israel Program for Scientific 
Translations (61, Geological Section, 31, Ist, 2nd, 
3rd Editions. Pp. iv+444. (Jerusalem: Israel 
for Scientific Translations. Available from the Office of 
Technical- Services, U.S. Department of Commeroe, 
Washi 25, D.C., 1961.) 4.50 dolars.) 
in 1963, International Geology Review will bo expanded to 
carry selected papers from the P Journal 
(U.S.S.R.), from the Isvestwa (Geological Series) of the 
U.8.8.R. Academy of Sciences, and from Sovtet Geology, 
and it will thus make the results of much Russian geo- 
logical work more readily accessible to the Western reader. 


Bibliography on Soft X-ray Spectroscopy 
An Annotated Bibliography on Soft X-ray Spocirozcopy 


‘has been compiled in connexion with a research pro 


gramme on the electronic structure of metals and aloza 
in progress at the U.S. National Bureau of Standards 
(Monograph No. 62: Annotated Bibliography on Soft X-ray 
Spectroscopy. Pp. iv+108. W D.C.: Govern- 
ment Printing Office, 1962. 1 dollar). The bibliography 
contains about 550 references and is considered to be a 
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complete coverage of the soft X-ray literature for the 
period 1950-60. Some references to earlier work are 
included bub the general review references, listed separ- 


Mee 
and review papers and books. The main list of references! 
follows, grouped by year and arrariged alphabetically by 
-author within each year. The emphasis is on the applica- 
tion of soft K-ray spectroscopy to the study of valence 
band electronic states in metals and alloys. The spectral 
region 25-800 A involving ruled glass grating spectro- 
meters is therefore of principal interest. However, con- 
siderable date have been gathered, primarily by the 
Russians, on valence electronic states by means of high- 
energy transitions where orystal spectrometers are satis- 
factory. These references and any X-ray work leading 
to the distribution of valence electronic states are included 

of the transitions used. In addition to soft 
X-ray data, references on all pertinent aspects of tho 
apparatus and experimental problems are included in the 
bibliography. A number of indexes are given at tho 
beginning of the monograph for ready reference to papers 
containing the specific data to which the bibliography 
applies. the literature the spectra are presented in a 
variety of energy unita, and in compiling-the bibliography 
A conversion chart of unite is appended to the biblio- 
graphy. It is intended to continue the bibliography and 
to issue supplements periodically. - 


Protecting Turtles In Sarawak 


A GovaENMENT OnpINANGOH now protects the-greater 
turtles of Sarawak from disturbance, under penalty 
of & 1,000 dollar fine. This is the penalty for any unguthor- 
ized vessel approaching within half a mile of three islanda 
off the coast of Sarawak, Talang Talang Besar, Talang 
Talang Kedhil and Satang Besar, on which the turtles 
nest. Oarefully conserved by the curator of the Sarawak 
Museum, Dr. Tom Harrisson, the turtles have provided 
piore uii, Wig cba gs E OD 
the past fifteen years (W: Wildlife News, No. 7; 
October 1962). Many other eggs have bean removed to 
hatcheries, where the young turtles have been reared 
safely and released again ab sea when they are big enough 
to fend for themselves. 


Incidence and Distribution of Asthma In Australla 


AN analysis was made of asthma oases in public hos- 
pitals in Queensland in the year 1957. Asthma was 
responsible for 2,673 cases, or 1-62 oent of the total. 
It predominated in male children adia adults more than 
55 years of age. It predominated in females in the. inter- 
ara: pra A striking fall in the male inaidenoe in the 
second decennium suggested a favourable prognosis for 
most asthmatic boys. The apparent incidence of asthma 
varied considerably from place to place. The variation 
could not be explained simply in terms of latitude, altitude, 
temperature, rainfall or distance from the coast. Soma of 
the variation betwean hospitals was probably due to differ- 
ent oriteria for admission, The seasonal distribution 

significantly at about the Tropic of Capricorn. To 
the south, the mam incidence was in autumn ; to the north, 
no seasonal patterns had a wide prevalence. The investi- 
gators, Drs. E. H. Derrick and R. H. Thatcher, showed 
that an stiological study of asthma must sake into 
account variation in the co of causes including sex, 
age, season and locality (Seventeenth Annual Report of 
the Council of the Queensland Institute of Medical 
Research for the year ended 80th June, 1962. Pp. 12. 
Brisbane: Queensland Institute of Medical Research, 1962). 


The Sodety for Visiting Scientists 


Tum of the secretaries on behalf of the Council 
of the Society for Visiting Scientists made to the fifteenth 
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i on Decembar 11 refers to the success of 


the three discussion meetings dealing, vely, with 
colour television, the turkey X disease, matching men 


and machines. Activities were somewhat ape ere 
change of premises from Old Burlington Street to 1 Albe- 
mazlo Street, and referonce is again made to the difficulty 
of finding new and adequate sources of incame. 


The Scottish Fleld Studles Association : 
; Programme of Courses 
Taa Boottish Field Studies Association has arranged 
the following courses during 1963: Garth: hy 
(April 18-20); spring m the Highlands (May 18-25); 
of Glen Lyon (June 8-15); inseot natural history 
(June 29-July 6); grasses, rushes and sedges (July 6-18); 
mountain and moorland ecology (August 3-10); moun- 
-tain flowers (August 10-17); plant ecology (August 
17-24); lichens (Be 7-14); Isles of Great Oum- 
bras: seashore biology (May 11-18); marine biology 
(June 1-8, June 8-15, August 24-31); Black Isle: geo- 
graphy (June 1-8); Pù : archwology (June 1-8); 
Isls of Arran: birds of Arran (April 18-20); geology of 
Arran (June 1-8, September 7-14); wild flowers (July 


6-13); Strathpeffer : birds (June 8-15); geo- 
graphical field studies (July 6-18); North Ballachultsh : 
geology of Glenooe (July 6-13); Alnmowh: birds of 


Northumberland (June 1-8); a geographioel of 
the Hebridean highlands and islands (April 11-17). 
Further information can be obtained from the Scottish 
-Field Studies Association, 179 West Regent Street, 
Glasgow, O.2. 


Announcements 

Dr. BugsaAnp Karson, research physicist with the 
Phillips Petroleum Company’s Atomic Energy Division 
at Idaho Falls, has been appointed senior scientist at 
the Nuclear Science and Engineering Corporation, Pitte- 
burgh, Pa. 

Onawams of name of subsidiary companies of the 
Derritron Group have been announced as follows: Beme 
Research and Development-Ltd., to Derritron Research 
and Development Ltd.; Chapman Ultrasonics Ltd., to 
Derritron Ultrasonics Lid. (managing director, Mr. O. T. 
Obapman); Doran Instrument Oo. Ltd., to Derrisron 
Instruments Ltd.; Electronic Vibrators Ltd., to Derritron 
Electronic Vibrators Ltd.; L. 8. B. Components Ltd., to 
Derritron Transformers Ltd. 


A PROGRAMMA of twelve courses on the use of isotopes 
has been arranged by the Atomic Energy Research Estab- 
lishment-Isotope School during the period February 11— 
December 18. The courses will range between five and 
twenty-three days in length, with tuition fees between 
£20 and £00. Further information can be obtained from 
the Wantage Research Laboratory (A.E.R.E.), Wantage, 
Berkshire. _ 

A symposium on “Communications -in Industrial 
Relations", organized by the Central London Productivity 
Association in conjunction with the Department of 
Management and Social Science, Northampton College, 
wil be held at the Northampton College af Advanced 
Technology, London, on Jafuary 30. Further information 
can be obtained from Miss O. M. Burnell, Room 101, 
Northampton Oollege of Advanced Technology, Bt. John 
Street, London, E.O.1. i 


Erratum. In the communication by O. Chlouverakis 
entitled “Adipose Tissue Lipoprotein Lipase Activity in 
Rats of Two Different Ages”, which appeared on p. 1103 of 
the December 15 issue of Nature, the tenth ph 
should read ‘The a absvum autiv ky a Hefined was 
found to be 19-86 + 8:25 (mean + S.D.) unite in young, 
and 3-81 + 2-92 (mean + S.D. as above) unita in old 
rate (t = 5:8, P< 00001)”. 
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FLUORIDE, TEETH AND THE -ANALYST 


A MEETING on ‘Fluoride, Teeth and the Analyst”, 
held by the Booiety for Analytical Chemistry at the 
Wellcome Building, Euston Road, London, N.W.1, on 
November 7, under the chairmanship of Dr. A. J. Amoe, 
provided an ity for di&cuemon between chemists 
of widely different interests and specializations. 

Dr. H. J. Cluley (General Electric Co., Ltd, Hirst Re- 
search Centre, Wembley, Middlesex) spoke on ‘The 
Determination of-Fluoride in Inorganic Materials by 
Pyrohydrolysis”. Fluorine, he said, interfered with the 
determination of a number of elements and was itself 
frequently difficult to determino. One particular difficulty 
arose from the lack of selectivity of the methods available 
for the determination of fluoride, so that for fluoride in 
inorganio materials a preliminary separation of the 
fluoride from most other elements was almost invariably 
necessary. The most common method of separation was 
that of Willard and Winter in which fluoride was distilled 
as fluoeilioio acid; however, this was subject to serious 
interference from aluminium, boron and gelatinous silica 
and hence was of little practical value to tho silicate analyst. 


Agamst this ` background, an alternative means of, 


method of rapidly separating fluorino from a variety of 
inorganic materials. This technique involved heating 
the sample, usually mixed with a suitable ‘accelerator’, 
in & current of steam or moist oxygen; the fluorine was 
evolved as hydrogen fluoride which could be condensed 
and determined by titration. 

The method originated in the atomio energy fleld where 
it was observed that the fluorides of uranium and of 
aluminium, bismuth, magnesium, vanadium, zino, rir- 
conium and rare earths wore rapidly hydrolysed on 
heating in a ourrent of steam. Other fluorides such as 
those of calcium, strontium and barium were more 
reluctant to part with their fluorine but the addition of an 
accelerator, for example, U,0, or alumina, facilitated their 
hydrolysis. More recently, tungstio oxide and vanadium 
pentoxide had been used as accelerators. 

Originally, a platinum reactor tube had been used for 
the pyrohydrolysis. It had now been shown icable 
to use a silica reactor tube in conjunction with a 
water-cooled condenser, ainoe the concentration of hydro- 
fluorio acid vapour was always low and the time of contact 
with the apparatus was short. Typically, pyrohydrolysis 
was continued for 16-30 min at approximately 1,000? O, 
with a fast flow-of steam to give 8-5 ml. of condensate per 
min. 

Where conventional methods lengthy separa- 
tions, for example, the determination of fluorine in silicate 


materials, the rapidity afforded by the pyrohydrolysis' 


technique is of particular advantage. Dr. Oluley described 
how the technique had i the rapid determination 
of 5 per cent of fluorine m opal glass, giving resulta of high 
precision. He had also used pyrohydrolyais to determino 
0:02-0-10 per cent fluorine in very small dentine samples 
which were supplied by Dr. G. N. Jenkins (who was to 

later) which originated from ‘low’ and ‘high’ 

rine areas. 

Dr. J. Longwell (deputy.government chemist, Laboratory 
of the Government ist, Clement's Inn Passage, 
Strand, London, W.0.2) dealt with the fluoridation of 
water supplies from the analyst's point of view. Not 
enough was known about the vast amount of work that 
had been devoted to this subject during recent years in 
the United States and in Great Britain; it had been. the 
' subject of detailed study without parallel in preventive 
. Medicine. Hoe recalled how the condition of children’s 
teeth had improved during the Second World War when 


sugar and sweets were rationed and how their condrtion 
had since worsened, and showed colour slides to illustrate 
the gravity of the problem. 

Surveys of children’s teeth in the United States had 
shown how the numbers of decayed, missing and filled 
teeth were much lower or nil m the areas where naturally 
occurring fluoride was present and the practice of fluorida- 
tion of water supplies at a level of 1 p.p.m. had since been 
adopted. The improvement in health that had been 
observed after fluoridation for some fifteen years in the 
United States was described and illustrated. 

In 1952, a group from Great Britain went to North 
America to study the fluoridation of water and, on return- 
ing, recommended that fluoride be added to the water 
supplies of several selected communities before the general 
adoption of fluoridation. Studies were first carried out 
on the availabilty of fluoride in food and drink and on 
the amounts that would be ingested with and without 
fluoridation of the water. Fluoridation was started in 
Kilmarnock, Watford and Anglesey in 1955-56 and a 
report had just been published by the Ministry of Health 
ei al. giving the resulta obtained after five years of fluorida- 
tion (see Nature, 195, 760; 1962). 

The methods used to add fluoride in a steady and oon- 
trolled concentration to the water supplies in Britain 
were outlined and emphasis was laid on the care taken to 
ensure control—which was two-fold. First, the amount 
of fluoride actually added was recorded as was the volume 
of water pumped and from these figures the concentration 

‘of fluoride ion in the water was calculated. Chemical 
determinations at the water plant, using a visual color- 
metrio xiroonium-alrarin lake method were confirm 
at the Laboratory of the Government Chemist, using 
distillation from perchloric acid to remove any interfering 
ion, followed by colorimetric determination. More than 
20,000 samples examined in the five years gave an average 
of 0-94 p.p.m. fluorine, with a standard doviation of about 
0-1 p.p.m. fluorine. The improvement in the deciduous 
teeth of children in the three study areas, as & result of 
fluoridation, was illustrated; the reduction of about 60 
per cent in the incidence of caries in 8- and 4-yoer-old 
children was similar to that observed in the United 
States, and even more interesting was the increase in the 
percentege of children with completely sound teeth, from 

: 82 to 60 per oent at 3 yoars and from 22 to 42 per oent at 
4 years. ee 

In time, teeth of older age groups would be improved 
and teeth of older children and adults in natural fluoride 
areas were examples of what could and should be achieved 
by fluoridation. Dr. Longwell ended his talk by showing 
coloured photographs of teeth of two children, typical of 
many, living in a natural fluoride area. 

Dr. G. N. Jenkins (Reader in Oral Physiology, Medical 
School, King's College, University of Durham, Newcastle 
upon Tyne) concerned himse]f with the role of analysis 
in investigating the mode of action of fluoride in tooth 
decay. Fluorine was present in teoth as a result of an 
ion exchange reaction with the hydroxyapatite of the 
calcified tissues, and hence in areas with a water of high 

- fluorine content. &he fluorapatite of the.teeth was also high. . 
Topical application of high concentrations of fluoride 
led. to other reections—double decomposition leading to, 
the deposition or adsorption of calorum and magnesium 
fluoride, and hence the mechanisms involved by such 
methods, for example, in toothpastes, were certainly 
very differant and incompletely understood. 

Stadies of the distribution of fluorine in the tooth 
showed a very definite pattern, the concentration being 
much higher in the outer enamel layers than deeper m 
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the tissues of the tooth. Nevertheless, the concentrations 
even in these deeper enamel layers were higher in teeth 
from high than from low fluoride areas. The lesser 
solubility of fluorapatite compared with hydroxyapatite 
suggested a possible mode of action in reducing the 
incidence of caried, and detailed investigations of solubility 
were described in which the outer surfaces of teeth from 
high and low ftuoride areas were compared. bipes 
variation tooth-to-tooth made valid oom 
Simoni bad the dehi lower ealdbility found forest 
from a 1 p.p.m. fluorine area, as compared with a zero 
fluorine area, was not statistically significant. At 2p.p.m., 
however, a statistically significant lowering by 21 per 
cent in the solubility was recorded. The choice of analyti- 
cal method was of importance in the solubility determing- 
tions; in some conditions differant results were obtained, 
according to whether phosphorus or calcium was measured, 
and workers in the United States had investigated the 
prod by gravimetrio determinations of solubility on 
ders ground from succesive layers of the teeth. 
y this method, too, the teeth with highest fluoride oon- 
tent were also the most soluble. 


fluoride more readily in the~ni 
blemish, and it had been found that the differences between. 
the fluoride of enamel from areas of high and low intake of 
fluoride were when carious enamel was studied. 
Other of the fluoride ion were discussed that 
might be related to ita action in reducing dental decay. . 
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Since ib favoured the tion of œlcium phosphate 
from unstable and metastable solutions, such as saliva, 
it might intermittently reverse the removal of calcium 
selts in, and thus slow the development of, a dental cavity. ` 
The role of fluoride as an enzyme poison might also be 
related to its decay-inhibiting properties. were 
therefore being made to study the fluoride content of the 
‘dental plaque’ (the muoo-bacterial flm on the tooth 
surface}—an analytical problem of some magnitude when 
it is realized that only about 10 mg of plaque can be 
obtained from one person. It had been shown to be 
significantly higher in subjects from ‘high fluoride’ areas 
Partial rubase of tho bound fuoride in plegue might 
oocur if the pH became sufficiently acid, aa it probably 
did after eating carbohydrate. It had been found with 
saliva that the addition of fluoride at a concentration 
similar to that of plaque was effective not merely in 
preventing the production of acid from carbohydrate by 
salivary. bacteria but could actually bring about an 
increase in pH. 

That flnoridation of publio water supplies was a subject 
of great topical interest was evident from the lively 
discussion that followed each paper. The analyst, ib was 
clear, had an important to play by developing and 
applying sensitive meth thet were essential not only 
to ensure its proper ai fog Seat acl and gaT E CH 
provide the basic tools for the study of the fundamental 
misebaniam by which fluoride exerted 166 beneficial east 

8. A. Pnic8 


GROWTH AND NUTRITION OF A WHOLE PLANT 


NYONE interested in the growth of the whole plant 

should find & recently published memoir interesting, 
for they will find it a refreshing revision course dealing 
with some theories of contemporary botany in & more 
stimulating way than is usually found in text-books*. 
Prepared by Prof. F. O. Steward and three colleagues it 
contains, in Parts 2-5, information about the anatomy, 
growth and development of mint grown with a wide 
range of nutrient-levels (somé of which led to deficiency 
symptoms) and different light and temperature conditions. 
Parta 4-6 have details of many chemical analyses, involv- 
ing chromatographical techniques, carried out on roots, 
stems and leaves of plante grown grown under a wide range of 
environmental conditions. The final section is a synthesis 
of the earlier parta. 
Although the morphology of the plant does make it 


readily ' 
popularity of mint as an 
Part 1) Peels bs Goto edens het lupe mur Dem 
of plante aro waaly needed for expsrzunis amociied 
analysis of growth. Raiamg plante from seeds is 
more satisfactory from many points of view than from 
cuttings. There are no troubles in keeping stock planta 
* Growth, Nutrition and 
Mematr 370 U 


of Mentha piperita L. Parts 1-7. 
New York. August 1962, 144 pagos. s . , 


alive, no labour-demanding jobs such as preparing cuttings, 
ee eee m The rapid growth 
rate of mint is obviously but the fact that it 
produces much lateral growth and large number of 
small leaves is a disadvantage when compared with plants 
prodaang a dew ium ane PO The un- 

plant, particularly one the form of which is 
similar under & wide range -of environmental conditions, 
will, unlike mint, have similar efficiencies of light utiliza- 
tion in, for example, long- and short-day conditions. 
Would the resulta of the many chemical analyses that are 

in Parte 4-6 of the memoir have been similar 
if a plant with a single main axis had been used ? 

These first seven perte contain a great deal of informa- 
tion about effects of length of day, night temperature 
and mineral nutrition on some cell constituents; some 
information in future on effects of amount of incident 
radiation, spectral composition of light and perhaps otber 
environmental variables would obviously give & more 
complete picture. Finally, most botanista would agree 
that the chemical which were done on mature 
tissues should be extended to the ing regions, not 
only to apical meristems, but also to all throughout 
23 ode of oeli division, expansion and difsrentation if a 

ri nen dioe dd 
. NAWTON , 


THE CENTRAL FOOD TECHNOLOGICAL RESEARCH INSTITUTE, MYSORE 


T is nob unoommon to find that scholarly academic work 
is undertaken in underdeveloped countries while 
ical problems of vital interest to the economy of the 

te are neglected. Sometimes technological laboratories 
equipped with foreign capital do not function satisfactorily 
because of lack of suitable Bome of these 
problems are no doubt due to the type of training given 
I 


to studente sent to Europe and elsewheré, but others to 
lack of proper incentives presented by the Governments 
concerned. None of these criticisms can, however, be 
applied to the Central Food Technological Research 
Institute at Mysore, which, under ite director, Dr. V. 
Subrahmanyan, is rapidly building a reputation in South- 
East Asia. The report of ite work during 1960—81 covers 


344 


many aspects of the food industry and includes biochemis- 
try, nutrition and dietetics *. 

Emphasis is properly placed on the solution of problems 
which have a direct application in Asia, but some of 
the resulte are of interest to the European technologist. 
The frymg of banana chips, the preparation of buttermilk 
soup powders, the canning of drinking-water, the utiliza- 
tion of passion fruit waste or the colorization of vanaspati 
with tumerio would be unusual subjects for study by the 
Western scientist. But the preparation of foods for in- 
fants and children from largely plant sources is well known 
to be of vital importance not only in India and Asia but 
iu ono pace dto wend In this respect, 
the experience of the Indian workers with isolated proteins 
from groundnut and soya warrants careful attention, 
especially with regard to the method of presentation to the 

consumer. Greatest success has been achieved with a 
-high-protein blend of materials designated ‘multi-purpose 
food’ which is made on a large scale and has been used in 
echool-meal programmes as a supplement “to overcome 


* Central Food Research Institute, Mysore. Annual Report, 
1960-61, v+i1i2. : Oentral Food Research 
ir ER Teohnological 
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the deficiency of the lunch". Tho manufacture of this 
product has now been handed over to private industry. 

Similarly, the sections of the report dealing with moat 
and fish technology, packaging, storage and. pesticide 
research have applications in any tropical country. Of 
pertiouler value is the work on fish, as this source of 
protein has been somewhat neglected in the past; work is 
bemg done to extend the use of traditional methods as 
well as the development of new products. Sun-drying, 
salting and curing are likely to be extensively used for many 
years, and an understanding of these processes is essential 
to en and standardize the production of fish and 
other foods of high acceptability and nutritive value. 

It is a pity that the report of the Institute for 1960-61 
was not published more promptly, as for more recent 
information it is necessary to consult Indian journals 
some of which have only a limited circulation. Clearly, 
however, the workers at Mysore are aware of the impor- 
tence of Increasing food supplies to meet the needs of the 
growing population and are making & real contribution 
to the problem from the technological side. One hopes 
that the limitation of human fertility is receiving the 
same attention elsewhere. ~ D. 8. Murer 


POTASSIUM—ARGON AGES FROM WESTERN OAHU, HAWAII 


By IAN McDOUGALL - 
Department of Geophysics, Australian Natlonal University, Canberra 


SER large shield voloanoes which comprise the 
Hawaiian Islands have been the subject of intensive 
study for many years. Little is known oon ing the 
absolute age of the lavas or the time involved in buil i 
these shield volcanoes. Previous workers have 
their estimates of age on superposition and geomorpho- 
logical arguments. A study of the age of the Hawaiian 
Islands by using the potessium-argon method, mainly on 
whole-rock samples, is in progress in this preliminary oom- 
munication resulta are given of ages from Western Oahu. 
The Waianae Voloano comprises the western half of 
Oahu, and the volcanic sequence has been divided into 
the Lower, Middle and Upper Waianae Series!-*. The 
voleano has been profoundly eroded into wide, flat- 
floored valleys up to 3,000 ft. deep, separated by steep, 


Specimens were oollected from the Mauna Kuwale 
hornblende-biotite-trachyte', and basaltic rocks of the 
Middle and Upper Waianae Series. Biotite was separated 
from the trachyte and used for dating this rook. The age 
of each of the basaltic rocks was determined on whole- 
rock samples; about 10 g of sample was used for each 
argon extraction. The extractions were made in a high 
vacuum line by fusing the sample, adding a tracer -of 
argon-38, followed by purification of the argon over hot 
copper oxide and calcium. The isotopic composition of 
the argon was determined on a Reynolds-typs mass 
-spectrometer by the statio method*. Potassium was 
measured on a Perkin Elmer flame photometer using 
lithium as an internal standard; sodium was added as a 
buffer to both the sample solutions and the standards. 
Results are given in Table 1, and details of the samples 
are listed in the appendix. Replicate potassium analyses 
agree to better than 1 per cent. Duplicate argon extrac- 
tions agree to better than 2-5 per cent in those cases where 
the air argon correction is less than 60 cent; where 
this correction is greater the precision decreases owing 
to marked error magnification. The absolute accuracy 
is probably + 3 per cent, increasing to + 6 per cent 
in those samples with a high air correction, excluding 
uncertainties in the decay constants. The marked dis- 

t between replicate argon extractions for 
GA560 is partly because of the high air correction, and 


T4 


partly because of sampling difficulties, as this basalt is 
amygdaloidal. The fact that the rocks show no evidence 
of alteration, and that they have never been deeply buried, 
renders it unlikely that appreciable loas of argon has 
occurred. 


Biotite from the Mauna Kuwale trachyte gives an age 
of 8-4 + 0-2 million years, corresponding to the Lower to 
Middle Pliocene, based on the time scale of Kulp‘. THe 
basalts of the Middle and Upper Waianae Series yield 
Upper Pliocene ages ranging 3-5 + 0:3 to 2-75 + 
0-1 m.y. 

Stearns and Vaksvik! included the Mauna Kuwale 
trachyte in the Lower Waianae Series, regarded as the 
oldest exposed rocks of Oahu. The trachyte is overlain 
conformably to the south-west by basalts mapped as 
Lower and/or Middle Waianae Series*. Because silicic 
lavas are generally associated with the declining stages of 
activity in the Hawaiian volcanoes and the Lower Waianae 
Series is composed predominantly of tholeiitio basalte, it 
was suggested! that, alternatively, the trachyte may be 
associated with an older volcano buried by the Tatar 
Waianae lavas. The potassium—argon age of the trachyte 
may lend support for this hypothesis, aa the Middle and 
Upper Waianae Series volcanics are much yo ; the 
results clearly show that there was a pro hiatus 
between the extrusion of the trachyte and the outpouring 
of the lavas of the Middle and Upper Waianae Serica. 

The Middle Waianae Series lavas are only slightly 
older than those of the Upper Waianae Series. Hence, 
extrusion of the lavas of these two sericea apparently 
ocourred rapidly, and the change in composition from 
dominantly tholeiitio to dominantly alkali-olivine basalts, 
on which the division between the two series is made, 
occurred over a relatively short period of time. 

These resulta provide some hitherto non-existent control 
as to the abeolute age of the volcanics of Western Oahu, 
and show that the estimates of age based on geomorpho- 
logical ta are qualitatively correct. Thus, Stearns 
and Vaksvik! suggested that the deep valleys of Oahu 
probably were eroded during early Pleistocene time, by 
correlating the emerged coral reefs with shifte of sea-level 
induced by glaciation. They concluded that the building 
of Koolau Volcano (Hastern Oahu) ceased in the late 
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Table 1. POTASSIUM-ARGON Ags MEASURNXENTS ON ROCXS FROM WOTERN OAHU, HAWAN ' 


Potassium Average 
analyses 
Sperman Xo Sample (wt. %) (wt. %) 
GA 558 (1) Whole-rook 1 £17, 1 219 1:318 
2 Whole-rock 1-17, 1:219 1418 
GA 558 (1 Whole-rock 1-445, 1 448 1447 
1 Whole- 1-446, 1-448 1:447 
GA 554 (1 Whole-rook 0-638, 0-658 0-688 
2 Whole-roek 0-633, 0-688 0 638 
GA 580 (1 Whole-rook 0-479, 0 483 0-481 
2 Whole-rook 0-479, 0-483 0-481 
GA 307 (1) Blotite 6:13, 6 19 6:16 
(2) Blotite 6 13, 6-19 6-16 
a Ars——radiogenio eomponent 1—6:30 x 1071* yr. 


Tertiary or early Pleistocene, and that as the Waianae 
lavas are overlapped by the Koolau Voloanics, then 
eruption from the Waianae centre probably extended 
farther back into the Tertiary. The potassium—argon 
measurements indicate that the profound erosion of the 
"Waianae Volcano occurred during the 2-7 million 
years, and probably mainly during the Pleistocene. 

Normal and reversed polarities recently have been 
reported from the Hawaiian lavas*; by using the potas- 
sium—argon method it should be possible to date these 
reversals. 

The ium analyses were made by J. A. Cooper and 
the separation of biotite from the Mauna Kuwale trachyte 
was carried out by R. Rudowski. I thank D. A. Davis 
and O. Johnson of the U.8. Geological Survey for their 
co-operation during my stay in Oahu. 


APPENDIX 

GA 558: Alkali-olivine basalt of the Upper Waianse 
Series, 2-8 milea south-cast of Kaena Point. 21° 33' N., 
158° 15^ W., altitude about 1,120 ft. Massive, slightly 
vesicular, intergranular basalt with average grain size 
about 0-1 mm, and composed of plagioclase, iddingsitized 
olivine, titanaugite, iron ore and about 15 per cant inter- 
sertal, poorly crystallized feldspar, probably a potassium. 
rich oligoclase. 

GA 556: Basaltic andesite (hawaiite) of the Upper 
Waianae Series, 1-4 miles west-north-west of Puu Palailai. 


34b 

Alr Calculated Btratigraphic 
AATSMSTRE correction (9€) ago (m.y.) position 
0-000162 58 277 Up Walianae 
0-000161 56 275 
0-000101 51 2-75 Upper Walanae 
0-000160 56 2-73 Serios 
0-000185 76 3-13 Middle Walanae 
0 000172 70 295 Serios 
0-000102 89 3-27 Middle Walanae 
0 000214 85 3-65 Bories 
0 000484 41 8 26 Lower Walanac 
0-000495 47 8-46 Series? 


2e=0 564% 107* yr. 


31? 21-4’, 158° 6-64, altitude about 550 ft. Masaive, light 
grey rock consisting of olivine, augite and iron ore embed- 
ded in & felted mass of laths of andesine. Some interstitial 
oligoclase and also sporadic biotite. 

GA 554: Tholeiitio basalt of the Middle Waianae Series, 
western olif of Keeau Ridge. 21° 29-1’, 158° 18-6’, 
altitude about 400 ft. Dark grey, massive rock with 
plagioclase and olivine phenocrysts up to 10 mm set 
in a fine-grained (0-1 mm) intergranular groundmass of 
plagioclase, augite, iron ore, minor olivine and intersertal 
o 


clase. 

p 560: Tholeiitic basalt of Middle Waianae Series, 
Kolekole Pass Road. 21° 28-1’, 158° 7-3’, altitude about 
950 ft. Massive, dense, slightly amygdaloidal rock oom- 
posed of sporadic plagioclase and serpentinized olivine 
phenooryste set in a groundmass of clinopyroxene, plagio- 
clase, iron ore and minor intersertal green glass. 

GA 397: Hornblende-biotite-trachyte from flow 400 ft. 
thick at Mauna Kuwale. 21° 27-8’, 158° 9-6’, altitude 
about 800 ft. Dark grey, massive rock composed of 
phenocrysts of andesine, hornblende and biotite set in a 
feldspathic microcryptocrystalline which has 
& fluidal texture. Phenocrysta average 0-2 mm in length. 
1 Stearns, H. T., and Vaksvik, K. N., Hewméi Dis. Hydrog., Bull. 1 (1935) 
1 Macdonald, G. A., Hawaii Dis. Hydrog., Buil. 5 (1040). 


CLASTIC QUARTZ, PROVENANCE AND SEDIMENTATION 


By Dr. J. T. GREENSMITH 
Department of Geology, Queen Mary College, University of London 


UARTZ grains in sandstones commonly attract 

attention by the provenance inferences which can be 
derived from the nature of their inclusions". Krynine?, 
Bokman‘, Keller and Littlefleld* and Doty and Hubert’ 
are recent workers who have deduced signifloant informa- 
tion about the nature of source rocks from a study of the 
differing varieties of quartz grains, their shape and 

, inclusions. 

These investigations, however, do not exhaust the 
inferences which can be made from quartz grains. This 
has become apparent during an examination of Carbon- 
iferous sandstones in Derbyshire’ and Scotland**. AIN 
these sandstones were laid down on shallow shelves of 
varying degrees of stability and are characterized by a 
domimance of orthoquartxitic textures and shallow-water 
structures Buch as ripple marks and cross-bedding**’. 
Tho prelimi results proved so interesting that additional 

sandstones of Cretaceous age were examined to- 

with a variety of older Palæozoio sandstones of 
more mixed tectonic setting. Within them all it is possible 
to detect a three-fold grouping of the clastic quartz 
grains. The information deduced from this grouping 
gives a new insight into provenance make-up and abrasion 
during the time of deposition of the sandstones. 

The basis of this now work is thin-section microscope 
analysis involving a determination of whether the clastic 


quartzes are unstrained, strained or compound in nature. 
The diagnosis requires the use of crossed polars and various 
magnifications depending on the grain size. Three-fold 
grouping is adopted for ease of graphical representation ; 
further subdivision would lead to graphical complications. 

The definitions of unstramed, strained and compound 
grains naturally need to be rigid to ensure reproducibility 
of resulta by the same or different operators. Unstrained 
grains are those which do not show undulatory extinotion 
no matter how feeble. They are single crystals. Strained 
grains are single crystals also in which all degrees of 
undulatory extinction occur from weak to intense. There 
must not be any precisely defined internal boundaries 
between the zones of variable extinction; gradation is the 
rule. Compound ins show multiple offecta composed 
of the qualities of both strained and unstrained typos, 
but the fundamental distinction rests in the fact that they 
consist of an aggregate of quartz crystals. Each of the 
component crystals is separated from the others by & 
&authigenio 


ign 

This method of grain analysis, it will be noted, does not 
necessarily give a direct indication of the petrographic 
nature of the speciflo rock types at source. Strained 
quartz, for example, could have been derived from acid 
igneous and metamorphic rocks or older sandstones; 








quartzite), sedimentary source (chert, orthoquartzite, 
re-cycled) or be vem quartz. 

The selected sandstones were analysed using a moohani- 
cal stage and for each & hundred grains were classified by 
meens of non-duplicatory traverses. 

Fig. L4 shows the distribution pattern of 29 samples 
taken at random though fairly evenly spaced intervals 
through the Carboniferous Oil-Hhale Group of the Edin- 
burgh (or Lothians) area. The group has an approximate 
maximum thickness of 5,000 ft. The pattern is interesting 
because the fleld of pomt distribution appears to be 
restricted. The proportion of unstrained clastic quartz 
is clearly dominant over the compound and strained 
varieties, and a possible conclusion is that more unstrained 
quartz was being supplied by the source aree to the basin 
of deposition. It seems reasonable to suggest, further- 
more, that during the whole of Oil-Bhale Group times the 
clastic quartz sources in the land area to tho north-east* 
remained relatively constent both in proportion and 
nature. If provenance erosion had progressively un- 
covered older rocks with very markedly different propor- 
tions of the three quartz types then this, in all probability, 
would have been reflected into the resultant shelf (fluvial) 
sandstones. 

The Calciferous Sandstone Series of East Fife are facies 
equivalents of the Oil-Shale Group and outcrop 20 miles 
or 80 to the north-east of Edinburgh. The continuity of 
sedimentation of the two areas durmg Carboniferous times 
can be demonstrated by features such as croes-bedding* 
within the sandstones. Fig. 18 suggesta that the oon- 
tinuity is also expressed by the quartz grain distribution. 
The sandstones analysed are taken through the full 
thickness of the succession, about 4,000 ft. 

The Upper Millstone Grit and Lower Coal Measures are 
at a higher stratigraphioal level than the above Scottish 
rocks and Fig. 10 illustrates the fleld for 20 samples from 
northern Derbyshire. They are taken a thickness 
of 3,000 ft. of strata and, once more, the limited point 
scatter suggests small variations in supply from the 
provenance. At the same time there is a noticeable broad 
similarity of distribution with that of the older Soottish 
rooks. This is probably significant because it is known 
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from other considerations*:*" that the land 

source of all these sandstones ldy to the 

north and north-east of the Midland Valley 
of Scotland. 

To extend the knowledge and sasess tho 
prospective value of this new technique 
random samples of Cretaceous shelf sand- 
stones from Surrey were examined. Eleven 
of the specimens were from Hythe Beds and 
the rest from the overlying Beds. 
In Fig. 2 the two seta of data are plotted 
seperately, and it ap that there might 
have been slight diere in the proven- 
ance of the olastio quartz for each group of 
beds. The Sandgate Beds sandstones seam 
generally to have more strained quartz and 
lees unstrained than the Hythe Beds. Pos- 
sibly the change could be linked up with an - 
alteration in the palwogeography of tho 
London Platform massif immediately to the 
north!*. The other feature of the distribu- 
tion is the pattern which resembles those of 

. the Carboniferous sandstones. The poet- 
Carboniferous paleogeography is such that 
derivation from a land mass to the north of 
the British Isles is unlikely. Therefore the 
similarity may be fortuitous or expreas the 
re-oyoling of Carboniferous sandstones origin- 
ally deposited on the site of the Bt. Georges 

Land-London Platform. It is probable, 

however, that the Hythe and Sandgate 
grains have passed through at least ono post-Carboniferous 
cycle of sedimentation. 

Fig. 8 illustrates a random series of Lower Palmoroio 
(and one Pre-Cambrian) sandstones of shelf and geo- 
synclinal facies. Considerable contrast in quartz grain 
distribution is evident between this and those of Figs. 





Sandgate Beds 
x Hythe Beds 


2 UOB netrained, Compound, Biratped) diagram for Cretaceous 
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median diameter. 
Wig. 4. Variation of compound quarts percentage, and 
(9, (y = — $1) and Ofl-Bhale Groups; (x), (y = 150s — 13-8) 


and 9. It is clear that for most of the individual sand- 
stones the provenance of the quartz grains was entirely 
different from that of either the Carboniferous or Cretace- 
ous sandstones. What it doos not show because of lack 
of systematio data through any speciflo sandstone group 
is the variation, if any, in provenance during the deposi- 
tion of that group. Further work is needed. 
Sandstones, however, are not only of heredity 
as broadly indicated here but also of environment. On 
shallow water shelves the constant agitation of the waters 
must affect the clastic grains either in terms of sorting 
or abrasion. To confirm the presence of these processes 
the Oil-Shale Group and facies equivalent Oalciferous 
Sandstone Series sandstones were examined in greater 
detail. Cumulative curve data provided the median 
diameters of the sandstones and these were plotted against 
the percentage of compound quartz grains. Fig. 4 shows 
the distribution of pointe and corresponding regression 
lines. In both instances it is clear that the percentage of 
compound grains decreases as the median grain sire 
decreases. This relationship could be explained by fluctu- 
ations in the provenance ly of debris, sorting in the 
depositional areas or physical disintegration of the grains 
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into their smaller component perts. Other evidence’ 
suggests that the provenance for both areas was similar 
and the detritus derived from it varied negligibly. There 
also seems to be no reason why compound grains should 
be differentially separated from other quartzes of approx- 
imately size and specific gravity.  Henoe it is 
probable that the regression lines reflect the abrasion and 
comminution of the compound grains. A lower compound 
quarts proportion means a greater degree of abrasion and 
vice versa. 

A further point concerning inferred abrasive effects can 
bo deduced from the regression lmes by considering any 
given median diameter. If, for example, in Fig. 4, a 
median diameter of 0-14 mm is selected then the corre- 
sponding quartz percentages are 17-5 per oent for the 
Oalciferous Sandstone Series and 7-5 per cent for tho Oil- 
Shale Group. As provenance and sedimentation of Band- 
stones were similar for both areas it is possible that the 
differences In percentages reflect the distance of 

, and thus abrasion, invol for the Oil-Shale 
Group debris. The Calciferous Sandstone Series clastic 
derived from the common source area to the 
north-east’ travelled at least 20 miles leas than that of the 
Oil Shale Group. Sorting downs Speer to bar? PAIA 
any pert in the proportional di tion of the quartz 

These conclusions relating the percentage of compound 
quartz to abrasion history in no way detract from the 
broad conclusions regarding similarity in 'venanoe 
which can be drawn from the less refined detail of tho 
ternary di These diagrams relate the three types 
of quartz. With the Scottish Carboniferous sandstones 
it is only because the ternary provenance patterns are 
similar that poesible abrasion inferences can be made 
about one of those varieties of quarts. 

1 Mackie, W., Trans. Bdin. Geol. Soc., 7, 148 (1896). 
1 Gilligan, A., Quart. J. Geol. Sec. Lond., 76, 251 (1919). 
ew tit 5 D., Axa. Second Pen-Amer. Congr. Min, Eng. and Geol., 8, 


* Bokman, J., J. Sediment, Peirol., 82, 17 (1052). 

? Koller, W. D., and Littefeld, B. F., J. Sediment. Patrol., 80, 74 (1050). 
* Doty, E. W., and Hubert, J. F., Sedimentol.,1, 7 (1002). 

t Greenamith, J. T., J. Sediment. Peirol., 87, 406 (1957)- 

* Greensmith, J. T., Proc. Geol, Assoc., 7$, 49 (1061). 

* Greenamith, J. T., Geol. Mag., 98, 27 (1961). 

15 Middlemtss, F. A. (personal communication, 1060). 
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By EDWARD PENNER 
Soll Mechanics Ssctlon, Division of Bullding Research, Natlonal Research Council, Canada 


HE sensitivity (ratio of the natural strength to the 

remoulded strength) of Norwegian marine sediments 
reported in the literature! shows an inverse relationship 
to the existing salt concentration of the pore water. These 
findings are explained by the ‘leaching theory’ of sensi- 
tivity* whichis based on the premise that sedimentation 
took place in sea-water or brackish water. The decrease 
in the salt concentration of pore water by su uent 
leaching and/or diffusion causes the salt-fl ted 
structure to become ‘metastable’. This reduces the 
remoulded strength much more than the natural 


; } strength. 
The marine sediments of the Bt. Lawrence Lowlands` 


(commonly referred to as Leda clay) are similar to the 
Norwegian sediments in clay mineral composition’:*. In 
both soils unaltered particles of similar minerals make up 
& considerable proportion of all size fractions. There are 
also similarities in many of the geotechnical properties 
the eoil^' and in the phenomenon of frequent and 
sudden earth flow slides in such deposits. The moet 
characteristic pro of both soils is the large loss of 
strength when remoulded. To date, however, it has not 


been possible to establish for Leda"olay how much of the 
itivity can be attributed to the leaching of salta or 
to what extent other factors are involved. 

Certain previous observations may be recounted sinoe 
they support this aspect of dissimilarity between the 
Norwegian and Leda clays regarding sensitivity*. In the 
Ottawa area the pore water salt concentration of Leda 
olay is & fraction of a gram per litre and rarely 
exceeds 1-2 g/l. (In contrast, a wide range of pore water 
salt concentrations has been reported for Norwegian marine 
clays.) At the same time the sensitivity may vary from 
a low value of 10 to values of 200 and higher depending 
on how it is measured’. Usually, high sensitivities are 
accompanied by low plasticity indices and low liquid 
limite, and low sensitivities with higher plasticity indices 
and liquid limits, quite independent of salt concentration. 
There is also a tendency for the most sensitive portions of 
the profile to be more silty in nature although the differ- 
enoes are sometimes small or negligible. 

In other studies being carried out on Leda clay from & 
deep expavation, radical changes wore obeerved in 
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Table 1. BUXXAXY OP COMPARIMOX Trams FOR Two SAMPLES OP Lupa 
Y 
Bample Xo. 94-80 04-18 
Undtsturbed oone) 1,080 Ib./ft.* 2,080 Tb. * 
Hamoulien went. (etn eee 1-8 Ib. /f.* IbJft. 
Goodetie tev IRA 140 f 
Depth below surface 47%. xt ft.” : 
< 2s (clay dro 71 oent 83 eent 
2-20" A m 20 per oeni {8 per cont 
> 
Loui fimt 39 oo 
Plastic limit u 31 
15 $8 
Palt coroni s er- Ji os 
wa E 
Dry density d) tL " SUPE m. 
area (glycol ) 58-7 m'/g 72-0 m'/g 
CR Hor drohango oapaniky 15/9 m.equiv.[100 g 16-0 m.equtv./100 g 
k moisture content 85-6 per oent 65-2 per ceni 
Water content at equivalent 
55-6 per cent 136 per oent 
Cation. $ (leached 5 g soll 
with 200 o.c. of 
acetate) — 
Ca 0-35 g/100 g soil 0 40 g/100 g soll 
Mg 0 09 g/100 g soll 0 12 g/100 g soil 
K 0-09 g/100 g soil 0-07 g/100 g soil 
Na 0-17 g/100 g soil 0-04 g/100 g scil 
Ratio, surfaco area/per oeni olay — 1:21 1-15 


sensitivity in the absence of any large changes in the 
pore water salt concentration. With samples from strata 
of high and low sensitivity exploratory determinations 
were carried out in an attempt to establish other reasons 
for this apparently anomalous situation as compared with 
Norwegian clays. 

The resulta given in Table 1 show that there are only 
small differences between the two samples with respect 
to percentage clay- and silt-size particles, surface areas, 
cation exchange capacity, low salt concentration, natural 
water content and pH. The large differences are in the 
behaviour of the materials as measured by the Atterberg 
limite and, of course, in sensitivity. The water content of 

le 94-18 had to be increased to 136 per cent before it 
Packed the low remoulded strength that sample 94-30 
had at ite natural moisture content of 55:6 cent. 

When electrolyte was added, each sample showed the 
same trend in strength behaviour although there were 
large differences in the magnitude of the response. Fig. 1 
shows the drop in strength ing from additions of 
sodium metaphosphate (this compound has a 1-1 mole 


ratio of Na,O/P,O,) after remoulding the samples mechan- 
ically. were measured with a lightweight 
70 
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drop cone 1 min after mixing was stopped. It is the large 
change in of sample 94-18 that is of significance 
when with sample 94-80. By adding 1 g of 
sodium metaphosphate per 100 g of soil the 
dropped from 70 Ib./ft.* to about 1 1b./ft.1, while the 
strength of the more sensitive soil changed by only a 
fraction of.this. At higher concentrations flocculation 
ocourred as indicated by the increase in remoulded 
It is not unreasonable to assume that the 
stability of the structure of these two samples waa quite 
different as evidenced by the response to the dispersant. 


- In the highly sensitive soil, mechanical mixing was 


sufficient to cause & high degree of dispersion which 
could only be achieved in the olay of lower sensitivity 
by increasing the electrokinetic potential* and hence the 
amount of repulsion between adjacent particles. 

Addition of sodium metaphosphate also reduced the 
liquid limit and plasticity index. ple 94-18, originally 
with a liquid limit of 68-9 per cant, was reduced to 67 per 
cent at 0-022 g of sodium hosphate per litre of pore 
water to 63 per cent at 0-09 g/l. and to 58-7 per cent at 
0-26 g/l. XN 

Fig. 2 shows changes, measured in shear strength, 
of sample 94-80 by increasing the electrolyte concentration 
with various salta at natural moisture content. With 
calcium chloride, sodium carbonate and sodium chloride 
the strength increased but with sodium metaphosphate the 
strength decreased. This behaviour can be explained in 
terms of the effect that changing the interparticle force 
has on structural arrangement’ and this is consistent with 
the behaviour of Norwegian marine claya!. 
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IN. at field moisture content 


The higher sodium content of the leachate from 94-30 
(Table 1) may bo of significance in assisting more complete 
dispersion while remoulding and in this case may explain 
the difference in sensitivity betwean these two samples. 
There are apperently factors, therefore, other than reduc- 
tion of the pore water salt concentration of sediments 
that have led to the present variation in sensitivity in 
Leda clay. 

1 Bjerrum, L., Géoteokmique, 4, 40 (1057). ` 

1 Rosenqvist, I. Th., Meddelelser fra Vegdirelteren, No. 8, 29 (1046). 

* Rosenqvist, I. Th, Norwegian Geotech. Insi., Pub. No. 0, Oslo (1085). 

‘ Brydon, J. H., and Patry, L. M., Canad. J. Soi Soi., 41, 2, 160 (1981). 

* Bden, W. J., and Crawford, O. B., Proe. Fourth Intern. Soc. Sod] Mech. 
Found. Hag.,1, 22 (1057). E 

* Crawford, O. B., in Sous in Canada, Roy. Boo. Canada, Speo. Pub. No. 3 
(Untv. Toronto Press, 1061). 

BT J., and Kubota, J. K., Proc. Amer. Sos. Testing Mats., 861, 1230 

"Vou Waser, J, T, Phosphorus and is Compounds, 1, 498 (Intersotenes 
Publishers, Inc., New York, 1958). 

* Warkentin, B. P., Nature, 190, 287 (1961). 
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ELECTRIC CHARGES AND THIXOTROPY OF CLAYS 


By G. H. CASHEN 
Physics Department, Rothamsted Experimental Station, Harpenden, Herts 


YDROGEN clays prepared by washing in acid are 

unstable! ; on washing in distilled water Al* is 
released as the lattice edges crumble* and this is followed 
by & slower release of Al*+ invol diffusion of exchange 
M e Abdo. Lodo tm rioded qo 
dialyse a hydrogen clay electrolyte free, the alay has 
become an aluminium clay, and the permanent charge is 
balanoed by Al** ions in a Stern layer 

In & standard method (conductometric) for measuring 
cation exchange capacity by titration with alkali, the 
aluminium ion is converted to the hydroxide (Al(OH),), 
and the negative charge is balanced by alkali metal cations, 
which form a diffuse layer. Throughout a titration, almost 
up to the equivalent point, the viscosity is high, but within 
the last 20 per cent of added alkali the viscosity decreases 
by a factor of 10° (ref. 4), a discontinuity which suggests 
there might be some unevenness in the charge distribution, 
greatest in the later stages of neutralization. 

Recent work on the hydrolysis of aluminium ion’ 
suggests either the formation of a series of complexes 
Al{(OH),Al,]3+, with a limiting OH/Al ratio of 
2-5, or of single complexes such as [AL(OH),]* or 
[Al,(OH),_]‘t, the value of the charge not being known. 
Conductivity measurementa with aluminium salts (Cashen, 
G. H., in preparation) show that there is a discontinuity 
at five-sixths of the neutralixation, and a probable inter- 
pretation of the charge balance for a clay, at the same 
stage of neutralization, is that flve-sixths (88 per cent) is 
ru. ABL UAE ee M ditto ee 

one-aixth by complex aluminium ions 
us dd vem use there must be some mobility to 
account for Al} ions coming together to produce, say 
[Al,(OH),,]**, ib seems T eael to suggest that the 
distribution of the complex ians is in a state of minimum 
energy, that is, as far apart as possible under their mutual 
repulsions; and the hypothesis now advanced is that this 
is 80; a8 & result, the clay particles are positively charged 
near the periphery by an exoees of complex ions in the 
Btern layer. 

The hypothesis, advanced to explain the particular 
results of work on kaolin, aluminium ion and alkali 
hydroxides, could be general, and a polar nature might 
arise for any non-spherical particle, whenever diffuse 
and Sterno layers co-exist. 

A mathematical treatment of the interaction between 
olay particles would be formidable if, in addition to the 
Gouy repulsive and London attractive forces, forces of a 
circular dipole nature were taken into acoount. It is 
obvious, however, that there could be mutual 
orientations, for le, to produce the “house of cards” 
structure in ola; vs and d the decrease in viscosity towards 
complete fsiiea teen needs no further comment. 

Qualitatively, and even semi-quantitatively, the hypo- 
thesis explain some puzzling phenomena in colloid 
chemistry, and provides an alternative explanation for 
others. For brevity, the following reasoning deals only 
with clays and olay problems. 

Thixotropy. Freundlich! demonstrated *the effecta of 
added (and adsorbed) divalent and trivalent anions on the 

tion and thixotropy of positively charged ferric 
sols (prepared from ferric chloride), and was sur- 
prised when the same valency rules did not apply to 
cations and negatively charged ‘hydrogen’ bentonite. 
No thi io sols were produced by AIOl, or Th(NO,),, 
the hydroxides and oblorides of divalent metals had little 


effect, and it needed alkali hydroxides (the most efficient) 


“or chlorides to form strongly thixotropic pastes. He 


discussed this behaviour in terms of bound water, but his 
results are much more intelligible if it is recognized that the 
‘hydrogen’ clay was an aluminium clay. Busdgh and 
Bzántó' found that the optimum thixotropio behaviour 
of a ‘hydrogen’ bentonite occurs between 80 and 90 per 
cent neutraliration—in good agreement with the 83 per 
cent the hypothesis would predict. 

Thixotropic behaviour of olays finds practical &pplio- 
ation in the preparation of drillmg muds. The ‘red lime 
muds’ are made hi alkaline by adding both lime and 
caustic soda, and quebracho extract is used as a liquefler?. 
Has abe tn ae wo caue Ayer er nee ae 
such that largo negative edge charge should develop, a 
state which, according to the usual conceptions, should 
lead to enhanced deflooculation. If the high alkalinity 
is easential in these muds, the most probable conclusions 
are: (l) the negative edge charges increase the kind of 
polarization suggested in this communication; (2) it must 
be the calcium ions that are preferentially adsorbed at the 
edges, & deduction that follows naturally from tbe argu- 
ment already advanced. Wan Olphen experimented with 
the tribydric phenols, as typical of componente of the 
quebracho extract, and found that only those with an 
adjacent pair of hydroxyl groups, and thus able to 
complex calcium ions, were efficient liqueflere. He dis- 
cussed the adsorption of anions calcium in 
this state at the orystal , but it is much more 
probable that the action of quebracho extract is to 
change the Nat—Cat+ ratio by removing calcium ions 
from the particle surfaces. 

Another example of the effect of a Nat—Cat system is 
the almoet eot petrifaction of soft-bodied sea animals 
in the Bo fen alate’. The alate contains more than 
enough calcium carbonate to ensure that the initial clay 
must have been calcium-saturated and sea-water provided 
the sodium ion; it is reasonable to suppose that a rapid 
gelling of the clay around the animal cut off access of 
oxygen, and if this was not the immediate cause of death 
it could certainly be the preventive of decomposition. 
It is, of course, possible that the phenomenon is of a 
co-operative nature.  Peeelniok* compared the elastic 
constante of Solnhofen slate and of single crystals of 
calcite and concluded that the slate behaved as an aggre- 
gate of randomly oriented single crystals of calcite. Bos- 
well! states that calgon (sodium hexametaphosphate) 
makes chalk suspensions (whitening) more mobile, & 
deflooculati effect indicating that sodium ions have 
replaced oalorum ions complexed by the calgon, and that 
the chalk is negatively charged. 

A similar argument might well explain why clay is 
necessary to produce the thixotropic behaviour of the 
marine quicksands examined by Freundlich and Julius- 
burger", but here there is no internal evidence of the 
presence of calcium ion, or of any other polyvalent ion 
that could act in the same way. 

Orienied Flocoulation. After treating kaolins with 
normal sodium chloride at pH 3, Schofield and Samson‘ 
noticed a change in the nature of the flocculation when 
explained this by a change from face-to-face (salt) floc- 
culation to a more bulky edge-to-face state when removal 
of the galt allowed interaction between positively 
edges and the negatively charged planar faces. 


4, 558 DEPAATEEHTA. L: 
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been shown that, after washing with distilled water, the 
edges are uncharged ; positive edge charges are lost as 
aluminium ion, released from the lattice at the 
edges, appears in the exchangeable form (Cashen” and 
unpublished date); consequently, it is concluded that the 
edgp-to-face flocculation is that for an Nat—Al+ . 
Effects of Shear. (i) Assuming that the state of least 
energy for two particles is when they are symmetrically 
placed at right angles to one another, Gouy forces will 
not exert a moment tending to disturb the orientation. 
For small rates of shear, attractive forces between the 
circular dipoles will predominate and will oppose change 
in omentation. At some critical rate o HA (and 
orientation) the Gouy foroea will take over and exert a 


(i) Low prepared a sodium olay by a 

procees described by Low and Anderson”. A olay 
suspension was passed through exchange resins in the 
hydrogen and hydroxyl forms and analysis gavo the 
cation status as 60 per cent H+ and 40 per oent Al*. 
The sodium olay, obtamed by adding tho requisite 
amount of sodium hydroxide, thus contained Al(OH), as 
the only impurity. While standing undisturbed for six 
days the water tension of the suspension Pann? 
increased, that is, the vapour pressure gradually 

(Experimental conditions are not given fully, and the 
system may have bean adsorbing carbon dioxide from the 
atmosphere, with formation of the complex aluminium 
ion.) On the sixth day the suspension was stirred and 
the water tension decreased almost to zero. Low reoog- 
nized that the mutual particle orientations were changing 
with time, but considered that the oamotio activity of the 
cations should not be affected by stirrmg. He ascribed 
the slow gelation to a gradual extension of a water struo- 
ture, of lower free energy, to rather largo distances from 
the particles. Quite apart from the effect of ionio charges 
on the structure of water, possible ohangee in ionio 
concentration cannot be ignored in a complete inter- 
pretation. If, initially, two particles are situated in the 
same plane, the diffuse layers extend, theoretically, in 
parallel to infinity (apart from edge offeote); on rotation 
of both particles through 90° to the face-to-face position, 
the cations tend to pack between the particles (which 
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gives rise to the repulsion) and the ‘outer’ liquid is 
depleted of ions. A rotation of one particle only would 
lead to some intermediate distribution; stirrmg, which 
tends to produce the face-to-face orientation, conse- 
quently leads to lower ionic concentrations m the ‘outer’ 
solution, and the vapour pressure rises. In so far as the 
free energy of the water is concerned, work done on 
thixotropic systems by application of sheer is analogous 
to that on salt solutions by application of preasure. 

(iii) Similar ing would suggest that the freezing- 
point for the “house of cards" structure in a clay should 
be lower than the freering-point of a mochanioally sus- 
tamed ungelled state. It is lower, but tho anomalous 
freexing-point depression is usually explained by the 
rigidity of the gel structure which so limite the size of tho 
ice crystals that the surface area-size ratio is large when 
compared. with that for macroscopic ice crystals (Weiss 
and Frank). In a preasure-temperature diagram the 
sublimation curve would be above that for macroscopic 
ioe, and for equilibrium at some given vapour pressure, 
the microscopic orystals must be colder than the maoro- 
soopic to prevent sublimation between the two types of 
ioe crystal. 

The concept that gel rigidity should prevent growth of 
ice crystals is completely counter to ioultural experi- 
enoe. ‘When sol -Glods asocfroran alowis. the pho of 
ioe orystals compreases the soil which is being dried and 

roduooe a favourable, stable crumb structure; when the 

ing is fast, the olods are shattered to such an extent 

that the tilth produced is much too fine!*. 

1 Paver, HL, and Marshall, 0. H., J. Soc. Chem. Indust., 58, 750 (1034). 

1 Cashen, G. H., Treas. Forad. Soc., bë, 477 (1059). 

* Beckmann, J. P., and Laudelout, H., Kolloid Z., 178, 09 (1061). 
Eee: Hh rane Bam, H- B.. Feredey Go. Diss, Box 18, 185 
ucro Biedermann, G , and Són, L G., Ads Chem. Scand., 8, 1017 
* Vreandloh, IL, Thicotropy (Hermann et Ole, Paris, 1935). 
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Buig Ao Sie AM Chem. Abet., B4, 158680 (1960); Magyar Kém. 


* Van Olphen, H., thesis, Delft Untv., Holland (1061). 

* Peselniok, L., J. Geophys. Res., 87, 4441 (1002). 
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WITH FERRIC OXIDE 


g By A. K. CHATTERJI and T. C. PHATAK 
Central Bullding Research Institute, Roorkee, U.P., India 


Iu li e n ir! dete 
lime by fired kaolin and kaolinitio olay, in presence of 
water, may be considered to be a semiconductor surface 
reaction!. It was also found that the adsorption of lime 
decreased with the increase in the electrical oonduot- 
ivity of these materials!*. In this article the reaction 
between lime and aFe,O, (obtained from fired later- 
ite) in the presence of water is oonsidered. The 
problem arose during a study of the puzzolanio activity 
of laterite. 

At low electrical conductivity of Fe,O, ib reacted very 
little with lime. At high conductivity, reactivity in- 
creased but remained constant over a wide range of 
oonduotivity, that is, saturation in reaction was obtained. 
On firing laterite with admixture of small quantities of 
Cr,0,, T10,, ZnO, NiO and CoO the nature of the reaction 
between Fe,0, thus obtained and lime remained generally 
unaltered. On firing with Cu,0, at low values of con- 


ductivity, the reactivity inoreased with the decrease in 
conductivity and at high conductivity, saturation was 
obtained. 

The parallel change in reactivity with conductivity, 
when considered with the fact that Fe,O, is a ‘p’ type 
semiconductor in an oxidizing atmosphere, indicates that 
the reaction between lime and Fe,O, in presence of water 
iB a ‘p’ type reaction on a ‘p’ type semiconductor. The 
opposite behaviour in Fe,0, obtained when laterite is 
fired with Cu,O indicates that Fe,0, may have changed 
into an ‘n’ type semiconductor and the reaction is a 'p' 
type reaction on a ‘n’ type semiconductor. 

A quantity of laterite was powdered, sieved through 
B.8. 200 mesh and fraction passing through was thoroughly 
mixed and the samples from it were analysed chemically 
and by X-ray and differential thermal anaysis. 

About 200 g of the sample was drawn from this Jot for 
each experiment and was fired m ordinary atmosphere, 
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Fig.l. Variadon of room 
a, Ourve 1, Fe,0, from fired laterite; ourves 
admixture of Or,O,, TIO, and ZnO. b dee Te,0, 


6u,0 


as such or with admixture of 1 per cent by weight of 
COrO,, TiO, ZnO, NiO, Cu,O and CoO. Firi 

tures for natural laterite were 350°, 550°, 675°, and 
950? O and those with oxides were 850°, 550°, 675° and 
800° O. The firing period was 4 h in each case. The mage 
obtained on firing was examined visually and under a 
microscope. No sintering could be detected which meant 
that the speciflo surface area remained unchanged. The 
fired mass was washed clean of colloidal suspensions, dried 
at 110° O.for 24 h and sieved through B.S. 800 mesh. 
A large portion of the sieved mass had the linear size 
below the ‘ ing length’ (10 om). 

The amount of lme removed by the material from a 
saturated lime solution, at constant temperature 85 + 
0-5° O and in an atmosphere free of carbon dioxide, 
at intervals of 1 min was measured by the method de- 
scribed earlier’. Adsorption was rapid initially and the 
process continued at a slow rate for a long time and 
equilibrium conditions was not obtained even after 48 h 
but a near equilibrium condition was obtained after 5 min. 
Lime removed by 1 g of the material during the first 5 min 
was taken as a measure of its reactivity. 

For electrical conductivity measurements the samples 
were made into tableta using a 20-mm cylindrical mould 
and plunger. 8 g of samples was placed in the mould 
and compressed in a hand-operated hydraulic -prees at a 
total pressure of 1,000 Ib. (Electrical conductivity was 
found to vary slightly with pressure.) The tablets, taken 
out of the mould, were coated on the flat ends with a dilute 
suspension of aquadag in alcohol. These were then dried 
at 110° C for 24 h and cooled to room temperature over 
fused calcium chloride and soda lime. 

Resistance of the tableta was measured at ordinary 
temperatures and in ordinary atmosphere with a 
General Radio megohm bridge by placing the tablets 
between two flat platinum Medici did under a slight 
preasure. In some of the specimens resistance was found 
to increase alowly during measurements; and in 
such cases resistance at the establishment of 
contact was taken. There was also a alight 
change in conductivity with temperature but 
this was neglected in the present experiments. 

Chemical analysis of the laterite sample is 
(per cent): loas on ignition 14:09, silica and 
insolubles 30-87, iron (Fe,0,) 85-04, aluminium 
(A1,0,) 18-12, calocum (CaO) 0-56, magnesium 
(MgO) 0-91 and alkalis nil. 

X-ray diffraction pattern of the powdered 0 
laterite samples shows the presence of goe- 
thite, kaolinite and quartz. The differential 
thermal analysis curve shows endothermic 
peaks at 125°, 380? and 565° O and an 
exothermic peak at 940? C. These are identi- 
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fled as due to goethite, kaolinite and 

Specific electrical conductivity of the 
samples of the natural laterite powder 
pasing B.S. 800 mesh, washed, dried and 
tableted, was found to be im the order of 
9 x 10 (ohm-em)-! at ordinary tempers- 
ture. Its limo reactivity at 35 + 0-5? C. 
was 8:18 mg/g. 

X-ray powder of the fired 
samples used for lime and resistance measure- 
ments show mainly the pattern of aFe,0,. 
Variation of (room temperature) electrical 
conductivity of Fe,0, with firing temperaturo 
is shown in Fig. la. Up to 800° O con- 
ductivity generally decreases with the firing 
tem: with a slight hump at 675° C. 
A rise in conductivity is obeerved in the 
samples fired at 950° O. 

Curves 2, 4, 5 and 7 (Fig. 1a and b) show 
variation in the electrical oonductivity 
with tem re of the laterite 
samples with admixture of Or,0,, ZnO, NiO and CoO. 
When fired with Cr,O,, the room temperature con- 
ductivity of Fe,0, is higher (at the corresponding 
temperature) than the product obtained by firing laterite 
alone. Decrease of conductivity is, however, maintained. 
With ZnO, conductivity at 850° C is lower, at 550° and 
675° higher and at 800° O of the same order as that of tho 

i laterite fired at the oo nding temperatures. 
With NiO, when fired at 850°, 675° and 800° C, the con- 
ductivities are much lower and show & gradual decrease 
bub when fired at 550° O conductivity has a high value 
(6-5 x 10> (ohm-cm)-"). With CoO (curve 7) the con- 
ductivities are low but these also decrease with firing 
bi uci Curve 8 (Fig. 1a) shows tho effect of TiO,. 

ivity increases up to 675° O and falls to a low 
value at 800? O. Curve 6 (Fig. 1b) shows effect of Cu,O. 
There is a large inarease in conductivity when fired at 
BO Os Fe OOD C it decreases Du ne eee a T 
and 800? C. There are humps at 675° O in the conduotivity- 
firmg temperature curves for natural laterite as well as 
for laterite fired with ‘n’ type oxides (Fig. 1a). When 
fired with ‘p’ type oxides the hump has shi to a lower 

(550° C). 

Curve 1 (Fig. 2a) shows the variation of lime reactivity 
with (room temp.) electrical conductivity of Fe,0, 
obtained from laterite fired without admixture. At low 
values of conductivity, reactivity increases with ocon- 
ductivity but at high values the reactivity tends to a 
saturation value. There is a reversal in the specimen 
fired at 950° C. Here conductivity in increased but 


decreases. 

Curves 2, 8 and 4 (Fig. 2a) show the variation of 
reactivity with conductivity of the samples obtamed 
after firing with Cr,0,, TiO, and ZnO. "Those are similar 
to curve 1 except for a slight decrease in reactivity at 
high conductivity which might indicate ion. The 
nature of the curves from samples fired with NiO and OoO 





ferro oxide with room tem 
fired laterite; curves 
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(Fig. 2b, curves 5 and 7) 18 similar to ourve 1. Curve 6 is 
for samples heated with Cu,0. At high conductivity 
saturation is obtained but at low values the reactivity 
decreases with éonductivity. 

Specific electrical conductivity of pure Fe,O, is of the 
order of 10-'* (ohm-am)-!, Higher conductivity obtained 
in these experiments may be the result of impurities present. 

Fe,0, can be either a ‘n’ type or a ‘p’ type semicon- 
ductor depending on the valence state of the cation. 
Oxidation changes pure Fe,O, into & ‘p’ type semicon- 
ductor. In these experiments Fe,O, has been produced 
by heating laterite in an oxidizing atmosphere. A posai- 
bility is that the Fe,O, used is & 'p' type oxide. Further, 
on heating with Cr,0, TiO, ZnO and Cu,O (lower 
valency cationd) an increase m conductivity is observed 
at corresponding firing temperatures in almost all cases. 
With higher valency cations there is a decrease in oon- 
ductivity. These facts confirm that Fe,O, used here is a 
‘p’ type semiconductor. 

The decrease in conductivity of Fe,0, with temperature 
may be due to annihilation of ‘holes’ by combmation with 
electrons provided by Al,O, (from the decomposition of 
gibbsite and entering into a solid solution in Fe,0,). 
Tho fall in conductivity (as well as of reactivity) at 800° C 
may be due to combmation of ‘holes’ with electrons from 
enhanced quantity of Al,O, entering into a solid solution 
with FeO, This is possible because of the breakdown 
of kaolin structure into Al,O, and 8iO,. (There is also 
a large change in tho electrical reeistivity of kaolin between 
temperatures 700°-800° O) (ref. 3). Increase in oonduoc- 
tivity when fired at 950° O may be due to more Al,0, 
entering into solid solution. 

Introduction of donor mnpurities into a semiconductor 
crystal raises the Fermi level of the crystal towards ite 
conduction band. Under equilibrium conditions, for a 
‘p’ type reaction, a shift of the Fermi level towards the 
conduction band adversely affects the number of particles 
involved in & chemisorption process. Thus the observed 
fall m reactivity with decrease in electrical conductivity 
for Fe,O, obtainod from fired laterite (Fe,0, was bemg 
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fired in presence of Al,0,) may be explained, if ib is 
assumed that the reaction is & ‘p’ type reaction on a ‘p’ 
type semiconductor. Effect of admixture of ‘n’ type 
oxides as CrO,» T10, and ZnO can be explained in a 
similar way. 

In the sample heated at 950° C the reaction is probably 
‘p’ type on a ‘n’ type semiconductor. 

On heating with Cu,O in the rango 550°-800° C reactiv- 
ity varies with conductivity in opposite direction. This 
may happen if the reaction is assumed to be a ‘p’ type 
reaction on a ‘n’? type semiconductor. Fe,0, may be 
changed into a ‘n’ type semiconductor through Fe 
changing to Fett through reduction by Cu. 

NiO and CoO have scarcely affected the reactivity of 
Fe,O, in the way they are expected to do. 

The humpe at 675° O in the conductivity—firmg tempera- 
ture curves (Fig. la) may be due to change of Fe,0, 
from its antiferromagnetio state to a lo one 
when fired at that temperature. (~ 075? C is the Néel 
temperature for Fe,O,.) Lf this is go, then the chemical 
reactivity of Fe,O, becomes connected with ite magnetic 
property through its semiconducting property and one 
expecta that such & connexion should exist. The explana- 
tion of some of the observed resulta would then need some 
modification. 

The reaction between Fe,0, (obtained from fired 
laterite) and lime in the presence of water is & semi- 


conductor surface reaction. The reaction is a ‘p’ 
type reaction on a ‘p’ type semiconductor. Fo,0, may 
be changed into a ‘n’ type semiconductor by ing with 


Cu,0 above 550° O or with active Al,O, above 800° C. 

These conclusions need verifloation with pure Fe,0, 
and experiments with this in view are m hand. 

This article is submitted with the permission of the 
Director, Central Building Research Institute, Roorkee, 
India. 

1 Obakter]!, A. K., Nature, 108, 1180 (1061). 


“one A. K., Phatak, T. O., and Dhartyal, K. D., J. Sot. Indwat. Res. 
(India), 19B, 483 (1000). 


: A. K., Murthy, T. V. 8., and Patwardhan, N. K. (unpublished 
cola) Tene 


FIXATION OF RADIOACTIVITY IN SOLID MEDIA : 
STABILITY OF GLASSES AND GLAZES 


By Dr. GALEN R. FRYSINGER 
Arthur D. Little, Inc., Acorn Park, Cambridge, 40, Mass. 


AND 


Da. HENRY C. THOMAS 
Institute of Natural Science, Chapel HIII, North Carolina 


T the Working Meeting on Fixation of Radioactivity 

in Stable, Solid Media! a standard leaching test was 
proposed as a basis for the evaluation of the stability of 
glasses and glares. The objective was to set up a test 
whioh would be easy to carry out and which could be 
performed on a wide variety of substances in any labora- 
tory. The test was primarily devised to produce & 
numerical basis on which the relative merrta of various 
materials could be argued, and not necessarily to have any 
close relation to actual leaching conditions. 

The proposed test was very simple, the apparatus being 
merely a slightly modified Soxhlet extractor. Pure 
distilled water boiling in the flask of the extractor supplied 
& continuous stream of. condensate from a glass finger 
which passed over the sample in a thimble arranged with 
an intermittent siphon. In the initial lications of 
this test the extraction thimbles were of ‘Pyrex’. 
These glass thimbles had the advantage of making oasily 
visible the specimen undergoing test. ‘Vyoor’ flasks were 
first used, but ‘Pyrex’ flasks proved to be satisfactory 
and far leas expensive. 


Leaching conditions. The l-litre ‘Pyrex’ boiling flasks 
containing 200 ml. of water were heated with ‘Glass-Col’ 
mantles operated from ‘Variace’. The optimum voltage 
settings were found to be 70 V to the lower half of the 
mantle and 60 V to the upper half. This gave & steady 
reflux rate and maintained a temperature of 92°-98° O 
in the water of the extractor thimble (accordmg as the 
thimble was only partly or was completely filled). Tem- 
peratures were Measured with a copper-constantan thermo- 
couple placed beside the sample in the thimble. The siphon 
emptied every b min under the foregoing conditions. 

The principal advantage of this form of the test lies in 
the reproducibility of the conditions. It is easily possible 
to support a relatively bulky specimen in the thimble so 
that its entire surface comes into contact with the hot 
water. Further, the material tested is not subjected to 
any abrasive action—as might be the case if it were 
placed directly in a flask of boilmg water. Any abrasion 
of the sample would certainly give fictitiously high resulta 
as to material leached, with abraded particles exposing 
too much area. 
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Preliminary test of leaching apparatus. Since the 
dithizone colorimetric method for determining lead is 
very sensitive and accurate, the first leaches were made on 
crushed samples of lead glass. Crushed fragments of 30 
per cent lead monoxide lead glass passing a 6-mesh screen 
and retained on & 80-mesh screen were used. Two weighed 
samples were taken by ‘quartering’, every care bemg 
taken to keep the particle-size distribution nearly the 
game in each. The extractions were done over successive 
12-h periods with 400 ml. of water in the boiler. The 
distilled water showed the equivalent of 0-01 mg Jead/l., 
and thus contributed only 1 per cent of the total lead 
found after a 12-h leach. A blank run, with no lead glass 
in the extractor, showed a concentration of only 0-02 
mg lead/l. see LE aud Thus all blanks 
are quite 

"TES ota drcoped over Uie Hint Ewoiod ths Lek periods 
then reached nearly constant values for a total ‘of seven- 
teen leaching periods. Omitting the abnormally high initial 

we found average leach rates for the two samples 
of 0-50 + 0-06 mg and 0-62 + 0-04 mg lead/12 h/g glass. 

Since the amount of lead removed was quite accurately 
a linear function of time, rather than linear with the 
square root of time, diffusion of lead to the surface of the 
glass was certainly not the limiting factor. In all prob- 
ability the lead was released in to the amount 
of glass actually decomposed by the hot water. 

Similar experiments made with a cobalt glass, in which 
the ion was present in only very small quantities, gave 


similar results. A leach rate of about ly per day of 
cobalt was found. 
Radioactive Mr. M. I. Goldman, of the Depart- 


ment of Civil and Engineering of tho Masea- 
chusetta Institute of Technology, supplied us with 
samples of a glass prepared with small added amounts 
of oseium-137 tracer. They contained about 10 per 
cent alumina, 60 per cent silica, 10 per cent borio oxide 
and 20.per cent calcium oxide. The leaching period of 
thirty days was used, with 200 mL of water in the 
boiler. After each leaching period the entire contents 
of the boiler was removed and the flask washed with 
nitric acid to remove any adsorbed material. Solution 
. and washings were made up to a convenient volume and 
an aliquot taken for radioactive analysis. In all the 
experiments silica collected in the boiler as a tenacious 
encrustation of siliceous matter on the walls of the flasks. 
This was removed by rinsing with dilute hydrofluoric 
acid and added to the total sample. 

The most consistent results were obtained with a small 
amount of cesium salt added to the water in the boiler 
which probably prevented adsorptive losses. 

A -y-count of the whole pellet was taken in the well of a 
seintintion crystal. Aliquots of the leachate were also 
analysed. The samples were followed for a period of six 
months 


If one assumes the pellet to be a sphere (it was actually 
more nearly hemispherical), wo may calculate the equival- 
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ent depth to which the glaze was leached. The result of 
this estimate is: i 


r AV 1, counts in leachate 
E x r total count of pellet ~ 
0-00005 mmm per day 


in which r is calculated from the known area of the pellet. 
This result is very rough and is possibly optimistic by as 
much as a factor of five. 

For accelerated testa ib is evident that samples of large 
surface area will be required. In the equipment we were 
limited for mechanical reasons to particles at least. 
sufficiently large to be retained on & 80-mesh screen. 
If it were desirable to test smaller particles the apparatus 
could be modifled, but with smaller particles the uncer- 
tainty of exposure of the surface increases. 

The release of activity is certainly proportional to the 
area of the exposed surface and consequently in oompari- 
sons between different materials a measure of the surface 
area will be required. For granular material of irregular 
shape this is a difficult problem. For non- us fractured 
glasses between standard sieve sizes 6 and $0, a procedure 
based on the work of Gros and Zimmerley? is suggested 
baal dary aa rant Sco d 

area. The method depends on correlations between. 
measured rates of dissolution of silica specimens of known. 
areas with the results of sieve analyses. The procedure is 
te eae he zs calla 
a 100-g sample in the 6-30 range. The ap 
Dai then be Gelselsted diesotly fom Tabia. | far ermhed 
silicas and glasses. 


Table 1. OomPuTaTion ARMAS OF CRUSHED SILIJBOUS MATERIALA 
Area (am)t ot 
(em)! per g 
Mesh Xo. on this mesh sire 


Sd$8eE 
Dre 


e 
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The amount of radioactive isotope required in a teat 
specimen varies greatly with the nature of the isotope 
and the type of measuring t available to the 
operator. For highly stable glazes it is essential to incor- 
porate enough radioactive material so that m 
leaching teste can be made in a reasonable length of time. 
This means that decisive experiments will often require a 
high-level laboratory and equipment for remote handling. 

This work was supported by U.S. Atomic 
Energy Commission contract No. AT'-(40—-1)-2180. 
vo Hopkiss University, Bae Baltimore, (June A nc li Modh, 
* Gross and Zimmeriey, Adag Methods, 19 (Amer, Inst, Mech, Hng., 1980). 


SOME BOILING AND TRIPLE POINTS BELOW 0° C 


By D. R. LOVEJOY 
Division of Applied Physics, National Research Council, Ottawa - 


B part of the temperature standardization programme 

of this laboratory we have built an apparatus for 
realixing the normal boiling point of which is & 
primary flxed point on the international Erection] Tem- 
perature Scale (IPTS), with a standard deviation aocuracy 
of about 10-* deg. O. In addition, the normal boiling or 
sublimation pointe and triple points of other, sufficiently 
pure, substances in the range 0° O to — 198° O could be 
determined with comparable accuracy. 


The apparatus is generally similar to that desaribed 
by Btimson!, and consists of a solid copper block, contain- 
ing four thermometer wells and & cavity in which about 
1,000-2,000 om? (at w.T.P.) of the test is condensed. 
The block is contained in an evacuated ousing which is 
surrounded by liquid nitrogen, or, where appropriate. 
dry ice and acetone. A radiation shield and two thermal 
guards on the thermometer wells help to maintain an 
isothermal environment, and for normal boiling or sub- 
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limation point determinations, the block ture is 
maintained constant with an indicated precision of better 
than 10-* deg. O, using a vapour pressure sensing servo loop 
described elsewhere by me*. The pressure transducer is 
backed by a referenoe pressure of one atmosphere (tho 
normal or standard atmosphere = 1,013,250 dynes/am"), 
given by a precision manostat described by Berry’. Hither 
stick type or capsule type platinum resistance thermo- 
meters could be used in the apparatus and details of 
calibration and measurement equipment used with the 
thermometers may be found in ref. 8. 

Purest available materials were used. In the cases of 
oxygen, nitrogen, argon, krypton, xenon and carbon 
dioxide purities ranged from 99-99 to 99-999 per cent. 
The carbon monoxide available was of somewhat lower 
purity and this resulted in a lowered accuracy for ita 
boilmg pomt determination. Methane of about 99-99 

cent purity was prepared by Dr. J. H. Colwell, of the 

ational Research Council Pure Chemistry Division, and 

it gave some evidence of forming a constant boiling 
mixture with about 100 p.p.m. nitrogen. 

At the boiling pointa of the various substances, the 
vapour was removed from over the liquid in stepe of about 
100 cm’, and any resulting changes in the PE point 
(which could be detected to better than 10-* deg. C) were 
observed. By this means the effect of residual impurities 
oould be estimated in most cases to about 10-* deg. O. 
Triple pointe were determined from the melting ourve, by 
extrapolating the melting plateau back to the time of 
intersection with the linear warm-up curve. Triple points 
determined in this way were reproducible to a few x 10+ 
deg. C. 

Below 0° O the IPTS is defined by means of platinum 
resistance thermometers, using for interpolation the 
Callendar-V&n Dusen equation: 


R, = R, [L + At + BP + OMe — 100)] 


B, and R, are the resistances at temperature f° O and at 
0° O respectively, while the coefficients A, B and C are 
determined by calibrations at the steam, duram (or p 
and o ints. lide s 88 & TO control o: 
the pun or d the platinum, t the coefficient a( = A — 
100B) must be greater than 0-003920. 

It is likely that different thermometers satisfying the 
specifications of the IPTS would indicate slightly different 
temperatures in regions removed from the calibration 
pointe. Furthermore the IPTS does not extend below the 
oxy; point. In order that our measurements should 
not be limited in accuracy by these considerations we have 
defined a scale IPTS *, which is the IPTS as realized by a 
particular group of six thermometers of high purity (a > 
0-003925), and is taken to extend by means of the Oal- 
lendar—Van Dusen equation to temperatures below the 
o int. 

Reine tho oxygen PS the thermometers were also 
calibrated in terms of the scale N.B.8. 1955, which is 
maintained by the U.S. National Bureau of Standards. 
This scale can be related to scales maintained at the 
Pennsylvania State University, at the National Physical 
Laboratory, Teddington, and at the Physical-Technical 
and Radio-Technical Measurements Institute, U.S.S.R., 
by means of data reported by Barber‘. The scale N.B.B. 
1955 is, at all temperatures, lees by 0-010 deg K than the 
earlier provisional scale of Hoge and Brickwedde*. 

The difference between the scales IPTS* and N.B.S. 
1955 15 given for the range — 183° O to — 222° O in Table 1. 
Interpolation accuracy is better than 10~ deg. C to — 210? 
O reducing to &bout 5 x 10-* deg. O near — 222° O. 
Table 1 may be used with any platinum resistance ther- 
mometer, which has been calibrated on the IP'TS, to extend 
jte useful range to temperatures below the oxygen point. 
There is evidence that, for thermometers having a > 
0-008924, Table 1 is accurate to within 2 x 10+ deg. O 
down to about — 200° O. 
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Table 1. DIFTERESCNS BETWEEN TEXTRRITURE BCALAS IPTB* and N.D.8. 
IPTB8* IPTB*-N.B.8. 1055 IPT8* IPTB8*-N.B.B. 1055 
—183* C 0 x10-* [9] —204* 

—186 14 oe —206 s 300 NINE M 
—188 57 —208 405 
—190 152 —210 23 
~—102 30-6 —212 780 
—194 55.9 —214 973 
—106 884 —216 1,209 
—198 122.7 —218 1,496 
—200 171 8 —220 1,845 
—202 232 —232 2,273 
Table 3. NORMAL BOILDNG Poners (SUBLIMATION POOT FOR CARBON. 
DIOXIDN)ANXD TRIFLE POINTS IN THE RANGA 0*O TO pO Q (PTS), mra 
BRAGKRTED VALUES ON THE SOALE N.B.B. 1 
Gas Normal boiling potnt Triple point 
8 +444 6000 — 7 
H,0 +100 0000 4-0-01001t 
( -1600) 
oS, — 78-8007 —56 B08 
Xo —108 1065 —111 7694 
Kr —153 8416 —157-3700 
OH, —101-4925 — 182 -4735 
Os —182 2700 t — 
(90 1800) 
A p 3954) chu" 
83 8044 
co E 420 — ! 
81-706) 
n, —196 7167 — 
(T7 3547) 


Primary fixed pointe the IPTS. + Fundamental 
{its eer aeons che peso Dee 


In Table 2 the measured values of the fixed pointa are 
recorded on the scale IPTS * with bracketed values (where 
appropriate) on the scale N.B.B. 1955. In addition, the 
primary fixed pointe used to define the IPTS are listed 
and also a recent value of the meroury triple point, given 
by Dengler’. The mercury triple point (or the normal 
freezing point, which is 5:2 x 10-* deg. O lower) has 
frequently been used as a calibration fixed point in this 
region. 

In general, there have been rather few precision measure - 
ments of the foregomg boiling and triple pointa by other 
workers. The argon triple point has determined by 
Michels, Wassenaar, Sluyters and De Graaff’. However, 
they used their own scale in which the coefficients in the 
Callendar-Van Dusen equation were determined from 
calibrations at the oxygen boiling point, mercury freezing 
point and carbon dioxide triple point, estimated thermo- 
dynamic values of the latter two pointe being used. It 
can be shown that the argon triple point value determined 
here agrees to within about 2 x 10- deg O of Michels's 
value when allowance is made for the difference between 
the two scales. 

The argon triple point has been determined by Flu- 
bacher, Leadbetter and Morrison*, and the krypton triple 
point by Beaumont, Chihara and Morrison*. In each case 
the quoted value is 0 x 10-* deg. O higher than our value. 
However, it now appears (private communication) that 
there is & positive systematic error of between 5 and 7 x 
10-* deg. O in Morrison’s measurements and the agreement 
can thus be considered to be quite good. 

I thank Mr. N. J. Scardina for help with the experi- 
mental measurements, Mr. R. J. Berry for help in the use 
of the manostat, and Dr. H. Preston-Thomas for useful 
discussions. 

! Bümson, H F., T. Its Measurement and Control in Solence and 
Industry, $, 141 Pubhshing Oorp., New York, 1965). 

1 Lovejoy, D. B., Hes. Sol. Instrwn., 88, 41 (1061) 

* Berry, R. J., Canad. J. Phys., 88, 740 (1068). 

* Barber, O. B., Bru. J. App. Piye., 13, 287 (1062). 

* Hoge, H. J., and Briakwodde, F. G., J. Hes, Nat. Bur. Siand. $8, 351 (1 039) 

* Dengler, O. O., Paper given at the Seventeenth Annual Instrument-Auto- 
mation Conf. Instrument Boe. Amer., New York, October 1962. The 
value Died bere for the mercury triple potnt differs 


given by , Who did not take account of the pressure 
correction due to ths of meroury above the sensing elnent of his 
thermometer, 


' Misia, A., Wassenaar, T., Sluyters, T., and De Graaff, W., Physics, 33, 

88 (C " 

Flubacher, P., Leadbetter, A. J., and Morrison, J. A., Proo. Phys. Soo., 
78, 1419 (1961). 

? i i Por rD MON D E MORE eee Phys. Soo., 78, 
1462 i i 
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TRANSFER OF ENERGY FROM BACTERIOCHLOROPHYLL TO A REACTION 
CENTRE DURING BACTERIAL PHOTOSYNTHESIS 


By W. J. VREDENBERG and Dr. L. N. M. DUYSENS 
Blophysical Laboratory, State University, Nieuwsteeg 18, Leyden 


EVERSIBLE changes in absorption occur in purple 
bacteria when illuminated^*. Part of these changes 
take place in the near-infra-red region, where the bulk, if 
nob of the absorption is due to bacteriochlorophyil. In 
rubrum the absorption difference spectrum 
shows a decrease in absorption of about 2 per cent, with a 
maximum at about 880 mp, and an increase arvund 
795 mu. Since bacteriochlorophyll has a major abeorption 
maximum at 880 mp and & minor one at 800 my, the 
in absorption were attributed to & small fraction 
of the bacteriochlorophyll*, which we oall P 890 or P. 
P 890 may be the photochemicelly active molecule, that 
is, the 'reaotion oentre'". The light-induced reversible 
‘bleaching’ at 880 mu was more i 
lower intensities of exciting light in 
gen donors under oxidizing conditions*. - 
ing could be brought about in water extracts on addition 
of à mixture of potassium ferri- and ferro-cyanide with an 
oxidation-reduction potential of about 0-5 V (refs. 3 and 4). 
plea * that the light-induced absarption 
880 my reflects the oxidative bleaching of 
Pedo. The eeey of Nahe dbedrbed. by the tacts: 
chlorophyll type B 890 may be transferred to P 890 (ref. 1), 
which becomes oxidized on receiving . Oxidized 
P, (Pes), might oxidize in its turn the hydrogen donor, 
possibly by way of one or more 

Ie dio Cane fa BBD te b SN caedes Sani 10s 
fluoreecing excited state, the efficiency of the transfer to P 
is lowered on bleaching of P, and the fluorescence yield 
- of B 890 will increase’. In this article it will be shown 
that the increase in fluorescence is correlated with the 
bleaching of P, and that this correlation 
can be explained quantitatively by the 
hypothesis of energy transfer already men- 
tioned. It will also be shown that the 
bleaching occurs with high quantum 
efficiency. 

Rhodospirillum rubrum, stram 1, waa 
grown in a modified Hutner medium, simi- 
lar to that used by Cohen-Baxire e£ al.*. 
In most of our experimente 8-day-old 
the bacteria were resuspended in fresh 
medium or water, at & higher concentration 
than in the growth medium. The bacterial 
suspension was finally transferred to an 
absorption cuvette, at a thickness of 1 mm. 

All measurements were carried out in a 
split-beam difference speoteophotoroeter!*, 

was measured oontinuoualy E 
by means of two modulated mutually com- 
pensating measuring beams. The intensity 
of these beams was so low as not to cause 


589 mu, which did not cause a deflexion eb Er 
ee ee prona 
apparatus only responds to modulated upward and 


For measurements of fimores- 
cence the measuring beams were out 







absorption 


fluorescence 


off, and the actinic beam modulated; thus the modu- 
lated actinic beam also functioned as exciting beam. 
Since the fluorescence yield changed slowly compared with 
the modulating time, which was 1/50 sec, the average 
intensity of the modulated beam was taken as the actinic 
intensity, which is given in 10-* einstein om-' geo-!. 

Changes in absorption in the infra-red oocurred at 
rather high intensities of actinic light, if the bacteria were 
suspended in growth medium*. We found that the 
kinetios of the changes on illumination depended on the 
length of the dark period and on the intensity of the 
preceding illumination. Figs. 1 and 2 show recordings of 
the light-induced spectral changes of absorption and 
fluorescence on illumination. The measurements of 
change in absorption and fluorescence, represented in each 
figure, were carried out shortly after each other at the same 
intensities and with the same light and dark periods. 
For bacteria suspended in malate, the fluorescence 
intensity at the beginning of the illumination ie f. The 
fluorescence increases, starting from this initial level f. 
At least two phases oan be in both absorp- 
tion (a, b) and ftuoresoenoe (ay, by); the absorption 
decreases a and b are correlated with fluorescence increases 
a; and by. For bacteria washed and suspended in aerobic 
distilled water, the changes occur at much lower intensities 
of actinic light and at a higher initial rate than for bacteria 
in malate. 

In Figs. 8 and 4 the steady-state absorption difference, 
light minus dark, and the steady-state level of fluorescence 
are plotted as a function of the actinio intensity, J. For 


bacteria suspended in growth medium (Fig. 3) the change 
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in abeorption starts at intensities above I = 0-5. The 
increase in fluorescence yield (upwards curvature of 
fluorescence versus intensity curve) also starta above this 
intensity. In aerobic water both the decrease in absorption 
and the increase in fluorescence yield start below this 
intensity (Fig. 4). In Fig. 3, f is plotted as a function 
of I. B8inoe f is proportional to J, the fluorescende 
yield at the start of illumination is independent of 
the intensity. This means that under these conditions the 
change in fluorescence yield (and this is also true for the 
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4. Rhodospwilum rebrwm, suspended tn distilled 
euro te ns NR ee di 
fluorescence versus intensity ourve at I — 0 is given by 

straight line 


increase in absarption) ia alow compared with the nso 
of the apparatus. For bacteria m aerobic water iba ohare 
in fluorescence yield is more rapid. The upward bending 
of the fluoreecence-intenmty curve starta below I = 0:2, as 
we found by plotting a few pointa, measured at low inten- 
sity, dui pu tne lasgee acl ian QU GEI 4. The 
slope of this intensity curve was estimated at I = 0 and 
is given in Fig. 4 by the dashed straight line. Similarly the 
absorption change at 880 my starts from I = 0. 

At — 170° O the changes in absorption at 880 and 795 
my. still occurred on illumination. The reactions were 
reversible: im the dark the original steady-state waa again 
reached. For dried bacterial extracts this reversibility 
has been observed by Arnold and Olayton at 1° K (ref. 11). 

We found that at — 170? O both the absorption spec- 
trum and the absorption difference spectrum show a shift of 
the maximum at 880 mu of about 20 my to longer wave- 
lengths. This shift provides an additional argument for 
the assumption that the change in absorption around 880 
my is due to the bleaching of a pigment mmilar to B 890. 
It has been reported that m illum rubrum the 
fluorescence band of B 890, which bas & maximum at 900 
my, shifta about 20 my to longer wave-lengths on cooling 
to liquid nitrogen temperatures. 

The quantum requirement for P 890 bleaching was 
measured for an aerobic aqueous bacterial suspension, to 
which in most experimenta 10+ M phenylmercury acetate 
was added in order to minimize the rate of P 890 restora- 
tion in the dark. The quantum i t was oalcu- 
lated from the measured initial rate of the absorption 
change at 880 mu, the intensity of the actinio light (590 
my) and the &beorbanoe of the ion. It was 
assumed that the iflo absorption coefficient of P was 
equal to that of iochlorophyll at the infra-red 
maximum (ec = 9-6 x 1041. mol-! cm- (ref. 13)). and that 
the absorption coefficient of Por was zero. The quantum 
requirements calculated from the initial rates measured 
at two intensities (T = 0-2 and 0-4) for samples taken from 
the same culture were 3-3 and 3-1 (bacteria suspended in 
water to which phenylmeroury acetate had been added), 
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3-1 and 8-6 (bacteria washed and suspended in water) and 
3-2 and $:2 (bacteria washed and in water to 
which phenylmercury acetate had been added). These 
numbers are lower if the absorption coefficient of Pox is 
not zero. 

It seams that the observed correlation between increase 
in B 890 fluorescence and P 890 bleaching can be quanti- 
tatively described by the following hypothesis. Excitation 

is transferred from B 890 to P 890. On excitation 
of P 890 this component is bleached, which prevents 
further transfer of energy from excited B 890, causing an 
increase in the fluorescence of B 890; P 890 is assumed 
not to fluoresce at the wave-length of measurement. We 
postulate that the excited beoteriochlorophyl, [B*], 
looses ita energy in 8 different ways: (1) fluorescence; 
(2) internal conversion; (8) transfer of energy to P 800. 
The change in B * concentration, d[B *]/d; is then given by: 


ABY Lo — (BY) + KIB + RIB*)UPD (D 


where I is the intensity of exciting light and o, and the k’s 
are rate constants for absorption, fluorescence, internal 
conversion and energy transfer; [P] is the concentration 
ee It is possible that other terms, 
varisble should be added to the 
right gide of equation (1). However, for the interpretation 
of the preeent experimenta, the terms given appeer to be 
sufficient. During quasi steady-state, that is if [B *] does 
not change appreciably in 10-* seo (k, w 10+), d[B *]/di 
1s smali com: with the other terms and we may put 
d[B *]/dt = This condition certainly is fulfilled at the 
relatively low intensities used. Solving for I we obtain: 


I= (k + k, [P]) [B*] 


where k = (k, + k,)/o and k’, = klon. 
The intensity of fluorescence is given by: 


In = k[B*] 
The fluorescence yield is: 


In b, 
w^ TUEYEQP (4) 


At sero intensity, all P 890 is in the non-bleached form: 
[P] = P, At high intensities, at which all P 890 is 
bleached: [P] = 0. The change in absorption is equal to: 


As = oy( P, — LPI) (5) 


in which e, is a constant, equal to the difference in absorp- 
tion coefficient of the unbleached and bleached forms of 
P 890. Eliminating P from equations (4) and (5) we get: 


k^, 6 
~ B40, ( ) 


to equation (6) 1/o; and Ac are linearly related. 
We this by plottirig 1/p, as function of Ae in Fig. 5. 
Fig. 5 shows that 1/9, is in first approximation linearly 
bd aoe on Ac, which supporte our hypothesis. The 
es 1/7 and~Ae for the same intensities were obtained 
from the e imental curves given in Fig. 3 and 4. The 
values of 1/o; at As = 0 is found by taking the slope of the 
fluorescence-versus-intensity curve at I = 0. In Figs. 3 
and 4 calculated intensities of fluorescence are also given. 
These were calculated from the As curves by substitutmg 
the i tal value of Ac in equation (0). The two 
constants k’,/b,c, and (b + k,P,)/k, in the right side of 
equation (6) were obtained from each of the lines of 
Fig. 5. The first constant is equal to the slope of & line, the 
second is equal to 1/py at Ae = 0. The experimental and 
calculated curves of fluorescence appear to be similar. 

The quantitative correlation between fluorescence 
increase and P 890 bl the low quantum require- 
ment for this bleaching, and the fact that the bleaching 
occurs at very low temperature, strongly argue in favour 


(2) 


(3) 


As 
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of our hypothesis that the energy transfer from bacterio- 
chlorophyll to P 890 occurs through inductive resonance. 

The high efficiency for bleaching of P 890 indicates that 
P 890 may be an intermediate in bacterial photosynthesis. 
P 890 is suggested to be a pigment similar to B 890; 1t is, 
however, non- or weakly fluorescent and photochemically 
active; it may act as the photosynthetic reaction centre. 
It has been shown! that the transfer of energy with good 
efficiency to such a reaction centre is theoretically possible 
taking into &ooount the concentrations and the fluores- 
cence yield of bacteriochlorophyll $n vivo. 

Summarizing, we may say that the light-induced 
decrease in absorption at 880 mp in the photosynthetic 
bacterium um rubrum is quantitatively corre- 
lated with an increase in fluorescence yield of the bacterio- 


chlorophyll B 890. This correlation can be quanti- 
tatively exp by energy transfer from baoterio- 
chlorophyll to a t P 890, present in a small amount, 
which pi is bleached on excitation. The quantum 


t for P 890 bleaching was found to be about 
3-2 or lower. The resulte indicate that the bleaching of 
P 890 is & primary photochemical process, and that P 890 
acta as & reaction centre in bacterial photosynthesis. 
After this manuscript was completed, Dr. R. K. Clayton 
kindly send us preprints of papers submitted for publica- 
cation (J. Photochem. Photobiol.), giving evidence and con- 
clusions in agreement with this and earlier papers from our 
laboratory. The main new evidence was that in an aqueous 
extract of an aged culture of & green mutant of the purple 
bacterium Rhodopseudomonas &epheroides the optical 
density at the long wave-length maximum waa reduced to 
about one-half on illumination; the difference spectrum 
was casentially similar to that of ‘normal’ purple bacteria’. 
This indicates that the specific absorption of these special 
bacteriochlorophyll molecules is reduced to one-half or 
leas, and that thus in normal bacteria probably an appre- 
ciable change in absorption oocurs in the few P 890 
molecules, instead of a small change in all B 890 molecules. 
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DOES THE NEURONE SOMA ACTUALLY GENERATE ACTION POTENTIALS ? 


By YUTAKA OOMURA and TAKASHI MAÉNO 
Department of Physiology, Kagoshima University, Japan 


has been shown by Oomura e£ al.' that the neurone 

of & marine pulmonate mollusc, Omohidium verru- 
oulatum, could generate the action potential in various 
sodium-free sea-watera, and that not sodium but calcium 
ions played an important part in the electrical activities. 
They also reported that the excitability in the soma was 
relatively low campared with that in the axon or axon- 
soma junction. With direct stimulation of the soma, it was 
assumed that the spike potential was initially generated 
in a remote triggering region, say, the axon or axon 
hillock, and eleotrotonical spread to the soma, then 
the action potential was generated in the soma membrane. 
It was not certain, however, whether the electrical 
activity recorded in the soma was only a reflexion of the 
spike potential in a remote active region, and the soma 
membrane remained unexcited?. This uncertainty was 
tested as follows. (1) The excitability of the soma mem- 
brane was directly demonstrated in neurones which were 
ligated at the axon—soma junctional region; (2) indirectly 
evidenced by the transmembrane impedance measure- 


neurones. With these techniques, we were able to 
demonstrate that the soma membrane was really excitable 
during activity. 

Materials used were dissected wsophageal ganglion cells 
of a marine pulmonate moltuse, Oncidium verruculatum. 

geture te the neurones were tied with 
single silk filaments at the axon-soma junctional region. 
For the impedance meesurementes three microelectrodes 
were inserted into a single neurone. The first micro- 
electrode (Rr) was for recording transmembrane potential, 
the second one (o) served as an arm in an a.c. impedance 
bridge, and the third one was for polarizing the membrane 
and connected to an electronic stimulator through a high 
resistor (Fig. 1). The resistances of the microelectrodes 
utilized in the x snc ie caue: ranged from 
10 to 20 MQ. For the vol clamp expethnenta & feed- 
Taak eapi cene inoericd between the Noob aud tbe Mrd 
electrodes’. 

Ligature expervments. Ligated soma showed some signs 
of injury. The resting potentials of about 40 mV were 
obtamed which were somewhat smaller than those of 
unligated neurones. Spontaneous firings, observed fre- 
quently on penetration of the electrodes in the latter, 

were usually absent in the former. The ligated neurones 
never responded synaptically or antidromioally. This 





indicates that the nervous function in the region of the 
axon hillock was satisfactorily blocked by the ligature. 
By direct transmembrane stimulations the action poten- 
tials could be ted in tho soma, although their throah- 
olds were hi than those of unligated ones. 

of the action potentials sere nion Intenta able fom 
those in the unligated neurones, especially when the 
treaba or tho lanter M MBA MO hy an applica: 
tion of a hyperpolarization (Fig. 24 and C). 

Despite the similarity of the action potentials between 
two preparations, a marked difference was clearly demon- 
strated in the voltage experiments as shown in 
Fig. 2B and D. In the igated neurones under the 
voltage clamp condition, the inward membrane current 
appeared in the all or none manner. Moreover, the time 
course of the current showed close resemblances with that 
of the action potential. In the ligated neurones, on the 
other hand, the time course of the membrane current was 
much different. Similar to the results obtained by Hagi- 
wara and Saito’, the inward current was followed by a 
slowly developing outward current. Low mtensity of the 
inward current and slow time course of the outward 
current might be attributable to an injury in the mem- 
brane. These resulta will be discussed elsewhere. 

Impedance experiments. Frequencies of alternating 
currents applied to the bridge were 0:2-2 ko/s (adequate 
frequencies 0-5-1-2 ko/s). Impedance changes during 





scale, 100 msee for A and C, 4 400 maco for B and D 


40 mV ; voltage seale, mmy 





at the 
prolonged 


stato and near the peak of the 


400 msec for 0” 


neuronal activities could not be detected by frequencies 
higher than 2 ko/s. Relatively large value of the mem- 
brane time constant (Om 0-02 uF x Rm 5 MQ) and 
presence of stray capacities (Oo and Or) decreased the 
accuracy of the measurements by the a.c. bridge in higher 

ies. After the bridge had been exactly balanced 
for the membrane impedance at the resting state, & supra- 
threshold outward current pulse was passed through the 
membrane. Considerable lack of balance of the bridge 
was recorded simultaneously with the action potential 
(Fig. $4). Precise balancing of the bridge during the 
activity was also obtained at various stages of the action 
potential adjusting appropriate values of O and E (Fig. 
3B). Time course of the impedance changes were more 
clearly demonstrated when the action potentials were 
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action potential, respectively ; markediy 
potential. Voltage seale, 100 mV, timo soals, 100 mso for A and 
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prolonged by an admunistration of bariun 
ions into the sea-water! (Fig. 30). 

These resulta suggested that the mem- 
brane impedance diminished considerably 
during the action potential. Although a 
_ quantitative analysis of the data was com- 
plicated by the presence of stray capacities 
of the electrodes, calculations indicated that 
the membrane resistance was reduced to about 
100 kQ and the capacity remained noarly 

Now let us assume as follows: 
(1) the ratio of the area of the soma to that 
of the axon hillock is 20; (2) at the peak of 
the activity the membrane resistance might 
decrease to 1/100 of the mitial value. If the 
active area is restricted withm the axon 
hillock, the total resistance during activity 
mught fall to about 1/5 of ita resting value (about 1 MQ). 
However, more marked reduction in the membrano 
resistance was obtamed. It appears, therefore, unlikely 
that the membrane of the soms remains inexcitable and 
that the action potential recorded in the soma is tho 
potential spread electrotonically from the axon or 
the axon hillock. We conclude that the soma of the 
giant neurones of Onchidium is excitable and generates 
the action potential. 

This investigation was supported by a grant from the 
Ministry of Education and from the Muscular Dystrophy 
Associations of America, Inc. 
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UREASE AND CITRASE OF PATHOGENIC AND SAPROPHYTIC FUNGI 


By Dr. H. SENECA, P. PEER and R. NALLY 
Department of Urology, Columbia University College of Physicians and Surgeons, Presbyterian Hospital, New York, 32 


UNGI, like bacteria, are very ubi us in their 

distribution throughout the world. y saprophytio 
types play very ecasential parts in the biological cycles 
involving organic matter such as the decomposition of 
hemicellulose, lignins, eto., but are also involved in the 
synthesis of complex organio compounds. Their most 
important function is the breaking down of complex 
molecules and the synthesis of useful ones, both for 
the animal and plant Kingdoms. There are numerous 
species of fungi in Nature, mostly saprophytic in their 
biological behaviour, and only about 50 species are capable 
of causing diseases in man and animals, some producing 
fatal infections such as Oocotdicides immitis, Ht. 
capsulatum, Oryptococcus neoformans, Candida albicans, 
eto., while the vast majority give rise to chronic gyBtemio 
or skin diseases. Fungus infections are very serious among 
birds and insects. 

The outlook of systemic myootio infections was very 
gloomy in the past, but with the introduotion of the 
sulphonamides, tetracycline and penicillin in actinomyoo- 
sis, nystatin in candidiasis!, ‘Amphotericin B’ (ref. 2) in 
serious systemic mycoses and griseofulvin in dermatophy- 
toses and deep myoosos*"', the overall prognosis is at 
present very favourable. 

Moulds, yeasts and fungi are extensively used in 
fermentation in industry, in the dairy industry, the manu- 
facture of citric acid, ascorbic acid, antibiotics and even 
steroids. They also produce ammonia from urea. Some- 
how, the enzymatic activities of pathogenic fungi have 
been utilized to a very limited extent in their biochemical 
studies.  Laotio acid, ethanol, acetio acid and formic 
acid are formed from gtucose by Actinomyces bovis and 
acid phosphatase is produced from some strains’. Orypto- 


cocous neoformans does not ferment sugars, assimilate 
potassium nitrate nor reduce nitrates into nitrites. The 
carbon of glucose, maltose, sucrose and galactose is 
utilized but not that of lactose, and urea may be split’. 
Nocardia asteroides did not liquefy gelatin nor coagulate 
milk, but nine out of eighteen strains of Nocardia brasilien- 
sis coagulated milk, nine liquefied gelatin and three reduced 
nitrates to nitrites’. Streptomyces and Nocardia ced 
penicillmase’. On the basis of the fermentation of glucose, 
maltose, sucrose and lactose, Candida is classified into 
seven species. C. albicans produces acid and gas im glucose 
and maltose, acid in sucrose and has no effect on lactoss. 
C. tropicalis produces acid and gas in all, but fails to 
ferment lactose. O. pseudotropicalis produces acid and 
gas in all except maltose. O. krusei and O. parakrusei 
produce acid and gas only in glucose. O. stelatoidsa 
produces acid and gas only in glucose and maltose and 
C. guilliermonds causes no change in sugars’, O. immitis 
liqueflee gelatin, coagulates milk, utilizes carbon from 
Mh alcohols, amino-acids, organic acids, and amides; 
and nitrogen from peptone, amides, amino-acids, nitrate 
ions and ammonia ions, but these biochemical reactions 
do not help in ite identifloation". In Sporotriohum 
schenki the sugar reactions are of no value. Nitrogen of 
amino-acids, urea and ammonium nitrate were utilized, 
and no amino-acid was an essential growth factori", 
Nothing is known about the fermentative propensities of 
Hormodendrum compactum, but Phialophora verrucosa 
produces acid in dextrose and dextrin, but has no offect 
on milk and does not produce indol!*. 
The aforementioned references indicated that very 
little work has been done concerning the enzymatic 
activities of pathogenic fungi, and that very little use of 
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this enzymatic activity has been applied towards the 
identification of fungi. Smoe enzymatic studies have been 
very fruitful in the identification of pathogenic bacteria 
and there is the possibility of using the enzyme profiles 
of bacteria m the chemotherapy of mfections, a proper 
analysis of the enzyme profiles of fungi may be promis- 


ing. 

On the basis of the urease and ortrase profile of patho- 
genio bacteria, they have been classified into seven pro- 
files. Profile 1 produces urease and citrase and includes 
Proteus vulgaris, P. retigert, P. merabiles and P. OX,. 
Profile 2 produces only urease and includes P. morgan« 
and. 69 per cent of Staphylococous. Profile 8 produces urease 
aerobically and also ortrase and includes the KlebsisHa 
aerobacter group and 77 per cent of P. aeruginosa. Profile 
4 may or may not produce urease and/or citrase and m- 
cludes P. OX K and P. OX 19. Profile 5 may or may not 
produce crtrase, and has P. $nconstans. Profile 6 produces 
only crtrase and has Pseudomonas (26 per cent), Alcaligenes 
fecalis, Salmonella, Vibrio choleras, and  Escherich«a 
intermedia. Profile 7 fails to produce urease and citrase 
and has Hecheriochua col, Salmonella paratyphi, S. 
gallinarum, S. pullorum, V. el Tor, Staphylococous (51 per 
cent), Hnterococous, (Lenoefleld A), 


protoroa , 
Leishmania donovani, L. moa d. brasilensis, Tricho- 
monas vaginalis and T. foetus!'. On the basis of Krebs’s 
cycle substrates, pathogenic bacteria are grouped into 
eleven profiles. Profile 1 has no effect on these substrates 
and includes Streptococous pyogenes (Lanoefleld A) 
Pneumococous and Enterococcus. Profile 2 utilizes only 
the carbon of oxaloacetic acid and includes Staphylococous. 
Profile 8 is Shtgella, utilizing the carbon of acetate, and 
malate. Profile 5 18 Hechertohia, utilizing the carbon of 
acetate, ots-aconitate, oxalosuccinate, fumarate and 
malate. Profile 6 is Alcakgenes, which utilizes the carbon 
of acetate, citrate, ketoglutarate, fumarate and malate. 
Profile 7 is Salmonella, which utilizes the carbon of acetate, 
lactate, citrate, ots-aconitate, ketoglutarate, fumarate 
and malate. Profile 8 is Pseudomonas, which utilizes the 
carbon of lactate, acetate, citrate, oxalosuccinate, fumar- 
ate, malate and oxaloacetate. Profile 9 is P. morgan, 
which utilizes the carbon of all except citrate, succinate, 
oxaloacetate and pyruvate. Profile 10 is Klebsiella aero- 
bacter, which utilizes the carbon of all substrates except 
isocitrate, succinate and pyruvate. Profile 1l is P. 
vulgaris, P. retigert and P. merabilis, which fail to utilize 
the carbon of succinate and pyruvate’. 

Pathogenic bacteria which are active urease and citrase 
producers are either drug-resistant or they mutato to 
become drug-resistant when exposed to these therapeutic 
agente!'. It was this interest concerning the urease and 
citrase propensities of pathogenic fungi which motivated 
these investigations. 

Urease is a macroglobulin with a molecular weight of 
473,000, has 37 sulphydryl groups, with an optimum pH 
of 7-2-7-5, is dialysable, adsorbed on the Sertz filter, but 
filterable through tho ‘Millipore HA’, does not permeate 
through the bacterial cell wall, and catalyses the hydro- 
lysis of urea into ammonia and carbon dioxide through the 
mechanisms of sulphydryl groups. It is inactivated by 
silver, meroury, copper, cadmium, lead, fluorides, halogens, 
borates, quinones, formaldehyde and hydrogen peroxide, 
is rapidly and inactivated by pepsin and papain 
hydrogen sulphide st pH 43. Jackbean contains 16 
times more urease than soybean. Inactivation by mer- 
cury oan be reversed by cysteine. Urease activity is 
expressed as the amount of urease which will form 1 mg of 
ammonia nitrogen from ureaphosphate at pH 7 at 20° C 
in 5 min. Crystalline urease bas about 188,000 vu/g. 
Pasteur observed urease activity in Torula ureae. 

Thunberg in 1910 +11, observed an enzyme which 
oxidized citric acid. It cocurred in animal tissues, moulds, 
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cucumber seeds, bacteria, eto. Recent investigations 
indicate that such an enzyme did not exist. Citric acid 18 
first converted into cts-aconitic acid by aconitase and then 
changed into isocitric acid, then dehydrogenation occurs 
and the enzyme is isocttric dehydrogenase. This enzyme 
is found in heart muscle, muscle, liver, kidney, adrenals 
and other animal tissues and plant tissues™, There 
may be two isocitrio dehydrogenases in yeasts, one requir- 
ing DPN and the other TPN as coenzymes: isocitric 
dehydrogenase requires Manganous or magnesium ions. 
Pyrophosphate inhibits the enzyme because those ions 
are removed. IJodoacetic acid also inactivates by reacting 
with apodehydrogenase™'**. The enzyme can be extracted 
with water and is concentrated by fractionation with 
ammonium sulphate and ethanol at low temperaturee!'. 
Most of the pathogenic and saprophytic fungi wero 
given to us by Dr. M. Silva, mycologist in the Department 
of Dermatology at the Medical School, Columbia Univer- 
sity. Our stock cultures were also included im this investi- 
gation. A total of 190 cultures constituting 46 genera of 
pathogenic and saprophytic fungi are reported in this 
work. 
Oultwe media Mycological urea 
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agar (Difoo) 85 g 
water 900 ml. 
Boll to melt and sterílize in the autoclave. 
Urea c.p. Merck 
Phenol red oort g 
100 00 


After oooling the mycological agar to 45° C, the sterile 
urea solution was added to the medium with constant 
stirring. If the temperature of the agar is high urea will 
be broken down and the medium cannot be used. Myoo- 
logical agar urea is then tubed and solidified in a slanting 
position. The pH is 7 and the colour of the medium is 
straw or pale orange. The tubes are then ready for 
inoculation. 

Bimmon's ortrate (Difco) is prepared by boiling 24-2 g 
of the medium in 1,000 ml. of distilled water. It is then 
tubed, sterilized by autoclaving, and slanted to solidify. 
The colour of the medium is green. If the carbon of citrate 
is utilized, growth is due to the presence of the enzyme, 
and the colour of the medium becomes blue. One pellet 
of Herbox Bouillon (obtamed from the Pure Food Co., 
Inc., Mamaroneck, New York) cubes is added to 250 ml. 
of distilled water. It is then heated to dissolve the cube. 
5 g of Nobel are added and the mixture boiled to 
dissolve. The pH is about 4, but it is adjusted to pH 7 by 
adding 10 per fen sodium hydroxide. It is then tubed, 
autoclaved and slanted to solidify. 

190 cultures, comprising 46 genera, split urea. They 
were active urease producers m live cultures, when incu- 
bated at room temperature for 10-15 days. The following 
cultures failed to show urease actavity in 48-h growth: 
two of seven Beauveria, one of three Oospora, three of 
thirty-nine Candida, one of four T'richosporon, two of four 
Monosporium, one of two Neurospora and one each of 
Dipodaseus, Emmonsia and Sclerotium. 

The utilization of citrate apparently indicates the 
presence of an enzyme which is probably oitrase or isocitric 
dehydrogenase. The followmg genera failed to utilize the 
carbon of citrate or lack the enzyme: ser ORpotort 


The followmg genera actively utilize the carbon of 
citrate and apparently have the enzyme which promotes 


asous, Cephalosporum, Vortioillsum, Fusarium, learia, 
Ohoenophora and Pythium. 

The intermediate group constitutes those genera which 
may or may not utilize carbon in citrate, that is, three of 
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eight Nocardia failed to utilize carbon in citrate, fourteen 
of fifteen Oryptococous, four of ten Trichophyton, nine of 
thirty-nine Candida, nine of eleven Geotrichum, one of 
five Phialophora, one of three Fonsacasa, one of three 
Sporotrichum, two of three Histoplasma, one of three 
Gaspar one. GE ANO CURSUM SUIT pon Me 


Neurospora, Isacria, Pythéum and Choenophora. 
a ace ÉL E 

‘Herbox Bouillon’ cubes are ready made and are inex- 
pensive. If this medium proves to be an adequate medium 
for the growth of fungi, it will save time and be very 
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URICOLYTIC ENZYMES IN SOIL 


By MARGARET MARTIN-SMITH 
Soll Bureau, Department of Scientific and Industrial Research, Wellington, New Zealand 


LTHOUGH much work has been done on enzymes in 

soil, I have been unable to trace any report of the 
occurrence of uricolytic enzymes. The work reported here 
has been carried out in an attempt to ascertain whether 
detectable quantities of uricolytic enzymes are present in 
soil. News of Durand’s? paper reached me only when this 
work had been finished. 

Samples of garden soil (Waikanae silt loam) were taken 
at a depth of 0-5-8 in. immediately adjacent to a fowl 
run, which, with uric acid so readily available, could 
reasonably be expected to have correspondingly high 
uricolytic activity. The fresh soil was sieved through a 
2-mm sieve, and stored at — 15? C. The pH of all samples 
of this soil was 6-6, and the moisture content varied from 
17 to 19 per cent. Unlees otherwise stated, soil extracts 
were prepared in the followmg manner. 

Ten-g portions of soil were placed in 250-ml. 
conical flasks, and 15 ml. of buffer solution and 10 drope 
of toluene were added. The flasks were left without 
shaking for about 16 h at 24° O, and then filtered through 
a Whatman No. 32 paper. Both increase in temperature 
and in duration of extraction were found to increase the 
yield of enzymatic activity extracted from the soil, but for 
the purposes of this work the procedure already outlined 
was found suitable. 

Two-ml. aliquots of the clear soil filtrate were incubated 
in 250-ml. conical flasks without shaking for approx- 
imately 24-48 h with sodium urate solution (~ 1 mg uric 
acid/ml.) and toluene. Control systems containing boiled 
soil extract, urate and toluene were incubated at the same 
time. Figures in Tables 1 and 2 show the difference 
between the amount of uric acid remaining in the control 
and that remaining after incubation with the soil extract 
which had now been boiled. Figures in Table 3 were 
calculated from resulta so obtamed. Plating of the 
oxtracts on nutrient: agar and microscopic examination 


were estimated according to Brown}. 
During initial experiments, it was found there was a 
vory appreciable non-enrymatio breakdown of uric acid. 


Cupric copper has been shown to catalyse the auto-oxida- 
tion of uric acid in phosphate buffer, other bivalent metals 

ineffective’*, and care was taken afterwards to 
exclude extraneous oo by using acid-washed glas- 
ware and glase-bidistilled water. Reasonably reproducible 
resulta could thus be obtained. Copper extracted from 
the soil could, however, have influenced results if boiling 
of the soil extract had changed ita activity. 

Preliminary experiments using 0-1 M buffers of pH 7-2 
showed that efficiency of extraction varied in the ascending 
order: borate < iris < carbonate < phosphate. Aooord- 
ingly, samples of soil were extracted at 87° O with 0-1 M 

hate buffers over the pH range 6-8-4 for 16 h, and 
with -L M iris-acetate buffers over the pH range 7-53-95 
for 64 h. A typical set of results appears in Table 1. 


Table 1. Errscr oF 0-1 M tris AND PHOSFHATH BUFFERS OW EXTRACTION 
Oy URIOOLYTIO ACTIVITY IN BOIL 


Buffer used In Fall fn urbo acid 

extraction pH content 

01 M phosphate 60 009 

6-6 0-65 

68 0-80 

7-0 1125 

7-2 020 

76 O15 

8-0 0-51 

84 088 

01 M tris 76 0-10 

à 80 0-13 

85 033 

9-0 0-09 

` 95 0 05 
2 ml. of soil filtrate, 2? ml. sodium urate solution, 2 ml. 0-5 Af phosphate 
E H 7-0, and' 0-5 mil. iolneno were ineubsled without shaking for 


Two pH optima for extraction were obtained at about 
pH 7-0 and 8-5, suggesting the possibility of the presence 
of two urioolytio systems. 

Soil was extracted with phosphate buffers of pH 6-8 
and molarities 2, 1, 0-5, 0-1, 0-05 and 0-01 M for 10 h at 
37? O, and 2-ml. aliquota of each filtrate incubated with 
2 ml. of urate solution and 0:5 ml. of toluene for 50 h at 
30° C. There was little difference in the officiency of 
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extraction of uricolytic activity with buffers of oonoen- 
trations between 2 M and 0-1 M, but at still lower 
molarities the amount of activity extracted fell markedly. 
This may, however, have been also a direct influence of 
salt concentration on the enzymatic reaction, not only a 
difference in extraction efficiency. 

Two-ml. aliquots of soil extracts obtained in 0-1 M 
phosphate buffers of pH 7-0 and 8-4 were incubated with 
urate solution, toluene, and 2-ml. aliquota of 0-5 M phoe- 
phate buffers of different pH. The pH optima of both 
énxymes appeared to lie about pH 7-0. The temperature 
optima of the ensymes extracted in phosphate buffers of 
pH 7-0 and 8-4 appeared to lie at 80° C. 

An examination of the thermal stability of the enzyme 
extracts was made by ing the extracta for 15 min 
ab each temperature (Table 2). 

Table 2. Mrrmor oy Hust PRETRRiATNEN* ON THR ACTIVITY OF HXXYXGM 

+ ZXITRAOTED IN PHOSPHATE BUFYER OF pH 7-0 AND 84 


Fall tn urio edd content (mg) 
extracted 


Temperature of Enzyme 

preheating (*0) at pH 7-0 at 9H 8-4 
10 0-487 0-545 
30 0-553 0-497 
37 07751 0-894 
40 0-894 0-969 
45 1-530 1-300 
50 0-748 0-748 
60 0-163 0-244 
70 000 0-00 


Experimenta] details as for Table 1. 


The activity of both the enzymes extracted at pH 7-0 
and 8-4 rose to a maximum when they had been proheated 
at 45° O, and fell thereafter. This effect may be a result 
of activation of the enzymes, or of inactivation of some 
inhibitor. i 

A study of the stability of the enzymes extractable 
with phosphate buffer at pH 7-0 and 8-4 showed that 
when the soil was stored at — 15° O the amount of activity 
remained reasonably stable over the period of one month; 
extracts in 0-1 M phosphate buffer stored under the same 
conditions, however, lost some 50 per cent of their activity. 

The effecta of some metal chelators, sulphydryl com- 
pounds and sulphydryl on the enzymes extracted 
with phosphate buffers of pH 7:0 and 8-4 were investi- 
gated (Table 3). 
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Table 3. Brrsct OF SOME INHIBITORS OX THR MBNXYMES RITRACTED IX 
PHOSPHATE BUFFER AT pH 7-0 AKD &-4 
Inhibitor Concentration ine Bnxyme 
Mh system (M) = extracted extracted 
atpH7-0 at pH 84 
Bodtum cyanide 2-1 x 10¢ 100 14 
Bodium aride $-4 x 104 100 86 
disthyidithiocarbamate 1:8 x 103 98 15 
Bodtum ethylenediamine tetra- 
aoctate 76x 103 52 20 
x 
Bodtum monolodoacetete 36 x 10* 13 86 
(ene l4 x 104 zm. 903 
*TOU DO 16 x 104 80 72 
2 mL of soil filtrate, 2 ml. of sodium urate so 2 mL of 0-5 M phos- 


The two enzymes differed markedly in their behaviour 
with the metal chelators sodium diethyldithiooarbamate, 
sodium ethylenediamine tetraacetate, and sodium cyanide, 
and the sulphydryl group reagents sodium monoiodo- 
acetate and p-hydroxymercuribenzoate. 

A brief comparison has been made with the uricolytio, 
activity of soil under permanent pasture. A sample of 
Tdita soil, pH 5-2, at a depth of 0-5-3 in. from under' 
grass—clover pasture, and the soil were extracted 
with 0-1 M phosphate buffers of pH 7-0 and 8:4 for 18h 
at 87° C. Two-ml. aliquots of each filtrate were incubated 
with 2 ml. of urate solution, 2 ml. of 0-5 M. phosphate 
buffer pH 7-0, and 0-5 ml. of toluene for 48 h. Under 
these conditions, and allowing for the different moisture 
contents, the pasture soil had approximately one-sixth 
the urioolytio activity of the garden soil. 

It might poesibly be concluded that the uricolytic 
activity in soil is due to organisms producing uricase, and 
that such organisms are likely to be more plentiful in a 
soil frequently or continuously supplied with urate. 

I thank Dr. D. J. Ross, of Soil Bureau, Dr. R. Trusooe, 
of Victoria Uni ity of Wellington, and Dr: K. Strse- 
mienski, of Soil Bureau, for advice. : : 

! Brown, HL, J. Biol. Chem., 158, 001 (1045) 

E " diosa MD. G., and Mahler, H. R., Biochim, Bwphys. Adta, 98, 
* Durand, G., O.R, Acond, Sol. Paris, M68, 1087 (1961). 

‘Griffiths, H.. J. Diol. Cham., 187, 300 (1052). 


SOURCES OF ERROR IN THE WHEAT CYLINDER BIOASSAY FOR AUXIN 


: By Dr. K. E. COCKSHULL and Pror. O. V. S. HEATH, F.R.S. 
Horticultural Research Laboratories, University of Reading 


ALKER, Hendershott and Snedecor! carried out a 

statistical investigation of the various sources of 
random variation in the bioassay of growth-substances 
separated from tissue extracts by paper partition chroma- 
ba poe he Their bioassay method utilized wheat 

p sections, placed in a small, corked assay tube 
with a segment and 1 ml. of sucrose-buffer 
solution—as method similar to that of Hancock and Barlow! 
as used in this d ni, 

They reached following important conclusions: 

(1) Variation between ooleoptile sections within tubes 
provided a gross underestimate of experimental error; true 
replicate samples of the plant material should therefore be 
used 


(2) The failure of known or unknown growth substances 
to run consistently with the same Fp in a particular solvent 
made the greatest contribution to i tal error. 

(3) Measurements of coleoptile growth should be used 
as data, without being transformed to percentages of the 
‘control’ growth. - 

(€) Reducing the number of ooleoptile sections per 
aay tube. from the usual 10 or 5 to 2 or 1 and increasing 


the number of samples, greatly reduced the variance of the 
mean and gave the greatest information hour of work. 
These last conclusions were based y on calculation 
and partly on comparisons between different experi- 
ments. 

In previous work here (Olark and Heath‘), estimates of 
experimental error have been based on triplicate chromato- 

r rather than on replicate samples of a rather 
limited supply of experimental plant material, using the 
mean of 5 ooleoptile sections (from one tube) for 
chromatogram segment. We have recently followed 
Walker e£ al. in examining the effecta of using different 
numbers of sections per assay tube but with known con- 
centrations of the growth regulator, indolyl-3-acetic acid 
([AA—sodium salt) instead of segmenta from chromato- 
grams of tissue extracts. Thus we were able to compare 
within single experiments the mean growth obtained with 
different numbers of sections. These experiments at once 
revealed large and unexpected effecta of number of 
sections, both on the amount of ‘control’ growth 
without added auxin and the responses to a range of 
concentrations of IAA. nm" t - 
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- Statistical analysis of some of these date showed a highly 
signifloant (P « 0:001) interaction between number (1, 2 or 
5 sections per tube) and IAA concentration (0, 0-01, 0-1, 
1,.10 or 100 p.p.m.). This took the form that while the 
single sections gave their greatest growth at 10 p.p.m., 
with little less at 100 p.p.m., and the pairs grew most at 
1 p.p.m., the peak for 5 sections occurred at 0-1 p.p.m. 
after which the curve fell away to show practioelly-no 
growth promotion at all at 100 p.p.m. This was later 
shown to be & consequence of the sections being enclosed 
in the assay tube, for the responses to [AA concentrations 
were found to be very similar with different numbers of 
sections when these were placed in uncorked assay tubes 
{each with a band of wax at the mouth to prevent 
spilling). Further research, to be described in & paper to 
be submitted to the Journal of Experimental Botany, has 
indicated that accumulation of respiratory carbon dioxide 
is the major factor causing the interaction found between 
number of sections and IAA concentration in corked 
assay tubes. 7 

, Heath and Olark had already shown, in their researches 
on chelating agente, that variations in technique and in 
sources of wheat seed could alter the pattern of response of 
coleoptile sections to growth regulators. We have 
. therefore examined the response of a second strain of the 
-varisty ‘Eclipse’, obtained fram Wye College, and of a 
different wheat variety, namely, ‘Thatcher’, to 0 and 100 
p-p,m. IAA when 5 sections were grown in both corked 
and uncorked tubes. The results of these experimenta 
(which were conducted on separate occasions) are sum- 
marized in Table 1. 

Table 1. BEOTION-LENQTH (OM) AFTER GROWTH FOE 24 H AT 25° O IX 0-5 ML, 

; k .OF TEN SOLUTIONS INDICATED 

Infial seotion length, 1-0 cm. Means of two occasions; four replicate tubes 


` 








It was clear, therefore, that this effect was & result of 
variations in technique alone as it could be reproduced 
with other varieties of wheat. It was also of interest to 
know whether the .efféct on final section length of 
corking the tubes was paralleled by an effect on uptake 
of IAA by the sections. Measurements were made of the 

tity of IAA remaining in 100 p.p.m. solutions after 
Mey bad supported the growth of different numbers of 
sections for 24h. Two methods of colorimetric estimation 
were used on different occasions; in one the IAA remaining 
Gf à Balikowrakk Seager" and tothe other the solbfions ware 

i resolved by paper partition chromatography 
ore the addition of the reagent’. The resulte obtained 


by these two methods were congistent and in close agree- : 


ment (Table 2). 


D 


Table f. PEROEXTAGR oF LAA REMAINING IX TEB ÀMLAY TUSBS; INTTILALLY 
, OS ML, OF 100 PPL, EQUIYALENT TO 50 sG IAA 
i à Means of two occasions 





The reduced growth of 5 sections in corked tubes was 
accompanied by a reduced disappearance of IAA at 24h, 
but apart from this there was little correlation between 
IAA disappearazive and final section length. In the 


Feo 
24 - 
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uncorked treatments. (i 
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ive of whether 1 or 5 seo- 
tions were present) almost no residual LAA could be deteo- 
ted, which indicated that we were in fact testing the effoot 


of & known quantity of IAA rather than the effeot of a 


maintained external concentration. (If this were inoor- 
into the section and if ib then remained as free 
the internal concentration at 24 h, for single sections 
in uncorked tubes in the 100 p.p.m. IAA treatment, 
Goold be grater den dr ILANG froh ight of 
coleoptile tissue.) As the method was developed for the 
assay of growth substances in small quantities of tissue 
extracts it is undesirable to increase the volume of 
solution used. EE . 
The main object of the investigation was to determine 
which. was the most sensitive and useful method for 
curves were obtained for each number of sections 
in botb corked end tnedrked’ assay, iubes For each 
number of sections (1,2 or 5) a separate factorially designed 
experiment was carried out in 5 blocks of occasion; on 
each occasion 6 concentrations of LAA (ranging fram 0 and 
0-01 p.p.m.-to 100 p.p.m.) were tested in both corked and 
uncorked aseay tubes with four replicate tubes. The 
resulta for the.two extreme cases (1 and 5 sections) are 
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presented in Fig. 1. The resulta for 2 sections were inter- 
mediate in character but corresponded more closely to the 
curves for 1 section than to those for 5 sections. It is 
apparent that the rango of growth-promoting concentra- 
tions is increased by the use of either uncorked tubes or 
fewer sections in corked ones. Walker et al., on the basis 
of statistical considerations, recommended the use of 
fewer sections m each assay tube and on empirical grounds 
we also have reached this conclusion. The choice there- 
fore is between 1 or 2 sections in either corked or uncorked 
assay tubes. 

We have found that the accumulation of carbon dioxide 
can affect the growth response to IAA and it is evident 
from Fig. 1 that ıt can also affect the ‘control’ growth but 
In & more complex manner, for example, the respiratory 
carbon dioxide from & single section can give rise to a 
significantly greater section-length at 24 h, when it is 
allowed to accumulate in a corked tube. This effect 
reduced the magnitude of the IAA-induoed growth ın 
excess of the ‘control’. 

The main disadvantages of uncorked tubes would 
appear to be that the sections are exposed both to fluctua- 
tions in the composition of the atmosphere of the room in 
which the assay 18 performed, and to a slowly diminishing 
solution volume due to evaporation. This last should tend 
to maintain the external IAA concentration, which 18 not 
constant but is decreasing due to disappearance of IAA, 
presumably into the sections. Statistical analyses of the 
data showed that the error variance was no greater for 
uncorked tubes and when single sections were used 
the error variance was significantly leas than in corked 
ones (P « 0-05). 

From the signiflcanoe-levele shown in Fig. 1 it can be 
seen that there is some logs of accuracy with single 
sections, but this can be improved, as Walker e£ al. 
pointed out, by increasing the number of replicate tubes. 
They recommended that either four replicate tubes with 
2 sections in each or five replicate tubes with 1 section in 
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each should be used at the discretion of the individual. We 
would endorse thia view but would add that in our par- 
ticular method the most sensitive technique would utilizo 
ane 10-mm long sections m each replicate uncorked 
tube. 

In ocortain circumstances it may be necessary or 
more convenient to use techniques in which the froo 
diffusion of gases is restricted, for example, in either 
corked assay tubes or covered Petri dishes. In such 
techniques the quantity of carbon dioxide accumulated 
could be reduced by utilizing ether shorter sections or 
shorter assay Herida in conjunction with more accurato 
measuring techniques; by conducting the assay at a tem- 
perature lower than 25° O; by opening the vessels at 
intervals or by increasing the volume of enclosed air. 
Varying any of these factors could conceivably lead to 
considerable differences in response of coleoptile sections 
to growth regulators and such variations in technique may 
account for some of the observed discrepancies between 
different authors’ resulta. 

Of relevance in this connexion are the data of Barlow 
and Hancock’, who observed effecta on growth, with 
corked or uncorked tubes and 5 sections, essentially 
similar to those reported here. They concluded, however, 
that the relative effects of IAA concentration on final 
length or growth rate were similar in both corked and 
uncorked tubes. The data published in their Fig. 4 do 
not seem to support this statement, although the magni- 
tudes of the differences were amaller at their lower assay 
temperature of 20° C. 


1 Walker, D. B. 


Hendershott, 0. H., and Snedecor, G. W., Plant Phynol., 
33, 162 (1056). 


H. W. B., Rep. E. Malling Res. Sta., 1052, 
B 
8 


a O. R., and Barlow, 
89 (1888). 
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and Wheeler, A. W., J. Eg. Bot., 10, 468 (1059). 
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EFFECT OF ANTI-PLATELET ANTIBODIES ON THE IN VITRO UPTAKE 
OF 5-HYDROXYTRYPTAMINE BY BLOOD PLATELETS 


[By Dr. J.[M.TBRIDGES, M.KBALDINI, C. FICHERA and W. DAMESHEK 


Blood Research Laboratory, Pratt Clinic—New England Center Hospital and Department of Medicine, 
Tufts University School of Medicine, Boston 
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p has long been known that blood platelets are antigenic 
and that anti-platelet antibodies produoe shortening of 
the platelet life-span in vivo and agglutination and lysis 
of the platelets in vitro’. Further manifestations of 
platelet injury by antibody have more recently been shown 
by inhibition of clot retraction and by reduction of throm- 
boplastin generation’. These have been important addi- 
tions to the study of the various actions of antibodies on 
the platelets and have led to a better understanding of 
thrombocytopsenic disorders in human beings. They have 
provided, however, but little knowledge pr profound 
biochemical changes that occur in the platelets when 
these are attacked by antibody. Investigations on this 
subject have begun ın our laboratory. It is known that 
in vwo as well as in vitro blood platelets take up 5-hydroxy- 
tryptamine (5-HT, ‘Serotonin’) rapidly by an active 
transport mechanism partially linked to their content of 
adenosine triphosphate (ATP) (refs. 5-8). It was thought 
that antibodies acting on the plateleta might inhibit this 
phenomenon. This article describes the resulta of experi- 
ments designed to test this hypothesis. 

: In these studies, an in vitro system was used in which 
various antibody-containing sera were added to samples 
of normal human platelet-rich plasma and incubated at 


37° O in the presence of 5-HT labelled with carbon-14. 
Platelet radioactivity was determined at various intervals 
and taken as the measure of the platelet uptake of 5-HT. 

The effect of anti-human-platelet serum prepared in the 
rabbit waa first tested. The platelet utinin titre of 
this serum was 1/200 when measured by the technique of 
Dausset e£ al.'. The serum was added in the amount of 
0:2 ml. to each aliquot of 1:8 ml. of citrated human plate- 
let-rich plasma (platelet count 350,000—400,000/mm!*). 
(All platelet counta were done by the technique of Brecher 
and Oronkite!*.) After the subsequent addition of 0:3 ml. 
of a saline solution of labelled 5-HT (5-hydroxytryptamine 
(B-&minoethyl.B-C'*)  (oreatinine sulphate complex), 
Nuclear Chicago) (50 ug of “O-5-HT/ml. saline), the 
samples were incubated for various intervals at 37° C. 
Platelet buttons were obtamed by centrifugation, washed 
once with normal saline, and re-suspended in 2 ml. of 
distilled water. The platelets were then disrupted by 
repeated freezing and thawing and the debris depomted by 
centrifugation. Aliquots of 1-5 ml. of the supernatants 
were dried on steel planchets and their radioactivity 
measured in an end-window gas-flow counter. Two sets 
of controls were prepared by replacing the heterospecific 
antiserum either with equal amounts of (1) serum from 
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non-sensitired rabbite, or (2) saline. The platelet uptake 
of 5-HT in test samples and controls was derived from the 


platelet radioactive -counta and expreased in per cent of. 


the total radioactivity added. 

The platelet uptake of 5-HT in the controls increased 
progressively ing the maximum 4 value of 
47 per cent (41—52 cent) between 90 and 120 min. In 
the controls containing 0-2 ml. of saline, plateleta had 
similar values of 5-HT uptake as in the controls prepared 
with 0-2 ml. of normal rabbit serum. When, however, the 

ifle antiserum was used, the platelet uptake of 
5-HT was consistently lees than 1 per cent. One of such 
experiments is illustrated in Fig. 1. 

The factor present in the heteroepeciflo antiserum which 
was oapable of blocking the in vitro uptake of 5-HT by 
normal human platelets was sensitive to dilution. When 
0-2 mL of progressively diluted samples of antiserum were 
used, the inhibiting effect was progressively reduced and 
no inhibition of 5-HT uptake was noticed when the total 
dilution of the antiserum in the system reached 1/880. 
Furthermore, these experiments showed that agglutina- 
tion of the platelets at the end of the incubation period 
could be seen under the phase-contrast microscope only 
in the test samples with higher concentrations of antiserum 
(1/11-1/110). With dilutions of 1/220—1/440 there was 
no agglutination of the plateleta, while there was still a 
marked reduction of the 5-HT uptake (11-29 per cent 
uptake). 

The specificity of the reaction between the antiserum 
and the platelets was later demonstrated. Five absorp- 
tions of the antiserum with ‘pure’ preparations of 
normal human platelets almost cotüplstely removed the 
5-HT inhibiting factor. (The saline platelet suspension 
used for the absorption of the antiserum contained 
8-2 x 10* plateleta/mm* while the contaminating white 
cella were leas than 25 and the red cells lees than 100/mm’. 
Each absorption of 1 ml. of antiserum was done with 0:25 
ml. of platelet suspension.) This demonstration was 
necessary since it is known that antigen-antibody reao- 
tions not directed towards the platelets can cause release 
of ‘Serotonin’ from the plateleta!!. 
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From these experiments it was concluded that sinco 
depreasion of 5-HT uptake by normal human plateleta in 
contact with heterospecific antiserum occurred even in 
the absence of visible platelet agglutination, it was 
therefore not the consequence of platelet clumping but 
rather the expreasion of & iño metabolic damage 
produced by the antiserum directly on the plateleta. 

A second series of experiments was performed by the 
use of serum from four patients who had received multiple 
blood transfusions. .It is known that multi-transfased 
patients often become iso-sensitizod to blood pla 12 
Iso-sensitization to platelets in the four patients was demon- 
strated by the remarkable shortening of the survival-timo 
of isologous platelets as measured by the chromium-51- 
labelling technique“, while the patiente themselves had 
either a normal platelet count or had amegakaryooytio 
thrombocytopsnia (Table 1). The experimental system 
used in the examination of the human sera differed some- 
what from that adopted in the investigations with hetero- 


, specific antiserum. 1 ml. of patient's serum was added to 


each 1 ml. aliquot of normal platelet-rich plasma obtained 
by differential centrifugation of citrated venous blood 
from healthy donors. each ‘Serotonin’ experiment, 
platelets from the same donor were used as for the platelet 
survival study.) After addition of 0-2 ml. of the solution 
of 5-HT labelled with carbon-14, the samples were incu- 
bated at 37° O for various intervals. Two seta of controls 
were used, one in which the patient’s serum was replaced 
by donor’s serum, and the other in which the donor’s 
platelet-rich plasma was replaced by the patient's own 
platelet-rich plasma. 

Results of these experiments are summarized in Table 1. 
The serum from all four of these sensitized patiente deman- 
strated a variable, but often marked effect in depressing 
the in vitro uptake of 5-HT by donor’s plateleta, while 
when in one experiment the patient’s serum was used 
with the patient’s own platelet-rich plasma, no depression 
in 5-HT uptake was obeerved. It was therefore evident 
that the 5-HT inhibiting factor present in the serum from 
multi-transfused patients behaved as an iso-antibody, 
being effective on the donor’s platelets and ineffective on 
the patient's own plateleta. Furthermore, it was demon- 
strated that the serum factor inhibiting the 5-HT uptake 
by donor’s platelets could be removed almost completely 
by three absorptions with donor’s platelets. (For the 
absorption experiments platelet concentrates in saline 
were used containing 5-9 x 10* platelete/mm? with &' 
white cell count of leas than 25/mm' and a red cell count 
of lees than 100/mm*. 1 ml. of serum was absorbed each 
time with 0-25 ml. of platelet concentrate.) 

In all the experiments performed with the sera from 
the iso-immunized patients, no agglutination of the plate- 
lets could be seen under phase-contrast microscope, and 
no lysis of the platelets occurred as demonstrated by the 
unchanged platelet counts in the various samples before 
and after incubation. Furthermore, when the above 
four sera were tested for platelet iso-agglutinins by the 
method of Dausset e£ al.” a positive result was obtained 
with only two sera. This finding indicated a high degree 
of sensitivity of the 5-HT method in the detection of plate- 
let iso-antibodies. 

Further experiments were performed using sera from 
six patients with acute or chronic idiopathic thrombo- 
cytopsnic purpura. The bone marrow in all six patiente 
was abundant in megakaryocytes, while the platelet counte 
were greatly reduced (8,000-62,000/mm'). These casee 
are considered by many observers to be auto-immune. 


. Table 1. SLIROTONIX UPTAKE TEST WITH SERA FROM MULTI-TRAMSFUSED PATIBXTS 
Patient Disease t Ro. of blood Donor NEU) be paca (ret platelet-rich E ds i 
o onor 

Nie eam Patient serum Donor serum Pa merum m * (h) 
LO Aplastio anemia 20,000 22 18-6 423 — — 3 30 
X. R. Leukemia 45,000 17 230 4c? — — 16 
Xx. L Blood loss anemia 340,000 29 98 40-2 390 376 8 
8.Q Refractory anemie 60,000 12 22 343 — — 21 
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Table 2. SEROTONIN UPTAKE TRST WITH Suga FROM IDIOPATHIO THROMBO- 


OYTOPAMIO PURPURA PATIENTS 


Uptake of 5-HT cont, 

Patient Platelet count/mm’ Donor Noi Hie DRE 
T.G. 8,000 55-6 33:9 
J. M. 40,000 37-3 38-0 
B.Y. 10,000 12-4 14-0 
AM 24,000 22-7 35-1 
B. M. 38,000 335 36-1 
8. M. 62,000 199 - 481 


with auto-antibodies attacking the platelets in the circula- 
tion and resulting in shortening of the platelet li Mob, 
The serum from theee patiente, presumably oontaining an 
anti-platelet auto-antibody, exerted no effect on the 5-HT 
uptake of normal donor’s platelets (Table 2). The negative 
result was repeatedly nime with platelets from various 
donors. It was concluded, therefore, that the anti-platelet 
factor peed to be present in the serum of patients - 
with idiopathic thrombocytopanic purpura injured the 
platelets through a different mechaniam than did hetero- 
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studies on the complex biochemical changes produced 
by antibodies on blood platelets. 

This work was supported by a grant from the U.S. 
Atomic Energy Commission, contract AT (30-1) 1276. 
One of us (J. M. B.) is in receipt of a travel grant from the 
Wellcome Foundation, London. 
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ETHYLENE PRODUCTION BY SUBCELLULAR PARTICLES FROM RAT 
LIVER, RAT INTESTINAL MUCOSA AND PENICILLIUM DIGITATUM 


By Dx. G. RAM CHANDRA and Pro. MARY SPENCER 
Departments of Plant Sclence and Blochemlstry, University of Alberta, Edmonton, Caneda 


I has been reported that all fruita, without exception, 
give off ethylene’. While the production of ethylene 
by fruita and certain micro-organisms has been the subject 
of extensive investigation over the twenty-five years, 
the possible role of this in the metabolism of 
animals has been virtually i Recently, Kakanov* 
provided evidence that both normal rata and pig ascarids 
produce ethylene. Although no attempt was made to 
remove ethylene from sir supplied to the respiratory 
chambers or to maintain aseptic conditions, Kakanov’s 


subcutaneous abscess or which had received a subcutaneous 
injection of aluminium oxide exhaled more ethylene than 
healthy rats. 

With knowledge of the site of ethylene production in 
fruit*^ and a method for activation of the ethylene- 
producing system‘, a more direct approach to the question 
of ethylene production by animals and micro-organisms 
was made in our laboratory by attem $n vitro prepar- 
ations capable of evolving the gas. this article, mass 
spectrometric and gas chromatographic evidence of ethy- 
lene production by particulate fractions from rat liver, rat 
intestinal mucosa and Penoillvum digitatum is given. 

About 50—80 g fresh weight of liver or 2-5-8-5 g intes- 
tinal mucosa pooled from 4-6 rats were used in each 
experiment. The Wistar rate were killed by decapitation 
prior to the experiments. A 10-am loop of the small 
intestine posterior from the pyloric sphincter was dis- 
socted, washed with demineralized water and blotted dry. 
The mucosa was squeezed from the gut with a spetula. 

Penicillium digitatum (8acc.) NRRL 1208 was grown in 
stationary culture under aseptic conditions. The growth 
medium! contamed glucose (25-7 g), ammonium nitrate 
(4 g), potassium dihydrogen phosphate (13-61 g), ae 
sium sulphate (1:23 g), ferric nitrate (5 mg) and 1 of 
Pratt’s mioro-element solution‘, EE in 1 litre of 
distilled water. The pH of the medium was 4-4. After 
two weeks, the growth (about 25 g wet weight) was 


gathered and either used immediately or frozen. The pH 
of the medium. when gathered was 4-2. 

To prepare subcellular particles from rat liver and 
intestinal a MEE en ar 
0-88 M. sucrose ( wet weight per 10 ml. suspension) at 
ie ee *Omnimixer' The pH of the 

ie was maintained at 7:0—7:2 by the addition of 
0-1 N potassium hydroxide. Particles from JPenioiljium 
digitatum were obtained from a homogenate of the fungus 
EUM CAM ee 
buffer of pH 7:0 (1:10 w/w). All homogenates were 
xvi AQ MUR. The sediment was 
rejected and from the clear supernatant icles were 
separated by centrifugation at 12,725g for 15 min. The 
icles were ded in 25 ml. of reaction 
mixture (Table 1) and for ethylene production over 
2- and 18-h periods at 25° C by gas chromatographic and 
mass spectrometric methods described earliert. When 
particles were sonically treated, they were exposed for 
4 min at 2° O to a Raytheon sonic oscillator (10 ko/s) 
tuned to 1:1 amp. ee ee a 
ticulate fraction from P. um digitatum revealed the 
presence of intact spores and some inoompletely frag- 
mented mycelia in these preparations, which were found 
to be viable. Untreated particles from the animal tissues 
were stainable with janus green B. 


Table L HTHYLENE PXODUOTION BY SUBONLLULAR PAETIULES FROM RAT 
Livir, Bat IWTERTDNAL MUOOMA AND 
(d. x 109 /mg niizogen/t h) 


Treatment Rat liver musom diiiatwm 
1 Untreated 5-0 15-2 2] 
3 — Bonbely treated Hn isa 132 
4 Sanieally 1*0 198 31:6 


No. A865 T NATURE 807 

The results of our initial trial with tissues Table 2. MiFBOTS OF im oiiro Agora AND SONIO TERATWENT OX ETHYLENE 
from female Wistar rate, 10 weeks old, and Penicillium 2° UMOR sx BUDOELIULAN PARTIOLEI TAOM Hoe Daas, FAT Terme 
digitatum are given in Table 1. It is evident that particles MEL a et 
separated at 12,7257 from. rat liver, rat intestinal mucosa Tine Tin Rat Live 
and the fungus produced ethylene. wor ce ee Treatment (h) No. 1 2 $c mr. à — 
preperation of these fractions could not be performed Untreated 08 22 29 56 53 "us 7-2 
quantitatively ` and variation in nitrogen content of  Un&weted 13-18 $7 43 1*4 118 76 10 eo 
particulate fractions from different runs occurred. Thus, trated o2 51 48 864 159 380 7 180 
quantitative duplication of results from different runs was Sonkally | | — 33 524 BS 150 H0 9 


not to be expected. ‘These initial experiments, along with 
mass spectrometric analyses which confirmed the identity 
of the gas as ethylene, served to show that subcellular 
fractions from sources other than the tissues of higher 
plants produce ethylene. 

In our earlier work‘ with subcellular icles from 
tomatoes, we had shown that production of ethylens was 
related to the disintegration of the structure of the mito- 
chondria. In the reported here, to test the 
applicability of this to animal and fungal tissues, 

were made, A Ue unde tae, or eU Eee 

rod ion by icles which were untreated, sonically 
treated or aged in vitro. It should be noted first that some 
fragmentation of the particles probably occurred when the 
tissues were originally in the ‘Omnimixer’. This 
is consistent’ with the observed lack of lag-period in 
carbon dioxide production by the particles. Ethylene was 
also God by Suction teperatsd n 40, 810g PE thins 
which would contain fragments of both mitochondris and 
endoplasmic reticulum. It is evident from Table 2 that 
ageing of the untreated particles or sonio treatment of 
them increased ethylene production. Thus, as with 


intxture es in 


tomatoes, ethylene production by subcellular particles 
from rat liver, rab iftestinal mucosa and Penicihium 
digitatum appears to be stimulated by disintegration of 
the particles. 

The foregoing ol oe pete together with others* in 
which we have observed the presence of ethylene in er- 
haled gas from human subjecta, lead us to suggest that the 
production of ethylene may be & general phenomenon of 
life processes and that ite metabolio role may be a question 
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A POSSIBLE MECHANISM OF ACTION OF CALCIUM AND SOME 
PSYCHOTOMIMETIC AGENTS ON MEMBRANES 


By L. G. ABOOD, |. KOYAMA and H. KIMIZUKA 
Departments of Pzychlatry and Biochemistry, University of Illinols College of Medicine, Chicago 


N the course of investigating the mechaniam of action 
ee ae p i 
was observed that the agents seemed to influence those 
- properties of excitable tissues that were particularly 
sensitive to a depletion of Ca**. The importance of Ca 
in the maintenance of excitability in nerve and muscle 
has been ized since 1888 1, but it was only recently 
that there has been a revival of interest in it, following 
the observation of Hodgkin and Keynes! that an inoreased 
influx of Ca*t accompanied excitation of the squid giant 
axon. This article discusses the types of Ca*t-dependent 


The eo L EAS of the agents oon- 
cerned within the present study are described elsewhere’. 
They encompass a wide variety of esters of heterocyclic 
imino and di-imino alcohols and substituted glycolic and 
other carboxylic acids. An example of this clam, and 
that utilized in the present investigation, is N-methyl-2- 
pyrrolidyl methyl oyclopentyiphenyl glycolate (PMCQ): 


OH 
HOC C 
AT NC 


Resting potentials were recorded im single fibres of 
freshly dismected frog sartorius muscles with the 
capillary microelectrode (Ling-Gerard type) filled with 
3 M potassium chloride and having a resistance of 20 


megohms. A pair of muscles were first soaked in Ringer'a 
solution for 80 min before the resting potentials of each 
musele were determined. One muscle was then trans- 
ferred to a solution of calcium-free Ringer’s solution and 


ferred to a calcium-free Ringer solution containing 10+ M 
PMCG and the resting potential also recorded 40 min 
later. treo fingers experiments were conducted in 
calcium-free ‘a containing 4 mM EDTA. A set of 

ts was performed where 10+ M PMOG was 
present in the test solution prior to the immersion of the 


p I 
frog muscles are transferred from a Ringor's to 
a calcium-free solution, there is a rapid drop in the intra- 
fibrillar reating which results in spontaneous 
i or fasciculation, of the muscle. Both the 

decrease in the resting potential and the fasciculations 
can be prevented if the calcium-free solution contained 
PMOG (Table 1). In the presence of the drug, the reeting 
potential could be maintained at almost norma! levels. 
After the resting potential has dropped 50 per cent in & 
calcium-free medium, it could be restored to almost 
normal by the addition of 10* M PMCG to the calcium- 
free medium. In this respect, the action of PMOG in 
restoring the resting potential is similar to that of Ca** 
Bd cue bivalent alkali cater. It should be mentioned 
that similar effecta could be demonstrated with & 
number of homologues of PMCG. 

The action of PMOG and Ca** appear to be similar in & 
number of respects. Both cations can form poorly dis- 
sociable salts with such acids as EDTA, phosphoric, and 
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: Drug 40 min 
Drug 4t zero time later 

Heating 3 Resting Rever- 

potential x potential sel 

(-mv) Dif. (my) (%) 

Runger’s C 90 +3 — 9143 — 

PALOG 8943 -1 91-4 0 

Ca-free C 05-6 — 70+6 — 
PMOG B0+4 13 (89) 82 +5 32 (91) 

Oa-free 0 4446 — 4545 — 
HDTA PMOG M45 67 (82) 5545 22 (61) 

NaCl C 60-3 — 01:4 — 
POG 8l+4 20 (90) 448 47 (83) 
The effect of PMOG on the intracellular potential of sartorius musel 
exposed to various Mons. The resulta are as the mean + 
standarni dard COT UD. The values in the refer to the ont of 
CAM resting poten tial (—90 m The ooneentration PMOG at 

and, when added 40 min ater, 10+ M. 


citric, as evidenced by the fact that the aads interfere 
with the adsorption of the cations to & variety of gub- 
stances including frog nerve, muscle and skin, as well as 
brain mitochondrial membrane and lipid monolayers. 
The adsorption of both Ca** and PMCG to frog sartorius 
muscle increases tally as the pH increases 
between 4 and 10. When freshly dissected sartorius 
musolos are exposed to isotonic saline, they immediately 
begin to fasciculate, while the lactate production increases 
five-fold. On the gradual addition of either Ca* or 
PMCG at, equimolar concentrations to the saline solution, 
a similar pattern of decrease in the concentration-activity 
curve is obtained for both the frequency of twitching and 
lactate production. 

On the basis of such studies with various biological 
preperations it seamed likely that one was dealing to a 
large extent with surface phenomena; so that it might 
be possible to demonstrate a similarity in the action of 
Ca** mar PMOG on the physical properties of interfacial 
films. amay dadien have been condusted with 
lipid hieran fira, while more extensive studies involv- 


ing complexes of phospholipids and crystalline proteins 
are in The ition of 104-104 M OG toa 
monolayer of either steario acid or di ]phoephatidyl 


choline will increase the rigidity of the monolayer in a 
manner similar to Ce*. At higher concentrations 
(107 M) the surface active properties of PMOG become 
manifest so that tho effect is one of dispersion of the 
monolayer and reduction in the surface resulting 
from the interaction of PMCG and the monolayer. It is of 
significance that the concentration range in which PMCG 
acts like Ca** on the monolayer is the range in which it 
restores the resting tial of sartorius muscle fibres. 
PMCG at concentrations in excess of 10-* M will inhibit 
the adsorption of Oa*t to monolayers of lecithin, and the 
inhibition appears to be of the competitive type. 

The dispersity of anionic hilio colloidal suspensions 
is Increased by the loss of divalent cations; and the 
preservation of a normal coloidal state in biological 
systems is dependent on a balance of monovalent and 
divalent cations. The ability of Oa“ to impart rigidity to 
colloidal dispersions consisting of proteins and phospho- 
lipids is to a largo extent attributable to ite capacity to 
combine with acidic carboxylic and phosphate groupst. 
The addition of even trace amounts of polyvalent metals 
to monolayers of stearic acid and other substances con- 
taining carborylic acid groups will impart rigidity by 
occupying two or more end groupe*. Under certain condi- 
tions this effect can be antagonized by monovalent cations. 

Harkins* has shown that crystalline proteins, such as 
catalase and cytochrome c, will form a monolayer of spheri- 
cal or ellipsoidal molecules with barium stearate. In the 
absence of Ba* or a similar cation such a monolayer is 
incapeble of forming. Interactions between lipids and 
proteins can occur through van der Waals foroes between 
the non-polar hydrophobic residues of the fatty acids and 
similar functional groups in the hydrophobic face of the 
protein molecule. Combination can also occur as & result 
of hydrogen bonding, electrostatic attraction between 
oppositely charged groups of proteins and lipids, and 
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idsorption of the hydrated polar molecules on to tho highly - 
hydrated protein molecules. yä 

The hpophilio hydrocarbon residues of an air/water . a 
interfacial lipid film are arranged in closely packed parallel ^-^ 
arrays, normal to the surface, while the hydrophilic polar 
tail is projected into the aqueous medium. Despite the 
length of the hydrocarbon chain and the restricted tranala- 
tional freedom, there exists considerable freedom of rota- 
tion about the long axes of the molecules’. In addition 
to diminishmg the hydrophilia of the polar tails Ca* or 
Ba* can, by combination with adjacent acidic groups, 
restrict rotational freedom. There is a third factor which 
may be involved in explaining the increased cohesiveness 
Oa*+ imparta to the interfacial film, and that is the drminu- 
tion in repulsion of adjacent molecules brought about by 
the neutralization of anionic groups. Finally, the van der 
Waals attraction between adjacent unite in the monolayer 
is increased since the molecular weight of the repeating 


. unite is doubled. 


Tt has been postulated that during membrane depolarira- 
tion there is a loss of Ca**, along wrth various phosphates, 
and that the displacement of Ca&** from the lipoprotein 
membrane results in the structural rearrangement 
responsible for altering membrane bility to such 
ions as Nat and K+ (ref. 8). Lf it is assumed that surface 
Ca** forms complexes with the phosphates groups of 
phospholipids or ATP-protem complexes, the replacement 
of the poorly hydrated Ca*t by the well-hydreted Na+ 
would imcrease the hydrophilic character and diminish 
the rigidity of the biomolecular lipophilic structure of the 
membrane. Simple displacement of Ca* from bound 
sites could result in a net inflow of water since the dis- 
sociated Ca*t is more than twice as greatly hydrated as 
Na+. Removal of O&** with complexing agents such as 
EDTA and citrate leads to an analogous situation. The 
addition of numerous bivalent alkali earth metals as well . 
as agents such as PMCG will restore a depolarized calcium- 
deficient membrane to ite resting, electrically excitable 
state. Agents such as PMOG may act by virtue of their 
ability to complex with phosphate groups of both lipids 
and proteins with the net result that the cohesiveness 
and the lipophilic-hydrophilic balance of the membrane 
is partly restored. It must be pointed out, however, that 
it has not been ible as yet to duplicate the present 
experimental when frog spinal nerve roote or 
ganglion cells were used in place of sartorius muscle. 
Whether or not this difference is largely a matter of 
technique or is due to the more complex nature of nervous 
tissue is not known. 

The interaction of PMCG with an excitable mombrane, 
however, must obviously be quite different from that of 
Oa*+ since the polar-nonpolar aspects of the drug would 
permit a diversity of interactions with a complex lipo- 
protein membrane not possible with Oa". 

The objective of this investigation has been to explore 
the similarity and interrelationship of the two substances, 
and ib remains to determine the unique physico-chemical 
properties of this class of agente underlying their mechan- 
ism of action. It is hoped that such mvestigations may 
not only help elucidate the mechanism of action of the 
drugs but also aid in the investigation of the properties of 
excitable membranes. 

This work was supported jointly by grants from the 
U.8. Army Chemical Research and Development Labora- 
tories, U.S. Da Omi 18-108 G41, and the Mental Fund, 
State of Illinois Project 1747. 
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LETTERS TO 


PHYSICS 


Particle Structure 


IT has been shown?!" that an empirical model of Nature 
exists in which many natural constants equal functions of 
x. The dimensional unita are defined by the equations 
O = land = 1, = 2 (às is the Compton wave-l of 
the electron) Charge squared then equals 2a (a is the 
fine structure constant) and MA equals 4r ( is mass). 

Particle structure ean be described in terms of the 
properties of the particle and the constants 
the particle. In this model the formation of the 
olectron (F T) and the positron (+= +) involves the com- 
bination of three unite of rest mass r and fleld 2 exp — 
zr'/2 to give a particle with rest mass 2x and 4 

equal to 2 exp ( — 1*/2 + 2 exp (— z*/2 + 2 exp 
— «x!/[2)) or 2a (ref. 2). The energy of combination equals 
x. There are now two components each contributing a 


mass of 7 and a charge squared ofa. Rest mass and energy 
are interconvertible but-obarge is constant and therefore 


' conversion of energy to rest mass will only increase the 


rost mass of a component. 

In the formation of the r meson the massa of the 
componente equals Mje* = 4r[2a: 

&rx[2a + 4&x[2a—(81/[2a — 2x) + energy (27) 
Energy of combination equals 2x, indicating meson form- 
ation corresponds to & strong interaction similar to that 
involved in electron formation. 

If components of opposite sign for charge and mass 
combine the result is a particle of zero mass and zero 
charge or & neutrino. 

The charged + meson into a muon and a 
The neutrino formed could have meson com- 
ponents or it oould be a double neutrino since it has 
unique properties’. The masses involved are: 

(81/2a — 21)—(01[2a + 2x) + 2(1/2a — 2x) energy 
‘There appear to be two neutrino componente or two 
neutrinos as indicated by the energy term. 

Formation of the neutral r meson involves components 
of opposite charge: 

(F) + (+)}>(F +) = 7* meson 
Ax[2a-- 4r[2a—[81/2a — (1/2a — 2x)]-- energy (1/2a—2n) 
Loss of energy on particle formation involves the charge 
factor since charge neutralization occurs. 

Resonances may oo d to rest masses, for com- 
ponente, which are multiples of 4x/2a. Combinations of 
these components may give particles of high mass and a 
very short life. 

Elementary particles may combine to give higher mass 
particles. Helium is an example. The K meson 
may be a similar combination: 

4(8n/2a — 2r) — (4r[2a — 1/2a) energy = K+ 

The neutral K meson has two distinct lifetimes involving 
two particles of alightly different masses. This suggests the 
dual formulation: 

4(87/2a) — [4(z/2a — 21) — (1/2a + 2n)] energy = K* 

There are alternative possibilities, but this shows the 
various Mesons can be accounted for with little deviation 
from accepted ideas. In all cases the calculated and 
observed rest masses differ by lees than one electron mass. 
The model can be extended to hyperons?. The life of the 
particles may be related to the mass terms ting 


represen 
the particles, thus making possible extension of the model 
to these constants. 
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THE EDITOR 


A simple model of Nature exists which is in good 
numeri t with many observations and which 
is readily expandable to include other observations. 

8. C. Horwowe 
200E Rose Valley Road, 
Wallingford, 
Pennsylvania. 
1 Horning, 8. O., Natre, 195, 587 (1082). 
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Neutron Capture In the Samarium Isoto 
and the Formation of the Elements of the 


Solar System 


Ruosnt theories concerning the formation of the 
elements are based on neutron capture, and are subject to 
quantitative experimental tests through radiative capture 
measurements!-*. This communication reports 30 keV 
neutron capture measurements for the isotopes of 
samarium. 2-20-g samples of electromagnetically sepa- 
rated samarium isotopes as 8m,O, were used with the 
ORNL 8-MY pulsed ed de a „providing the neutrons 
via the lithium-7 (p,n) Moxon-Rae counter 
ited Gis Se ie ao 
measurement. 

The isotopes samarium-150 and -148 are shielded from 
r-process! production by stable neodymium-160 and -148. 
Thus the s-prooees only should have contributed to their 
creation in stars, and the producta of their neutron capture 
cross-sections near 30 keV and their natural abundances 
should be nearly From the measured cross-sections 
we find the ratio (Table 1, col. 5) to be 0-94 with a relative 
uncertainty estimated at 10 per cent. Combining addi- 
tional date for the ratio only, we get 1:02 (+ 6 per cent). 
The expected average ratio in the mass region 120-200 is 
perhaps a 1 per cent decrease per mase unit‘, or 0-98 for 
this case. The resulte thus strongly confirm the s-process 
nucleosynthesis prediction. The r-process abundances 
derived for the other isotopes are in reasonable agreement 
for the odd and even isotopes separately but show an 
unexpectedly large odd-even effect. The number (N;) for 
samarium-152 was derived ignoring the minor s-process 
branch (8^ decay of 98 yr. samarium-151); however, a large 
but uncertain percentage of the branch returns to sama- 
rium-152. Thus the r-procees abundance given in Table 1 
for samarium-152 could be increased by a few per cent. 
resulting in even closer agreement with N, of samarium- 
154. 

The samarium-149 precursor of samarium-150 in the 
8-process additionally has one of the few extremely large 
thermal neutron cross-sections (40,800 barns at 0-0254 
eV). That for samarium-147 is about 500 times smaller 
(90 barns). This ratio is even larger in the neighbourhood 
of the 0-1 eV resonance. The ratio remains greater than 
400 for neutron temperatures up to 2,000° absalute. 
Thus the present results leave little possibility for signifl- 
cant neutron exposure in solid? or even molten bodies of 
solar system material either terrestrial or, as Murthy and 
Schmitt have recently shown*, for representatives of tho 
chondrites, carbonaceous chondrites and acbondritee. 

If we assume N.. to be constant from atomic weight 
A = 148 to A = 150 the selective depletion (via thermal 
neutron capture) of samarium-149 should be apparent 
in the residual abundance assigned in Table 1, column 
7, to the r-process. As the thermal cross-sections 
of samarium-148 and samarium-150 are comparable 
with that of samarium-147 or smaller, perhaps a 


NATURE 


January 26, 1963 VOL. 107 


Table 1. NEUTRON CAPTURE IE THE IBOTOPES OF SAMARIUM 
Bamartum isotopes at 30 (+7) keV 
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A N(Atom%) Class cmb) 

144 2-87 pm) 1104 56 
147 14-94 TS 1,173 102 
148 1144 #0 258+ 48 
149 13-85 re 1,088 +279 
150 7:86 0 + 72 
152 20-90 re 411+ 71 
154 22-84 r0 3254 61 


Nive N, N, A 
,850) 2-4--0-4 12-504 147 
950 + 540 
) 180:3 12 10:8 149 
cae 
ea! 690410 30-0110 152 
0 23-84 154 


The produetion process (column 3) fs from ref. 1. The r-prooess abundances are derived by assuming 17,0. constant for all the isotopes of samarium 


more sensitive indicator is found in the No,(150)/No,(148) 
ratio. First, the r-prooeem is shielded, and secondly the 
abundance of samarium-150 is only about half that of 
samarium-149. The samarium-149 depletion is then: 


AN (149 
AYE = we [(1-02 + 0-06) = 1] 


which gives an upper limit of 4 per cent for selective 
depletion, applicable to solar system material as discussed 
here. It should be mentioned’ that inclusion of minor 
secondary processes such aa (p,y) and (y,n) reactions and 
neutron resonance effecta can increase the uncertainties in 
this limit by perhaps a factor of two. 

In summary the following conclusions may be drawn 
from the samarium results. » 

(1) The near equivalence of No, for samarium-148 and 
samarium-150 is in excellent agreement with the predio- 
tions of Burbidge e£ al.1. 

(2) At the same time these resulta provide some con- 
straints for nucleosynthesis models}:*. 

' — R. L. MAOKLIN 

J. H. GIBBONS 

: T. INADA* 

Oak Ridge National Laboratory, 
Oak Ridge, Tennessee. 


* Visiting scientist from Natonal Institute of Radiological Sciences, 
Obiba, Japan. 


t , H. X. G. R , Fowler, W. A., and Y., Bew. 
[774 'Phs., 49, 547 OBST). i ndn) 


"Bowker, W. A., Greenstein, J. L., and Hoyle, F., Geophys. J. Roy. Astron. 
Soc., 6, 148 (1962). as 


* Mackin, B. L., Inada, T., and Gibbons, J. H., Netwre, 194, 1272 (1962). 
* Olayton, D. D. (private oommunioation). 

‘Murthy, V. B., and Schmitt, R. A, J. Geophys. Hes. (m the press). 

* Pattenden, N. J. (unpublished resulta). 

' Fowler, W. A. (private oommunioation). 


A New -XO Band S m of Nitrogen 
Sulphide 

TEx spectrum of nitrogen sulphide is excited by means 
of a micro-wave oscillator of 2,450 Mo/s in sealed quartz 
discharge tubes containing a few mm of nitrogen and traces 
of sulphur. Besides e i and y-bands, & number of 
hitherto unassigned ban to the red, are 
recorded in the region 2650-2850 A. These are photo- 
graphed on a 6-6-m conoave grating ph in the 
second order at a dispersion of 0-57 A/mm. Rotational 
structure of seven bands has been analysed and the results 
are reported in the present communication. 
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top in the has two P and two R branches 
while the other sub-band with leading lmes drawn below 
has only single series of P and R branches. Such a 
doubling in the case of P and R branches of only one sab- 
band is obtained in the "I;I; component of a 3TI—*II 
transition with an appreciable A-type doubling in the 
I,a states while in the "Onla, component the 
A-doubling is negligible. : 
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Fig. 2. Hnergy-level diagram of the vibrational levels of the ‘DO-X 0 
band system j 


Four bands of *IT,, ,—*11,, and three of Uy sI a: tran- 
sitions have been analysed and their respective vibrational 
levels are given in an energy-level diagram in Fig. 2. It is 
found that all the bands arise from different initial vibra- 
tional levels to the v” = 0 level of the final *IT state. The 
band system belongs to a H (a)—1TI (a) transition with large 
spin-splitting in both the states. A compari of the 

AF", (J + 1/2) and AP, (J + 1/2) 
values, that is, R(J — 1) — P(J + 1), of 
the *lJ,,, and *I],,, sub-states of the final 
*IT level with thoes obtained for the c^ = 











Fig. 1. (# + 1) — 0 band of the new 'L—X' II system 


Each band consista of two sub-bands with an average 
separation of 107 cm-.. One such band at 2775 A is 
shown in Fig. 1, where the rotational structure of the two 
Sub-bands extends towards the longer wave-lengths as 
indicated by leading lines. The sub-band shown at the 


0 of final levels of the B- and -systems?:* 
shows good agreament, thereby indicatmg 
that all the three band systems have the 
*IT ground state as the common final level. 
N. A. NARABSIMHAM 
K. BSRIKAMESWARAN 
Analytical Division, 
Atomic Energy Establishment Trombey, 
Bombay 28. 
1 Barrow, B. F., Drummond, G., and Zeeman, P. B., Proc. Phys. Soe., 87. 


A, $65 (1954). 
3 Zeeman, P. B., Oened. J. Phys., 89, 174 (1961). 
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Comminution: a Modified Logistic Growth 
Function 
Horwme's equation! rewritten in terms of specific sur- 
face area, S, can be derived from the differential equation : 


ag 


ag 9 Sir (1) 


where His energy input per unit volume and r is Kick’s law 
deviation exponent’. Equation (1) reduces to Kick’s 
equation! when r = 0, Bond’s third theory’ when r = $ 
and Rittinger’s equation‘ when r = 1. These equations 
suggest that material of unlimited fineness can be pro- 
A consideration of the expenditure of energy on the 
material under comminution, and the utilization of 
energy in causing fracture, indicates that: (a) the rate of 
change of the energy which can lead to fracture with 
energy input diminishes as energy input increases; (5) as 
the particles decrease in size, their resistance to fracture 
increases; (c) S reaches an upper asymptote, So, 88 
energy input increases. These lead to a differential 
equation which, reduced to its simplest form, becomes: 


28 . 


SQ — S/S) 
am 5-— X. 


rj (2) 
where bis a parameter. Strictly E refers to net energy, 
defined as the difference between the gross energy and the 
energy required to maintain the mill in operation without 
relative movement. Equation (2) is a modifled form [due 
to Ņ in the right-hand side] of the Verhulst—~Pearl—Reed 
logistic growth funotion**. The method involved here 
can be developed for differential grinding, which is analo- 
gous to competing populations. 

Integrating equation (2) between non-xero limita gives: 


S 

Er NS (3) 
where A depends on the initial values of S and E, which 
in turn depend on the material under oomminution and its 
previous history. However, equation (8) may be used with 
confidence if the initial values of S and Æ are small; in 
most instances the experimental curves of S versus E will 
appear to extrapolate through the origin. 


ajem’ (x 10*) 
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Tf values of Ss, B... - corresponding to values of Es, 
Bs, . - . in geometrical progression: 


` ($ = constant >1 ) 


are interpolated from the experimental data then: 


£z GL Tn) os) = 
which has as ita solution Ss = S,,, = So- Thus, the 


value of 1/S œ is obtained from the point where the line of 
1/Se,, against 1/8 intercepts the line at 45° to the axes 
through the origin. This method of finding an unknown 
asymptote has been used in other applications’~*. 


A plot of EI versus JJ on a log log grid, or a plot 


of 8/8 versus F on a logistio log grid, will give a straight 
line if equation (3) is applicable. If Sq is so large that 
S[S ~ can be neglected equation (8) reduces to a power form 
as with Holmes. . 

Fig. 1 shows some data!* treated in this manner; exoel- 
lent agreement is evident. In this example k = 1. The 
value of Sa could depend on the material under com- 
minution, the conditions of breakage, mill dimensions and 

input. 

I thank Prof. H. J. King, Dr. A. Jowett and Mr. O. O. 
Dell for discussions. 

C. O. HARRIS 


Department of Mining, 
University of Leeds. 
! Holmes, J. A., Trens. Ins. Chem. Eng., 85, 125 (1957). d 
"Kick, F., Des Gess der Proyortionalem — Widerstand Seine 
Anwendung (Leipzig, 1885). 
* Bond, F. O., Trans. Amer. Inst. Min. Eng., 193, 484 (1052). 


"Hee 0; O., Second Symp. on Coal Preparation, 191 (Univ. of Leeds, 
* Harris, O. O., J. App. Phye., 1, 215 (1000). 
EE N- Zy Hania, O; O.: anA Jowett; A- DIL edo 
X Cong., e 4, 404 (1900). "M 
J. Murkes, J., Intern. Mineral Dressing Oong., 37 - 
boim, 1967) v 


OCEANOGRAPHY 
Occurrence of Abnormally High Fluoride 
Concentrations at Depth in the Oceans 


Duarxa the course of an investigation in these labora, 
tories of the constancy of ionio composition of sea-water 
and in particular of the distribution of fluoride ion in 
the oceans, unusually variations in the fluoride/ 
chlorinity ratio have been found. 

A new method? for the determination of fluoride in sea- 
waters has been applied to the analysis of more than 300 
samples collected from the surface and from depth. The 
surface samples showed no significant geographical 
variation in the fluoride/chlorinity ratio (mean value 
about 6.7 x 10-9), except for a few samples of hi 
chlormity water from the Mediterranean, in which 
ratio averaged about 6-4 x 10-5, a phenomenon probably 
associated with precipitation of calcium. No significant 

of the ratio with depth was found in the Pacific 
and ian Oceans. In the deep waters from some other 
localities, however, much higher fluoride/chlorinity ratios 
were found, frequently amounting to a 80 per cent increase. 

Particularly pronounced were the fluoride/chlorinity 
(parts per thousand) ratios of the deep-water samples 
from the North and South Atlantic west of the mid- 
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Table 1. FLUOBIDE/CHLORIXTIT RATIOS oF SEA-WATNER iT DIFFERENT 
Darras 
4 ¥F/Ol parts 
Sample Postion Depth (m) per 
No. tato (x 103) 
E13 Chine Sea. 12° *$' N., 110° 50' E. 0 680 
1,000 8-29 
% 804 
E15 N. Atlants, 42° 00’ K., 20° 27 W. 0 
967 T4 
3,413 787 
B20 N. Atlante, 58° 412 K., 064* 12^ W 0 6-68 
1,000 6-80 
: 3,109 887 
B?1 N. Atlante, 58* 90' N., 52° W W. 0 682 
1,8129 6-85 
3,300 9 00 
Blt  MiM-Atlantie, 10° 00' N., 46° 58 W. 0 6-78 
1,000 8-10 
4,500 8-01 
E18 XMid-Atlanto, 11°18 8., 28° 38’ W. 0 600 
1,000 8-10 
4,500 804 
B19 8. Atlantio, 58° 28 8., 50^ 20" W. 1,070 8-00 
2,070 8 37 
M7 Mediterranean, 42° 17’ N., 04° 10° H. 0 672 
1,956 T3 
Af2 Mediterranean, 41° 06’ X., 03* 35' E. 0 641 
1,200 6-78 
2,250 702 


Atlantio Ridge (Table 1). The high fluoride/chlorinity 
ratios found in deep waters may bo caused either by 
submarine volcanic activity or by dissolution of fluoride 
minerals. The latter explanation seems likely for the 

lee fram the North Atlantic since oryolite deposits 
are found on the east coast of Greenland. It is debatable, 
however, whether or not these Atlantic deep water masses 
would remain sufficiently unaffected by upwelling and 
other processes to retain their high fluoride content as far 
south as 58° 8. 

Many more samples will be needed before the significance 
of these resulte can be fully interpreted, but it is felt that 
the existence of these water mases having high fluoride/ 
chlorinity might prove useful in the study of deep water 
circulation in the Atlantic. 

We thank the many oceanographical institutions which 
have supplied water samples, and particularly Dr. R. Cox 
of the National Institute of Oceanography for arranging 
the collection programme. f 


; J. P. Rosy 
hi stern of Oceanography, 
- University of Liverpool. 
1 Greenhalgh, R., and Riley, J. P., Amal. Chim. Acta, 25, 179 (1901). 
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Size Analyses of Turbidity Current Sediment 


SHDIMHNT cores were obtained from the Iberia Abyssal 
Plain and the Biscay Abyssal Plain! on a cruise of R.R.8. 
o E E E 
Geodesy and Geophysics of the University of Cambridge. 
These cores consist of beds of sediment deposited by 
turbidity currents, which are sometimes only a few 
em thick but are more often 50-100 om thick, and 
alternating with these beds is normal pelagic sediment, 
not thicker than about 40 cm. These cores have char- 
acteristics similar to thoso of abyssal plain sediments 
elsewhere described by Ericson and others’. 

Bire analyses were made on two of the beds of sediment 
which had been deposited by turbidity currents to see 
how the grain size of the sediment varies with the depth 
in the bed. Such an investigation is necessary if quantite- 
tive studies are to be made on the settling of sediment 
from a turbidity current. Analyses made by other workers* 
have been only of the fraction of the sediment in which 
tho particles are larger than 74u. The analyses reported 
here are of sediment the size of which is m the range 
2u—8644. The results of the analyses of one of the beds 
are given here. The position of the core from which the 
bed came and a summary of ita lithology are presented in 
Table 1. 
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Table 1, DmTAILS or Conn 3742 
Postion 41° 29 N., 14° 8% W. 
fathoms 


Depth 19 

Area, Terie abyesel plain 

Litbology 
0-26 cm Brown 
20-73 om Dark grey depositi. contact 
73-100 om Light grey ooze, mottled, colouring, Passes. 
100-242 em Dark gre e deen aq ioia fii 

sand Gu bidty orent deposit 


The analyses were made with a Coulter counter which 
was calibrated with pollen grains of known diameter*. The 
accuracy was estimated from repeated analyses of one 
sample of sediment. The Coulter counter measures the 
volume of sediment coarser than a given size with the 
assumption that all the grams are spherical and these 
values have been converted to weight per cent by assum- 
ing & specific gravity of 2-05. The instrument will die- 
regard all sediment below a certain size; in the work 
described here the lower limit was for spherical graina 
having a diameter of 2u so the resulte show size analyses 
for that part of the sediment which has a diameter 
greater than 2p. 

Two seta of analyses were made; in both sets the sedi- 
ment was dispersed with sodium oxalate and in the second 
set carbonates were dissolved with hydrochloric acid. The 
resulta are shown in Figs. 1 and 2. Fig. 1 shows tho 
percentage of sediment which is coarser than lOu and 
the depth down the bed. The points (a) are for samples 
which were dispersed only, and the points (b) for samples 
which are carbonate-free. Fig. 2a shows histograms of 
the size analyses of the samples in which the carbonates 
remain and Fig. 2b of the samples which are carbonate- 
free. The tage of calcium carbonate in three 
samples from this bed ranged from 23 to 24 per cent 
by weight. 


Weight % coarser than 10m 
10 20 50 


Depth from top of bed (em) 





These resulta show that the sediment in the size rango 
above 2u diameter has a bimodal distribution in most of 
the samples with carbonates present and in some of the 
carbonate-free samples. The treatment with acid removes 
a part of the coarser size fractions. The sediment becomes 
coarser in grain size for a part of the way down the bed 
but the changes in size are less regular in the lowest 20 cm. 
This last feature was also observed in another turbidity 
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Carbonates prosen Carbonató inks ampie from 
t 
top af bed (em) 
" 00-20 
al 90-125 
all 16-0-10 5 
ÈE 
^80 
£ 
YT 20 
5 i 
^" 0 
Am 
Amd 
ee 
MÀ 
64 32 106 8 4 2 64 32 16 8 4 2 
Diameter (a) 
w. 2. of sediment sire distribu&on. (&), 
prosent; (b) carbonate- aro for that part of 
sediment eoarser than (soe text). y are arranged in order 
of dep the top 


current deposit from & second core nearby, analysed in 
the same way. Pipette analyses and water content 
determinations in several other beds deposited by turbidity 
currents also show it. It would be reasonable to expect 
such & feature if a turbidity current were turbulent at 
tho time that settling of the constituent sediment started, 
for the change of the size distribution when successive 
increments were first deposited would not then be regular. 
If turbulence ceased then the change ın size distribution 
with time would be regular and a graded depomt would 
result. Particles of 8u diameter take approximately one 
month to fall freely through 100 m of water and the 
time to fall a certain distance increases as 1/diam.*; if 
100 m is & reasonable figure to take for the thickness of a 
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turbidity current before settling commences then it would 
seem there is time for any turbulence to cease. 

This work is supported by the National Research 
Council of Canada (grant No. BP99) and by the Defenoo 
Research Board of Canada (grant No. X-17-12). 

CHARLOTTE DAVIDSON 


Institute of Oceanography, 
Dalhousie University, 
Halifax, Nova Scotia. 
! Hi as » O., Tharp, aL, and Ewing, M., Geol. Soc. Amer Spee, Paper 65 
D. B. AL, Wollm, G., and Heezen, B. O , Bull Geol. Soc. 
Amar., 78, 108 (1961). 
* Taernoglou, D., M.8c. Thess, Dalhousie University (1902). 


METALLURGY 


Hydrocarbons In the Gases evolved from 
teel in Vacuum Extraction at 600°C. 

Tun conventional method of determining hydrogen in 
steel ia vacuum extraction at 600?—700? C. Small specimens 
are heated, and the gases evolved are pumped off and 
collected in a suitable measuring system. It is generally 
accepted that the bulk of the hydrogen present in tho 
steel is evolved under these conditions and that hydrogen 
is the principal component of the gases. Initially, separa- 
tion of hydrogen from other gases was considered unneces- 
sary! but it has become common practice to pass tho 
hydrogen through a palladium tube or to oxidize it with 
cupric oxide. The composition of the other gases, which 
may constitute 10—40 per cent of the total, is unknown. 
and there are considerable variations in analytical prac- 
tice with regard to the elimination of moisture by freezing 
or reduction over ferro-manganese. 

Hydrogen may react with carbon in the steel to form 
methane or other hydrocarbons; such reactions have 
been ted within the steel to account for some 
embrittlement phenomena!, and at the surface during 
vacuum extraction analysis to account for decarburization 
of hydrogen-charged specimens as well as the parallel 
increase of ‘other gases’ with hydrogen content in pickling 
or cathodic charging’. Small amounts of methane have 
been found in the gases evolved at room temperature, 
especially from welded specimens and at 400° C from 
pickled specimens‘, but on the rare occasions that the 
gases evolved at 600°-700° C have been analysed for 
methane, only about 3—6 per cent was present". 

In this context it is of interest to record some evidence 
for the preeence of hydrocarbons in the gases evolved in 
vacuum extraction at 600° C. The equipment used 18 
based on apparatus developed by Bach, Dawson and 
Smith‘, in which the hydrogen is separated from the other 
gases by a heated palladium tube. It has two additional 
features which are of importance here: the gases can be 
circulated at will over heated ferro-manganese, and there 
is & freezing cell in the measuring system. Specimens of 
commercial mild steel wire (1 in. long, 1 in. diam.) were 
pickled for 24 h in 50 per cent hydrochlorio acid, waahed, 
dried, and introduced into the apparatus through 4 
mercury leg. The results for three parallel specimens are 
given in Table 1. 

Evidently, the ‘other gases’ condense at — 79° C and aro 
decomposed, reduced, or cracked by passage over ferro- 
manganese, yielding only hydrogen and non-volatile 
products. Since the volume of hydrogen formed i» 
roughly four times that of the other gas it seems reasonable 
to postulate a hydrocarbon with 8 hydrogen atoms in the 
molecule. 

Batches of similar specimens were analysed without 
circulating the gases over ferro- ese, using the 
freezing cell in some cases and not in others; the resulta 
are summarized in Table 2. 

When the freezing trap is not in use, the analysis yields 
appreciable quantities of ‘other gases’; in addition there 
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nil 
E 
nfl 
. nil 
nil 
ni. 
ni 
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am rsen in tho hydrogen yid, which raggi 
and evidently somewhat erratic, cracking of. the 
ydrocarbons in contact with the hot palladium tube. 
It can be concluded that hydrocarbons are formed 
during vacuum extraction analysis for hydrogen in steel, 
and that precautions must be taken to ensure their com- 
pee decomposition, or the hydrogen figures will be too 


K. Sacus 
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Reactivity of Deformed Metal Surfaces 


Fos the understanding of both boundary lubrication 
and the effect of environment on mechanical properties, 
it is important to know what inorease, if any, occurs 
in the reactivity of metal surfaces when they undergo 
deformation. If ‘an increase in reactivity greater than 
that due to changes in surface area is observed, it is 
reasonable to attribute it to the tion of point defecta 
and dislocations in the metal. Fhe relutsve of 

in surface area, point defects and tions is 
still gpeculative and an array is being 
made here to elucidate this. 

Small tensile (0-25 in. wide x 0-02 in. thick) 
were formed from rolled sheeta of high-purity copper, iron 
and aluminium. These were annealed in an argon atmo- 
sphere, then etched for a standard time, copper and iron in 

nitric acid and aluminium in aqueous hydro- 
fluoric acid. After etching the specimens were washed in 
water and dried before use. During each b the 
test specimen was extended to a linear strain of 15 per cent 
in five strain-incrementa of 8 per cent while immersed in a 





solution of either stearic acid labelled with radioactive 
carbon-14 or elemental sulphur labelled with the radio- 
isotope sulphur-35. hexane was chosen as the 
solvent because of its low solubility for oxygen; stearic 
acid and sulphur are ical boundary lubricante: The 
ta were y carried out at a strain rate of 
107/8ec, although some experimenta with aluminium were 
carried out at a strain rate of 10-*/seo. After each inore- 
ment of extension the test specimen was allowed to 
interact with the solution for ten minutes and was then 
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washed in benzene. The amount of reaction or adsorption 


which had taken after each extension was determined 
by measuring radioactivity on the surface of the 
specimen. This measurement was made in the centre of 


the specimen using an end-windowed  Geiger-Müller 
counter of 0.2 in. diameter. Only the resulta obtained 
with stearic acid will be discussed here. 

Fig. 1 shows the effect of deformation on the rate of 
adsorption of stearic acid on copper. The increased rate of 
adsorption on the deformed surface can be seen. Fig. 2 
shows the effect of deformation on the rate of adsorption of 
stearic acid on iron. The increased rate of adsorption on 
the deformed surface is again evident. AI! three metals 
showed enhanced reactivity resulting from deformation 
end there was an approxi linear relation between 
the increase in adsorption on the deformed surfaces and 
the amount of.deformation. In the experiments with 
aluminium the increase in reactivity was most marked if 
the deformation was carried out at the smaller rate of 
strain, due to the development of coarser slip in 
the metal under conditions. 

The increase in reactivity was not obeerved in speci- 
mens which were extended and then annealed before being 
allowed to interact with the solutions; the effect is thus 
not simply one of increased surface area resulting from 
deformation. Nor was increased reactivity observed in 
specimens which had been quenched from 600° O into cold 
water before allowing them to interact with the solutions. 
Such specimens would contain a large number of point 
defects; the effect is; therefore, not due to the creation of 
point defecta in the deformed metals. 

The effect is similar to that reported by Uhara et al.}, 
who showed that the ability of copper wire to catalyse the 
decomposition of diazonium salts was enhanced by tor- 
sional deformation. They attributed this to a higher dis- 
location 6ontent of the deformed metal. It seems probable 
that the increased reactivity found in the present experi- 
ments is also due to a higher dislocation content. 

This work was sponsored by the Aeronautical System 
Division, A.F'.8.0., through the European Office, Aerospace 
Research, U.8. Air Force. This communication is pub- 
lished by permission of the Director of the Laboratory. 
R. B. OAMPBHLL 
Materials Group, : 
National Engineering Laboratory, 

East Kilbride, 


1 Ubera, I., ei al., Nature, 198, 867 (1961). 


CRYSTALLOGRAPHY 


Transfer Complex Crystal Growth 
at a Solution-Solid Interface 


ORnXNTED intergrowth (epitaxy) of erganio compounds 
has been reported in many hundreds of cases!. Although 
some examples seem to involve van der Waals forces 
exerting an orienting effect", a more generalized descrip- 
tion might be that on a solid surface anisotropic short- 
range forces can exist which will cause orientation of 
In an attempt to deposit from solution oriented crystals 
of an electron donor, 1,4-diaminodurene, on an electron 
pulis cs aer ee ee ee 
crystals of : 1 charge-transfer oomplex*** were 
oad ae For example, when 68 x 1035 M 
diaminodurene in ether is placed in contact 
with a chloranil crystal at 25°, small of the com- 
plex are observed to grow first on the surface of the 
crystal and then on one another. Exhaustion of the 
amine is substantially complete in one day. Oonoentra- 
tions of amine 5-10 times higher lead to a deposit of 
amorphous complex; solutions 10 times as dilute gave 
some colour in solution but no deposit on the crystal. 
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Similar growth occurs when disks 
(0-5 g compacted at 3,000 atm. in a 18 mm die) of the 
amine and the quinone are placed a few mm apart in a 
poor solvent such as petroleum ether, the residual chloranil 
tablet covered with a dense network of weekly 
held, randomly oriented needles of the complex in a few 
days. A beard-like stubble of crystals appeared on the 
edge of the chloranil tablet within minutes of submerging 
the pellets. Nucleation continued, first on the remaining 
chloranil surface and then by orystals growing on one 
another. 

These observations all suggest that crystal growth is 
ooourring in a small concentrated zòne near the least 
soluble component in solution, but that there is some 
tendency for orientation to occur on the surface of that 
component. 

In _ Principle, this constitutes a novel technique of 

growing crystals in a controlled manner. In light of the 
SiMoulty af obtaining even small crystals of charge- 
transfer complexes which are regular enough for structural 
and electrical investigations‘, this technique of crystal 
is being further investigated. Thus far it appears 
Gist ths early of growth seem to be quite regular 


but the crystal have a distinct tendency to grow two 
or more ikee, that is, one orystallographio 
direction i favodiee fae growth 
H. Soorr 

: H. Uz 

Chemistry Division, M. M. Lasma 

Philadelphia, 8, Pa. 
"Pe M ER E and Smith, O. 8., Structures and Properties 

ef Sokid Surfaces (U: atv. ot Uongo Press, Tinola, 1963). 
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CHEMISTRY 


Heterogeneous Recombination of Free Atoms 


RmcoumwT work by Reeves e£ al.! has shown that, under 
certain conditions, electronically excited molecules of 
O, N, NO, eto. oan be formed by the hete us 
recombination of free atoms on a metal surface. Tr these 
experimenta ight Hein aue ODi Fod fius the waa fash 
above the metal surface, showing that the molecules 
formed were desorbed in an excited electronic state. This 
evidence, and data on the kinetics of heterogeneous recom- 
bination"*, suggest that this desorption process is very 
rapid-and that the molecules liberated may have excess 
kinetic energy. In this communication we report ou an 
unsuccessful attempt to obtain evidence for such excess 
kmetio energy, by comparing the pressure exerted by a 
mixture of atoms and molecules on a surface where recom- 
bination takes place with the pressure on & surface where 
recombination is negligible. 

The & used consisted of metal foil 3 am long, 
1 om wide and 0-1 mm thick mounted on a thin vertical 
glass or quartz fibre. Half of each face of the vane was 
coated with clear glyptal resin, which has a low coefficient 
for recombination ot athe: the coating being applied so 
that any differences in apparent pressure on the two types 
of surface would result in a couple on the vane. Doflexions 
of the vane were obeerved by means of & small galvano- 
meter mirror mounted on the centre of the vane. The 
products of an eleotrodelees radiofrequency 
through oxygen, nitrogen or hydrogen flowed verti 
past the vane. Total between 0-5 and 2 mm 
meroury were used, atom concentrations of up to 20 
per cent corresponding to atom flows of up to 8 yumole/seo 
were obtained. 

The atom concentrations were determined by gas phase 
_ titration", and the fraction of atoms recómbining on the 
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vane, which was typically 80 per cent, was determined by 
comparing the intensities of the chemil t 
emissions associated with the O + NO (ref. 6), N + N 
- (ref. T) or H + NO (ref. 8) reactions above and below the 
vane. The sensitivity of the suspension was determined 
by calculating the moment of inertia of the vane and 
measuring its period of oscillation when mounted on the 
fibre. It was possible to detect a difference of pressure of 
0-05 dyne/om!*. 

Vanes of silver, copper, nickel and platinum were used ; 
in no case could a deflexion attributable directly to atom 
recombination be detected, but in all cases there was a alow 
deflexion with a time constant of about 5 aeo (the natural 
period of the vane-fibre system was about 0-5 sec). This 
deflexion increased with the atom concentration (but not 
linearly) and was independent of the total pressure for a 
given atom concentration. It was concluded that this 
deflexion was associated with unequal temperatures of the 
surfaces of the vane due to the heat released by reoom- 
bination on the uncoated surface of the vane. Such effects 
have been discussed in connexion with the ‘Crookes 
radiometer'*:!*, The time constant of the deflexion corre- 
sponded to the time for the vane temperature to reach a 
steady state. 

Binoe the gmallest foroe which oould be deteoted waa 
equal to the foroe exerted by the atoms which hit the 
active surface and remained on the surface to recombine, 
it was concluded that molecules of oxygen, nitrogen and 
hydrogen formed by recombination on mlver, copper, 
nickel and platinum surfaces do not leave the surface with 
an average of more than twice the normal thermal velocity. 

F. B. LARKIN 
B. A. THEUSH 
Department of Physical Ohemistry, 
University of Cambridge. 
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Heat of Formation of the Difluoromethylene 
Radical 


Majer and Patrick! have recently reported a value for 
the heat of formation of OF, which differa appreciably 
from that reported by Margrave ef al.’ and regrosece 
toward values from the older literature. This heat has 
been deduced from electron impact studies on O,H,OF, 
and O,H,FOF, and involves the appearance potentials of 
the O,H,F* and O,H,F,+ ions, respectively. Since those 
ions are not formed directly from the parent molecules, 
it is obviously dangerous to utilize appearance potentials 
for thermochemical calculations of any except the most 
qualitative nature, and a detailed consideration of the 
data seems to indicate that — 17 kcal/mole is only a 
positive limit for the heat of formation of OF,. 

A ono unimolecular rearrangement of O.H,CF,+ 
to yield O,H,F+ + OF, in ent yield seems improbable but, 
if this happens, it must involve an excited state of the ion. 
A cyclic intermediate (7-membered ring) would require 
the breaking of two carbon-carbon bonds and no doubt a 
considerable activation energy. If the first step in the 
fragmentation reaction of C,H,OF, were: 


O,H,CF, + e+0,H,OF,*+ + F + 2 (1) 
and the second step were either a spontaneous unimolecu- 
lar rearrangement: 

O.H,OF + — O,H,F* + OF (2) 
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or an ion-molecule process (highly improbable at the low 
pressures used): 
0,H,OF,* + F — CH,F* + OF, (3) 

then the appearance potential of O,H,F- will be essentially 
that of O,H,OF,+ since the second and third reactions are 
undoubtedly exothermic. Majer and Patrick! did not 
consider the ility of OF asa product. In either case, 
there seems little chance that the energy liberated in the. 
second spontaneous. step could be utilized to help make the 
first step to go in the normal ionization chamber. 

One would estimate the energy needed for ionization of 
typical fluorocarbons to fall in the range 9-10 eV, and for 
breaking a O-F bond to fall in the 4-5 eV range", . The 
sum of these factors (18-15 eV) compares favourably with 
the 13-35 eV appearance potential for O,H,F* from 
O,H,OF;, the 18:15 eV appearance potential for O,H,F,* 
from p-0,H,FOF, and the 13-75 eV appearance potential 
for O,H,F,+ from m-0,H,FOF, as reported by Majer 
and Patrick!, and thus tends to support the postulate that 
the apparent energy required for forming these ions is 
eaei dotaemined by a coastion liks (1 and that the 
exothermicities of reactions like (2) and (8) or those 
involving a cyclic intermediate are not being properly 
considered. Since the dissociation en: for a O,H,-OX, 
bond is approximately 10-80 koel/mole lees than for & 
O.H,-X bond, one should correct the appearance 
potentials accordingly and this yields AH,(OF,)sv — 35 + 
10 kcal/mole, in good agreement with earlier work. 

There seems to be little support for the 13-35 eV ioniza- 
tion potential of OF, reported by Reed and BSnedden* 
since this would limit the O-O bond energy in O,F, toa 
maximum of about 46 kcal/mole, which is much too low 
and incompatible with the properties of O,F,. 

Another piece of evidence for a more stable OF, 
radical comes from the patent of Farlow’, who prepared 
O,F, from OF, and graphite in an induction-heated 
furnace. From these data, Stull* has calculated: AH? = 
— 46 + 5 kcal/mole for CF,. 

Jouw L. MARGRAVE 
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Orientation of Benzoic Acid adsorbed on 
Nickel 

THE concept of aromatio systems interacting with 
metal surfaces has been used to explain data obtained by a 
variety of techniques. Suhrman and Schuls!, using thin- 
film electrical resistance measurements, concluded that 
electrons are transferred to a nickel adsorbant surface by 
adsorbed benzene, triphenylmethane and naphthalene. 
The relatively low heat of adsorption of benzene on nickel 
powder was interpreted by Yu e£ al." on the basis of the 
energy needed to destroy the aromatic ring. pe 

ei al.*, in investigating adeorption at the mercury -aqueo 
acid solution interface using the electrocapillary method, 
explamed the amounts adsorbed as stipe foes from per- 
pendicular orientations for straight chain aliphatic com- 
pounds and parallel orientations for planar aromatic 
substances. By determining the amount of adsorption 
solution of various aromatic substances on to 
Sd abes by bulk-phase depletion measurementa, 
Conway ei al.‘ concluded that the molecular orientation 


„was probably fiat. 
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Additional evidence to support the hypothesis of aroma- 
tic system-metal interaction is given in the present work. 
The amount of benzoic acid adsorbed per unit of apparent 
area of nickel surface was determined and used to calculate 
the molecular area of the adsorbed molecule. Adsorption 
measurements were also made with stearic acid, a material 
the orientation of which is assumed to be perpendicular, in 
order to calibrate the surface. 5 x 10- molar solutions of! 
the carbon-14 labelled acids in spectranalysed carbon tetra-! 
chloride were Nickel planchets were then 
contacted with these solutions by floating them in 20-ml. 
beakers containing 10 ml. of the solution for a number of 
periods up to four days. They were then removed, 
drained, and immediately counted. A oorrection was 
made for ‘material that deposited due to evaporation 
during planchet drainage. The counts were then oon- 
verted to weights and the molecular areas calculated 
using these values and the apparent surface area. 

The molecular aree of the adsorbed acids at equilibrium 
was found to be 22 + 3 À! for stearic acid and 44 + 7 À* 
for benzoic acid (both at the 95 cent confidence-level, 
20 samples each). The mo area of benzoic acid, 
using models', is 56 A? at a planar orientation and 20 À* 
at a perpendicular orientation. Thus, the data indicate an 
interaction between the aromatic ring and the metal 
surface even in the presence of the competing carboxylic 
acid function. It is interesting to note that while the 
aromatio system is adsorbed when on the same molecule 
with a carboxylic acid function it does not in any way 
impair the adsorption of stearic acid on to chrome plate 
from benzene. 

ABRAHAM BLOCK 
Evans Research and Development Corporation, 
New York 17. 
1 Bahrm&n, B., and Scholz, K. J., J. Colland Chem., Bupp. 1, 55 (1954). 
"Ea aoe J. J., and Zettlemoyer, A. O., J. Pkyt. Chem., 63, 
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‘Conway, B. H., Barradas, R. G., and Zawidl, T., J. Phyw. hem., f$, 076 
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Paper Chromatography of Organic Acids 
Tm identification of non-volatile organic acids on pa 
chromatograms is usually dependent on the use of a 
suitable pH indicator which is applied to the developed 
and dried paper by spraying’. This procedure is incon- 
venient and an even distribution of mdioator on the 

paper is difficult to obtain. à 
Hartley and Lawson? incorporated the indicator in the 
de ing solvent, and m this way obtained an auto- 
mati developed. chromatogram by simply drying the 
paper. Of the acidic solvente used by Hartley and 
Lawson ethyl formate/formic acid/water (12 : 5 : 8) was 
found to be the best, but even this did not give sufficient 
separation of those acids commonly occurring in plant 
tissues (Table 1, ool. A). i 


Table 1 
Hy values (20° O) 
Acid ET B doctudam 
ormo emie 
caiman br dD nou meee lO Ee) 
Tartarie 0-67 O21 
ririo O71 0-24 
Oxalio 0-76 0-40 
Buocinio 0-79 0-56 
Lactic 0-84 0-064 
Bromophenol bine 0-95 090 


r-Butanol/aoetio acid/water (30 : 5 : 10) has been used 
as a solvent for paper chromatography of organic acids®. 
In this solvent, however, oxslic acid streaks badly, and 
the possibility of esterification resulting from the presence 
of free butanol and acetic acid makes it unreliable. 

A solvent in which esterification is not possible has been 
found to be more satisfactory. The best solvent was 
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found to be n-butyl formate/formio acid/water (10 : 4 : 1). 
Commonly occurring plant acids were readily separated by 
this Solvent (Table 1, ool. B). It is fast flowing and 
bromophenol blue can be incorporated in it to give an 
automatically developed chromatogram. 

Five typical plant acids—tartario, citric, oxalic, succinic 
and lactic acids—were chosen as reference substances. 
50 pg of each acid was spotted 1-5 in. from the edge of a 
sheet of Whatman No. 1 paper. The solvent was pre- 
pared by mixing 10 parte of n-butyl formate, 4 parts of 
formic acid (98 per cent) and 1 part of water by volume. 
To the solvent was added sodium formate* (0-05 per cent 
w/v) and bromophenol blue (0-02 per cent w/v). Develop- 
ment was by the ascending technique at room temperature. 
The paper was suspended in a tank, previously saturated 
by small paper strips dipping into solvent dishes, with the 
lower edge dipping into a trough of solvent. The develop- 
ment of the sheet took about 4 h, and it was not found 
necessary to equilibrate the paper in the tank before 


running. 
After the solvent had run a sufficient distance the paper 


produced well-defined spota with 
no streaking. Bromophenol blue had an Er value high 
enough to show up all the acids examined. 

This method has been found to be particularly suited to 
the identifleation of acids separated by ailica-gel chroma- 
tography using gradient elution with n-butanol—chloro- 
form. Acids which are eluted together from the column. 
as for example succinic and lactic acide, are- readily 
separated by the technique. The solvent system is also 
applicable to many more naturally occurring acids. 

H. A. W. BLUNDSTONE 
Fruit and Vegetable Canning and 
Quick Freezing Research Association, 
Chipping Campden, Glos. 
1 Stark, J. B., Goodban, A. B., and Owens, H. 8., Anal. Chem., 33, 418 (1051) ° 
1 Hartley, R. D., and Lawson, G. J., J. Okromatography, 4, 410 (1000) 
Wager, H. G., and Isherwood, F. A., Anmalyet, 85, 260 (1961). 


tlon of Zirconium and Hafnium 

by Reversed Phase Partition Chromatography 

Tam technique of reversed phase partition chromato- 
graphy is being increasingly used for the separation of 
metals of similar chemical behaviour. Siekierski and 
Fidelis!:* describe the application of this technique to the 
separation of the rare-earth metals, using tributyl phos- 
phate absorbed on kieselguhr as the stationary phase, and 
nitric acid in various concentrations as the eluant. 
Pierce and Peck?-* use di-(2-ethylhexyl) o-phosphoric acid 
on polyvinyl chloride/acetate copolymer ('Corvio'), also 
for the separation of rare earths. Hamlin e£ al.' use 
tributyl phosphate on Kel-F for the isolation of uranium 
from many metals, while Pierce and Peok* use dithizone/ 
carbon tetrachloride/chloroform on cellulose acetate’ for 
the isolation indium. Biochemical separations have 
also been described’. A number of metal separations are 
described by Oerrai and Testa’ using trioctyl phosphine 
oxide on cellulose powder. 

It has been shown that a ion of rir- 
conium and hafnium can be achieved by solvent extraction 
from nitric acid solution using tributyl phosphate!” and 
that the addition of inorganic nitrates such as sodium 
nitrate may improve the separation™-4. It seemed 
probable, therefore, that the technique used by Siekierski 
and Fidelis would give a separation of sirconium and 
hafnium, using the same stationary phase, tributyl phos- 
phate on kieselguhr, and an eluant containing nitric acid 
and an inorganic nitrate. 

The chromatographic column was p according 
to the method described by Siekierski and Fidelis, exoept 
that the dimensions were somewhat larger, namely, 1 am 
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diameter and 18-15 om length, using 4-8 g kieeelguhr and 
8-0 ml tributyl phosphate (column I). Column II was 
also prepared, with a amount of tributyl phosphate 
(4:8 g kieselguhr and 6-0 ml. tributyl phosphate). 

As this investigation was initiated with the object of 
determining hafnium in reactor grade zirconium (that is, 
< 100 p.p.m. hafnium) the separation of a amall amount 
of hafnium from a larger amount of zirconium was investi- 
gated. 1-0 g hafnium-free zirconium nitrate was dissolved 
in 24 ml. of the chosen eluant, and 1 ml. of a hafmum 
solution containing 10 ug hafnium and about 1 po HE 
tracer (Radiochemical Centre, Amersham) was added. 
5 ml. of this solution was added to the top of the column, 
and after this had bean run through at & flow-rate of about 
1 ml./min, elution was continued with the chosen eluant, 
collecting each successive 10 ml. fraction, which waa first 
counted for Hf and then treated with ammonia solution 
to precipitate the zirconium (and also the hafnium, but 


the quantity of this is negligible). 
Table 1 - 
Hrant Oolumn Hafntum tn Separation 
No eluant fractions ehant fractions 
5% HNO, + I 0-10 ml. 42 2% at 0-10 ml. some 
NaNO, 10-80 mL 85% 10% at 10-20 mL 
at 20-80 ml. 
125% HNO, + I 0-10 ml. 22 10% at 20-80 mL somo 
60% NaNO, 10-20 ml. 30 DE te ern 
5% HNO, + I 0-10 mL 44 1% 2$ 0-10 mL some 
RENO, 10-20 ml. 43 84 at 10-20 mL 
20-30 ml. 6 at 20-80 mL 
10 a I 0-10 mL 32 2% at 0-10 ml some 
NENO, 10-20 ml. 38 10% at 10-20 ml. 
20-80 mL. 15 at 10-80 ml. 
r^ AA o: ? 10-39 mi 4j 5% at 20-30 ml. reasonable 
60 P 
HNO I tO ml. nil veli a 50-0 m 
20 + 
eek, HNO, 10-20 ml. o8 10% at 10-20 ml. some 
mL 7 bale ai 30-80 mi. 
20% HNO, + I 0-10 mL 8 - 
NH MO, 10-20 ml. 66%. 2% af 20-80 ml good 
25 0, + I 0-10 mL nil 
NENO, 10-20 ml. 78% 2% a$ 10-20 mL 
20-80 ml. 18 3% at 20-80 ml. reasonable 
at 30-40 ml. 
2% HNO, + I 0-10 mL %4 1% at 10-20 ml. 
Or 10-80 ml. 44 $4 a 20-80 ml. good 
20-30 ml. 20 5% at 30-40 ml. 
at 50-60 mL 


Table 1 shows the eluants investigated, and the amounts 
of hafnium and xirconium m the different fractions. It 
can be seen that quite promising separations of zirconium 
and hafnium can be achieved, particularly with column II. 
Quantitative recovery of hafnium does not, however, occur 
so that any analytical application is limited. It should, 
however, be possible to use an isotope dilution technique, 
ascertaining the recovery of hafnium by the addition of 
utHf tracer, and then determining the hafnium spectro- 
graphically, after addition of & known small amount of 
specpure zirconium (for example, 5 mg) as standard and 
carrier. By this means the lower limit of detection of 
hafnium in riroonium by the speotrographio method 
should be reduced by an order of 10, that is, the precision at 
the normal impurity level (10—40 p.p.m. hafnium in reactor 
grade zirconium) should be considerably improved. 
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Polarographic Determination of Fural 


A NUMBNR of chemical and physico-chemical methods 
for the determination of fural have been devised. The 
most commonly used are gravimetric determination with 
phloroglucine!, photometric determination with aniline’ 
and with oroine*, eto. Polarographio determination based 
on reduction of the aldehydic group present has also 
been described. 

During an examination of potential utilization of some 
condensation reactions for determination of certain 
aldehydes significant in food technology: a new method 
of polarographic determination of fural was devised; this 
was based on conversion of fural to oxime, or as the case 
may be, to & semicarbazide. Fural reacts with hydroxyl- 
amine to form fural-oxime, which is very suitable for 
polarographic determination. 


O 
| Lo + NH,OH = ur - NOH + HO 


' Fural-oxime is reduced on the mercury-drop electrode, 
and the waves are suitable for analytical evaluation. The 
condensation of fural with hydroxylamine occurs beat in 
slightly acid medium/Britton-Robinson’s buffer pH 1:08 
in the medium of 1 x 10-* N sulphuric acid. In the medium 
of this sort fural-oxime is reduced in one single well- 
developed and measurable wave. The half-wave potential 
in Britton-Robmson’s buffer pH 1-98 is — 0-73 V (stan- 
dard calomel electrode). 


Wig.1. Condensation of fural with hydroxylamine. UR T1518 
fural solution + 9 0 mL buffer pH 7-20; iml1x10° N 
furalsohr&on + 1ml. $ hydroohlonde, 8 ml. 1x 103 
sulphurie acid + 5 ml. water. elsckrode, À, 60 om, 


The advantage of the method lies above all in that the 
oxime formed is reduced at a more positive potential in a 
four-electron wave, while in direct polarography the 
aldehydic group is reduced but in a two-electron wave. 
Hence, the method is doubly sensitive as compared with 
the direct polarographic method. This is of special 
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advantage in analyses of samples with a low fural content, 
such as is the case with various food materials. 
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Composition of the Myristicin Fraction 
from Oil of Nutmeg 


Tum aromatic ether fraction of oil of nutmeg has been 
previously shown? to consist of eugenol (Ia), isoeugenol 
(IIa), eafrole (Ic) and myristioin d Vacuum distillation 
yielda a fraction (b.p. 1092-112? ; 60 g from 
1 kg of "W.I. oil of nutmeg ( Lueders and Co.) ) 
which consisted of a substance heretofore accepted both 
chemically!* and pharmaoologioelly* as the single com- 
pound, myristicin (Id). 


3 8 4 5 
(<DEL, a OOH, OH H 
aa) b OOH, OOH, H 
| KOH (EtOH) o 0—OH4—0 H 

3 d O—CH,—O OOH, 


«ommo, - OCH, OCH, OOH, 
1) 


The isomerization of this fraction with alcoholic potas- 
sium hydroxide yielded (trans) isomyristicin (Id), isolated 
by crystallization of the distilled reaction mixture. The 
mother liquors of this isolation, on analysis by va 
phase chromatography, provided the first indication of the 
complexity of the above ‘myristicin’ fraction. Of the 
four peaks observed (Fig. 1), No. 1 was easily identifled as 
methyl isoeugenol (Lb) by ite infra-red spectrum and direct 
comparison to a commercial sample. Peak No. 3 was to a 
large extent trans-isomyristicin not removed by crystal- 
lization. The remaining two peaks were isolated using 
a Beckman M preparative V.P.C. instrument 
using a substrate of silicone 710, on firebrick at 220°. The 
presence of a methylenedioxy group (by nuclear magnetic 
resonance) and the absence of absorption in the 903—907 
cm- region of the infra-red spectrum of peak 2 strongly 
suggested that the isomer might be cis-isomyristicin. That 
irans-propenyl aromatic ethers poaseas & characteristic 
absorption band in the above region (which is transparent 
for the ois-isomer) has been shown for isoeafrole*, anethol’, 
isoeugenol, puis nsi: ed and asarone’. Further, it 
has been shown recently’* that the ots-isomer of the 
stereo-isamerio pairs invariably precedes the truns-isomer 
during vapour chromatography. This peak was verified 
as cis-isomyristicm by ite conversion to irans-isomyristioin 
(Ud) and ite synthesis from myristicin, both with alooholic 

ium hydroxide. 

The fourth peak was also isolated by preparative 
chromatography and showed the abeence of a methylene- 
dioxy group, but the presence of a strong band at 957 am~. 
Isoelemicin (Ile) was synthesized by the potassium 
hydroxide isomerization of elemicin® and was found to 
possess an identical infra-red spectrum. 

Methylisoeugenol may be assumed to be in the propenyl 
form in the original sample of nutmeg distillate. There is 
an unresolved peak at this identical time in the original 
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*myristicin' fraction, and a search for the logical precursor, 
methyl eugenol, has been unsuccessful’. 

The implied presence of elemicin (le) in the original 
myristicin fraction was confirmed by the successful sepa- 
ration of it from myristicin by the low- demperatzro 
chromatography (158°, silicone ‘S F—96’) as shown in the 
lower part of Fig. 1. Repeated fractional distillation was 
ineffective in increasing the myristicin content of this 
constant boiling fraction over 70 per cent. Consequently, 
in assigning chemical and biological properties to the 
substance as isolated from nutmeg allowance must be 
made for this congeneric contaminant. 

ALHXANDHB T. SHULGIN 
Dow Ohemical Oo., 
2800 Mitchell Drive, 

Walnut Creek, California. 
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S esis of some 3-Deoxy-heptulosonic 
ds (3-Deoxy-2-keto-heptonic Acids) 


A SUITABLE synthesis for 3-deoxy-alduloeonio acids has 
been published by Kuhn e£ al.'. After successfully repeat- 
ing this work, resulting in the isolation of crystalline 
8-deoxy D- and L-erythro-hexulosonic acid’, we investi- 
gated the synthesis of some 3-deoxy-heptulosonic acids. 

Starting from D-glucose, we follo the procedure a4 
described for the hexulosonic acids (Fig. 1). 

By this method the compounds II and LI were obtained, 
both characterized by their spectra. However, we were 
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unable to isolate the ntermediate IV. We obtamed a syrup 
in which the acid V was detectable by colour reactions. 
We did not succeed in preparing the acid in & pure form 
from this syrup. 

After modifymg the reaction conditions (treatment of 
compound II in water at 95°-100° O for 1 h) compound IV 
was obtamed as & crystallme substance (melting point 
158°-158° C). The structure was established by micro- 
analysis and by the infra-red and ultra-violet spectra. 
Stirrmg compound IV in water with 'Amberlite I.R. 
120 F’ at 70° C for 40 min afforded a crystalline compound 
with melting point 167° O (deo.), [a] = — 58° (H,0; 
C = 2:8). 

Tae of the keto &oid (V), as was 
indicated by micro-analysis and by the &beenoe of a 
strong acidic reaction. The keto group proved to be 
enolized, a8 was shown by potentiometric titration, which 
revealed the presence of a weak acid (equiv. weight 191-5; 
calo. 190-2). This agrees with the absence of the typical 
reactions of the 3-deoxy-2-keto acids, such as the colora- 
tion with o-phenylene diamme and the periodate—thiobar- 
biturio acid reaction. Furthermore, the structure of the 
enol-lactone, as given in Fig. 2, was confirmed by ultra- 
violet and infra-red bromine consumption, colour 
reactian with ferric chloride, and consumption of 2 moles 
of periodate. The ultra-violet spectrum shows 6 maximum 
at 229-5 my (e = 6,000) m acidio solution, which shifts to 
261-0 mu (s = 5,500) at pH 8. In the infra-red spectrum 
(in methanol) absorption bands appeared at 1,761 cm-* 
(y-lactone O=O, conjugated with C=O bond), 1,654 
am~ (O=C). No absorption band of a keto group waa 
present. 
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For comparison we prepared 2,4-dihy- 
droxy-erotonio acid-y-lactone and ita 4- 
propyl derivative by known methods’. 

These substances show the same characteris- 
| tic bands in the infra-red (in methanol) and 
ultra-violet spectra and the same chemical 


H properties. These spectral data are in 
l accordance with reporte on analogous com- 
HCOH pounds‘. 


The enol-lactone was also obtained by 
treatment of the intermediate III with 
'Amberlite I.R. 190H? in water at room 
temperature for 4 h. In this reaction a 

v second crystallme substance could be isolated 

m addition. This material contains nitrogen 

and is no intermediate, because it could 

not be converted into the 8-deoxy-heptulosonico acid 

or its enol-lactone. It probably resulte from a sido 

reaction. Micro-analysis and the infra-red spectrum 

showed the structure to be a 1-imino-2-keto-y-lactone 

(Fig. 3). Absorption bands at 8,170 cm-t! (N—H), 1,780 
cm-t (C=O), 1,656 cm-! (C=N) in potassium bromide. 

Startmg from D-galactose we obtained only the ocorre- 
sponding 1-immo-2-keto lactone, aa was establiahed by 
mucro-analysis and the infra-red spectrum. 

We thank Dr. J. Bakker and Mr. H. M. van den Bogaert 
of the Philips Research Laboratory and Mr. F. van 
Deursen of these Laboratories for the measurement and 
discussion of the infra-red spectra. 

G. B. Pampars 
H. W. GELUK 
N.Y. Philips-Duphar Research Laboratories, 
Weesp, The Netherlands. 
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A Sensitive Qualitative Test for Sulphoxides 
on Paper Chromatograms 


A NUMBER of sulphoxide have been found to occur 
naturally in planta! (for example, alliin, s-methyl.r-cys- 
teme sulphoxide, gluooiberin). To aid in the detection of 
sulphoxides on paper chromatograms, a specific sensitive 
test has been devised. The test, which is based on the 
reaction of sulphoxides with hydriodio acid to form iodine?, 
is preeented here. 

The test is carried out by lightly spraying a chromato- 
gram with an aqueous solution of soluble starch, sodium 
iodide and hydrochloric acid. The reagent solution 18 
prepared by mixing ten volumes of a solution of soluble 
starch (5 per cent) and sodium iodide (0-5 per cent) (stable 
ane week in the dark) with one volume of concentrated 
hydrochloric acid immediately before use. The chromato- 
gram is quickly placed in & desiccator oe dry 
sodium hydromde. The paper is supported in an olded 
condition with minimal contact to avoid uneven colour 
development and artefacts. The desiccator is evacuated 
with a mechanical pump for 30-60 min in the dark. 
Sulphoxidee are revealed as brown spota which develop 
slowly in about 15 min. The contrast can be improved 
by & second spraying with & 5 per cent solution of soluble 
starch to yield & purple colour. 

This procedure is reproducible and sensitive. Methyl- 
cysteine sulphoxide can be clearly detected at a concen- 
tration of 0-01 pmole per 20 ul. (covering about 3 om? of 
Whatman No.1 paper). Other sulphoxides tested (methio- 
nme sulphoxide and glucoiberin) have a similar sensitivity, 
which is comparable with that of the ninhydrin reaction. 
Even at high concentration these sulphoxides react 
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slowly, giving a brown colour. The brown spots are 
stable for several weeks in the desiccator, but disappear 
within 24 h after removal. The purple colour obtamed 
from the second spraying (5 per cent soluble starch) fades 
in a few hours. s 

The protein amino-acids and the common sugars gave 

no reaction. Neither thioethers nor sulphones gave a 
positive test. Colour formation with di-n-propyl thio- 
salphinate was consistent with a sulphoxide structure. 
Dimethyl thiosulphonate, diethyl thiosulphonate and 
toluene gulphinio acid formed a purple colour immediately 
(that is, without drying) with about one-tenth the sensi- 
tivity of sulphoxides (0:1 pmole/20 pl).  'Oysteine 
disulphoxide', which probably has a thiosulphonate 
structure‘, also reacted without drying, but could be 
detected only at a concentration of 1 umole per 20 ul. 
These results agreed with the known reduction of thio- 
sulphonates with hydriodic acid. A weak positive test 
was obtained with sinigrin, but the explanation for this 
‘reaction is unknown. Strong oxidizing agente such as 
peroxides, peracids, permanganate and periodate form an 
immediate purple colour with the sulphoxide reagent. 
Low concentrations of oxidizing agents react at once or 
not at all. The test is speorfic for sulphoxides, since they 
are the only compounds that give a positive test and do 
not react immediately. 

After chromatography, 0-01 umole of methyleysteme 
sulphoxide can be detected on a small chromatogram (18 
x 18 am) and 0-05 umole on a large chromatogram (50 x 
56 cm). The type of solvent used did not affect tho 
sensitivity of the test. However, after chromatography 
with either phenol/water (8 : 3) or n-butanol/acetic acid/ 
water (9 : 1 : 2-5), methionine and methyloysteine spots 
gave & positive test owing to oxidation during evaporation 
of the solvent after chromatography. The same effect has 
not been observed with other thioethers or after the use of 
basio solventa. To avoid oxidation of methionine and 
S-methyloysteine during chramatography*, they can be 
oanverted to their sulphoxides prior to chromatography". 

More stable thioethers may be chromatographed as such 
and then detected as sulphoxides after chromatography by 
treating the chromatogram in a oloeed chamber with 
hydrogen peroxide vapours at room temperature for 80 
min, followed by thorough drying. 

Subsequent to a sulphoxide test, a ninhydrin reaction 
can be obtained after decolorization of the spots by placing 
the chromatogram in an ammonia atmosphere for 1 h. This 
test has already proved useful in the study of the in vivo 
conversion of S-methylcysteine to ita sulphoxide in oruci- 
fers’, and in the detection of sulphoxides in plant extracts. 

We thank J. F. Carson and F. F. Wong for gifte of 
dimethyl thioeulphonate, diethyl thiosulphonate and 
di-n-propyl thiosulphinate and A. Kjaer for gi of 
glucoiberin and sinigrin. This work was ially sup- 
ported by funds from the Rockefeller grant for research 
in plant physiology in the Oollege of Agriculture at 
Cornell University. r, 
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Influence of 5-Bromosalicylhydroxamic Acld 
on Serum Cholesterol-level 


THs communication presenta the results of clinical 
experimenta on influence of 6-bromosalicylhydroxamio 
acid (BSH) on serum cholesterol-level. BSH was formerly 
suggested by one of us as an antitubercular agent!. 

W. Johnson e al." have given clinical evidence that 
BSH is an effective inhibitor of isoniazide inactivation. It 
is known that this mactivation is the result of acetylation 
of isoniazide*. On the other hand, it is known that acetic 
acid is a precursor of cholesterol in the rat‘ and the bio- 
synthesis of cholesterol can start from acetate’. 

These two facts led us to examine the activity of BSH 
on cholesterol-level in blood serum. The substance has 
been shown to be of low toxicity!*', and this encouraged 
us to carry out our experiments directly in clinics. 

Twenty patients with high choleaterol blood level (above 
200 mg) were given orally 4 g of BSH daily. Within 
twelve days 9 patients (45 per cent) responded favourably 
to the treatment, and cholesterol-level was reduced by 
8-31 per cant (average 20 per cent) (Table 1). 


Table 1 
Initial Cholesterol-level l 
No.of cholesterol after twelve days Reduction of ten days after 
pateni level of treatment cholesteral-leve] the treatment 
(mg per cent) (mg per cent) (per cent) (mg per oent) 
1 138 174 20-0 212 
2 272 198 29-1 110 
8 220 193 148 — 
6 248 211 148 212 
7 198 138 28-3 — 
10 248 171 31-0 204 
14 187 204 8-0 287 
18 248 217 125 ?30 
20 207 172 169 241 
Average 240 + 09 102 + 119 20 0 138 + 10-6 


Ten days after the end of treatment, the cholesterol- 
level was again examined in most of the patients and was 
found to be clearly higher than immediately after treat- 
ment. A typical example is given in Fig. 1. This seems 
to indicate that lowering of choleeterol-level was dus to 
the treatment with BSH. 
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Wig. 1. Influence of BSH (4-0 g daily) on the oholesterol-level in serum 


Further experiments wil be carried out with the 
ients which did not respond to the treatment with 
. In addition to these eriments a number of 
people with a normal serum cholesterol-level have been 
examined and their cholesterol, blood sugar and amino- 
nitrogen in plasma were determined. 
The resulte are summarized in Table 2. 


Table 2 
Ne Bugar in blood piece 
No. . groups 
ot Serum cholesterol mg per cont) (mg per cent) 
pe. (mg per cent) REN Raa 
Hours after the application 
4 0 2 4 0 2 4 


12 . 144 107 170 085 M41 781 Gl 54 60 
8.E. +198 +144 4183 151 £34 +017 +0233 4012 

It appears that BSH can also slightly raise the serum 
cholesterol-level in normal persons, and this indicates that 
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BSH definitely acts on the cholesterol-level, whetheritisby 
reducing or increasing it. The latter seems to characterize 
cases with a normal cholesterol-level. 

BSH certainly reduces the sugar content of blood and it 
appears that a little increase of amino-nitrogen is possible. 

A sedative side-effect of BSH was also noticed in the 
course of experimenta’. 

According to Molsaac and Williams’ BSH is partly 
metabolized in the human body into 5-bromosalicylamide. 
Wo therefore also examined this substance from the point 
of view of its activity against hypercholesteremia. Five 
patiente were treated with 5-bromosalicylamide (2 g 
daily), but this did not seem to influence the cholesterol- 
level in blood serum. . 
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Anthocyanins of the Squili 


Iw the course of an investigation of the cardiotonic 
glycosides and flavonoid content in the squill (Sosa 
martima L. or Urginea maritima Baker), several antho- 
cyanins were identified, we believe, for the first time. 

There are two principal varieties of squill: the red, and 
the white, with intermediate forms'. In the many samples 
examined, we found the following differences in colour: 
(a) completely white in both the mnermost and outer 
tissues; (b) cream colour, yellowish or yellow-green; (o) 
red-brown; (d) red-violet. When the transverse sections 
are treated with 2 N hydrochloric acid the changes occur 
only in groups c and d; in the others only a few oells appear 
to be coloured. The changes in colour most frequently 
oocur in the oells which are under the skin. 

According to del Amo?’ the squill is distributed in the 
Iberian Peninsula and Balearic Islands, in populations the 
individuals of which belong to the same cariological type. 
We used for our investigation some 250 bulbs collected by 
him during 1957—60. Cariological determination gives the 
following distribution for the bulbe collected: 5 
tions towards the north of the Ebro River on the coast of 
Catalufia which are triploid; 25 populations towards the 
south of the Ebro on the Mediterranean coast, central 
of the Peninsula and Portugal which are all hexaploid; 
20 populations collected in the Balearic Islands which are 
tetraploid. Anthocyanin content has also been examined 
in o related ies: U. undulata (Deef.) Steinh., S: 
obtusifolia Moris, S. klio-hyacinthus L., and S. verna Huds. 

Extractions were carried out by immersing the scales in 
the presence of absolute ethanol, the final alcoholic con- 
centration being 85 per cent; the dry weight of the bulb 
was approximately 17 per cent. This was repeated until 
no more colouring matter could be extracted. No hydro- 
chloric acid waa added to the extraction liquids; otherwise 
the anthocyanins can be altered in pert, this being indi- 
cated by the appearance Soh E acute ES 
in the chromatogram’. <A glucoside of pelargonidi 
which existe in some bulbs was also changed by hydro- 
chlorie acid. This does not conform with Lamort’s views*, 


NATURE 


January 26, 1963 VoL, 197 


who maintains that pelargonidin and ite glycosides are 
very stable. 

The extracta were concentrated in vacuum and ban 
on Whatman No. 8 paper, directly or after extracting the 
major part of the cardiotonio glycosides and flavonoids 
with ethyl acetate and mixtures of butanol/chloroform!. 
The banding was repeated three times for the isolation of 
the anth ins: first with butanol/2 N hydrochloric 
acid (1 : 1), afterwards with butanol/acetio acid/water 
(4 :1 : 5) and finally with acetic acid/water (15 : 85). The 
anthocyanins were completely eluted with 70 per cent 
ethanol For the identification of the anthocyanins, 
sugars and acylated residues the general techniques were 
used ®', 

The most abundant anthocyanin found in the squill 
varieties examined was cyanidin-3-monoglucoside, free 
or acylated with oeffeio acid. Rr of the acylated pigment: 
0-27, 0-38, 0-42 ively on the solvents mentioned 
Amex Methanol 0-01 per cent cono. hydrochloric acid = 
527 my (Lange spectrophotometer II). In some cases 
other unidentified bands of cyanidin glycosides were found, 
with lower Rr values when alooholic solventa were used; 
some of these glycosides seem to be acylated with 
p-ooumario acid. Two populations of tetraploid planta, 
examined m August, were found to contain a pelargonidin 
glycoside, in quantities of about 30—40 times leas than those 
of the cyanidin. It ran in the paper as pelargonidin-3- 
monoglucoside isolated from the carnation, but was very 
sensitive to hydrochloric acid. The main difficulty for the 
identification of some of these pigmenta is due to the 
presence of lyophilic substances, which separate well in the 
chromatograms from the cyanidm-3-monoglucoside, and 
badly from the other pigments. We are trying to achieve 
this separation using cellulose powder columns with 
anhydrous solvents. 


Table 1. ANTHOCYANIN CONTENT OF SQUILL VARINTIES EXXPEMAND A5 
OHRYSANTHUXNIN (MG/G Y Wau) 
Date of No. of ae 
Polyplotdy determination populations In In light 
Triplet Des.-Jan. 5 0-00-0-08 1316-1776 
May-June 5 0-03—0-18 1-06-1:18 
Tetraploid Deo,-Jan. 8 010-1 22 0 57-38-55 
aa umes ^ 0 ee 0 199 
Hexaploid Deo.-Jan. 
May-June 12 0 0 004-10 


The quantitative eetimation of the total anthooyanin 
content of the bulbs was carried out by a colorimetric 
method (colorimeter Zeiss Elko II, filter S 58). The 
aqueous solutions were made 0:1 N in hydrochloric acid, 
and the results expreased in cyanidin-8-monoglucoside 
(echrysanthemin), the same chromatographically isolated 
Pigment used as reference standard. Table 1 records the 
results of two seasons: in winter when the planta still had 
leaves, and in late spring when all the leaves were dry. 
For each population three bulbs of different sizes were 
examined, immediately after being removed from the 
earth and after exposing the scales for one month to 
indirect daylight. When they were exposed to direct sun- 
light, the anthocyanins were altered after a short time and 
the scale assumed a brown colour. 

Among the bulba not exposed to light, the greatest 
content of anthocyanins was present m the tetraploids, 
which generally are those of greater weight and stronger 
colour. The triploids contained leas and the hexaploids 
were completely white and contained no appreciable 
anthocyanins, although amall bands of anthocyanins can 
be seen on the . During the seasons men- 
tioned some 60 hexaploid bulbs were examined recently 
pulled from the earth, only two of which, in the month of 
May, contained anthocyanins (0-2 mg/g). These resulte 
are not given in Table 1 because we have been unable to 
confirm the cariological determinations. 

When the bulbs were exposed to daylight, the antho- 
cyanin content generally increased with the red-violet 
colour; the white and cream bulbe acquired stronger 
yellow colour and occasionally yellow-green. From the 
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bulbs examined in theee conditions, the leaser increase in 
anthocyanin content corresponded to some tetraploids; 
while the relatively greater increase was observed in the 
triploids. Approximately half the hexaploids remamed 
without offering appreciable quantities of anthocyanins; 
however, some bulbs examined in May presented the 
highest content on exposure to light. 

No generalization can be made yet on the relation 
between anthocyanin content and cariological data; we 
can say that the collected tetraploids were rich in pig- 
ments; the hexaploids we found in the central part of 
Spain were the whitest and the poorest in anthocyanins; 
the Mediterranean h loids when exposed to light 
gearraly increased greatly in content of anthocyanins. 

e have been looking foi for leucoanthocyaning, but thus far 
no reactive spots were found when the paper was sprayed 
with p-toluenesulphonio acid. 

When the bulbs of the three types were not completely 
submerged in the ground, or when they suffered some 
shook, anthocyanins in appreciable quantities. 
In those exposed to the cold during the winter their 
frozen parts were red, and rich in anthocyanins including 
the whitest hexaploids. 

Anthocyanins did not appear on the leaves in appre- 
ciable quantities, except in the plants grown in darkness, 
coinciding with the decrease in chlorophyll content. These 
resulte are in agreement with those of Kandeler*, who 
increased the anthocyanin content in the shoots of red 
cabbage by the elimination of the ohlorophyll with anti- 
biotios. In the other examined, anthooyanins did 
not appear, Except m tho D U. obtusifolia, which had in the 
bulbs and in the leaves quantities similar to the tetraploid 
equills. These plante did not sbow the Liebermann 
reaction for cardiotonio 

We thank A. del Amo or the cariological determinations 
and for his collection of squill used in this work, and J. B. 
Harborne for his gift of several anthocyanins. 


Facultad de Medicina, 
Universidad de Pamplona, 
Pamplona, Spain. 
XBtoll, A., Baperlentia, 10, 282° (1054). 
* del Amo, A., Ph.D. thesis, Ootmbra (1950). 
* Freudenberg, K., and Roux, D., Nafwrwiss., 19, 450 (1054). 
* Lamort, O., Rev, Form. Indust. Akim. Belg., 18, 156 (1057). 
‘Stoll, A., and Benz, J., Hole. Chim. Acta, Bl, 43 (1941). 


* Harborne, J. B., Rev.,1, 209 (Amsterdam, London, 
York, Prinoeton, 1969). ex 


1 Gelegman, T. A., The Fiavonotd Oompounds (Pergamon Press, 
Oxford, New ‘York, Paria oaa) 
* Kandeler, E., Naturwiss., 14, 452 (1959). 


Neutron Activation Anal of Snake Venoms: 
Presence of Copper 


LrrrrA is known about the mechanism of the spreading 
Euer lp dr M dallas, of (0s vie Duran- 
spreading factor” in make venoms, 

abeh ‘was dentia by Obain and Duthie? as hyaluron- 
idase. While tho spreading of elapide venoms may be 
correlated to some extent to their hyaluronidase content, 


very little’ or no hyaluronidase was found in viperide 
venoms, 


An attempt was made to follow the sp of snake 
venoms in experimental animals by the use of ioactivity 
techniques. Bo far $n vitro of venoms has been 


reported only with iodine-131 (ref. 4). 

Recently, radioactive venoms aoe ee 
activity were obtained, at the Rogoff Medical 
Tutos ai Balliieon. Hospital” by in pivo focding af 
cystine labelled with sulphur-35 to specimens of Vipera 


Neutron activation was used for the detection of trace 
elements in different venoms, on the assumption that the 
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presence of specific trace elaments could be used for tracing 
and following the path of the venom, or part of it, through 
tissues of experimental animals. 

The only trace element reported in snake venoms is 
zino. Ooncentration in viperide venoms are in the range 


- of 1,000-8,000 p.p.m. (for example, that of Bitis arisians, 


1,100 p.p.m., and in elapide venoms, 3,000—5,600 p.p.m.)§. 
Since xinc is widespread in animal tissues, the search was 
directed towards other elementa. 

Small samples of venom were weighed, sealed in poly- 
ethylene vials and irradiated in JRR-1 (the Israel Research 
Reactor at Soreq). The y-ray spectra of the irradiated 
samples were determined using a 8 x 3 in. sodium iodide 
(Tl) scintillation counter and a multichannel analyser. 
Under these conditions, the only activities observed were 
due to sodium-24 and chlorine-38. When the venoms 
were first dialysed several times against water to ramove 
non-protein-bound electrolytes, the activities of sodium 
and chlorine were considerably reduced. Other y-ray 
peaks were obeerved and their decay was followed. The 
major peaks were assigned to 5:1 min copper-66 and 12-8h 
copper-64, both produced by (n,y) reactions with copper. 
A more precise assay of the protein-bound copper was 

carried out by fast radiochemical separation with carrier 
and B-counting of the precipitated CuONB. The decay of 
the B-activity also consisted of two components with half- 
lives of ~ 5 min and ~ 18h, due to copper-66 and copper-64 
respectively. Fast coincidence measurementa of the 
y-rays resulting from the annihilation of the positron 
emitted by copper-64 provided an additional method of 
analysis and confirmed the results. Since y-ray spectro- 
metry is hampered by the interference due to the activa- 
tion of sodium, chlorme and other impurities, most analy- 
ses were carried out using chemical separation and p- 
counting, which has a sensitivity of better than 10° g 
copper. ` 

When the relative copper contents of samples were to be 
oompared, the faster ugh lees-sensitive, method n 
coincidence counting was used (sensitivity ~ 10-’ 
copper). This asthod cant bo iade specia adai aa 
destructive. 

A summary of various results is given in Table 1. 


Table 1. OorruR CONTENT OF VARIOUS BXAKE VENOS 


Venom Treatment Copper cansentration 
(410%) (p.p.m.) 
Vipera palsctinas dialysed 800 
N dialysed 600 
Kaye nee non-dialysed Lio 
osrinats dialysed 3,900 
Ditis arietans dialysed 3,900 


For oomparison, the copper contenta of normal mam- 
malian tissues range from 10 to 80 p.p.m.". 

A check on the zinc concentration was carried out using 
dialysed Vipera palestinas venom, which was found to 
contain 670 + 10 per oent p.p.m. The zinc was determined 
by chemical separation of the irradiated sample and count- 
ing the f-activity of 52-min xinc-69 in the ZnHg(ON8), 
precipitate. . 

Variation of the duration of dialysis against distilled 
water, using different venoms, did not reveal any change . 
in the copper concentration of the protein fraction, which 
indicates that the copper is firmly bound to the protein. 

An ion exchange chromatographic separation of Vipera 
palesisnae venom on DEAE cellulose yielded two protein 
fractions containing the neurotoxin and the hzmrnorrhagin 
of the venom respectively*. Copper assay of the two frac- 
tions, by the comcidence method, showed that the copper 
was mainly in the neurotoxic fraction. 

Activation analysis was also used for the determination 
of the copper content in various mouse tissues. Attempts 
to detect an increase in the copper concentration in dif- 
ferent organs after the introduction of venom were unsuo- 
cessful, due to the dilution of the small quantity of venom 
(about 1 mg, with copper concentration of about 1,000 
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p-p.m.), in the larger sample of animal tissue (about 100 
mg containing ~ 10 p.p.m. copper). Since the variation in 
the distribution of the copper within the analysed tissues 
was about + 50 per cent, it was difficult to detect extra 
copper due to the venom, even under optimal experimental 
conditions, when the muscle containing y injected 
venom was frozen with liquid nitrogen immediately after 
the injection. 

Experimenta to detect other trace elemente in snake 
venoms as well as to study the bond strength of the copper 
in the venom and the distribution of copper in the different 
venom fractions are in progress. 

One of us (B. G.) was supported by grant No. #-8171 
(01) of the U.S. Publio Health Service. 


8. GrrrER 
' Rogoff Medical Research Institute, 
University of Tel-Aviv, and 
Beilinson Hospital, Petah-Tikva, Israel. 
S. Awn 
Q. GAT 
T. Sowmwrwo 


Y. WSLWABT 
Israel Atomic Energy Commission, 
Boreq Research Establishments, 
Rehovoth, Israel. 
1 Duran-Reynals, F., J. Hap. Med., 60, 60 (1030). 
* Chain, H., and Duthie, B. 8., Bru. J. Kap. Paih., &1, 314 (1040). 
* Jaques, R., Helv. Physiol. Pharmakol. Ace, 13, 113 (1055). 
* Gennaro, F. J., and Ramsey, H. W., Neture, 184, 4604 (1058). 
3 Gitter, B., of al. (to be published). uc 
s À., and Gerhardt, H., Arak. . Path. u. Pharmakol., 
105 (ieee), M 
' Koohwa, 8 O., Gitter Reohnie, J., and De Vries, À., 
Amer. J. Trop. Med. HW., 9, bt a 900). 
* Beheinberg, L H., and Bternlieb, L, iecur Bin: d $85 19601. 


Enzymatic Reduction of ?-Keto Acids to the 
Corresponding Optically Active Hydroxy Acids 

OPTICALLY active lactones of 3-hydroxy fatty acids oon- 
tribute considerably to the total character of natural 
butter favour’. Investigations have shown that there are 
several micro-o capable of producing optically 
active y- and -hydroxy acids from the corresponding 
keto-oompounds. One of the most suitable micro- 
organisms for this conversion is Saccharomyces cerevistac or 
normal bakers’ yeest?'*. 

To examine the character of this conversion, the ensym- 
ology of the reduction of 5-ketodecanoic acid by S. oere- 
vistas was investigated, part of which is described here. 

An acetone powder of S. cerevisiae was prepared by 
dehydrating normal bakers’ yeast (Kon. Ned. Gist- and 
Spiritusfabrick, Delft) twice with 10 parta (v/w) of acetone 
at — 25° O and filtering off the yeast. The last traces of 
acetone were removed from the yeast in vacuo. The 
powder, together with the keto acid, was moubated in 
phosphate buffer (pH = 6-0) in the presence of, respectively, 
NAD *, NADP, isocitrio acid, fumario acid, and combina- 
tions of the coenzymes and the acids mentioned (Table 1). 


Table 1. Rupvoanre Caracery oF AE ACETONE POWDER oF S. coremsios 
H add 
Oo-factors/co-substrates added mE 
(%) 
Blank 


NAD 

NADP 

NADP + Mg** 
DL-Isoetrio ackd 


keto 


~ 


&ORSEERIBS E 


Fumarie 
NAD F Dele seid -k AME 


BoB | soal æ 


The amounts 
NADP, L5 moles; 10 mmoles; Draco 


mm i) 20 sipoles; furiis aei (D smoke; , pagnertum for 3 h in ssowe. 
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After incubation the mixtures were aoidifled to pH = 1 
and the keto- and hydroxry-acids extracted from the 
reaction mixtures with ether. The keto acid was determ- 
ined spectrophotometrically as the 2,4-dinitrophenyl- 
hydrazone in alkaline solution at 580 mp, and the hydroxy 
acid as the Fe-(III)-hydroxamie acid complex at 515 my. 

Table 1 clearly shows the specific need for NADP and 
the stimulating influence of the npr-isocitrio acid and 
fumario acid on the reduction when NADP is also 
present. 

A cell-free homogenate of S. cerevisias was prepared by 
disintegrating bakers’ yeast by means of a mechanical 
shaker of the same type as the destructor used by Nossal‘; 
afterwards the intact cells and the oell debris were centri- 
fuged off. The crude cell-free homogenate was fraotion- 
ated by centri tion and the various cell compounds (oell 
walls, mitochon and ‘soluble fraction’) incubated with 
5-ketodecanoic acid in phosphate buffer (pH 6-0) in the 
presence of Di-isocitric acid and NADP. These experi- 
ments showed that the 5-ketodecanoio acid reducing 
enzyme (enzyme system) is present mainly in the mito- 
chondria. Experiments with dialysed mitochondria 
revealed which oo-faotors were specifically needed for the 
reduction of 5-ketodecanoic acid to 6-hydroxydeocanoio 
acid. The following oo-faotors appeared to be absolutely 
necessary: NADPH, ooenryme-A, ATP and Mg* (or 
Mn**) Hence, the aforementioned reduction takes 
place via the coenzyme A-eater of the keto acid. Since 
NADPH cannot be replaced by NADH, the reduction 
appears to be NADPH-dependent. For the specific 
rotation of the 5-hydroxydecanoio acid lactone, obtained 
via the reduction of the co acid with isolated 
yeast mitochondria, an [a = + 506-5? (in methanol; 
lactone concentration: 29-3 g/l.) was found which is in 
agreement with that for the lactone obtained via the 
reduction with intact cells’. Hence, the reduction with 
isolated mitochondria is stereospecific, just as that with 
intact cells. 

The ability to reduce 8-keto acids to the corresponding 
hydroxy acids, however, is not oonflned to mioro- 
organisms only; extracts from pigeon liver and ox liver 
also poesees this property so that it may be stated that 
the enzyme (enzyme system) in question occurs in 
rations originating from quite different biological objects. 

liver and ox liver were ho i in 0-03 M 
phosphate-carbonate buffer (pH. 9-0) at 0° O in a Buhler 
homogenizer for 30 sec at maximum speed. After filtra- 
tion through muslin, the crude homogenates were first 
centrifuged for 15 min at 1,000g; afterwards the super- 
natante were oen for 60 min at 100,000g (pigeon 
liver) and 20,000g (ox liver). Of both enzyme solutions 
obtained, 2-ml. portions were incubated in vacuo with 
2 ml. 0-1 M phosphate buffer (pH. 6:5), 30 umolea 5-keto- 
decanoio acid (potassium salt), 1 umole NADP, 15 urnoles 
DI-isocitrio acid (tri-sodium salt), 0-4 umole magnesium 
chloride, and 0-4 pmole manganese chloride, for 3 h at 
38° O. 

After incubation these pigeon- and ox-liver preparations 
contained, respectively, 67 and 77 per cant non-converted 
keto acid and 20 and 7 per cent hydroxy acid. The . 
isolated hydroxy acid was identified by its lactone-flavour 
after heating the acid in vaouo, and by paper-chromato- 
graphic analysis of ite hydroxamie acid in the systems 
benszene/isopropylaloohol/water/glacial acetio acid (5 : 2 : 
5 : 1) and benzene/ water/glacial acetic acid (5 : 5 : 1) both 
in accordance with Keeney’s' method. In both cases the 
Hr-value of the hydroxamic acid spot was in agreement 
with that of the hydroxamic acid obtained from authentic 
5-hydroxydecanoic acid lactone. Moreover, in both oases 
M a O ee ee 
chromatograms. Although the a ee is no absolute 
proof that the reaction product is identical to 

6-hydroxydecanoic acid, this is highly probable. Un- 
fortunately, the amounts of lactone obtained were insuff- 
cient to determine its rotation. 
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Deoxyribonucleic Acid Base Composition of 
Kappa and Paramecium aurella, Stock 51 


CumrArN stocks of Paramsosum contain cytoplasmic 
particles called kappa!. Kappa-bearing Paramecia (killers) 
are capable of killing other Parameocia (sensitives) and are 
resistant to the toxic agent which they produoe!. The killer 
trait requires both the cytoplasmic particles and the 
dominant K gene for the maintenance of kappa, and is 
one of the most extensively studied examples of nuoleo- 
cytoplasmic relations on & biological level*-*. 

In stock 51, kappa is of two morphological types, the 
so-called bright particle (which contains a refractile R 
body) and & non- bright particle which lacks this body*. 
The bright particle is associated with ite ability to kill 
sensitive Paramecig*; the non-bright particle with the 
ability to convert sensitive paramecia of the proper 
genotype to killer animals’. In different stocks of killer 
animals, different kinds of killing are exhibited, charao- 
teristic of a particular stock; in stock 51, the most exten- 
sively investigated killer, the affected animals show an 
aboral hump before death’. 

The d and phylogenetio relations of kappa to other 
organisms, to paramecia, to other cytoplasmic particles 
of paramecia, and to other DNA-containing particles of 
other organisms needs to be investigated using as many 
traitas as possible. Since the equivalence of base composi- 
tion of DNA would seam to be a minimum requirement for 
extensive base sequence homology and therefore genetic 
compatibility*, a knowledge of the a base composi- 
tion of the DNA of both host and particle might serve 
as & valuable trait. The present study reporta the determ- 
ination of the base composition of the DNA of kappa, of 
killer and sensitive Paramecia, and of Aerobacter aerogenes, 
used in the cultivation of the Parameoia. 

The DNA base composition were determined using the 
cæsium chloride density gradient centrifugation technique. 
The buoyant density of DNA is linearly related to ite mole 
per cent guanine plus e (G + O) content and 
requires only 1-2 pg DNA in the purifled state or as the 
cell lysate’. The samples were each oentrifuged together 
with Pseudomonas aeruginosa uN DNA (used as a reference 
of known density) in approximately 7 M cesium chloride 
at 44,770 r.p.m. until equilibrium was obtained in the 
Spinco Model E analytical ultracentrifuge (22 h). The 
banded DNA was photographed using ultra-violet abso 
hos optics and the negatives traced with a Joyoe-Loebl 

ensitometer. The resulta are given in Table 1. 

C Tysatee of killer Paramecia showed at least three well- 
defined bands. Fach preparation of kappa (purified by 
the method of Smith’), of the strain of A. aerogenes used, 
and of the sensitive Paramecia used (isogenic with the 
killer, but lacking kappa) gave only a single band. Three 
bands were found in the lysate of the ki organisms at 
buoyant densities of 1-715, a minor or ‘satellite’ band at 
1-696, and a major band at 1-689 g/o.c. corresponding 

ively to the buoyant density of the e bands of 
DNA. of A. aerogenes, kappa, and Paramecia found when 
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Tablo 1. COMPARISON OF MRAK GUANINE-CYTONINS CONTANT or DNA or 
KAPPA, Paremteciwm &wreli& AND Acrobecter Gtrogense * 


Buoyant density of DNA Peoentago DNA 
(g/o.e. G--O preperation} 


Killer paramecia 1716, 1:696, 1-680 56, 86, 20 lysate 
ra i ins dag 
P 
Benaftive parament + 1-680 39 part purified 
* The mole cent guanine plus content was estimated 
density eg of DNA in omstum ung uX. 
labela E pibe serurinoos DNA as the 5 pte , 1:742 gjeo). 


Peremects wero grown on 0-15 per oent 


si 
i 


Inoculated 1 day before use 
M decipi dup Ea 
of 3 per fue DNA AR Bed. D E respice, (ref. rr EE 


each was run separately. Using a stock 51 Paramecia bear- 

ing a mutant kappa particle 51 mys (ref. 8) the DNA. band of 
the host (1:089 g/o.c.) ap to be the ‘satellite’ band 
with respect to kappa DNA (1-696 g/o.c.). This is not 
surprising since these particles are known to reach an 
average concentration of 3,000 per animal. 

On the basia of the mole per oent G + O content predio- 
ted from the buoyant density of the DNA, the resulta 
indicate that the DNA of the Paramecta is sufficiently 
different from kappa that extensive base sequence 
homology seems unlikely. It should be pointed out, 
however, that the presence of unusual bases in the DNA 
could affect the relation of the buoyant density of the DNA 
and the base composition’. The possibility of an odd 
base has not been excluded. 

The base composition of the DNA of the Paramecia 
studied was in agreement with the range of mole per cent 
G + O contents for related ciliated protozoa (22-85 per 
cent). The DNA base composition of kappa, which 
strains gram negative, is close to certain PPLO organiams* 
[deeds uS Wi (polar bodies) of the flagellate 
Strigomonas oncopelis. Whether these similar bese oom- 
positions are fortuitous or indicative of a close taxonomic 
relation is not known at the present time. 

This work was sup in part by grants from the 
U.8. Public Health Service aud from the National Science 
Foundation. 

Joan Bxrru-SONNHBOEN * 
LAWREENOH GREAN 
JULIUS MARMUR 


Graduate Department of Biochemistry, 
Brandeis University, 
Waltham, Mass. 
* Present address: Virus Laboratory, University of Californie, Berkeley 9, 
California. 


' Bonneborn, T. ML, Adv. Virus Res., 6, 229 (1057). 
SMexran, 70,938 Co): i Na. Acad. Sot. 39, Gerde, td d 


Ana, H ioari Eol. Garden, d945), 


i 


dein. 
U.S. Acad, Se., 


. À., Science, 180, 1428 (1960). 
O., Marmur, J., and Doty, P., J. Moi. Biol., 8, 595 (1061), 


Bohldkraut, O., Mandel, ML, Levisohn, B., J., and 
Marmur, J., Nature, 198, 705 (1962). 

u Marmor, J., and Vogel, H. (unpublished results) 

u gonnebor, T. M., J. Exp. Zool., 113, 87 (1950) 

3 goldo, A. T., Pros. Soe. Exp. Biol. Aed., 108, 612 (1960) 

u Marmur, J., J. Mol. Biol., 3, 208 (1961.) 


Effect of Cortisone on Collagen Formation 
In the Chick Embryo 


ConrIBoNa given to adult animals decreases the amount 
of alkali-soluble! and neutral salt-soluble** oollagen in 
the skin. In the urinary excretion of hydroxyproline, 
however, no effect has been found‘:*. In the chick embryo, 
& marked increase in the content of free hydroxyproline 
occurs in the tissues 6-10 days after a single injection of 
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1 mg of cortisone acetate’. However, when cortisone is 
iven to the p t rat, the contenta of free and bound 
ydroxyproline m the tissues of the new-born young are 

deoreased'. This discrepancy has been attributed to the 
fact that 1 mg of cortisone greatly reduces the weight of 
the treated chick embryos and hence the absolute amounts 
of free and bound hydroxyproline in the oortisone-treated 
embryos are lower than in the controls, although their 
content per unit of dry tissue is higher’. The present 
work indicates that cortisone also decreases the content 
of free hydroxyproline per unit of dry tiasue, but when 
cortisone is given as & single injection, a marked increase 
later occurs in the content of free hydroxyproline. 

In the present work the mode of action of cortisone on 
collagen formation in chick embryos is studied with respect 
to the following four fractions: (1) free hydroxyproline; 
(2) peptide-bound hydroxyproline soluble in 80 per cant 
ethanol; (8) hydro line soluble in 1 M sodium chloride, 
insoluble in ethanol, designated as hydroxyproline of 
soluble collagen; (4) total hydroxyproline. The values 
for normal embryos and the methods of analysis have been 
presented in an earlier report*. In addition, the proline 
present in fraction (1) was determined by the method of 
Troll and Lindaley'*, 

After a single injection of 100 ug or 300 ug of cortisone 
acetate on to the chorioellantoio membrane on the 10th 
day of development, a decrease in the content of free 
hydroxyproline and proline per unit of dry matter occurred. 
during the following days (Fig. 1). This first stage is 





10 11 12 14 16 18 


Embryo ago (days) 
Fig. L Free and Ime m 00 dry 
of the Gorin fnfeted on the day oF spate en 
Solid , bydraxyproline; open proltne;, @ O, oon $ 
mg oortone acetate 


MLL 100 mg cortisone acetate; AA, 


followed by a second stage with an increase in the content 
of free hydroxyproline. The free proline, however, does 
not exceed the level of the controls. To exclude the 
possibility that the increase in the free hydroxyproline 
might be due to a delay in reaching the maximum observed 
in the controls on the 14th day of development, a series 
was made, in which 300 ug of cortisone was injected on the 
8th day of development. In this series the values were 
55-5 ug per 100 mg of dry weight in the control embryos 
and 97-3 in those treated on the 14th day of develop- 
ment. en an increasing dose of cortisane correlated 
to the daily weight of the embryo was given daily from 
the 8th to the 15th day, the contents of free hydroxy- 
prolme and proline on the 16th day were leas than that of 
the controls even with a daily dose of 3 ug/g embryo. 
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No marked change in the content of peptide-bound 
hydroxyproline was found after the administration of 
cortisone. Since this fraction waa determined as the 
difference between the values before and after hydrolysis 
of the ethanol-soluble fraction, the methodical error was 
rather large. Therefore poasible small changes in this- 
fraction could not be detected. 

The administration of cortisone as a single injection had 
no significant effect on the hydroxyproline of soluble 
collagen during the four following days when this was 
expressed per unit of dry matter. However, when this 
value was expreased as a percentage of the total hydrory- 
proline, a decrease was observed. When analysed six to 
eight days after the cortisone injection, the content of 
soluble collagen per unit of dry matter was increased, but 
this inorease was much smaller than that of the free 
hydroxyproline. When cortisone was administered daily 
from the 8th to 15th day, the content of soluble collagen 
on the 16th day was below that of the controls even when 
expreesed per unit of dry matter. 

In all series the content of total hydroxyproline, 
expressed per unit of dry matter, increased after cortisone. 
Since oven the amallest doses of cortisone used in this 
work slightly decreased the weight of the embryos, it 
seems possible, as suggested by Ohvapil’, that the increase 
is not real, but due to a decrease in the amount of sub- 
stances other than collagen. 
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PHYSIOLOGY 


A Common Pathway for Uptake of Glycine 

and Proline in Various Living Cells 

OoMPETITION experiments with various amino-acids 
suggested several pathways for re-&beorption of these 
compounds in dog kidney tubules, namely, concerned 
with: (a) arginine, histidine and ee leucine and 
isoleucine; (c) glycine transport, reepeotively!. 

From the excessive excretion of the basic amino-acids, 
ornithine, lysine and arginine, as well as cystine in human 
cystinuria, a common pathway in the human kidney was 
suggested for these analogues?. This concept was con- 
firmed by intravenous injection of lysine into non-cystin- 
uric subjects when an ‘artificial’ cystinuria ensued’. 
Intravenous glycine had no such effect’. 

From similar infusion experiments a second re-abeorp- 
tion pathway, shared by glycine, proline and hydrory- 
proline, has been inferred for human renal tubules. This 
system has a higher preference for the two imino-acids 
than for glycine iteelf*. The exceasive excretion of most 
of the protein amino-acids in Hartnup disease, with the 
exception of glycine and proline’, is compatible with this 
hypothesis, that is, tho glycine-proline pathway is rela- 
tively unaffected in this hereditary condition but the 
transport pathways for other amino-acids are faulty in the 
renal tubules’. 

The experiments reported here were designed to examine 
the competition of proline in glycine uptake in another 
type of mammalian epithelium, that is, mucosa of small 


No. 4865 January 26, 1963 


intestine. The everted sac tn vitro technique’ was used 
with male albino rate. Uptake of glycine was measured 
spectrophotometrically with ninhydrin’. Proline did not 
interfere with the glycine estimations under the experi- 
mental conditions. The concentration ratio was calculated 
as the fraction: 


Oonoentration of on the serosal side 
E ie eel aids 


that is, e ratio greater than 1-0 indicates active transport 
against a concentration difference. 


Table 1. GLYOUEA AND PROLINB UPTAKA BY HYNXTAED DrEETINAL sce 


No. of Oonoentration Rate of transference of glycine 
Test compound saca ratio of glycine (aM/100 mg fat-free dry wth) 


didus Gt) 1:36 + 0-06 411 + 093 
Glyaine + 
pealine (10 


119 + 0-07 2-05 + 116 
Uptake of glycine was reduced by the presence of 
L-proline when present in equimolar amounts (Table 1). 
Poitiquar ica dor re eee cay wenn a 
bn abt oentlevel. Inhibition of glycine uptake by proline 
d 


emonstrated previously with hamster inteetine*.- 


Tt is of mterest that r-proline has the greatest affinity for 
the ine uptake system of Ehrlich ascites tumour cells 
of the compounds tested’. Henoe this competitive 
effect is seen in three very different systems, namely, the 
renal tubules, intestinal mucosa and free-living tumour 
cells. Therefore, it seems likely that glycine and proline 
share & fundamental and primitive transport pathway in 
living tissues. In kidney at least the glycine—proline path- 
way is apparently-under genetic control, transmitting as & 


recessive charactert1*, 
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Supersens 
Resistance 1 p bits 
Denervation 
mind D IM WE 
eara simplex following topical epinephrine thera 
been noted repeatedly’*. Recent tonographio 
analysis related this effect to an increase in the 
facility of aqueous outflow although initially some small 
reduction in aqueous secretion may take placet. The 
mechaniam by which the change in facility occurs is not 
known. Since tissues chronically deprived of their 
effector nerves develop an increased sensitivity to the 
neurohumoral transmitter, denervation experimenta were 
performed to investigate the specificity of the response af 
outflow resistence to adrenergic inftuenoee. 

Forty New Zealand albino male rabbits, weighing 2-0— 
2-5 kg, were subjected to right superior cervical ganglion- 
ectomy under thiopental sodium (Abbott) anssthesia. 
One week later the animals were divided into three groupe. 
The first group consisted of animals the eyes of which 
were given a 10-ul. injection of Imvo-noradrenaline bitart- 
rate in varying concentrations into each anterior chamber. 
The second group received a 10-ul injection of levo- 
noradrenaline bitartrate into each vitreous cavity. The. 
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third group consisted of saline-injected control animals. 
Injections were made with a calibrated Hamilton precision 
ground syringe and a 30-gauge needle. — 2-8 h after injeo- 
tion, the intra-ocular pressure and outflow facility were 
measured after the technique of Sears’ and Sears and 
Barany*. The animals were first anesthetized with intra- 
venous urethane (ethyl carbamate, Merck) and the eyes 
cannulated by means of a spring and trigger device’. 
Intra-ocular pressures were recorded using a Sanborn 
electromanometer system and the facilities of aqueous 
outflow were determined by measuring the steady-state 
increase in intra-ocular pressure caused by infusion of 
2-0 ul.[min of normal saline simultaneously into the 
anterior chamber of both eyes. 
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The effects of intra-vitreal injections of 1-noradrenaline 
on outflow resistance are indicated in the log dose response 
curve (Fig. 1). 3-6 animals were examined at each dose- 
level. In response to 1-noradrenaline there was & marked 
increase in outflow facility on the denervated side. A 
progreesive increase in outflow ity occurred on the 
normally innervated left side. The latter effect was 
appreciable only at levels greater than 25 ug. On & molar 
Bee tiefer quale pore, ere fete ee 
similar effecta with l-adrenalino. ol was more 
effective (1: unen tae tee Dre or 1-adren- 
aline at lower doses. AS aber ovest opc UAE UAI, dh 
reeistanoe- effect was less marked on the dener- 
vated side, although greater effects were achieved on the 
normal side than wi h either l-adrenaline or 1-noradrenal- 
ine. Intra-vitreel injections of 1:0 ug 1-noradrenaline 
bitartrate and leas did not significantly affect the outflow 
resistance. At these levels the resistance on the denervated 
side was higher than on the normal left side as in the con- 
trol saline injected animals (RE 0-16 + 0-02, LE 0:24 + 
0-03 ul./min, mm mercury, n = 6, p = 0-05). Since no 
catecholamines could be recovered from the denervated 
eyes, eyes the total catecholamines 
averaged 0-74 ug/g (ref. 10) iris and ciliary body, it is 
probable that the homolateral increase in outflow resis- 
tance noted one week after ganglionectomy is related to a 
decrease in (or abeence of) the continuous release of 
adrenergic substances acting on the trabecular meshwork. 
Studies testing this hypothesis are in progress. 

Anterior chamber injections could produce effects 

to those after vitreous injection in approximately 

1/500 the intra-vitreous concentration. No definite resis- 
tance lowering effects were noted below 5-0 mug with 
intra-cameral injection. 

This work complements the studies of Barany!!, who 
noted that pretreatment with systemio reserpine prevented 
the resistance lowering effect resulting 24 h after superior 
cervical ganglionectomy. Further, x blockade accom- 
plished by anterior chamber injection of phentolamine 
and phenoxybenzamine similarly reduced or prevented the 
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'ganglionectomy effect’. This finding suggested that the 
locus of action for ‘a’ active adrenergic material ia on the 
trabecular meshwork. In the work re here no effect 
was noted after an intra-vitreous injection of 1-0 ug of 
l-noradrenaline bitertrate. By contrast, marked effects 
were noted with only 20 mug after anterior chamber 
injection. Considerations of diffusion, protem binding, 
and degradation will of course necessitate high intra- 
vitreous dosage. The great sensitivity demonstrated with 
anterior chamber injection, however, would tend to 
exclude ciliary muscle and/or vascular effecta to explain 
the resistance changes, and place the site of action in the 
trabecular meshwork. 
Evidence for B or inhibitory adrenergic effecta on the 
trabecular meshwork are inconclumve at the present time. 
Attempts to reproduce the elevated outflow resistance 
found one week after ganglionectomy using isoproterenol, 
a high B active material, showed that at low dose-levels 
isoproterenol acted more like noradrenaline, a strong « and 
a weak B stimulator. It is possible that at higher dose- 
levels, isoproterenol did have both B and a activity since 
the m in outflow resistance was leas than that which 
Parallel clinical studies of outflow resistance in patients 
with Horner’s syndrome" also show a greater outflow 
facility on the homolateral side. The outflow resistance is 
further decreased after topical epinephrine bitartrato. 
Essentially similar resulte have already been reported by 
Krishna, who made a pharmacological denervation with 
topical guanethidine and noted a further reduction in 
intra-ocular pressure and outflow resistance when topical 
epinephrine was added. 
This work was supported in part by U.S. Public Health 
Service grant No. B3781, the Connecticut Lions Eye 
Research Foundation, and the James Hudson Brown 
Memorial Fund of the Yale University School of Medicine. 
M. L. Saans 
T. E. Sumgk 
Beotion of Ophthalmology, 
Department of Surgery, 
Yale University School of Medicine, 
New Haven, Conn. 
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Distribution of Precorticotrophin in Blood 

Is previous communications! the existence of precorti- 
cotrophin—a precursor of oortiootrophin—vwas demon- 
strated in the anterior pituitary tissue of the ox. Later, I* 
reported the presence of a Ee young ual aga 
trophin in normal rabbit blood serum. Yo observed. 
that the insulin-hke activity of the serum or p from 
arterial blood, or from blood oxygenated in vitro, was 
higher than that of serum or plasma from comparable 
venous blood, or blood deoxygenated in vitro. In view of 
this, it appeared worth while to investigate the presence of 
precorticotrophin-like material in sera obtained individ- 
ually from arterial and venous blood. 

Blood collected from carotid artery and from jugular 
vein of normal male rabbit under ‘Nembutal’ anesthesia 
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was allowed to stand overnight in & refrigerator. Next 
day sera were collected and freeze-dried. Just before the 
experiment each serum sample was dissolved in distilled 
water such that 1 mL of the solution corresponds to 1 mg 
of the sample. A portion of such solution was next 
treated with urea in such an amount that ita concentration 
was 6 M with respect to ite final volume. Cortiootrophio 
activity of both portions of solutions, untreated and urea 
treated, was determined by the Sayers method as used in 
the previous investigation‘. 


Table 1. MEAN SAYERS ACTIY?TY OF AKTERIAL AND VENOUS BLOOD SERUM 


OF NORMAL 


Group Treatment acid depletion 
(mg/100 g) + S.B. 

A 35-8 + 1045 (15)* 

B Standard AOTH f solution (10 ma/ml.) T72+ 15-01 (6 

a serum $7-0 + 10-08 

D Arterial serum urea treated 751+ 874 

E Venous serum 0237 + %81 (1 

F Venous serum urea treated 53-5 + 1433 

+ 


Piores in parentheses indicate total number of observations. 
of standard ACTH from Dr. D. B. Ghosh, director, Central Drug 
laloaiory, , is acknowledged. 

Table 1 shows the resulta obtained in the Sayers test 
when the test animals were injected intravenously with 
different test solutions at & dose of 0-25 ml./100 g body- 
weight. It is found that the response produced in the 
Bayers test by the arterial serum (Group C) is of the same 
order as that by saline only (Group A). But the 
response uced by the urea-treated arterial serum 
(Group D) is significantly higher (0-001 < P < 0-01) than 
that produced by untreated arterial serum (Group C). 
This indicates the presence of a precorticotrophin-like 
material in the arterial serum. On the other hand, 
venous serum untreated (Group Æ) compared with the 
group on saline only (Group A) appears to possess slight, 
although not significant (P « 0-40), activity in the Sayers 
test; such activity is not enhanced further after treatment 
of the venous serum with urea (Group F). It therefore 
appears that the precorticotrophin-like material which was 
reported earlier to be present in circulation‘ is demon- 
strable only im arterial but not in venous blood serum. 
Further, it explains, at least partly, the controversy that 
exista regarding the presence of corticotrophin in blood. 

I thank Prof. F. G. Young, who suggested this investiga- 
tion, and also Dr. B. Mukerji and Dr. A. B. Kar, of this 
Institute, for their advice. 

P. R. Dasaurra 


Central Research Institute, 
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Preparation of Antisera to Human Follicle- 
stimulating Hormone 


We have previously reported the tion of antisera 
to fractions of human pituitary follicle-stimulating hor- 
mone which inhibited the activity of homologous antigens 
in mice and agglutinated red oells coated with the antigens, 
but they were ineffective against human chorionic gonado- 
trophin in rats}. The antisera have since been found to 
cross-react with human chorionic phin in the red 
oell technique and when absor with human chorionio 
gonadotrophin they no longer agglutinated red cells 
coated with follicle-stimulating hormone. The antibodies, 
therefore, are not specific for follicle-stimulating hormone 
and we have now prepared antisera to new fractions. 

The method of fractionation was by  starch-gel 
electrophoresis, which is described fully elsewhere’. 
The segment of gel containing the follicle-stimulating 


hormone activity was eluted in saline, mixed with ben. 
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tonite and given intravenously to rabbita or intraperi- 
toneally to mice. The total dose given to rabbits was 
equivalent in biological activity to about 12,000 mg of the 
reference preparation HMG24; the dose given to mice 
was about 1,500 mg equivalente. 

In vivo expermments showed that doses down to 0-025 ml. 
of these antisera inhibited the activity of homologous 
antigens in mice. In vitro testa were performed by the 
hemagglutination method using tanned sheep red cells 
coated with follicle-stimulating hormone. The titres of 
the antisera varied from 1/200 to 1/1,600 and were 
reduced only slightly after abeorption with human 
chorionic gonadotrophin. This was m ing contrast 
to the behaviour of antisera prepared to the follicle-stimu- 
lating hormone before electrophoresis. The reaction 
between the absorbed antisera and red cells was now 
inhibited by preparations of follicle-stimulating hormone 
(down to 0-8 ug/ml., equivalent to 1 mg HMG24/mL) but 
not by human chorionic gonadotrophin (highest level tried 
was 100 ug/ml. containing about 100 x.v./ml.). 

ee thus ur hon possible to produce antisera to follicle- 

one suitable for immunological assy. 
The eei das of resulta obtained by this method and by 
bioaseay will be reported elsewhere. 

One of us (A. W.) S pp Tied Df Branveuuplied by 
the Medical Research Council 

W. R. Borr 

A. C. OROoOxE 

F. J. OUxNINGHAM 
AÁNNHLIESM WOLF 
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Birmingham and Midland Hospital for Women, 
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Birmingham, 11. 
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Cholinesterase and Glutamic Decarboxylase 
Levels in the Brain of the Hibernating 
Hamster 

Lrrrrg information is available concerning the bio- 
chemistry of the brain of the hibernating animal although 
a considerable amount of data has been reported concern- 
ing the electrophysiology. Hibernating animals respond 
to stimuli with cries, positional changes and arousal’; 
but conspicuous activity was reported to be absent in 
the electrocortioogram of the golden hamster (Meso- 
oricetus auratus) during arousal until body temperatures 
reached 19°-21° (ref. 2). Recordings from sub-cortical 
areas showed electrical activity at lower temperatures 
to be largely confined to the limbic system’, while in 
the awakening European hamster (Cricetus cricetus) there 
u ene D Oe aog TEA Aay with Paine 
body temperature from mesencephalon to noeooortexr*. 
Oortical and sub-cortical neuronal activity has been 
recorded in the ground squirrel during deep hibernation, 
but only at 10 per cent of the amplitude found in the 
awakened braint. It therefore seemed of interest to 
determine whether changes in enzyme systems of par- 
ticular signifloance to the nervous system, such as 
cholinesterase and glutamic decarboxylase, occurred in 
the hibernating brain concomitantly with these electro- 
physiological phenomena. 

In the work re reported - here adult male golden hamsters 
were housed at 5° in individual cages with food and water 
ad isbitwm. After entering deep hibernation for at least 
the second time the hamsters were killed by decapitation, 
the brains removed and homogenized, and the enzyme 
assays performed. Control animals which had never 
bibernated were housed at 21°. 
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Enzyme assays were performed in duplicate on the 
homogenates. Oholinesterase was measured by Albers’s 
modification’ of Gal’s acetylthiocholine method’ in which 
the homogenate was incubated with acetylthiocholine 
chloride, the reaction stopped by the addition of four 
volumes of 6 per cent perchloric acid, the sample oentri- 
fuged, and the absorbancy of the supernatant solution 
measured at 227 mu. Results are expressed as the mean 
of the differences between these values and non-inoubated 
controls per mg of tissue protein after a standard dilution 
of the incubation mixtures. Glutamic decarboxylase was 
measured according to Albers and Brady’ with the 
prie of 2 x 103 M arsenite to block cateboliam via 

. In this procedure the formation of 
1400, from giutamate-1.10. was measured. Data are 
presented in terms of mean value of radioactivity in the 
recovered “CO, above non-incubated controls per mg of 
protein. Protein was measured &oco to Lowry et al’. 
Bignifleanoe was determined by the t test. 

Preliminary studies indicated that measured activity in 

a given preparation was proportional to the protein con- 
tent of the homogenate within the range used in these 
investigations and that the rate of the reactions was 
roughly constent during the incubation periods. 


Tabl 1. On ACTIVITY IN BRAIN HOMOGMEATES FROM 
G AND MOoN-HINERKATUNG GOLDEN HAMSTERS 
Mean deorease 
onaran of Incubation conditions i abat benoy Bignifioanos 
animals 0.) Temperaturo Duration 
(mtn) nra 
0-757 + 0112 
eleg (5) 50° 20 æ ¢ 0085 P «005 
° 0990 + 0-102 
Now hibersssing (6) 21 4 iimo P7015 
Hibernating 0 520 + 0-104 
Non- eg (8) W © ornatos P< 001 
Table 2 GLUTAMIO DEOARBOXYLASN Activrry IN BRAIN HONOGNEXATES 
FROM HIBERNATING AMD NON-HIBERNATUNG GOLDEN HAMNTERB 
Oondtion of Temperature Duration activity of 
antmals (and Xo.) (mtn) 1400, produoed/ Significance 
protein 
6. p.m.) 
5 164 + 18 
Now hivenaing (T) so 20 ism P «001 
5 . 181 + 41 
Hibomatiog do) (7) n 30 Nis P< 00s 
Oholineeterase activity, assayed at 80°, was d 
14 per cent in the hibernating brain (Table 1) while 


determinations at lower temperatures, where the scatter 
of the data was greater, gave roughly similar resulte. The 
decrease in activity, although small, is consistent with 
the relative electrical silence of the hibernating cortex’, 
an area with a high concentration of cholinesterase in 
the non-hibernating animal". Adaptive changes in brain 
cholinesterase activity have been demonstrated under 
other experimental asituations!!!, Further, a recent 
study has shown & marked increase in sensitivity of 
hibernating hamsters to a cholinesterase inhibitor. 
Glutamic decarboxylase activity, however, wes 80 per 
cent higher in the hibernating brain (Table 2). The date 
were insufficient to determine whether this change was 
due merely to variation in enzyme concentration or to 
alteration of the energy of activation of the enzyme, as 
has been demonstrated with preparations from hibernating 
heart*:1*. The product of glutamic decarboxylase, y-amino- 
butyrate, has been implicated in the nervous system as 
an inhibitory agent and as & participant in energy meta- 
bolism through the y-ammobutyrate shunt. Examina- 
tion of oxygen consumption and anaerobic glyoolysis 
bave shown little difference between brain slices from 
hibernating and non-hibernating golden hamsters’, al- 
though conflicting results have been-reported from other 
species!*17, The postulated role of y-aminobutyrate as & 
regulator of neuronal activity™, and its ability when 
administered topically to the cortex to augment certain 
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electrical activity while repressing others!*, is compatible 
with the present findings. 
JosapH D. Rosson * 
Roy M. BRADLEY 
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Effects of Intracarotid Injection of Hy rtonic 
Saline on Spinal Reflex Excitab fey 


DOR E Dor EE TE re a ed 
demonstrate that increasing the extracellular oamotio 
pressure by subcutaneous injection of hypertonic saline 
not only induces thirst and drinking in the rat, whioh has 
been extensively svudied by others’, but also produces an 
increase in the responsiveness of the animal and a relatively 
intense facilitation of previously learned thirst-associated 
simple motor acte? lke running through an enclosed 
alley. The purpoee of the present series of experimenta 
was to measure this facilitatory effect in terms of an 
electrophysiologioal change in the final common path 
involved in the expreesion of this behaviour. 

‘Changes in the amplitude of the monosynaptic spike in 
the cut fifth lumbar ventral root reflex discharge in 
response to appropriate low threshold, fast conducting 
afferent stumulation in cut muscle nerves of the hind leg 
served as & measure of this effect as a function of time 
following intracarotid injection of amall amounts of hyper- 
tonic saline. Rats were prepared under ether anesthesia, 
fixed to a rigid supporting apparatus, and were then 
switched to ‘Flaxedil’, 2 mg/kg administered intra- 
venously, to prevent movements &nd were maintained on 
artificial respiration. The ta were carried out 
24-3 h later. A large portion of the back and the hind limbe 
were deafferented by cutting the lumbar spinal roots. 
Reflex discharges were recorded through silver wire 
electrodes under paraffin oil at a cord temperature 37-5? O 
in response to rectangular pulses, 0-01 mseo in duration, 
applied to the appropriate afferente. Afferent input 
was monitored by recording from the dorsal root close to 
the spinal cord. Potentials were amplified and recorded 
by means of Tektronix 122 pre-ampliflers, a 532 four 
trace oscilloscope, and a Grass 04D kymograph camera. 
Blood pressure was monitored in the femoral artery by 
means of a Statham P23 AO pressure transducer and a 


Grass pre-amplifier and polygraph. 
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Teo a aro ee ted in Fig. 1 where the percentage 
change in amplitude of the monosynaptic reflex discharge 
(relative to the pre-injection mean value) following & 
1:0 o.c. intracarotid injection of 15 per oent sodium 
chloride, and succeasive 1:0 c.c. injections of distilled water, 
are plotted as a function of time m min. Solutions 
were injected at the rate of 0-02 o.o./8eco. Monosynaptic 
reflex discharges were elicited by stimulating the lower 
tibial nerve at a frequency of 1/4 seo. Each point in Fig. 1 
is the mean amplitude of 15 successive responses. The 
effect is quite pronounced and reversed by the injection 
of distilled water. The inset in Fig. 1 illustrates a typical 
monosynaptic reflex discharge. Within limite the intensity 
and duration of the effect depend on the amount of 
sodium chloride injected. It also oocurs when other 
gamall nerves like the lateral and medial gastrocnemius are 
stimulated. The threshold is approximately 0-05 c.o. of & 
3 per cent sodium chloride solution. A 0-16 0.0. of 9 per 
cent sodium chloride produces a facilitation which 
endures for 25 min. The effect occurs in adrenalectomized 
rate and cannot be attributed to changes in blood preasure, 
heart rate, or to an increase in the afferent input. It does 
not occur in spinalized animals. The effect occurs very 
rapidly, almost immediately, even with small volumes and 
weak concentrations, and is mediated centrally through a 
supraspinal mechanism. Small volumes of isosmotio con- 
centrations of glucose and urea produce a very alight 
facilitation and increase the variability in amplitude of the 
reflex discharges. Distilled water depresses reflex excit- 
ability and at times increases the variability. Rat Ringer’s 
solution produces & slight facilitation. Serum produces a 
slight facilitation and then depresses excitability. Beoause 
of the possibility of a significant difference in diencephalic 
temperature (the diencephalon is known to oontain 
thermoreceptors which respond to changes in blood tem- 
perature‘) and rectal temperature to which the injected 
solutions were adjusted, the effecta of small volumes of 
serum at 5°, 10°, and 15° O above and below rectal tem- 
perature were studied. There were no significant effecta 
of varying temperatures of the amall volumes of serum 
injected; if anything, cold serum produced a slight facil- 
tation. Observations confirming theee resulta have been 
made in 56 different animals. 

These results are significant because they demonstrate 
an electro-physiological change in spinal motorneurone 
excitability which is correlated with the facilitation of a 
previously learned thirst-associated simple motor act. 
They also provide & possible theoretical context for 
evaluating the recent work’ on environmental induced 
(changes in blood composition) reactions of neurones in the 
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supraoptio nuclei and the area postrema in terms of an 
animal’s behaviour. 

The resulta of a more detailed analysis of this effect and 
correlated changes in the electrical activity of the central 
pathway involved in ita mediation which is in progress 
will be reported in tho future. 

This work was supported by a grant from the National 
Institute of Neurological Diseases and Blindness, U.S. 
Publio Health Service. 
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PHARMACOLOGY 


68-Hydroxycortisol (4-p 8,118,172,21- 
tetrol-3-20 dione) in Liquor Amnii 
68-HYDROXYOORTISOL was originally isolated from 
human urine by Bernstein et al.1. 
The possibility that 68-hydroxycortisol might . be 
suggested 


present in liquor amnii was by the work of 


Table 1. 






Mobility after farther reduction using Zn/H AO 
(Buah") 


HO 0 


EnjHAo 
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Ry value tn “L.T. 21/85’ chromatographic 
d system (Bush!) = 0 24 
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Ulstrom e£ al.*, who found that the major pathway for 
the metabolism of cortisol in the newborn was by 6- 
hydroxylation. 

Liquor amnii was initially extracted with ethyl acetate 
using a modification of the methods described by Katz’. 
The extract was washed with N/10 sodium hydroxide in 
e qu esddue uu sulphate, and then on two ocoasions 

ith 20 per cent sodium sulphate. It was then dried over 
anhydrous sodium sulphate and filtered after the addition 
of two drops of glacial acetic acid. The filtrate was 
evaporated to dryness at 40? O using a rotary evaporator, 
the residue being transferred to a small wide-necked 

bottle, with five 1-ml. portions of a 1 : 1 chloroform/ 
methanol mixture. This was taken down to dryness in & 
stream of nitrogen gas at 40° O, taken up in the chloroform/ 
methanol mixture, and then transferred to a Whatman No. 
3 MM paper. After equilibration for 3 h the spot was run 
for 7 h at 80? O in a B/50 solvent system‘. The polar 
steroids remained at the base line, and were eluted with 
about 4 mL of an ethyl acetate/mothanol (2 : 1) mixture’. 
The extract was taken down to dryness in a stream of 
nitrogen gas at 40° O and the residue taken up i the 
chlorofarm/methanol solvent (1 : 1) and spotted on to 
Whatman No. 2 paper. 

After equilibration overnight the spot was allowed to 
run for 12 h in a modified BuO system‘ at room tempera- 


ture. 

The paper was then dried, and examined under ultra- 
violet fight. A clearly visible was seen, with an 
approximate Ry-value of 0-08. An elongated strip of 
paper from, baseline to solvent front was removed and 
dL ee Hes 
hy ide in 50 per cent methanol and 0-02 per cent blue 
tetrazolium in ethyl aloohol*. The strip was dried in an 
oven at 60° O for 10 min and again viewed under ultra- 
violet light, using a minus blue micro 4 gelatine filter 
(ford). 


‘OH 
R Falae Oma S pop AEepus 
T system (Bush’) = 0-01 


0 
a 


"4 


o 
Ry value in ‘LT. ' ohromato- 
p eo arte (Dno) 





-0424 





* The (-hydroxroorüsol was kindly supplied by Dr. Beymour Bernetein, Ledere Laboratories, Pearl River, New York. 
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Three additional spots showing a brilliant yellow 
fluorescence were seen, two more polar and the third 
slightly less polar than the ultra-violet absorbing spot. All 
spots were eluted with a 2 : 1 ethyl acetate/mothanol 
solvent. The less polar of the four spota (compound 1) han 
been tentatively identified as 68 OH cortisol. 

Identification of the isolated 68-hydroxycortisol was 
based on the properties as listed in Table 1, the results 
being consistent with those obtained by the reference 68- 
hydroxyoortisol. The quantity of 68 -hydroxycortisol 
isolated from liquor amnii was so small that it was impos- 
sible to subject the compound to infra-red analysis. 

Identification of the other polar steroids isolated from 
liquor amnıi is being actively pursued. 

This work was carried out during the tenure of & 
research grant from the Medical Research Council of 
Treland. 

M. LAMBERT 
G. W. PENNINGTON 
Department of Pharmacology, 
Trinity College, Dublin. 
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1 Bush, I. H., Biochem. J., 50, 870 (1952). 

* Bush, L H., The Chromatography af Steroids, 184 (Pergamon Press, 19 62). 

' Dixon, P. (personal communtoetaon to M. L.). 

T ZaíTaroni e al., Reo. Prog. Hormone Res., 8, 51 (1953). 

' Bernstein, B., and Lombard, R. H, J. Org. Ohom., 18, 146 (1055). 

* Bosh, L H., and Mahesh, V. B., Pioekem. J., 71, 706 (1959). 

1* Bush, I. H., The Chromatography of Sterosds, $65 (Pergamon Press, 1061) 

u Bush, I. H., and Mahesh, Y., Pvochex. J, 71, 718 (1969). 


H/EMATOLOGY 


Staphylococcal Isocoagulases 

STAPHYLOOOAGULASH has been assumed to be a single 
enzyme elaborated by pathogenic Staphylococci. Inveeti- 
gators working with purified highly concentrated staphylo- 
coagulase have described their product as either homo- 
geneous! or non-homogeneous'? when studied by free 
boundary electrophoresis, ultracentrifugation, or starch 
column chromatography. 

We have now been able to show that Staphylocooot in 
broth culture liberate mto the medium a family of staphy- 
locoagulases. A potent producing strain of 
Staphylococcus aureus (S—58) was grown for 48 h at 37° O 
in tryptose broth containing 5 mg/l of thiamine. After 
centrifugation, staphylocoagulase was precipitated from 
the supernatant by addition of 3 vol. of 95 per cent 
ethanol, slowly and at ice-bath temperature. The 
collected sediment, redissolved in distilled water, clotted 
oxalated 1 : 10 human plasma in 2 min and contained 
50,000 clotting unite/mg of protein. This preparation was 
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subjected to electrophoresis on starch gel according to the 
method of Smithies‘. Conditions of electrophoresis were: 
tris buffer pH 8:0, 4 V/cm, 18h. The gel was then sliced 
horizontally and the out surface placed on sterile fibrinogen 
agar (8 per cent bovine fibrinogen and 2 per cent rabbit 
serum’). . 

After 24 h at 37° O, it was found that fibrinogen precipi- 
tates at several sites (Fig. 1). The reaction extending 
from the origin to the first band represents trailing. Ifa 
very powerful staphylocoagulase preparation is used we 
find trailing will obscure the individual bands. Since the 
reaction at the gel and agar surface 1s specific, it would 
seem that five i are present. This experiment 
has been repeated with staphylocoagulase prepared from 
other strains and, although as many as eight distinct 
bands have been found at times, we have not found leas 
than five. 

Staphylocoagulase thus joins other enzyme systems, 
such as lactic dehydrogenase, characterized by iso-enzymes. 
Work is in progress to determine whether there exists 
differences between various coagulase- -positive strains and 
among the several i Preli observa- 
tions show that the more intensive the ‘purification’ 
procedure the fewer the isoenzymes which can be detected. 
Until it can be shown that the behaviour of each is like 
that of the others, particularly with regard to oo-factor 
gpeorficiby and requirements, caution must be exercised in 
the design of studies with the staphylocoagulase system. 
Finally, it is not olear at this time whether the 190coagu- 
lasos are entirely extracellular or whether one or more 
represent intracellular enzymee*. 

This work was supported by grant H—2478 from the 
National Institutes of Health. 

J. B. Mura 


A. R. WINNINGHAM 
J. W. KENT 


Department of Pathology, 
University of Miami Sohool of Medicine, 
Miami, Florida. 
1 Murray, M , and Gobdes, P., Brookum. Biophys. Adta, 40, 518 (1900). 
1 Tager, M , Yale J. Biol. ond Moed., 80, 487 (1048) 
* Blobel, H., Berman, D. T., and Stmon, J., J. Bact , 79, 807 (1060). 
i Smiths, O., Biochem. J., 61, 629 (1055) 
* Duthie, B. B., J. Gea, Microbiol., 10, 427 (1954) 
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Bivalent Nature of Incomplete Anti-D(Rho) 


ExvTrH&ROOYTH antibodies were first demonstrated by 
their abihty to agglutinate erythrocytes suspended in 
saline; these have been termed complete antibodies. In 
1944, Wiener! and Race" independently ahowed that oer- 
tain eryt antibodies were incomplete, possessing 
the ability to fix to the erythrocyte surface without lead- 
ing to agglutination. It has been postulated}, and gener- 
ally accepted, that the complete saline agglutination anti- 
body uw bivalent, and the incomplete coating antibody 
univalent. Recent investigations ın our laboratory using 
antibodies labelled with iodme-131 have led 
us to question this hypotheaig**. Our results 
could best be explamed by assuming a 
bivalent nature of incomplete erythrocyte 
antibodies. 

The assumption of & bivalent naturo of 
incomplete antibodies introduces tbe prob- 
lem of explaining the inability of these 
substances to induce agglutination of salme 
suspended erythrocytes. A possible explana- 
tion would appear to be the unavailability 
of one or more reactive sites. It may further 
be postulated that the unavailability of 
reactive sites is due to the molecular con- 
formation of the moomplete antibody. The 
experiments described here have been carried 
out to test this concept. The objective was 
to change the molecular conformation of 


separated 


at 
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incomplete antibodies. “TF ihe postulate werd 
correct, it would be possible to make available the non- 
reactive site by this change, thereby converting Incomplete 
erythrocyte antibodies into & saline acting, agglutingting 


soucis anti- D(Rho) sera of high titre, without 
saline-agglutingting , were used. Titres were 
determined with standard bromelin and antiglobulin sera 
procedures. 2-Mercaptoethanol at ‘0-01 M, 01 M and 
1-0 M. concentrations in isotonic saline were used. Equal 
volumes of in lete antibody sera and 2-mercapto- 
ethanol were in ted for 15, 80 and 60 min at 4° O, 
22° O and 87°.0. The mercaptoethanol-treated incom- 
plete antibody sera were then tested for saline - 
lensing Abt by add Co D A E Da oan 

suspension of erythrocytes and incubating at room tan 
perature for 5-15 mm. Agglutination was determined 
macroscopically after centrifuging for 1 min at 1,000 r.p.m. 
` At 4° O no saline agglutination waa noted after mercapto- 
ethanol treatment. At 87° O and 2-mercaptoethanol con- 
centrations of 1:0 M and 0-1 M, denaturation of the sera 
occurred. Active mixtures were obtained with 2-mercapto- 
ethanol concentrations of 10M and 0-1M, and an 
incubation time of 15-30 min at 22°0. Incomplete 
anti-D(Rho) sera so treated possessed the ability to 


cytes. i 

D(KRho) nogative erythrocytes were not agglutinated by 
the mercaptocthanol-treated sera. In addition. anti- 
globulin and bromelin testing of the mercaptoethanol- 
treated i lete anti-D(Rho) aera did not reveal any 
loas of titre of the antisera. 


Table 1. Myrmor oF 2-MNACAPTOETHANOL OX THE BALIXB-AGGLUTIRATIEG 
ABILPTY 


or INOoOcMPLETS ÁmTI-D(HX0) 
- Antisera titre - 
Ant! D(Rho) No. 1 Tesi 1:1 1:23 1:4 1:8 1:10 1:82 


Untreated Antigiobuln 4+ 34 3+ 8+ 2+ 24+ 
Saline - - - - - - 
10M Balneo -2+ w+ — - - - 
GIM  Balne 2+ l+ wt - - - 
Ant-DXEho) No. 2 
Untreated Aniglouln 4+ 44+ 4+ 4+ “8+ 8+ 
2-Mercaptoetha nol a 
10M Saline 4+ 34+ 345 1+ — - 
01M Saline 8+ 2+ 1+ - - - 


T odad di eui Mos postldits Ghat The mine 
&gglutinating effect was due to mercaptoethanol action 
on the antigen site, experiments were performed using 
erythrocytes pretreated with 2-mercaptosthanol at con- 
centrations, temperatures and incubation times similar 
to those used here. After washing the meroeptoethanol- 
treated erythrocytes, they were exposed to untreated in- 
complete anti-D(Rho) sera. With this procedure, 2-mer- 
. captoethanol was inactive in converting incomplete 

anti-D(Kho) ihto æ ealine-agglutinating form. 

There is general agreement that erythrocyte antibody 
sera contain & mixture of both incomplete and saline 
acting antibodies. Although no saline-agglutmating 
activity could be demonstrated in the inoomplete anti- 
D(Rho) sera used in this study, the . possibility that 
mercaptoethanol potentiated the action of minute 
quantities of saline acting anti-D(Rho) was considered. 
This appeared in view of priot te show- 
ing that the agglutinating activity of 19S antibodies is 
destroyed, rather than potentiated, with mercaptoethanol 
treatment’. To test this, various saline acting anti-D(Rho) 
sera were treated with 2-mercaptoethanol in a fashion 
"imilar to that used with incomplete anti-D(Rho). This 
study revealed the inability of 2-mercaptoethanol to 

ntiate the action of saline acting anti-D(Rho). 
resentative resulte are summarized in Table 2. 

The ability of 2-mercaptosthanol to convert incom- 
plete anti-D(Rho) into a saline-agglutinatmg antibody 
would appear to offer experimental confirmation of the 
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-9 nep to 1 non-neoplasm would be 102: 1. 


THER JrrNCT OY 3-MXROAPTORTÉIKOL THE BALINJ-AGGLUTIMATDEG 
ABILITY OF o Gonin AIPE DORO) 


Antisera titre 
Test 171 1:2 1:4 1:8 1:10 1:24 
Saline 3+ 3+ 2+ 24 1+ - 


Bale 1+ - - - - - 


Anti-D(Rho) No. 1 
Untreated = - 
10H 2-Mexoagpto- 
ethanol 
Ant+-D(Rho) No. 2 
Untreated 


š Baline 8+ B+ 2+ 1+ tł - 
10 H 2-Meroapto- 
ethanol 


Bal 24 2+ BF — - = 


pee that inoamplete antibody is of a bivalent nature. 

A working hypothesis would be to assume a molecular 
structure with one reactive group exposed and one or 
more reactive groups unavailable because of the mole- 
cular conformation of the antibody. i the 
tertiary and possibly the secondary structure of the 
molecule by breaking disulphide linkages with 2-mercapto- 
ethanol would appear to make available the reactive 
group which Had been hidden. The relatively low titre 
of saline-agglutinating activity obtained by 2-mercapto- 
ethanol treatment, without loes of antiglobulin or bromelin 
activity, indicates that the crude techniques reported in 
this communication have only succeeded in exposing 
relatively few of the postulated hidden reactive sites. 

This work was supported in part by grant CY-3374 
from the Public Health Service, grant AT(45-1)-581 
from the U.S. Atomio Energy Commission, grant G-61-48 
from the Life Insurance Medical Research Fund, and the 
Medical Research Foundation of Oregon. 
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An Uncommon Blood Grou soup condbedr (Anti-M) 


In Neoplastic 


Ta first case in this series of anti-M sensitized patients 
was reported in 1958 because it presented a unique excep- 
tion to the generalization that cold agglutinins are without 
significance in transfusion practice. The patient had 
received no M stimulus from either previous transfusion 
‘or pregnancy. We commented: ‘The posmibility of a 
Telation between the abnormal isoantibody and the 
patient’s carcinoma of the cecum is being investigated’. 

At that time we sould find records of only 47 instances 
of anti-M sensitization in the entire literature. We have 
since encountered 9 additional patiente with anti-M 
antibodies, and what seems remarkable is that 9 of our 
total of 10 cases had neoplastic disease. Six patients had 
carcinoma, 8 showed uterine leiomyoma. The single non- 
neoplastio patient had acute gastritis with bleeding 
duodenal ulcer. There was no particular bias in favour of 
neoplastic disease in the material examined ; namely, cross- 
match specimens in b large general hospitals. Even if 
50 per cent of all samples tested had been from patiente 
with neoplasms, the odds against a purely chance ratio of 
The 

incidence of neoplaam in the surveyed population 
was unknown, but surely was much lees than 50 per cent. 

Table 1 summarizes the clinical and laboratory findings 
on these 10 cases. All were blood group NN and showed 
anti-M in the circulating plasma. We have begun screen- 
ing M-negative cancer cages for anti-M and thus far have 
encountered 15 M-n patients among 178 tested. 
These 15 Wine toatoa for muti M with sgt ro findings ia 
thirteen. The two who were poeitive for anti-M. 
(patiente O. D., D. B.) are included in Table 1. 

In two M-negative patients with anti-M, we tested 
cancer tiasue obtained at the time of surgery for possible 
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Blood 

Date Bex Ags group 
1. LB 7/87 y 60. O Bh--NX 
2. 0. D. 9/58 x T6 A Bh--NN 
2. H. 8. 9/08 x 68 0 Bh--NN 
4. B. B. ye F 49 BRA+NW 
5. B. M. 8/59 Y u B Eh+NY 
$ 0. B. 11/57 F 44 O Rh--NKN 
7 BY. rt 7 a A BRh+NN 
8. M.8.8. Be T 75 0 Rh--NX 
9. BP. sje F 0s O Rh--NN 
10. D. B. 8/63 u ss O Bh NN 


presence of antigen M. Cancerous and non-cancerous 
sections of formalinized tissue (omcum, colon, prostate, 
breast) were waahed, ground and resuspended to 30 per 
cent by weight in saline and tested for ability to remove 
patient's anti-M from the autologous serum. The data 
suggested that some specific absorption of anti-M was 
obtained. Oanoer tissue repeatedly showed complete or 
almoat complete absorption of anti-M in case J. B., but 
only a 1-tube drop in titre (50 per cent reduction) was 
obtained in case O. D. Non-cancerous segmenta from the 
same tissue pieces showed little or no absorption of 
anti-M. Nevertheless, the specificity of absorption by 
canoer tissue remains dubious. We never succeeded in 
recovering anti-M in 37? and 56° O eluates? from these 
‘coated’ tissude. 

Detection of M-like antigen in tissues of an M-nogative 
blood group individual would present an exciting and 
perhaps pathogenetically significant anomaly. Therefore, 
we plan to repeat these absorption experiments with fresh 
cancerous tissue rather than formalinized tissue, when the 
opportunity presenta itself. 

We feel it is more important at this time to seek oon- 
firmation of the association of anti-M and neoplastic 
disease, rather than to attempt any explanatory hy- 
potheses. A priori, there seems little point in seeking 
&nti-M among neoplasms, but ib may prove worth while 
to seek for neoplasm in patiente who present anti-M— 
especially in the absence of known M-antigen stimulus 
from transfusion or oy. 

We thank Dr. R. Jennings and Miss Corinne 
Hindmarsh, Memorial Hospital, Long Beach, for per- 
mission to include their 4 cases of anti-M (patients E. F., 
R. B., M. 8. S. and B. M.), and Dr. Paul R. Thompson, 
Los Angeles County General Hospital, for his 2 cases 
(C. B. and E. ¥.). 

This work was supported in pert by research grant 
-H—65359 (08) from the U.S. National Institutee of Health. 
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Diagnosis Anti-M titre fomong Pregnancies Oomment 
Oa. omcum and i be 0 1NN Almost complete 
breast 1/8 20° absorp. by Oa. 
cocum 
Adenoca. colon 1/4 B° 4 1-tube absorp. 
and 1 26° Ca, node, colon 
Adeno. 1R 5* 37° active va. 
prostate _ 12 ADM cells 
Oa. breast o Active 37* and Memortel Hosp. 
Lalay Aettve 87° 1HW 2 Wi ia 
omyoma, omen's 
uterus and Detroit ma 
Leiomyoma, Aotre 5* 8 5 Los 
utarus . and 87 Co. (en. Hosp 
Leiomvoma, 1/2560 387° 0 2 Los 
uterus Oo. Gen, Hosp. 
Oa. tongue Active 37° Memorial Hosp. 
and room Long Beach 
Acute tritis, Active room 0 2 Memorial Hosp. 
bleeding duo- Long Beach 
Hmbryonal 6 5 0 37° tibody 
an 
Ce. testicle y 87° 
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Topographic Distribution of Hepatic Necrosis 
in Bromobenzene, Thloacetamide, Tannic 
Acid Poisoning, and Inhibition y Amino- 

acetonitrile of the Necrosis induced by 
. Bromobenzene 


AXINOACHTONITRILB inhibits necrosis induced by carbon 
tetrachloride in the liver of the rat!. Necrosis by carbon 
tetrachloride affects the parenchymal oells surrounding 
all the tributaries of hepatic veins, from the smallest 
(cantrolobular veins) to the largest. This localization can 
only be explained by an increased permeability of the 
wall of the hepatic veins causing the onset of necrosis’. 
(Necrosis of the cells of the central rone of the lobule 
can be caused by increase in ility not only of the 
oentrolobular veins but also of the last tract of the sinus- 
oids.) The fact that such necrosis oocura only around the 
efferent veesels of the liver and not around the periportal 
areas and the first tract of the sinusoids indicates that this 
increased permeability is not the result of direct action by 
carbon tetrachloride but is due to some substances 
liberated in the blood by the parenchymal cella under the 
action of this poison’. 

Probably other kinds of hepatic necrosis experimentally 
induced by toxic compounds and described as centro- 
lobular ones, as well as the central hepatic necrosis pro- 
duced by toxic substances and recorded in human path- 
ology, are actually localixed around all the tributaries 
of hepatic veins, including the largest ones, and are, there- 
fore, induced by the same mechanism as that of carbon 
tetrachloride. 

The experiments described here were aimed at examin- 
ing the localization of the necrosis which appears in the 
liver of rat following poisoning by bromobenzene, thio- 
acetamide and tannic acid, such compounds being known 
to induce centrolobular necroeis*-*. At the same time the 
action, of aminoscetonitrile on these lesions has been 
investigated. 

For the experiments with bromobenzene 40 male albino 
rata weighing about 200 g were used, each of them reoeiv- 
ing an intraperitoneal injection of 0:12 ml. of this subetance 
mixed up with 0-88 ml. olive oil. Half the animals received, 
both simultaneously and 24 h later, a subcutaneous injec- 
tion of 20 mg aminoaoetonitrile hydrosulphate dissolved in 
0-2 ml. water and neutralized with sodium hydroxide. 
Three rata treated with bromobenzene alone died within 
48 h after administration of the poison. No histological 
examination of their livers was made. None of the rate 
treated with bromobenzene and aminoacetonitrile died in 


- the same period. 48 h after bromobenzene administration 


the animals were killed; liver fragmenta were excised 
from near the hilus, fixed in Davidson fluid and embedded 
in paraffin. The sections were stained with hamatoxyln 
and eosin. 
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For the experiments with thicacetamide 14 male albino 
rats weighing about 200 g were used, each of them receiv- 
ing & subcutaneous injection of 40 mg of this substance 
dissolved in 1-6 mL water. ‘Half the animals received, both 
simultaneously and 24 h before thioacetamide adminis-~ 
tration, a subcutaneous injection ‘of 20 mg aminoaceto- 
nitrile. 24h after the administration of thicacetamide the 
animals were killed and the experiment was completed 
with the same method used for bromobenzene. 

Experimente with tannic acid were carried out by using 
14 male albino rats about 200 g. The animals 
were injected subcutaneously with 2 ml. of a 10 per cent 
aqueous solution of this acid. Half of them received, both 
simultaneously and 24 h before tannic acid administra- 
tion, & subcutaneous injection of 20 mg amimoacetonitrile. 
24 h after the administration of tannic acid the animals 
were killed and the experiment was completed with the 
same method used for bromobenxzene. 

Of the 17 rats treated with bromobenzene alone, 2 
showed microscopically normal livers, whereas the livers of 
the remaining 15 rate presented a widespread necrosis and 
hydropic degeneration around all the tributaries, including 
the largest ones, of the hepatic veins (Fig. 1). 


The liver of all the 20 rata treated with bromobenzene . 


and aminoacetonitrile had a microscopically normal aspect 
(Fig. 2). im 

The liver of all the rate treated with either thicacetamide 
or tannic acid showed necrosis of the parenchymal cells 
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with these two substances, had received aminoaceto- 
nitrile. 

In conclusion, in poisoning by bromobenzene, thio- 
acetamide, and tennio acid, the localization of hepatic 
necrosis occurs not only around the centrolobular veins, 
but also around ali the tributaries of the ic veins, 
including the largest ones. It follows that all proba- 
bility an pares condition for the appearance of these: 
lesions, as for that promoted by carbon tetrachloride, is an 
diuo in genie ility of the wall of the hepatic veins, 
which is induced by producta liberated in the blood by 
parenchymal cells under the damaging action of these 

isons. 
iuc ee entirely inhibits necrosis by bromo- 
benzene, whereas it does nob exert any inhibition on the 
necrosis induced by either thioacetamide or tannio acid. 

L. Froma 
Institute of General Pathology, 
University of Bologna, Italy. 
1 Fiume, L.; J. Path. Bact., 83, 201 (1063). 
? Fume, L., J. Path. Bact., 84. 256 (1985). 
5 Kooh-Weser, D., de le Huerga, J., and Popper, H., Pros, Soe, Exp. Biol. 
Med., 79, 196 (1052). 
* Gupta; D. N., J. Peth. Bact., 78, 185 (1966). 
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In vivo, Extracellular, Collagen Fibrillogenesis 


In vitro collagen fibrillogenesis has been demonstrated by 
investigators: from solutions of collagen obtained by 
various means. This communication presents what we 
believe to be the first evidence for extracellular, in vivo, 
aggregation of collagen fibrils. 

In an investigation of the utilization of tritiated 
proline in healing wounds in scorbutic guinea pigs, 
we have found the sequence euer d of IDE 
to be similar to that in normal 
as follows: the radioactivity appears first in riis 
and next appears in the extracellular material. In 
soorbutic wounds, the extracellular material is fibrillar but 
lacks the characteristic banding of oollagan seen in tho 
electron microscope as well as the characteristic staining 
reactions of collagen. Autoradiographically this fibrillar 
material was found to retain the label after the isotope had 
disappeared from the fibroblasts. This investigation is 
concerned with the fate of both proline and the extra- 
cellular material following ascorbic acid administration, 
as seen via electron microscopy and autoradiography. 

Female guinee pigs weighing about 800 g were placed 
on a scorbutigenic diet for 8 days. + lmear incisions 
were then made in the dorsal skin and the wounds were 
allowed to ‘heal’ by first intention for 6 days. Ab this 
time, each animal was given 1-proline-3,4,,H (12 po./g 
body-weight) intraperitoneally. Six days following 
acministration of tritiated prolme a wound was removed 
from every animal, fixed and embedded as for electron 
microscopy‘. Each animal was afterwards given 100 mg 
ascorbic acid mtraperitoneally and placed on a diet con- 
taining 30 mg ascorbic acid per 20 g diet. The remainder 
of the wounds were removed at 1, 4, 12, 16, 24h, 2, 3, and 
6 days following admuistration of ascorbic acid. All the 
tisaues were fixed and embedded in epoxy resin as for 
electron mi y. Tissue sections were cut at lu, 
coated with nuclear track emulsion, exposed for 5 weeks, 
and stained’. Five random areas of two sections from each 
block were photographed, as well as areas adjacent to the 
sections, for background determinations. Grains overlying 
cells, extracellular material, eto., were copmted using & 
modified form of Chalkley’s method!, and the counts were 
corrected for background. 

The results of the grain counts demonstrated that the 
intensity of label over the cells remained low at all the time 
periods examined, while the grain density over the extra- 
cellular fibrillar material remained at the same high level 


present prior to ascorbic acid administration. Electron 


390 “ NATURE January 26, 1963 "vo. 197 


, 
microscopic examination of the wounds prior to giving Blood was obtained by cardiac puncture and the 
ascorbic acid showed the presence of the oharacteristio non- — a-2 serum-levels were determined by the Spinco model R 
banded extracellular fibrils previously described’. Within system of paper electrophoresis, using their recommended 
24 h after asoorbio acid administration, this fibrillar procedures. 
e NM PUE SPA by characterstically banded For purposes of analysis, the hamsters were divided 
. collagen fibrils, most of which were of similar diameter. into three groups consisting of: (1) those which were 
Thus the extracellular material which is labelled 24 h never diabetic (within 250 days); (2) those which had no 
after ascorbic acid administration can be clearly identifled initial symptoms, but later developed diabetes; and (3) 
as collagen, and the intensity of labelling is similar to that those which were diabetics or showed initial glycosuria, 
seen in the fibrillar material which could not previously and later were confirmed as diabetics. The oondition of 
be identified as collagen. These resulta are consistent, the animals at the time when the electrophoretic analysis 
therefore, with the conversion, extracellularly, of the non- was run was the point of reference for the above categories. 
Sa ER fibrillar material present in scurvy, to collagen, These results are given in Table 1. 
ollowing ascorbic acid administration. ' 
We are aware that these resulte again raise the poasi- Tanio i, pe ELE Le E TETO aee GITEA 


bility of the presence of an extracellular collagen precursor Confirmed diabetes 
in scurvy in which $n siu hydroxylation of proline and Serum od No diabetes rd eke X and/or 
lysine might oocur. Since this remains a controversial $-5 8 eee 
. issue, we are attempting to extract this material and 6-10 18 5 8 
identify its amino-acid content, in the hope of increasing S l i 1s 
our understanding of this complex situation. 21-85 1 i 19 
Tho work here was ied gases in pan by grant (H-8174) 
of the National Institutes of Heal Pital 9 2 . 5 
Me Ross * * All antmals observed for at least 250 days, 
obs Mani aN It will be obeerved that out of the 29 which did not 
Dem oM dina t à «develop diabetes, 26 animals had a-2 levels of less than 
: : : , 10 per cent, the majority (18 animals) giving levels 
TUBE ty of Washington, Seattle. between 6 and 10 per cent. Only three animals gave levels 
_ dons peolal Research Follow (D¥-0063), N.I-D.B., at the timo this work was shove 10 per cent. It is conceivable that if these latter 


1 J. penhere, J. EL, and Bohmiii, F. O., , Pro. Soc, Mp. Biol, animals were obeerved for a longer period—Uup to a year— 
Med., 89 1951) diabetic symptoms might have developed. 


eee e ical poa (1957). In the 22 animals showing no initial symptoms, none 


e 
p: 
k~ 
RS 


‘ ; was observed in the 3-5 per cent group, in contrast to the 
Be = aay d a Pudor MAE peons group where 8 animals were found to have the 
"Ross, R., and Bandits, H. P., J. Oeil Mwl., 18, 533 (1962). west a-2 levels. There were 13 initially non-sympto- 
; Blobardson, K. O., Jarrett, L., and Finks, H. H., Stein Teak, 88, 318 (1000). matio animals in the 11-20 per cent a-2 interval. 
" Chalkley, H. W., J. Nat, Cancer Inst., 6, 4Y (1949). Similarly, the 38 animals with established diabetes or 
initial symptoms, such as glycosuria, ges later oonfirmed 
Prediction of Spontaneous Heredi ag diabetics, showed no members in the 3-5 per cant 
Diabetes Mellitus in Chinese Hamsters dE EDT i MEE a 
Means of Elevated Alpha-2 Serum-levels These reeulta show a high degree of association between 


OnmrcAL and pathological observations on Chinese the active diabetic state in Chinese hamsters and the 
hamsters (Oricetulus griseus) with spontaneous hereditary serum a-2 level. Some overlap oocurred in the 6-10 per 
diabetes mellitus have been A ae previously in several cent a-2 interval between the nondiabetics, the initially 

papers'-’. Generally speaking, the disease in Ohinese  non-symptomatio, and the symptomatic groupe. Most 
hamsters is primarily pancreatogenio, with ulation, Of the initially non-symptomatic high a-2 animals (above 
hydropie degeneration and deficiency of B-oe Other 10 per oent) were later confirmed as diabetics when 
forms of pathological expreesion noted in -symptomatio observed for a period of 9 months. 
animals are glomerulosclerosis, arteriosclerosis, increased The possible. prognostic implications of elevated a-2 
periodontal breakdown, and proneness toward the forma. levels in selected groups of high diabetic risk, such as 
tion of adenocarcinomas of the pancress. overweight new-borns, is being investigated by a variety 

Elevated serum a-2 levels several times greater than of techniques 
normal (8-8 per cent) have been reported" in diabetic This ark was supported in n by a grant (G—21307) 
hamsters, or m families with a high incidence of spon- fram the Natio Science ‘tion, and granta 
taneous diabetes. When symptomatic members of these 44468, #-1560(04) and .4—0339 from the U.S. National 
high incidence families were randomly hybridized by Institutes of Health. 


single or double crosses involving two or four grand- Morn N. Gauan 


: : GaonGB YERHGAMNIAN 
parente of diabetic background, normal a-2 values were " s 
re-established. At the time when this investigation was’ Ohildren’s Per ET rdi x 
reported, many animals had high a-3 values with no user s M Ley cal School, 
clinical evidence of diabetes. In this communication we an B M 
Shall show that with but a few exceptions these non- -~ ms ` Hunny J. GAGNON 
symnptomatic high a-2 hamsters afterwards developed E 


chemical diabetes while the low «-animals goustaly Children’s Cancer Rescarch Foundation, 
Boston, Mas. 

remained symptom-free. 

Both diabetic and non-diabetio mbred animals were  'Xekr JL, and Yenganten, G., Proo. Soo. Esp. Biol. and Med., 108, 810 
‘obtained from the colony maintained at the Children’s ir. H., and Yorganian, G., Diabwes, 10, 18 (1061). 
Cancer Research Foundation. The methods in breeding "Meler, H., and Yerganian, G., Diabetes, 10, 19 (1961). 
and maintaining the animals have already been described®. ‘Poel, W. B., and Yerganian, G., Amer. J. Mod., a AA TE 
Animals were observed for a period of at least 250 days, t Coben, M. M., Shklar, G., and Yerganian, G., Amer 
and in some cases longer, for evidence of diabetes. Only TOPAN A a RUE E Tenan ao Ji-Periadont:,: 83, 14.(1002). 
animals showing prolonged glycosuria were considered as * Green, M. N., Yerganan, G., and Meler, H., Emperisntia, 16, 503 (1000). 
confirmed diabetics. ' Yergantan, G., J. Nat. Cancer Inst., $0, 705 (1988). 
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Non-specific Precipitation Patterns obtained 
in ble Diffusion between Serum and 
Extracts of Normal Organs and Tumours 


Ir has been shown that the antigenio structure of 
tumours and of the corresponding normal tissues is 
different}. Specific i were demonstrated in 
induced and transplanted tumours of mice, 
rat, rabbits and chickens, as well as in various human 
tumours by the method of anaphylactic reaction follow- 
ing desensitization. By means of the gel diffusion of 
Ouchterlony, Zilber e£ al.* were able to show an antigen 
in extracta from a mice hepatoma lacking in normal liver. 
We were able to confirm this work in a tumour of the 
rat; we obtained a 
fraction of a transplantable hepatoma. 

With this different antigenic structure in mind, we tried 
to elicit some immune response in rats treated with extracts 
of liver and hepatoma. Until now we failed to induce 
a response in the animals treated by tumour extracts, 
but in the course of this work we obtained curious lines 
between serum and tissue extracts, analysed by double 
diffusion in agar. ‘Those linés simulate a true antigen— 
antibody system, and it is the aim of this communication 


to describe the precipitation lines aud to compare them ` 


with the characteristics of true antigen-antibody systems. 

We injected five groups of rate with total liver extract, 
with the microsomal fraction of the liver, with normal 
kidney, and with extracts of a transplantable hepatoma, 
End duly) uh se male eee ee 
toms. The organ extracta were made in a Waring bl T, 
centrifugation. The animals received three injections, one 


of them in Freund's adjuvant. Ten days after the last. 


injection the animals were bled. 

Table 1 shows the results of this analysing 
the serum of each animal against the five antigens studied. 
Table 1  PXXOUPTATIDE PATTERN OPTAIWND BETWEEN YHE SERUM OF 
BATS IXKUXIXZD WIYE NORMAL AND TUMOUR HXTRACTS AND THR EXTRACTS 


Precipitation lines present with * 
Animals previously Normal livrer Kkinesy 
Injected with Total Micro- Total — Miero- Total 

extracts somal extract somal extract 

Total Tver extract a4 0/4 4 0/4 2/4 

liver 8/4 0/4 4 0/4 2/4 

1/4 . Q4 0/4 0/4 4 

Norma] secum ( 
peevioos ) 34 0/4 Q4 0/4 8/4 


I$ is clear that practically all the animals present a 
lme between their own serum and the extracts of liver 
and kidney, without any specificity regarding the im- 
munization procedure. It was surprising to find analogous 
precipitation lines towards normal serum; it was only 
necessary to work with concentrated extracts to obtain 
the lines. We analysed also serum of rate carrying & 
hepatoma graft and found precipitation lines: hepatoma 
extracts and normal extracta provided ipitation 
patterns, if the reactants were sufficiently concentrated. 

The using up of serum by corresponding antigens is 
possible. The factor present in serum is yed by 
boiling; but not the factor present in the organ extracts. 
On the contrary, after boiling of the organ extraote, the 
lines are even clearer. E s 

The mobility of the factor present in the serum is that 
of an —a,-globulin; the organ factor has a B-globulin 
mobility. 

In this experiment we did not succeed in 
the presence of true anti-tumour immunity, but we dis- 
covered & factor present even in normal serum, and in 
serum of tumour-bearing rata, reacting with a component 
present not only in extracts of normal organs (liver, 
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iflo antigen present in the granular. 
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spleen, kidney) but also in some tumour preparations. 
This serum factor seems not to increase after immuniza- 
tion of the animals with normal organ extracts or with 
tumour extracts. In our case it is not & reaction between 
hæmoglobin present in the tumour or organ extracts and 
some serum protein, as described by Leonardi‘, Am- 
brosino ef al.*, Peetom e£ al. or by Metagar and Grace’. 
It is also different from the precipitation described by 
Tomasi’. , 

This ipitation pettern looks very similar to a true 
antigen antibody system, but can be differentiated in our 
mind by some pointa. Similar to an antigen-antibody 
system, ia the fact that a state of equivalence exists for 
this system, and that ib is possible to obtain pictures 
similar to antigen and antibody excess. It ia also possible 
to exhaust the serum factor by addition of small quantities 
of tissue extracts. 

But in other aspects this system is quite different from 
& true antigen-antibody system. The mobility of the 
factor found in the serum is situated in the region of 
a,-globulin, and not in the region of the antibodies, which 
are B- and/or y-globulins. The tissue factor is not destroyed 
by boiling. precipitation line appears only in con- 
centrated extracta. Those three factors enabled us to 
distinguish between precipitation lines and a true antigen— 
antibody system, in which the antibody has always a 
y-globulin mobility and is destroyed by boiling. 

It is possible that the lines described here are due to 
electrostatic foroes* or to chemical affinity between the 
components. It is necessary for everybody working with 
double diffusion in agar to have in mind these non- 
specific precipitation patterns, to avoid false interpreta- 
tion of the agar plates’. Somer CHE ce Pee 
lines can be made very easily, as, for example, boiling of 
the serum and immunoelectrophoresis. In this way speoiflo 

ipitation pebtterns can be differentiated from non- 


ones. 
C. Droxmns 
f J. MAIBIN 
Department of Immunology, l 
Cancer Institute, Louvain. 
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RADIOBIOLOGY 


Isolation of a Radiation-Mortality Reducing 
Factor from Spleen - s 
Taa radiation-mortality reducing action of cell-free 
extracts obtained fram spleens of mice, guinea pigs and 
dogs has been demonstrated in a series of previous 
investigations". The extraction procedure used for 
reparing spleen extracts has been described eleewhere!'*, 
observation that homologous, as well as the hetero- 
logous, spleen extracte were equally effective suggesta 
that & common chemical entity (or entities) may be the 
thera: ic agent*. This is a preliminary report of the 
isolation and characterization of fractions obtained from 
ee extracts which contain this factor. 

reagents were of the highest purity available and 
the solutions were made with distilled water. The spleen 
extracts were prepared from mongrel dogs of oither sex 
weighing 40-62 lb. The spleens were surgically exposed 
and the hilus vessels clamped prior to removal. The 
weighed organs were cut into small pieces, placed on dry 


898 j = og 
1,000 ml. extract 
adjust to pH 6-7-08 


add 600 ml. 95 per cent HOH (—30* 0) 
\ 





sand 1h 
Fitter 
| - PONE 
supernatant irren 


adjust to pH 57 
add $00 ml. 95 per cent WOH (—30* O) 


stand 1h f 
prealpitate 
add water adjusi to 4-9 


dialyse add 550 ml. 06 per cent EXOH. ( — 30° 0) 
freeze-dry — 50 ml. O,H40l, (—80* 0) š 
Fraction III  omtrifuge — - 
[crie ^ dalys 
x freeze-dry 


Fraction IV 
Wig. L A procedure for the aloohol fractionation of dog spleen extract 


ioe for 2 h prior to grinding in the frozen state. The 
powder was leached with 0-9 per cent sodium chloride for 
24 b m a refrigerator. „centr 
fuged, filtered, freeze-dried, and tested for sterility m 
accordance with the standard procedure. —— . 

Evidence that this factor is associated with, or is, a 
macromolecule was afforded by several approaches. 

ential quantitative dialysis utilizing Visking No. 27 
phane’ membrane localized the bicactivity in the 

non-dialysable fraction. Gel chromatographic analysis 
utilizing ‘Sephadex G-50 as the stationary phase and 
water as the eluant yielded four fractions all of which 
possessed substantial degrees of bioactivity. 

A. fraction isolated from spleen extract at 60-85 per 
cent relative saturation of ammonium sul- 
phate possessed a considerable degree of 
protective action. However, the bio-assays 
were somewhat equivocal due to interference 
by the ammonium sulphate present in spite 
of dialysis for 72 h against 10 changes of 
distilled water. With aloohol fractionation ` 
four fractiòns were obtained. The first two 
fractions were ineffective, while Fractions 
OI and IV exhibited considerable bio- 
activity. This procedure is described in the 
flow-sheet in Fig. 1. The fractionation 
was carried out in a cold room with suitable 
precautions to maintain the.correct tempera- 
-ture and rate of addition of the pre-oooled 
reagenta to minimize denaturation. The pH 
was adjusted with either 0-1 M. dipotassium 
hydrogen phosphate or 0-25 N acetio acid. ^ 

The resulta of several fractionation experi- 
ments arg summarized in Table A 
dosage used corresponded to the tive 
amount of each fraction isolated from the 
crude extract. The procedure for the bio- 
assays is described in the table. A x? test 
analysis indicates that the data are statistic- 
ally significant falling within the 0-02 > P > 
0-01 level for the individual fractions and 
P < 0-001 for the extract*s. Thus it may 
be.concluded that these materials exhibit a 
decided radiation ameliorating action. A. 
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The supernatant was then centri- , 
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Table 1. COMPARATIVE STUDY OF THS RADIATION-MOETALTTY RADYO 
HFYBROT OF Vakious FRACTIONS ISOLATED FROM BPLENEN'* n 


Survivors ^ Bur- computed x 
Fraction Mean dose after vival a id Probability 
(mgidayt) 2Odayst (%) control 
Hrac 200 40/60 66-7 147 0-001 
PMREUHE 20 En 63-3 591 901» P>G01 
Baltne — 19/00 31-6 — T 
* Male gutnea pigs, mean 425 + 50 g, exposed to a 2,400 c. cobalt- 
60 ponro fur an axposure of AO r. i (ro fend 3) ^ 2 
t of five ections dally af 0-4 ml. starting 24 h after 
to radiation. The t of sample varied with 
F Thee data repre t number of survive relative to the total 
number 
isid, bang the GE ee over a 
6-moanth period. 


of Fractions IIT and IV are almost equivalent to 200 mg 
of the original spleen extract. 

Preliminary studies indicate that a simplified procedure 
is achieved by pre-heating the extract, adjusted to pH 4-0 
t 0-1 at 60° O for 10 min prior to fractionation. This 
removes about 70 per cent of the protein, resulting in an 
almost quantitative precipitation of hemoglobin. The 
alcohol fractionation is then performed as described. 
Fraction ITI-H recovery and activity is in the same order 
as Fraction IV; however, Fraction 1V-H exhibita little or 
no protective action. 

Some of the properties of the active principle may be 
deduced from these investigations. The boiling of 
spleen extract at pH 6-8 for 20 min caused a consider- 
able loas of activity. Spectroscopic analysis revealed not 
only a maximum at 278 mu but also that the ratio of 
absorbances at 278 mu to 200 mu ranged from 1-85 to 
1:70. This supporta the theais that the fractions contained 
little or no nuoleio acids or their derivatives. The presence 
of additional absorption maxima at 410, 545, and 575 my. 
were due to the presence of hæmoglobin. Since the 410 
my absorbance is about 10-fold greater than that of the 
280 mu absorption maximum of the other proteins in this 
extract this facilitates the calculation of hæmoglobin 
content of the various fractions. Evidence that hæmo- 
globin was not the active principle was derived from the 
obeervation that the hæmoglobin content of the more 
active preparations was about 10 per cent and by experi- 
mente using hæmoglobin as such. ; 


mm -H IV 
measure of the relative effectiveness of the lamide of spleen extracts and various fractions, 
fractions is gained by noting that 30 and 5 mg Oh a mov oue era racer e ea ar E Praed Due , 


No. 4865 January 26, 1963 


Electrophoretio studies were made with acrylamide 
gels using 0-1’ M éris(hydroxymethyljamimomethane: 
veronal buffer, pH 8:6 (ref. 6). ical electrophoretic 
patterns are presented in Fig. 2 in which Fractions ITI and 
IV obtained by aloohol fractionation are compared with 
Fractions O-H and IV-H obtained by the pre-heating 
procedure. Human serum served as the reference. All the 
fractions, with the exception of III-H, contained & fast 
component the mobility of which is similar to that of albu- 
min and another group of proteins the mobility of which 
falla in the globulin range. Since Fraction MI-A, a high- 
potenoy fraction, contains little if any of the albumin-like 
material this suggests that the active component falls in 
category characterized by a lower mobility. Furthermore, 
Fraction IV-H, which poeseases little or no protective 
action, dontams a large amount of the fast component 
relative to the globulin-like species. 

eae revious data coupled with the resulta of semi- 

jeldahl, biuret. and dry-weight analysis suggest 
that st this principle is associated with or is a polypeptide or 
protein. More definitive conclusions about the nature of 
this factor must await the isolation of mote active and 
homogeneous fractions. 

We thank Lieut.-Commander Thomas Ferris and R. E. 
Easterling, of Rear Admiral G. W. Calver’s Physical 
Chemical Research Laboratories, for the gel electro- 
phoretio resulta. We also thank Dr. T. A. Strike for his 
assistance with the statistical analysis. These in 
tions were jointly supported by the Bureau of Medicine 
oe er pd of the UB. Navy and the Defence Atomic 


Vibe cond ae aote sucre Roin ese die 
private ones of the authors and are not to be construed as 
official or reflecting the views of the Navy Department or 
tho Naval Service in general. Sau K 


[The late] F. Hxitovenn 
Naval Medical Research Institute, 
National Naval Medical Oenter, 
Bethesda 14, Maryland. 
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Radiatlon Protection by Cyanide of both 
3 Rats and Mice 


Many investigators have found! that the rab, unlike 
the mouse, is afforded little or no protection to irradiation 
damage by the prior administration of cyanide salta. a 
all their experiments, & limited dose- of cyani 
was tested. The frequently cited resulta of Tat 
for example, were obtained using & single dose (8 mg/kg) of 
sodium cyanide. A recent theory‘ states that compounds 
such as cyanide and azide owe their radiobiological action 
to the property of stabilization of cuprous (Ou I) ion 
involved in oxidative processes. The proposal suggests 
that the dose i to achieve protection would be 
sharply defined and, if not limited by chemical toxicity of 
cyanide, it should be possible to demonstrate protection 
in the rat using the proper dose. Accordingly, survival 
was compared in rata and mice given a wide range of doses 
of sodium cyanide prior to X-irradiation. 

The animals used were female OF No. 1 mice, 70 days 
old and weighing 25 + 2g, and female Sprague-Dawley 
rata, 7-8 months old and weighing 270 + 15 g. X-ray 
arpouics viro delivered with e eneral Fabio Macia 
unit operated at 250 kVp and 15 m.amp., using 0-5 mm 
copper and 1:0 mm aluminium filters. The mice were 
irradiated on a revol wheel equipped with individual 
ventilated plastic o& at a dose rate of 38-4 r./min. 
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Rate were placed in individual ventilated aluminium 
bores, which were shifted through 180° once during the 
UO the dose rate was 21.7 r.[min. Sodium cyanide 
solutions were freshly prepared before injection in conocen- 
trations of 0-02 and 0-03 per cent and the pH was adjusted 
to 7-0 with sodium cyanide. , All treatment injections 
were given intraperitoneally 3-6 min before irradiation. 
Control animals were given no: injections. 
Pitkin toxicity data on sodium cyanide given 
y were obtained. For mice, the 30-day 
TD. wes 6-3 mg/kg and the maximum safe dose was 5-5 
mg/kg. For rate, the 30-day LD,, was 4:0 mg/kg and the 
maximum safe dose was 8-0 mg/kg. 

The irradiation experiments were oarried out at two 
levels of X-irradiation for each species. The total whole- 
body doses délivered were 850 r. (LD,.) and 800 r. (LD) 
for the rate and 750 r. (LD n») and 650 r. (LD,,) for the 
mioe. The results of the experiments carried out at the 
higher irradiation levels are shown in Fig. 1. Signifloant 
protection was obtained in both rats and mice. In the 
case of mice given 750 r. the degree of protection increases 
with increasing dove of cyanide, beginning at a level of 
about 2 mg/kg. However, in the rat given 850 r., cyanide 
exerts no appreciable protection until a dose of about 
3 mg/kg is reached where a sharp rise in protection ensues. 
This rise was checked in two seperate ta. In 
one, 50 per cent survival waa observed and in the Other 67 


Considering the abrupt response these resulte 


Percentage survival (80 days) 





e ee at & lower level of irradiation indicated 
that fof both the mouse and the rat the minimum amount 
of cyanide required to bring about significant protection 
was lees than that needed for higher irrediation doses. 
The lower cyanide doses were about 1:0-2-0 mg/kg for 
mioe given-650 r. (survival = 80 per cent for treated and 
40 per cent for controls) and 2-0—2-5 mg/kg for rata given 
800 r. (survival = 40 per cent for treated and 10 per cent 
for controls). 

The observation that the radioproteotive dose of 
sodium cyanide increases with larger doses of irradiation 
is noteworthy both from theoretical and practical pointa 
of view. Since cellular permeability generally increases 

-with i ing irradiation doee* the explanation probably 
lies elsewhere. It is tempting to speculate that a oon- 
tributing factor to the cyanide-radiation dose relations 
arises from the fact that cyanidé ion reacts with perory 
r&dicals* and hydrogen peroxide*. Consequently, since the 
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concentration of peroxy radicals produced in vivo pre- 
sumably increases with increasing radiation dose, the dose 
of sodium cyanide needed to reach critical intracellular 
sites would necessgrily increase. An elucidation of the 
mechanism involved would entail a study of the degree of 
protection es a function of the time elapsed between the 
administration of cyanide and onset of irradiation. 

The previously mentioned theory* suggests that cyanide 
prevents a radiation-induoed oxidation of the cuprous 
component of 4-electron transfer oxidases such as oyto- 
chrome oxidase through the selective formation of & 
cuprous cyanide complex which eventually dissociates. 
Accordingly, the oytochrome-e oxidase activity of the 
livers of mice injected with sodium cyanide was measured 
by the method of Hogeboom and Schneider’. The 
observed inhibitions of the enzyme were 10 per cent at a 
dose of 2 mg/kg of sodium cyanide and 40 per cent at 
5 mg/kg. ‘These preliminary resulta are suggestive 
inasmuch as they approximate the dosages needed for 
protection. We were unable, unfortunately, to demon- 
strate radiation-induoed inhibition of cytochrome oxidase 
in mice or rat tissues. The difficulty is presumably 
associated with the sensitization of the enzyme (actually 
reduction of Cu** to Cut) by the sulphydryl groups of the 
protein which are released on homogenization of the 
tissue’, 

This work was performed under the suspioesa of the 
U.8. Atomic Energy Commission. We thank Mrs. 
Elisabeth Moretti for assistance with the survival experi- 
ments and Mr. William Westfall for the determination of 
cytochrome oxidase activity. : 
JAOK SOHUBERT 
Joan FRaD MARKLHY 


Facultad de Ciencias Exactas y Naturales, 
Universidad de Buenos Aires. 
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- Alterations in Skeletal Muscle after 
X-irradiation and their Similarity to 
Changes in Muscular Dystrophy 


ALTHOUGH muscle constitutes almost half the body- 
weight in mammals, it is generally thought to be very 
radioresistant and to play an insignificant part in the 
bodily changes which follow irradiation. In excised 
frog muscle, changes in the resting transmembrane 
potential and electrolyte composition were found only 
after massive doses of X.-rays!4. However, transient 
weakness and increased fatigability have been observed in 
man and animals after modest doses of radiation". 
Caster and Armstrong’ found & large negative potassium 
balance in rate after an LD of X-rays. The lost potassium 
appeared to originate principally in muscle. A transient 
post-irradiation aldolasmmia" also occurs as well as an 
amino-aciduria and creatinuria’* which appears to be 
linearly dependent on the dose of radiation’!*. It seems 
likely that the creatine and other amino-acids and the 
aldolase were lost, in part, by skeletal muscle and it 
oocurred to us that subtle in vivo changes in muscle after 
irradiation might have been overlooked. 

Male Sprague-Dawley rata wei about 250 g were- 
anesthetized by the intraperitoneal injection of 33 mg/kg 
body-weight ammonium pentobarbital, placed in oylind- 
rical lead chambers which shielded all but the hind 
quarters by l-in. thickness of lead, and irradiated with 
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U/ml Plasma, mEq/kg RBC 


[9] 24 
Hours after X-Irradiation 


48 12.3 


Fig. 1. Muscle and erythrocyte electrolytes and plagme aldolase after 
irradiation of the hindquarters of rats with 3,000 r. BBO, Red blood 
~ colls; DFF, dry, fat-free 


8,000 r. 250 kV X-rays filtered through 1:0 mm aluminium 
and 0-5 mm copper ab a rate of 200 r. Groups of 
four animals were killed after 6, 12, 24, 48, 72 and 96 h; 
control animals were sham irradiated. The animals were 
bled and plasma electrolytee, aldolase and lactic dehydro- 
genase as well as erythrocyte electrolytes were doterm- 
ined by methods described previously?. Muscle from 
the irradiated limbs was analysed for electrolytes.  - 

The resulta are depicted in Fig. 1. Muscle potassium fell 
from a control value of 422 + 4-1 m.equiv./kg dry, fat-free 
muscle to 407 + 7-2 m.equiv./kg dry, fat-free muscle 
at 12 h but by 24 h returned to 428 + 3:1 sopa 
kg dry, fat-free muscle. Muscle sodium rose from a contro 
value of 72-8 + 2-0 m.equiv./kg dry, fat-free muscle to a 
peak of 98-1 + 2-2 m.equiv./kg dry, fat-free muscle at 12h 
and returned slowly to a level not significantly different 
from that of the controls. Muscle chloride algo rose from & 
control value of 35-2 + 2-2 m.equiv./kg dry, fat-free 
muscle to & of 06-7 + 6-2 m.equiv./kg dry, fat-free 
muscle at 12 Erythrocyte tassium showed a diphasio 

pattern, first dropping tly from control values 
at 6 h and at 24 h increasing &bove oontrol values. 
Erythrocyte sodium rose from a control value of 9-90 + 
0:66 m.equiv./kg to & peak of 14-18 + 0-72 m.equiv./kg at 
24 h. The plasma electrolytes after irradiation were nob 
significantly different from the values in controls. 

The rise-in plasma aldolase-levels from & mean in 
control animals of 40-2 u/ml. to 68-2 U/ml 6 h after 
irradiation, followed by a rapid return to control levels, 
was like the aldolagemia which has been reported pre- 
viously*. A similar transient increase in plasma lactio 
dehydrogenase-levels was found. The ratio of muscle wet 
weight to dry, fat-free muscle in muscle from irradiated 
groups was not significantly different from the mean of 
4-23 in controls. 

The apparent lo of muscle potassium concentra- 
tion and increase in ium and chloride concentrations 
may be due, in part, to & relative increase in the extra- 
cellular fluid as a result of the hypersmia and cedemg which 
is known to follow irradiation™. In view of the coincident 
loas of aldolase, creatine and the negative potassium 
balance which must be attributed largely to losses from 
skeletal muscle, we feel that our findings are best explained 
by a transient increase in cellular permeability of muscle. 
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In addition to weakness, a low muscle potassium, high 
muscle sodium and, chloride concentrations as well as 
creatinuria and aldolassmia are found in hereditary 
muscular dystrophy and have been attributed to altered 
cellular permeability". Such changes in permeability of 
muscle cells may be a common reaction to certain kinds of 
injury and disturbances in metabolism. 

This project was supported by a U.8. Public Health 
Service grant No. 4-1708 and by contract No. AF-41 
(657)-857 monitored by the School of Aerospace Medicine, 
U.8. Air Force. Rosmer M. DOWBNN 
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BIOLOGY 


Thermogenic Effect of Stilboestro! on Ewes 


AT oestrus the oow's body temperature is elevated 
without detriment to subsequent fertilixation?*. In- 
creased locomotory activity may partly account for the 
thermal nse, but attention has also been directed to 
other metabolic changes at cestrus. Some evidence has 
‘been obtained that may influence the cow’s 
body temperature (Fallon, unpublished). It was decided 
to examine the effect of stilbastrol on the rectal tem- 
perature of the ewe. 

Eight mature Mermo ewes were ovariectomized; mean 
live-weight was 38 kg. Eight weeks later they were 
divided at random within four groupe and accommodated 
in individual metabolism cages to restrict exercise. 
During experimental periods the sheep were denied access 
to food and water. 

Aqueous preparations were made to provide 2 ml. doses 
containing 0, 25, 50 and 100 ug stilbeestrol. The prepara- 





0 1 2 3 
h 


Fg. 1. Recial temperatures in yed owes following inira- 
silibostrol solstions 


Jugular 
Injection of aqueous after 2-3 weeks’ at 
room temperature. ~~, 100 ag; —-—, 50 ag, —— — 25 ag ; 
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Table 1. PROGRAMME OF INTZA-JUGULAR DEJEOTIONS WITH AQUEOUS 
STILBOWPPROL SOLUTIONS ` 
M Exp. A Exp. B 
Res abe 2-8 weeks <2h 
Date 17/5 24/5 "jo 1/6 14/6 28/0 2/7 Li 
Hwe (ag stiIbostrol) 
347 0 50 100 25 25 0 50 100 
248 0 50 100 25 25 0 50 100 
543 25 100 50 0 0 25 100 50 
245 25 100 50 0 0 25 100 50 
241 60 25 0 100 100 50 25 0 
249 50 25 0 100 100 50 25 0 
245 100 0 25 50 50 100 0 25 
250 100 0 25 50 50 100 0 25 
Table 2. RacTAL TEMPERATURES 1}-8} H AFTER [NTRA-JUQULAR 
ADMINISTRATION OF STILBCQEATROL IW OVARIBOTOMIZED Ewes 
No. of Mean rectal B. 
Stilbosstrol records tem CPF.) 
(ma) F.) 
.A 
0 a 102:09 0-06 
?5 72 108-01 0-06 
50 72 104-06 0-08 
100 72 103-89 0-09 
B 
0 sd 108-34 0-11 
25 71 103-20 013 
50 7i 103-38 0-10 
100 72 108-24 O11 


tions were stored at room temperature 2-3 weeks bofore 
use in experiment A; and in experiment B similar solu- 
tions were prepared within 2 h before use. ris iere 
injections were performed according to the schedule in 
Table 1. 
Rectal tem were recorded about mid-day, 
immediately before injections, and thereafter at 15-min 
intervals. After a delay of about 45 min, the older 
solutions of stilbwetrol used in experiment A (Fig. 1) 
caused the spayed ewe’s rectal ture to rise by 
about 1° F. Records 1}- 8} h after injection (Table 2) 
indicate that each dose-level of stilbowstrol was thermo- 
genic in relation to the control injections with water 
(P « 0-001) and that the three dose-levels produced com- 
parable effecta (F = 1-78). Fresh preparations of stilb- 
cestrol used in experiment B were ineffective in eliciting 
a consistent thermal response within 3} h after injection. 
The role of storage in the development of thermogenic 
properties of aqueous stilbosstrol solutions is of interest 
since such preparations also loge cowtrogenio potency’. 
However, the oxidative inactivation of the coetrogon 
molecule (in vitro or tn vivo) has been shown to reverso 
its pituitary function from inhibition to stimulation’. 
Thus, the thermal of the spayed ewe to stilb- 
œstrol may involve profound neuro endocrine interactions. 
We are indebted to Mr. J. W. James for statistical 
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Body Temperature of Birds in Relation to 
Nesting Habits 

Taa body temperature of birds has been examined by 
various workerB!-^"5, Temperature has been shown to 
fluctuate in response to various internal and oxterna! 
infiuences!#}4.*; there is a difference of the order of 2° C 
between active birds and those at rest*:*, and a difference 
of 1-5° O has been demonstrated between day and night 
body temperatures in quails?. Previous work’ has shown 
that the night body temperature of the masked weaver 
(Ploceus velatus) is 1:6? O lower than the day temperature. 


C NAT 


The day body temperatures of 80 species of land birds 
from southern Africa have been recorded during routine 
collection of museum i A fast-registering rectal 
thermometer was inserted through the cloaca to the centre 
of the body-cavity immediataly after the bird had been 
shot. : Sr ea of wounded birds were not 
taken!.*, ere more than one ing for a ies waa 
available, the mean was used. idi S 

Table l indicates the rate of decrease in body tempera- 
ture after the bird is shot. The readings were taken at 
30-sec intervals for 8 consecutive min. 
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Bpecies Wt Table 1 Tem 
S z ture (° O) 
30 60 P n 120 160 180 
aetkiopicws : ae 
9604 421 42-2 421 491 421 42:1 
Laughing dove, 
sonepalensis 100 430 430 48-0 430 4*9 428 
Fork-talled $ 
us 57 42-6 4*6 425 422 421 420 
Golden-breasted bunting, 
Emberiza 23 498 4*8 427 420 4f3 419 
Blue waxbill, 
Uracginthus angolensis 14 421 421 410 416 41:1 408 


In no instance did the temperature start to drop before 
1 min had elapsed after death. As all readings were taken 
during this 60-se0 period, post-mortem decrease in body 
temperature can therefore be ignored. 

The species under discussion. are divided into two main 
Fors the ‘nest builders’ and the ‘nest scrapers’. The 

mentioned use nesting material, thereby insulating 

their eggs to some extant, while the second group deposit 
P UM ae Der und or rook where they are not 
insula from the su tum. The nesters are sub- 
divided into tree-, hole- and ground-nesters. 

Mean body temperatures of the three nesting groups are 
as follows: H 


M SD. N B.E 
Tree 41-78 OTE $9 0-11 
Hole 1 41-86 0-7612 ?0 01702 
Ground 41-98 0-4506 10 0144 


The differences between these means are not statistically 
igni t. 
Mean body temperatures of nest builders compared 


with 
nest scrapers are as follows: i 
M S.D. N S.E» 
Neat builders 4L80 — 07170  €9  0-0863 
Nest scrapers 40-20 1-2800 11 0-388* 


These mean values are signifloantly'different at the 1 
per cent level. (t = 9-627, 78 d.f., P0-01.) 

No definite conclusions can as yet be drawn as to why 
the nest scrapers should have a lower body temperature 
than nest builders. However, most nest scrapers have 
relatively long bare legs, for example, red-crested korhaan 
{Lophotis ruflorisia ruflorista), crowned plover (Stephambyx 
eoronaius coronatus), blacksmith plover (Hoplopterus 
armatus), Kittlitz’s sandplover (Charadrius : 
Cape dikkop (Burhinus capensis), oto., altho 
exceptions such as rufous-cheeked nightjar (Üaprimulgus 
rufigena) and Namaqua sandgrouse (Pterocles 

During the incubation of nest builders it has been 
shown*:* that there is a ‘negative’ temperature gradient 
és doque aM er ripping sri in Nd that is, 
the upper surface in oloee contact with the y of the 
i ing bird has & higher temperature than the lower 
which is in contact with the nesting material. At the 
Austin Roberts Bird Sanctuary, Pretoria, this gradient 
was found to be of the order Sind 0 for the gobi 

owbill 


-goose (Alopochen aegypitacus), and 5° O for the 
(Anas undulata). 

In the rufous-cheeked nightjar in the Kalahari Desert, 
for 4 h (12 noon-4 p.m.) during the hottest part of the day, 
the temperature gradient between the upper and lower 
surfaces is ‘positive’ and of the order of 2? O. This 
of the temperature gradient, where the lower surface 
temperature of the egg is now higher than that of the 
upper, is due to the fact that the heat from the substratum 
(reaching a temperature of 61? O) is conducted to the eggs. 


' claims that the non-protein nitrogen-level increases parallel 
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It has been shown’ that oertain birds keep their eggs oool 
during part of the day by shading them. In the nightjar 
and possibly in other nest scrapers, cooling appears to be 
achieved by incubation instead!*. The body of the bird 
thus acta as a conductor removing excess heat. In this 
respect the lower body temperature of scrape-nesting 
birds may be of importance. The long bare lega of some 
scrapers also fit into this picture as they increase the 
uninsulated surface of the body, thus enabling the bird to 
disperse the excess heat more readily. 
O. P. M. PRorzESKY 
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^ Urea-Levels in Blood and Tissues of 
Hibernating and Non-Hibernating Hedgehogs 


ANALYBRS were carried out during the summer from 
active hedgehogs (Erinaceus europaews), which were fed: 
on 4 ‘high protein diet’, after fasting for one day. Hiber- 
nating animals in winter were kept in a constant-tempera- 
ture cold room (+ 4:0 + 0:5? O) at least one week before 
analyses were made. 

Urea analyses were performed using the manometric 
method developed by Krebs and Henseleit? ag presented 
by Umbreit, Burris and Stauffer’. Besides this, the stan- 
dardized method of Biochemica ‘Boehringer T'O-U' (C. F. 
Boehringer and Soehne G.m.b.H., Mannheim) was used. 
Tiseue analyses were performed from tissue homogenates. 
Control determinations were carried out uming well-fed 
white laboratory rate. Means from analyses of rat blood 
are: 81-0 mg urea/100 ml. serum and 86-0 mg urea/100 ml. 
whole blood. These are comparable with those previously 
reported’. 

Results are summarized in Table 1. Values from whole 
blood and blood serum are expreesed in mg of urea/100 ml., 
those from tissues in mg urea/100 g fresh weight. In 
parentheses is the number of animals (sample size) from 
which the means presented were calculated. 

It is significant that the normal urea-level in blood of 
awake hedgehogs is very high when with those 


Hibernating of 

Awake anunals animals rees 

Whole blood ore i $5 (29 1210 + 5-3 P > 0202 

Blood serum 101-5 + $65 1182 + 3-8 (11, P > 0-006 

Muscle * 104-3 + 8-6 ( 152-0 + 7-0 (10 P > 0-001 

Small intestine 807+ 59 (1 133-0 + 91 (10 P > 0-001 
* Diaphragma was used E 


Hedgehogs show a marked increase in blood (and serum) 
urea-level in their hibernating state. Beoause ures is a 
readily diffusible compound, this increase is also found in 
tissues. Kler* has previously reported increased non- 

in nitrogen-levels in hibernating hedgehogs. He 


with the duration of hibernation. The main oeuse for 
azotamia demonstrated by Klar is evidently the moreased 
urea-level reported in this cammunication. Failure to 
demonstrate gradually increasing urea-levols during hiber- 
nation in this investigation probebly results fram periodic 
awakenings during hibernation’. 
The increase of uree-levels in hibernating animals 
ds evidently on the markedly diminished ability of 
to remove nitrogen-containing catebolites from 


ki 


- 
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the body. The main cause for this renal insufficiency is. 

ing to Hong’, decrease in glomerular filtration rate 
which follows the diminished renal blood flow during hypo- 
thermia. 

In normal conditions the amount of nitrogen-contammg 
compounds excreted im urine is qualitatively and quanti- 
tatively held as a oriterion of protein metabolism. With 
reference to the protein metabolism during hibernation, 
analyses of urine have been performed**, and from the 
resulta it was deduced that the protein metabolism is 
greatly reduced, even more than the general metabolism. 
These generali deductions based on urine analyses 
cannot be i as quite valid, because the retention 
of catabolite of protein metabolism during hibernation is 
evident. 

This work was supported in part by a grant from 
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Response of the Testes of Purple Sea Urchins 
to Variations in Temperature and Light 
STUDS on the reproductive activity of the purple sea 


urchin, S. purpuratus, made during the past eight years at 
Paoifle Grove, California. indicate the presence of an 


annual breeding oycle, with maximum gonadal activity. 


occurring during the winter months. In the course of the 
present investigation, designed to examine the effect of 
latitude on the breeding activity of the sea urchin, it was 
obeerved that the sea urchin populations distributed over 
a 20° latitudinal range have a uniform spawning period. 
These observations suggest that the reproductive activity 
of the purple sea urchin might be independent of tempera- 
ture over & physiological represented by this distri- 
bution. Therefore a photoperiodic was considered 
as a possible explanation for the breading ovules observed. 
An experiment designed to test the role of light and 
temperature on gonadal activity of sea urchins was conse- 
quently prepared. The equipment was built and the 
experiment undertaken in the marine laboratory of the 
University of California; Los Angeles, where a 28,000- 
on circulating closed sea-water system is maintained. 
dditional experiments were performed in the laboratory 
of Marineland of the Pacific, Palos Verdes, California. Two 
tanks were constructed; one was designed to have 14 h of 
controlled illumination, the other, 6 h. The sea-water was 
maintained at 15° + 0-5°O. Twenty-five sea urchins 
were placed in individual plastio containers with numerous 
holes for proper circulation of sea water. Each animal 
was removed and e 0-25-in. hole was made in the ambitus 
of the interadius. The sex of the animals was determined, 


and the io state assessed by observation of 
eri ar Males were selected for this e iment. 
hole in the was then sealed with ‘Plasticine’ 


clay and treated with penicillin. 

Once the spermatogenio state has been ascertained, the 
twenty-five selected animals were placed in the 14-h 
lighted tank in their plastic containers. An abundant 
supply of food was maintained. When ining the sea 
urchins for gametogenio activity the olay plug was 
removed and a small biopsy of the testes taken and 
examined under a phase-contrast microscope. Weekly 
checks were made on each animal over a period of 12-15 
weeks. Immediately folowing this period, the 25 urchins 
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were transferred to the 6-h lighted tank and were examined 
Bimilarly. 

The results obtained so far indicate that at 15° + 0.5* C 
the 14h -period primarily stimulates the production of 
gonial cells. Occasionally, spermatocytes. spermatids, and 
spermatozoa were o However, when the day- 
length waa reduced to 6 h the gonial cells, which were 
predominant during the long-day stimulus, were reduced 
in number and the spermatids, spermatocytes and 
spermatozoa were produced during the 6-b artificial day. 

In order to assess the significance of temperature 
changes alone on gonadal activity, iments are 
at present being rade a 10° O. Eventually it is hoped to 
carry out experiments at 5° C, 20° O, and 30° C. f 

The foregoing temperatures in combination with various 
photoperiodic stimuli should provide an adequate means 
for testing gonadal activity of the sea urchin as affected by 
the two primary environmental variables, temperature and 

ight. 
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Demonstration of Humoral and Cellular Fixed 
Antibodies against Homologous Tissue Antigens 


Tam question whether circulating antibodies appear 
during sensitization with homologous tiesue antigens and 
whether they bave an effect on the homograft reaction 
has often been discussed. Ever since the work of 
Mitchison!, there is no doubt that the mononuclear cells 
play an important part in the homograft reaotion; how- 
ever, the theory that they are carriers of sessile antibodies 
was not unch especially since up to this date 
exact methods for demonstrating cellular fixed antibodies 
were not known. 

The sim of our investigation was firat to examino sero- 
logical phenomena during homograft reaction and second 
to detect cellular fixed antibodies against homologous 
tissue antigens using in vivo and in vitro methods. For 
donors we used healthy male albino rabbits (Weisse 
Wiener), for recipiente healthy male rabbits of the Belgian 
Giant strain. For sensitization we applied tissue antigens 
differently prepared from the spleen and kidney of the 
donor. To guarantee an individual speciflc sensitization, 
the antigenic material of one donor was applied to one 
recipient only. To one group of rabbits (group A) we 
injected a mixture of spleen and kidney cells at a concen- 
tration of 10* cells, to the second group (B) an extract 
prepared according to the technique described by Lejeune- 

t! and to the third group (O) an extract prepared 
according to the same technique but lyophilized in a con- 
centration corresponding to 10° cells. All antigens were 
applied intravenously. After 7 days, skin grafting 
according to Billingham and Medawar’s method* was 
performed in order to detect transplantation immunity. 
14 days after the beginning of sensitization, a series of 5 
injections of lyophilized extract was applied to each 
recipient at intervals of 2 days at a concentration of 
2 x 10* cells. 

The sera for the examination of serological phenomena‘ 
were obtained before sensitization and afterwards at 
intervals of 7 days (5 blood samples altogether). Altera- 
tions in the protein content of the sera could not be 
demonstrated during the sensitization period. In the first 
two weeks the paper electrophoretic analyses of serum 
protein fractions showed an increase in a,-globulins in all 
three groups and later on a alow increase in y-globulins 
which, however, was not present in group A. Whereas it 
is suggested that the increase of the «,-globulin fraction is 
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a sign of an inflammatory reaction, the increase of -globu- 
lins could be interpreted as related to antibody formation. 
Experiments to detect precipitating antibodies gave 
negative resulta without exception. On the contrary, 
with the utination technique of Boyden* indi- 
vidual specific antibodies could be demonstrated, but only 
of a low titre. It is interesting that those antibodies were 
present as early as 7 days after the beginning of sensitiza- 
tion. In our investigation the properdin content of the 
sera, determined by an inulin adsorption method' rose 
significantly 14 days after the first sensitization and 7 
days after the grafting of homologous skin, respectively. 
Later on, the properdin values returned to normal level. 

To demonstrate transplantation immunity, & gross and 
microscopic examination of the homografts on the sixth 
day after grafting was performed. Whereas in group A 
(sensitization by oells injected intravenously) no sign of 
graft breakdown could be observed, the grafts in group B 
and O (sensitization by fresh and lyophilized tissue extracta 
by the intravenous route) were almost or completely 

at this date. 

For the detection of seasile antibodies we used the 
regional lymph nodes of the grafting site and the spleen of 
rabbits of B (25 specimens altogether) obtained 
on the fourteenth day after beginning of sensitization and 
on the seventh day after skin grafting, respectively. The 
organs were pressed through a stainless-steel sieve and, 8o 
isolated, the cells were tested for the existence of sessile 
antibodies following three different methods: (1) The 
cells were transferred to untreated animals’. In no case 
could transplantation immunity be shown. These obser- 
vations are in contrast to the findings of Mitohison. An 
explanation might be the genetic difference of the rabbite 
causing the destruction of the transferred lymph cells by 
ETA reaction, whereas Mitchison used inbred strains 


EG (3) Investigations of the passive cutaneous hyper- 
sensitivity reaction’ were performed. Here the cells were 
injected intracutaneously into untreated rabbits and 12 h 
later the corresponding antigen was given. On the 
average 24-48 h later a positive reaction with induration, 
erythema in every case and sometimes even necrosis 
could be observed. Controls with a non-oorreeponding 
antigen or with saline showed mostly a tive result. 
Experimente with non-sensitized lymph were also 
negative. 

(3) In order to detect sessile antibodies by an in vitro 
method we utilized the technique described by Warnats 
5», Here lymph node and spleen cells of 
sensitized rabbits were incubated with the corresponding 
antigen (n vitro and the washed cells mixed with a hetero- 
logous antiserum (dog, rat) Oe eae as 
directed against that antigen. The decrease in the titre 
of the antiserum after incubation was determined. It is 
assumed that tbe antigen reacts with the antibodies 
which are fixed at the investigated cells. The decrease in 
titre of the heterologous antiserum after moubation with 
cells so prepared indicates the existence of cellular fixed 
antibodies. In our investigation the titre decreased 1-3 

of an antiserum dilution row. As com with 
resulte of the controls these findings suggest cellular 
fixed antibodies exist. 
F. SoumrrAnTE 
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£-Carotene and Sexuality in the Mucoraceae 


Tames have been frequent reports of an association 
between f-carotene and oe roduction in the Phyoo- 
Recently, a tion of B-carotene produc- 


-tion in mixed + and — cultures of four heteromlotio! 


species of the Choanephoraceas has been reported'*. It 
is not known whether this is a general or an isolated 
phenomenon in the Muoorales. 

The following strains of heteromictio species were tested 
for B-carotene accumulation in intra- and inter- apooifio 
mixed cultures: 


1 Mwoor hemahs +1 10 QC. -1 
2 HM. kiemahs —1 fiasca +1 
i Piel M 18 Mito teste 
5 + 1 
A LM -I 14 eo roamed 
. - 15 
P P imme -$ E E 
8 Dese rion 17 Oemidwobolus villotus 
9 eleprns +1 18 Themnidtum slepens 


In addition, three homomictic species were tested : 


d 
10 f moelleri 
a s 

All were originally obtained from the Centrealbureau 
voor 8chimmelculture, except 18, which was isolated in 
this laboratory from soil. The homomictic species formed 
abundant rygospores on solid medium, as did the hetero- 
mictio strains in the appropriate combinations. 

An inoculum of 10' asexual spores, which was found to 
be optimal, was added to 25 ml. of modified Bohopfer's* 
medium in 150-ml. conical flasks plugged with gaure- 
covered cotton wool. The flasks were mounted on an 
illuminated reciprocating shaker at 25° O and the sub- 
merged shake cultures grown for up to four weeks. Oul- 
tures were triplicated at least. 

Tho washed and partially dried mycelium was extracted 
with acetone and the principal pigment, f-oerotene, 
characterized and determined spectrophotometrically*:!. 

Strains 1-8 grown singly did accumulate B-carotene to 
varying depen. However, in no mixed oulture was the 
amount of f-carotene significantly different from the 
expected mean of the values accumulated by the com- 
ponent strains grown alone (Table 1). Moreover, none of 
strains 9-2] accumulated B-carotene to a detectable degree, 
either in isolation or in mixed cultures although the 
homomictic cultures formed sygospores. 


Table OOUMULATION BY MIXED 
(Values are in ag f-oarotene/g dry of myoceltum) 

Btrains 1 3 3 3 4 4 4 5 6 $ 

s s . s s s . . s t 

2 5 6 7 5 6 7 6 7 7 
Hxpeotod 406 148 110 147 175 187 174 112 149 111 
Observed 7 152 120 152 1% 
S.D. 30 10 312 15 15 1l i 11 4 18 


These results confirm and extend those of Reichel and 
Wallis, who found no stimulation of ‘carotene’ accumula- 
tion in mixed cultures of their strains of P. blakesleeamus*. 
Such a stimulation mi isi at present, therefore, to be con- 
fined to the Choanepho 

This work was supported by a University of St. Andrews 


postgraduate scholarship. 


Department of Botany, 
University of 8t. Andrews, 
Bt. Eri 

* Present address 4 hi Botan Oo U 
ot 1 Departmen y, King’s College, University 
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Effect of Gibberellic Acid on Flowering of 
Apple Trees - 

Ir haa been shown by Sironval e£ al.! that gibberellic 
acid (GA,) affects growth of the main shoots in apple 
trees (var. Golden Delicious) and apical dominance. 
Apple-trees treated with 300 p.p.m. (1-2 ml. given 
twice a week on the apical bud and young leaves) through- 
out the growing season are greater and form twice as many 
lateral shoots as control trees, 

On the other hand, it has long been claimed by gardeners 
that, in apple trees, growth of the shoots and flowering are 
antagonist processes. Indeed, Waremg and Nasr, mvesti- 
gating the effects of gravity on growth and flower formation, 
have shown that apple trees (apple rootetook No. 3436) 
grown horizontally have & reduced growth, but initiate 
more flowers than apple trees grown vertically vi- 
morphism). We found it interesting to investigate 
formation of apple trees treated with gibberellic acid 
(GA,). 

Apple trees (var. Golden Delicious) were treated with 
GA, (100 and 800 p.p.m.) in 1961 according to the method 
of Sironval e? al. At the end of the growing season, the 
plante treated with 300 p.p.m. GA, were greater than the 
control plante (increase of about 15 cm); the planta 
treated with 100 p.p.m. GA, were also a little higher than 
the controls. The treated plants bore 9-11 lateral shoots, 
while the controls bore only 4—5 lateral shoots. In the 
spring of 1962 the apple trees were re-examined for flower- 


ing. 

Table 1 gives the absolute number of flower buds found 
on the whole plant and also on the main and lateral 
shoots. It is seen that treated plants formed more flower 
buds than control 
number of flower buds resulted chiefly from the lateral 
shoots, which were more numerous in treated plante; the 
main shoots gave a similar absolute number of flower buds 
in treated and control plants. 

Fig. 1 gives the Lenis e of the different categories 
ROM. dd) d on mam lateral ghoote, and on the 
whole plante: dormant buds, vegetative and flower buds. 

(1) On main shoota there was nearly the same percentage 
of dormant buds in treated and control plante. The 
peroentage of flower buds was, however, lower in treated 
than in oontrol plantae. 





M e diferent Kinda a 
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Table 1. Hrrrorf or GIBBEXELLIO ACID OK THE ABSOLUTE NUMBER OF 
FLOWER BUDS PER TREE 


' Series Whole plant Main shoots Lateral shoots 
Controls 88 24 14 
100 p.p.m. GA, 58 21 37 
300 p.p.m. GA, 56 19 37 


(2) On lateral shoota, the percentage of dormant buds 
was lower in treated plante than in control plante. Tho 
peroentage of flower buds was again lower in treated than 
in control planta, except for the 100 p.p.m. treatment. 

(8) For the whole plant, we found & decrease of the 
percentage of dormant buds and & decrease of the percent- 
age of flower buds in treated trees when compared with the 
control ones. 

This means that if, in absolute value, the number of 
flower buds is higher in GA,-treated apple trees, owing to 
the great increase of the number of buds present on the 
lateral shoote, the percentage of flower buds is decreased 
when GA, is applied. 

It may be concluded that the enhancement of tho 
growth of the shoots (both main shoots and lateral 
aboota) by gibberellic acid treatment corresponds to a 
relative decrease in the capacity of the buds to form 
flowers. The result is similar to that obtained by Wareing 
and Nasr using gravimorphiam ; it corresponds to the 
relation y claimed in practice between rate of 
growth of the shoots and flower formation in apple trees. 

R. MARBOELLE 
O. BrgomvAL 
Laboratory of Plant Physiology (IRSIA), 
Research Station of Gorsem, 
Gorsem-8t. Truiden, Belgium. 
1 Btronval of al., Gertembawiwaseenscha/t, 27, 205 (1962). 
1 Waroing, P. F., and Nasr, T., Nature, 188, 379 (1058). 
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Feeding Stimulants required by a Polyphagous 
Insect, Schistocerca gregaria 

Ir has been shown by Hamamura e£ al. that food 
selection in the silkworm larvae (Bombyx mort) is con- 
trolled by three chemical factors which they have called 
the attractant, the biting and the swallowing factors. 

The desert locust (Schistocerca gregaria), which is & 
polyphagous insect, appears to require only the attractant 
and the swallowing factor to evoke the normal feeding 
behaviour. This behaviour pattern ing with the locust 
approaching the food and then lowering the tips of the 
&ntenns and palps on to the food surface and biting. 
Sustained feeding then continues without further testing 
of the food with the antennæ; the palps alone are used to 
teat the food as the insect feeds. 

The experiments described here were performed to 
determine whether a few widely dispersed plant com- 
pounds would stimulate feeding by Schistocerca, or 
whether a number of compounds each present in & limited 
range of plants would be ired. series of extracts 
were made from planta on which the locust normally feeds, 
and these extracta were then run singly on to filter paper 
circles. The solvent was removed from the papers, and 
these were then placed in cages containing locusts. It wa. 
observed that the ether extract alone stimulated a marked 
testing behaviour in the locusts, and this testing al 
daridinatod with a duds bile aftar which the asus would 
test the surface of the filter paper elsewhere. It was 
therefore assumed that the ether extract contained the 
attractant factor, and ibly & biting factor. 

To determine whether this stimulant waa the same 
substance or substances in the plants that were tested, a 
series of paca a qu chromatograms were made using the ether 

a variety of solvents and solvent mixtures. 
ab. GH ane bers tice died TIS d Us dap 
with locusts. Certain solvents (phenol, acetic acid) were 
found to be retained on the chromatograms sufficiently to 
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make the entire chromatogram to the locusta. 
Other solvents (petrol, ether, butanol, carbon tetrachlor- 
ide, acetone) did not have this effect, and in these instan- 
ces the locusts responded to ane zone an each chromato- 
gram with their complete testing behaviour which included 
the final bite. From these i ts it seamed unlikely 
that Sohistocerea required an mdividual biting factor that 
Hamamura st al. have found necessary for satisfactory 
feeding by Bombys. 


Table 1. OrASMIFIDATION OF FERDDíG STIMULANTS BASED ON THE BIr- 
HAYIOUR OF Sokisoosro& TOWARDS PLANTS 
locust towards Olfactory G Claserfioation of Mrammples of 
tn 
the plants stimulant ker tet plant each 
surface Positive Positive Acceptable Dectytis 
plant and feeds attractant acceptant Pieniego 
Tesis surface of Positive Negative ies 
plant, bites but attractant repeotant Tagetes 
does not feed x 
Locust tums Negative N cn-accoptabls — avyriog 
away from repellen$ Leeenduia 
plant Cupressus 


The Rr value of the active zone was not the same in 
coach t for equivalent solvent systems, so it was con- 
elu that Sohtstoceroa will reepond to s number of 
attractants. 

As Hamamura e£ al. have reported for Bombyz, the 
feeding stimulant is also found m the acetone extract, and 
hear circles with an acetone extract of an table 

plant plus the other extract of Dactylis ndnsad ihe TIa 

(the ether extraot was required to induce the locust 
e a aoe Pe ots tn 
contact with the surface of the filter paper). A comparison 
of the acetone extracts of a serios of plants showed that 
there was more than one &ooeptent substance in some 
planta (Dactylis and Trifokwm both had two), and in 
certain instances (. ) a plant may have positive 
feeding stimulants present in ite tissues the 
effect of these substances is masked by negative eeding 
stimulants. 

A classification of the foeding stimulants proposed to 
account for the observed feeding behaviour of Schistocerca 
towards possible food material is given in Table 1. (Note: 
Thorsteinson’ adopted this classification after discussion 
with me.) 

Department of Zoology, 

Trinity College, Dublin. 


' Haramni, Zo HA KK, MID Rec MR Kay M TERME, d: 
Nature 762 (1 
' Thorsteinson, A. J., PU Xe. E 8. 085. 
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In vitro Species (or Type) Transformation 
among Strains of Brucella 


ExaAxPLHS reported in the literature concerning mute- 
tion in Brucella organisms have been received with strong 
criticism!.* arising, apart from other reasons, from the 
scarce number of cases involved or based on the negative 
results of other workers. 

This communication ta the resulta of my work in 
this field, faridamentelly related to the taxonomy of 
this baoterial genus, with tho purpose of offering support 
to one of the opinions in conflict. The observations seem 
to prove that Brucella is a group of micro-organisms of 
particularly labile character and not infrequently affected 
by transformation. 

Early in 1958 it was unexpectedly noticed that three 
Br. itensts recently isolated appeared to have changed 
their serological behaviour only by reacting with the mono- 
specific aborkus serum; when tested biochemically these 
strains reacted like Br. abortus. This observation was 
taken at first with great reserve aa it could haye obviously 
heen caused by &ocidentel error; but a similar finding, in 
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cultures of old storage, was Boon found in the German 
literature as reported by Roots and Bprockhoff*. Decisive 
evidence was, however, obtained from a group of five other 
Br. melitensis. These strains, while changing antigenically 
to abortus, retained their original biochemical characteris- 
tice, in this way assuming the pattern of Renoux's Br. 
intermedia. A search for variation was therefore decided: 
care was taken to prevent any labelling faults to take place 
during the transfers of the strains in stock and the whole 
collection of cultures was checked at least once or twice & 
yoar by the following testa: (a) acriflavine test (9 +R 
(c) slide agglutination test 


Gye oni Ta AA BPPN Bar 
at conoentrations of 1/25,000 and 1/50,000 and also 
safranin ab 1/10,000. This dye was found to be a very 
useful tool for differentiating Br. suis from any other 
Brucella. 


by 
and 


that mutation could explain them. 

cultures concerned were again characterized biochemically 

and serologically a second group 

opens (a) the whole of (27) Br. melitensis showing 
; (b) of the Br. abortus showing 

Vacs ronátanoe: (e) o strains. 

Altogether 64 stock cultures, out of a collection of 300, 
have suffered species or type reversion. The changes were 
as follows: 

(a) 35 Br. melitensis into: 12 Br. abortus; 
9 Br. intermedia; 11 Br. suis; 3 Br. ‘strain AM’ (Br. ‘strain 
AM’ ia a strain with the biochemical characteristics of Br. 
abortus bub reacting serologically with the melitensis 
serum). 

(b) The variation of 12 Br. abortus oocurred thus: 
4 strains (types I and III) into Br. suis; 1 strain IH 
into Br. 'strain AM"; 1 strain type I became biochemioally 
atypical and was taken as variant tiis up 6 strams 
suffered inter-type variation: 4 strains ILI changed 
uer iH n cU Cui CR CMM 


FTPA All the 16 Br. intermedia of my collection suffered 
variation and they were now: 10 Br. swis; 5 Br. abortus; 
1 Br. melitensis (atypical). 

(d) 1 Br. ‘strain AM? changed into Br. abortus. 

Multiple or successive mutation was also observed in 


some- cultures. 
M. MOoRBEIBA-JAOOB 
National Laboratory of Veterinary Research, 
Lisbon, Portugal. 
x T Bi anA Beal, E H; IW ee E Md BAUM. 
Wn and ia e inita io 


noe (Brwe.), 156 (1987). 
, H., £k. Vet. Med., 1, 156 (1064). 
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A Biochemical Test for Crown Gall Bacteria 


Agrobacterium tumefaciens is the agent for crown gall 
disease of several planta, thus causing serious economic 
losses in many countries. Except for ita phytopathogenic 
— it does not display any characteristic physiological 

UR hologioal properties. Ita final identifloation is 
ed by experimentally induced tumours, a pro- 

cedure which often demands too much time for quick 
intervention in an epidemic. A quick, d and specific 
,identifloetion test would be very useful. wish, there- 
“fore, to report that Agrobacterium tumefaciens and A. 
radiobacter produce 3-ketoglycosides from the correspond. 
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ing disaccharides and bionic acids. We propose & teet 
based on this property, which is very simple, can be 
carried out in any phytopsthological laboratory with 
ordinary glassware and chemicals, gives a result after 1-2 
days and is, so far as we can judge from our present 
experience, limited to members of the genus Agrobac- 
In previous papera!-* we described a new type of micro- 
biological sugar oxidation which so far is unique in ite 
mechanism because it consiste in the oxidation at carbon 8 
of the glyoosyl moiety of disaccharides and bionic acids. 
Other compounds are not attacked. The following 3-keto- 
glycosides have been prepared: 3-ketolactose (3-keto- 
galactopyranosyl-glucose), 3-ketomaltose, 8-ketoeucrose, 
3-ketolactobionic acid and 8-ketomaltobionic acid. These 
compounds can easily be detected because they quickly 
reduoe the usual sugar reagents (Fehling, Benedict, Luff, 
eto.) at room temperature. It was difficult to decide the 
exact taxonomic rotten our bacteria, which carried out 
the foregoing oxidation (small, motile, Gram-negative rods, 
_ tentatively classified as Alcaligenes) due to the lack of 
typical characteristics and the fact that 3-ketoglycosides 
had never been described before. 
Therefore, a systematic search several bacterial 
genere was undertaken, which showed that only Agrobao- 
terium tumefaciens and A. radiobacter produced the same 
8-ketoglyoosides as our strains. The formation of the 
latter compounds was studied with aerated, growing 
cultures in the medium previously described? and was 
followed either by reduction at room temperature of the 
Benedict reagent or by reaction with semicarbazide‘. Ten 
different strains of A. tumafaciens and 4 strains of A. 
radiobacter (fram the American Type Culture Collection, 
Ww ; the National Collection of Industrial Bac- 
teria, A een; Dr. J. la Rividre, Laboratory for Micro- 
biology, Delft, The Netherlands, and Dr. Oh. Bonnier, 
Institut Agronomique, Gembloux, Belgium) were positive. 
Lactose was a particularly good substrate and with most 
strains a very rapid and nearly quantitative yield of 
3-ketolactose was obtained. Only A. tume- 
faciens, strain No. 11.005 (A.T.O.O.), never 
produced 8-ketoglyoosides. We therefore 
doubt its correct labelling, even more so 
since we found no phytopathogenicity. 
Agrobacterium rhi: (strain 11.825 from 
A.T.0.0. and 8.196 from N.O.LB.) was 
physiologically quite different from the 
other two ies and did nob produce 
3-ketoglyoosi A total of 80 strains 
representing at least 88 species of the follow- 


Streptomyces and Xanthomonas. It seems 
thus quite likely that our original strains 
also be to the genus JAgrobacierkum. 
Electron microscopy showed them to posseas 
2-6 lateral flagella. They were not phyto- 
ogenic for Ohrysanthemum frutescens. 

on the foregoing information the 
following test for the quick detection of A. 
tumefaciens and radiobacter is proposed. A 
pure culture of the bacteria investigated, 
isolated from a plant tumour or any other 
source, is grown for 1-2 days at 25?—30? on 
slanted agar containing (in per cent w/v): 1, 
yeast extract (Difoo); 2, glucose; 2, calcium 
carbonate; and 1-5-2 agar. A loopful of the 
bacteria is deposited on & solid medium (1 
per cent lactose, 0-1 per cent yeast extract 
Difco and 2 per cent agar) in a Petri dish 
as a small heap, about 0-5 om or lees in 
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diameter. 4—6 strains can be applied on the same plate. 
The latter is incubated at 28° for 1-2 days. afterwards 
flooded with a shallow layer of Benedict reagent and left 
at room . If 3-ketolactose is present & 
yellow ring of Cu,O becomes visible around the cell mass; 
after one hour it is maximal in diameter (about 2-8 om), 
its yellow colour contrasting strongly with the blue 
reagent solution. Calcium lactobionate, when used in the 
test medium instead of lactose, yields the same results due 
to 8-ketolactobionate formation, but it is lees readily 
available for routine analysis. Sinoe the yield of 3-keto- 
glycosides from maltose, maltobionate and sucrose is 
much smaller, the rings are weaker and less distinct. 
Practical application of this test is being investigated. 

We thank the Nationaal Fonds voor Wetenschappelijk 
Onderzoek for a grant, Dr. J..la Rivière (Delft) for strains 
and Dr. Ch. Bonnier (Gembloux) for strains and for 


carrying out the phytopathological testa. 
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Effect of Bromouracil-labelled Transforming 
Deoxyribonucleic Acid of Bacillus subtilis 
on Cell Growth 
BROXxOUÉAOIL inhibits bacterial growth through’ ite 
incorporation into the deoxyribonucleic acids in place of 
thymine!; however, infectivity of bacteriophage’ and 
transforming activity" remain even though the DNA is 
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heavily labelled with bromouracil. In this communication 
we wish to report on the inco ion of bromouraoil into 
Bacillus subtilis wild-type DNA and ite effects on oell 
growth when the organisms are plated on the medium 
used for enumeration of the cell number in trans- 
formation experience. 

Ephrati-Elirur and Zamenhof’ as well as Bzybaleki e£ 
al.* have reported failure to obtain measurable bromouracil 
incorporation into wild-type DNA. The wild-type B. 
subtilis calls were ae the minimal medium described 
by Spizizen*; the ouracil at a concentration of 20 ug 
per ml. was added 3 h prior to collecting the cells by 
centrifugation. DNA was isolated by the Do of 
MoDonsid*. Paper chromatography of acid hydrolysed 
DNA by the procedure of Djordjevic and Sxrybelaki' 
revealed the presence of bromouraoil in the isolated DNA. 

Transformation of strain 168 (indole- to independence) 
was obtained with bromouraoil labeled DNA as well as 
with normal DNA. The labelled DNA was slightly leas 
effective. _Transformations were done by the procedure 
of Young and Spirizen'. 

Thero was a reduetion by about 10* of the number of 
cells growing on the enumeration (minimal plus trypto- 
phan) medium of total cell number. Fig. 1 shows photo- 
graphs of Petri dishes containing dilutions of the cells 
exposed both to normal and bromouracil containmg DNA 
cells plated on the control medium. This effect occurred 
when normal and bromouraoil labelled DNA’s were mixed 
in equal proportions; however, the normal DNA antag- 
onizes the bromouracil DNA. Acid hydrolysis of the 
bromouracil labelled DNA completely abolished the effect 
of growth inhibition. Addition of free bromouracil to the 
transformation medium did not inhibit growth on the 
control medium. 

Although our resulte agree with those of Ephrati-Elizur 
and Zamenhof’ and Bzybalski eż aj.*** in that the incorpora- 
tion of bromouracil into DNA allowed retention of trans- 
forming activity, we find that incorporation of bromour- 
acil Into DNA causes an apparent deorease in the number 
‘of viable cells which are able to grow on control medium 
when these cells have been incubated under transforming 
conditions with bromouracil labelled DNA. The poasibility 
that the incorporation of bromouracil is mutagenic under 
these conditions is being investigated. 

This work was suppo ported in pert by grants from the 
American Cancer Society (#-229 and E—229a). 
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VIROLOGY 


oi arse ee Effect of 5-Fluorouracil on the 
In vitro Antipoliovirus Activity of Guanidine 


PREvIOUELY!* we have shown that guanidine possesses 
a strong and highly specific inhibitory action against 
enteroviruses. This antivirus activity of guanidine 
seamed to us of interest due to: (1) ita specificity; (2) the 
simplicity of guanidine molecule; (3) the ability of guani- 
dine to stop the cytotoxic effect of poliovirus even when 
added to cell cultures which were infected several hours 
previously. 
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However, we were unable to determine the mechanism(s) 
of the tn vitro inhibiting activity of guanidine against the 
poliovirus. Guanidine inhibition of poliovirus replication 
was not counteracted by a number of biologically active 
substances such as amino-acids, purine and pyrimidine 
bases and vitamins. In addition guanidine did not seem 
to act directly either on the virus or on the cell. 

In order to elucidate the mechanism involved in tho 
antiviral action of guanidine, we have investigated how this 
action might be influenced by chloramphenicol and ð- 
fluorouracil. It is known that the former inhibits 
protein synthesis and the latter interferes with nucleic 
acid synthesis. 


Table 1. TA EU DEIN OF. eae een ee TIN AOTIOE OF 


Guanidtne 
hydrochloride b-YInorouaraail OPU tnhíbited* 
(mg/ml) (mg/ml) (mg/mL) 
025 — — 1,000,000 (4 
0-125 — — 10,000 (1 
0-082 = = 1,000 (4 
0-066 — - — 600 
0-06 — — 100 (9 
0-04 — — 49 (3 
— 0-051 — «10 
0-083 0-05 — 1,000 
0-06 005 — 100 
— — 0-033 t 20 
— — 001 5 (9 
— — 0-01 «b (4 
— — 0-0033 0 
0-125 — 0-02 1,000,000 
0-062 — 0,02 - 100,000 (3. 
0-062 — 0 0083 10,000 
0-066 — 0033t 300.000 
0 066 = 0 02 160,000 (5 
0-05 — 0011 10.000 
0-06 — 00s553T 40,000 
005 -— 0-02 10 000 
0-05 — 0-01 1,000 
0-04 — 0 08 5,000 


Table 2. INFLUEKOR OF Ü-FLUOROURAGIL OX TUR $m siro INHINTHON OF 
POLIOVIRUS REPLICATION BY GUANIDINN HYDROCHLORIDE 


Guanidine § 5-Fluorouraoll* CPU present tnto 1 mL of 


hydroohlaride (y/mL) medtum of 
(OPU) iml ) after days: 
1 2 3 4 
10° — — 10* 10* 
10* — — 10 10* 
10* — 20 10” 10° 
10° — 25 10* 10* 
10* 66 — 10* 10* 10! 
10° 668 25 103 10! 10* 
10° 66 — 108 10° 10° 
10* 66 25 10* 10 10° 10° 
10¢ 66 — 10* 10! 10° 10° 
10¢ 66 25 <10 10° 10° 10° 
10° 66 ^ = 10 10° 10 10° 
10* 66 25 «10 «10 10 10* 
10* 50 — 10  10* 10 
10* 50 10 104 10 10 10t 
* Hela œl tube inocula of polio-1-virus 
ei mi} These were incubated at 20° O x 60’, washed four times with 
ml. Hanks's which was matntenanoe 
or without nS 5-fincrouracil). The oultures were then moubeted 
at 36° 0. of GPU present in ihe eulture media (or in whole cal- 


tures after oryolyxis) was performed by the end-point method, at 
time-ntervals from viral inoculum. 
T Titcations performed with the whole culture aftar its oryolysis. 


Polio-1-virus (strain Brunhenders) was propagated in 
stationary cultures of HeLa celle, maintained in a medium 
containing Hanks’s balanced salt solution (B88), laot- 
albumin hydrolysate and calf serum. The substances to be - 
tested were added to the culture media in the proper con- 
centrations. The poliovirus cytopath ic effect (OPE) 
inhibition was evaluated after 5 days of incubation at 30? 
O. The inhibition of the poliovirus Denton was evalu- 
ated by counting the cytopathogenic unite (OPU) present 
at various time-intervals in the culture media. The results 
are summarized in Tables 1 and 2. They show that 
chloramphenicol, in doses tolerated by the cells, does not 
inhibit the peor CPE, nor does it reinforce the 
antipolio activity idine. The antiviral activity’ 
of 5- aoe ig o by our experimenta. Further, 
the resulte demonstrate that inactive or very slight active 
doses of 5-fluorouracil potentiate the antipolio-aotivity of 
guanidine. 
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We do not know the mechanism of this potentiating 
effect. It can be postulated that guanidine and 5-fluoro- 
uracil both interfere with the ribonucleic acid synthesis, 
or that 6-fluorouracil makes the cells leas suitable for 
supporting the virus replication. However, Kovacs‘ has 
observed that HeLa cells treated with large doses of 
colchicine are able to support poliovirus replication, as do 
the untreated cells. 


B. Loppo 
W. FERRARI 
A. BPANNDDA 
G. -BROTZU 
Departments af Pharmacology, 
Hygiene and Microbiology, 
University of Cagliari, Italy. 


*Loddo, B.. Ferri, W., Brotsa, G,, and Spanedda, A., Nature, 198, 97 


' B. W., Broixu, G., and Hpaneddsa, A., Doll. Ist. Siereter. 
Mi, ai, 111 (foot). 


* Gordon, AL P., Staehelin, M., J. Amer. Chem. Sos., 80, 2840 (1958). 
‘Kovacs, E., Meperienka, 14, £05 (1068); 18, TO (1901). 


Intranuclear Inclusions produced by Bovine ` 
para-Influenza 


- Myxovinuses generally produce cytoplasmic but not 
nuclear inclusions in infected tissues. Reports on the 
cytopathology of human strains of the para-influensa 
viruses! in stained tissue culture preparations record only 
the finding of intracytoplasmic inclusions, although in FL 
cells specific intranuclear immunofluoreecent staining hag 
been demonstrated with -influenza 8 (ref. 3). 
Reisinger e£ al.’ reported intranuclear and intra- 
cytoplasmic inclusions in calf kidney tissue culture 
infected with the:S.F 4 bovine strain of para-influenza 8. 
We have the SF 4 strain in pri monkey 
kidney tissue and Hag 3 oeil oaltares and have hoan Abl 
to` demonstrate nuolear and cytoplasmio inclusions in 
both systems. Intranuclear inclusions have been most 
readily demonstrated in infected Hep 2 cell cultures. 
Cultures were grown on a medium consisting of Earle's 
B88 + 15 per cent horse serum + 0-1 per cent glucose + 
1 per cent yeast extract + 0-2 per cent sodium bicarbonate 
with antibiotics. Before infection, cultures were changed 
on to & maintenance medium of the same composition as 
the growth medium, except that the horse-serum content 
was reduced to 1 per cent. Tube cultures inoculated with 
approximately 100 ZOID,, were fixed with Bouin’s fluid 
at 2, 8, 4 and 6 days post-infection and were stained with 
Ehrlich’s hematoxylin and eosin. Eosinophilic nuclear 
inclusions were first detected at 3 days, and at this stage 
were only in the nuolei, contained within syncytial areas. 
By four days the inclusions were demonstrable in all the 
nuolei within syncytial areas. Multinucleated cells con- 
ining nuoleer inclusions always contamed also cyto- 
plasmic inclusions. One to nine imolusions were found 
soattered within the nucleus, and were sometimes of such a 
shape as to suggest that two or three had become fused 
together. . 1 shows an infected Hep 2 cell sheet 
fixed and stained four days after infection. The clear 


halo surroundmg the inclusions is probably a product- 


of the method of fixation. : 

I have been unable to demonstrate similar nuolear 
inclusions in Hep 2 cells infected with a human strain of 
psra-influenza 8 under the same conditions. These 
findings suggest `a biological, as well as a serologicalt-!*, 
distinction between human and bovine strains, although 
further work is needed to demonstrate that nuclear 
inclusion formation is a constant distinguishing feature. 
Waterson" has suggested that the measles, distemper 
and rinderpest viruses be placed in the Newcastle disease 
virus group of myxoviruses. The production of nucléar 
inclusions by SF 4 virus, an accepted myxovirus, provides 
another link in this association. It also means that not 
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every virus growing in monkey kidney and Hep 2 cells 
producing syncytia and nuclear inclusions is measles as is 
sometimes assumed. It might be easy to confuse the two 
without serological or hamagglutination testa. 

I thank Dr. Robert Reisinger and Dr. Ronald G. 
Marshall of the U.8. Department of Agriculture for the 
supply of the SF 4 strain of virus, and Dr. M. G. Pereira, 
of the Central Public Health Laboratories, London, 
N.W.9, for the HA 1 virus of human origin. 
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Demonstration of Leptospiral and Viral 
Antigens in Formalin-fixed Tissues 
Durma the past few years the fluorescent antibody 
ure has been applied with increasing success in the 
emonstration of microbial antigens. Naturally oocurring 
cases of leptospirosis, venereal infections, influenza, rabies, 
and other diseases have been diagn 1 and further 
investigations will undoubtedly extend the application of 
this new diagnostic tool. 

The application of the fluorescent antibody procedure 
is nevertheless limited by the lability of some of the 
antigens to be demonstrated. The quick freezing of tissue 
specimens, which is the best method for retaining the 
immunological activity of the anti is often not 
practicable under field conditions. th fixation in 10 
per cent formalin and storage at room temperature pro- 
gressively decrease the property of the antigens contamed 
in the tissues to bind with the fluorescent conjugate. 

Application of the fluorescent antibody procedure to the 
detection of leptospiral* and viral? antigens in formalin- 
fixed tissues has been attempted with negative results. 
Its feasibility was considered worth investigating, and 


410 : 


several chemical substances were taken under considera- 
tion to determine their capacity in neutralizing the action 


| of the formalin on the antigens. 


z 


, Immune sera, globulins, fluorescent conjugates and 
tisuo extracts were prepared according to a procedure 
previously reported‘. Antileptoepira sera were prepared 
in rabbite; anti-canine distemper and infectious hepatitis 
sera in dogs; anti-Newoastle disease sera in rabbits and in 
chickens; anti-infectidus bronchitis, laryngo-tracheitis and 
fowl pox sera in chickens. To obtain a high antibody-level 
it was sometimes necessary to concentrate a conjugate 
by ammonium sulphate precipitation’. Acetone tissue 
extracta, for abeorption of the conjugates, were prepared 
from fresh and formalin-fixed tissues of several animal 
species. Four micron sections of both fresh and formalin- 
fixed tissues were obtained by means of a cryostat (Harris). 
A Fluorex (Reichert) apparatus and the filter combination 
UG-1 (primary), W-24 (sécondary) and S-GB 12, GG-9, 
respectively, were used for microscopical observation. 

Leptospiral amears which had been kept in 10 per cent 
formalin for two months and were no longer stainable by 
means of the conventional fluorescent antibody procedure 
were blotted dry and fixed in acetone at room temperature 
for5min. After drying at 87° C they were placed for 5 min 
in one of a series of ten-fold dilutions of sodium phosphate 
monobasic, dibasic and tribasio, sodium bisulphite, sodium 
carbonate and bicarbonate, sodium hydroxide, potassium 
phosphate monobasic, potassium hydroxide, ammonium 
sulphate, ammonium chloride, ammonium oxalate and 
ammonium hydroxide. Afterward the slides were washed 
in pH 7-2 buffered saline containing 3 per cant ‘Tween 80’, 
blotted dry and reacted with the immune conjugate at 
18° O (or at 87? C). After washing in buffered saline the 
slides were counterstained with rhodamine iflo con- 
jugate (Difoo) diluted 1 : 10, washed in buffered saline, 
and mounted with buffered glycerine. Specificity of the 
positive resulta was determined in every case; immune 
non-labelled globulin applied to the section before the 
fluorescent conjugate inhibited the specific fluorescent 


- stain. It was seen that of all the chemicals tested only the 


contact for 8-5 min with 1 cent ammonium hydroxide 
or for 5 min with 25 per cent sodium bisulphite allowed a 
bright staining of the microbial bodies. A similar effect 
was obtained by exposing the smears to ammonium 
hydroxide vapours for 48 h at 87° O. Leptospira could be 
detected by application of ammonium hydroxide or 
sodium bisulphite to sections of formalin-fixed tissues of 
experimentally and naturally infected animals. Tissues 
gave identical resulta when submitted to fluorescent anti- 
body diagnosis either after quick freezing or after formalin 
fixation for several months, and slight shrinking of the 
leptospira was the only morphological alteration observed. 
A good correlation was found between the resulta obtained 
by the fluorescent antibody procedure applied to formalin- 
fixed tissues and those obtained from the same cases by 
serological, isolation and silver mpregnation techniques. 

Formalin-fixed post-mortem tissues from cases of canine 
distemper and infectious hepatitis were submitted to the 
action of ammonium hydroxide and sodium bieulphite. 
These cases had been diagnosed by the clinical symptoms, 
the presence of inclusion bodies, and the demonstration 
of viral antigen with the fluorescent antibody procedure 
in sections of quickly frozen tissues. The viral antigen 
detected in formalin-fixed tissues by the fluorescent anti- 
body technique was visible with equal clarity and in the 
same intracellular location as in the tissues which were 
frozen immediately after collection. The only observed 
difference was a marked shrinkage of the fluorescent areas. 

Viral antigen was likewise clearly visible in formalin- 
fixed tissues of chicken embryos and chickens experi- 
mentally infected with Newcastle disease, infectious 
bronchitis, laryngo-tracheitis and fowl pox. The results 
obtained compared very favourably with those obtained 
from egg inoculation and from the application of fluoree- 
cent antibody procedure to quickly frozen tissues. 
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No oroes-reaction was noticed between the different 
conjugates used in this study; normal non-infected tissue 
did not stain. “Tween 80’ applied before the fluorescent 
conjugate increased the brightness of the specific fluores- 
cent areas two- to four-fold, allowing & considerable 
reduction in staining time. The non-specific fluorescein 
staining which resulta from the use of conjugates treated 
with heterologous tissue extracts can be quenched by the 
use of rhodamine oounterstain. This flnding was helpful 
in the diagnosis of diseases affecting different animal 

~ species because it eliminated treatment of the conjugates 
with species-specific tissue extracts. The striking oon- 
trast between the red background and the green antigen 
facilitated the detection of a considerable number of 
doubtful reactions. 

These modifications of the fluorescent antibody pro- 
cedure warrant further investigation because of the 
following practical implications: (a) elimination of the 
hazard of handling PE TEA material; (b) simplification 
of collection, shipment and storage of suspected specimens; 
(c) investigation by means of the fluoreecent antibody 
proeedure of speoimens submitted for routine histo- 
pathological examunation; (d) possibility of a more 
extensive use of this relatively new tool. 

This work was supported partially by a U.S. National 
Institutes of Health grant (No. #-2181). 

G. MAESTRONB * 

Animal Medical Center, 

New York. 
Squibb Institute for Medical Research, New Bruns- 
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CYTOLOGY 


"Pseudo- Quadrivalents in Autotetraploid Rice 


In the course of a statistical examination of chromosome 
pairing in PMO’s of varioug induced tetraploid forms of 
Oryza saiwa, I have found a regular decrease of the 
quadrivalent frequency from diakmesis to metaphase I. 
For 538 cells observed at diakinosis and 741 at metaphase, 
the mean numbers of quadrivalenta per cell were respec: 
tively 7-01 and 6-25 : this reduction (18 per cent) is very 
significant. Together with the reduction of quadrivalent 
frequency, & complementary increase in the number oi 
bivalents (from 8-63 to 11-01) was noticed. A few uni- 
and tri-valenta were also present at diakinesis (on an 
average 0-15 and 0-05 per cell) and their number increased 
up, to metaphase (respectively 0-47 and 0:17). Thee 
observations showed that some quadrivalenta became 
dissociated before anaphase; they generally gave rise tc 
two bivalenta, but sometimes to one trivalent and one 
univalent or one bivalent and two univalente. 

During diakinesis and, more frequently, during prometa. 
phase and metaphases, some chromosomes to be 
leas closely assomated than in typical quadrivalents: they 
were separated by a partly achromatic zone or & more o) 
lees elongated thread. Some groups of four chromosomes 

. appearing as quadrivalente, were thus formed by a loose 
association between two bivalents or, lees frequently 
between one bivalent and two univalents or one trivalent 
and one univalent. During metaphase, the bivalent 
associated in this way were both regularly orlented in the 
spindle, just as two independent bivalents, the achromatic 
zone being thus parallel to the spindle fibres. I founc 
many intermediate figures between apparently typica 

ivalente and pairs of bivalents which seemed almosi 
(Figs. 1-6). I also found some stages of dissociatior 
of quadrivalente giving one trivalent and one univalent 
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(Fig. 7) or one bivalent and two univalente (Fig. 8). At 
metaphase, the location of some tri-, bi- and uni-valents 
showed that these chromosomes were proceeding from & 
quadrivalent. . x 

If it is assumed that in every quadrivalent observed 
during prophase the four chromosomes are bound by 
shiasmata, it is difflculb to explain their separation before 
anaphase. During metaphase, the chromosomes are 
stretched to the spindle poles, which indicates the direo- 
bion of the forces operating on them; but the partition 
of the quadrivalent in two bivalents does not oocur in that 
way. Tho chiasma frequency is not high in rice: Soriano! 
found a mean of 1-6 bivalent for five diploid varieties. 
In spite of that rather low chiasma frequensy, 03-4 
oent of the chromoeomos of the tetraploid are PEER n 
quadrivalenta at diakinesis: this proportion is high, in 
comparison with the tetraploids induced in many other 
species. The four homologous chromosomes certainly 
gather at xygotene, but chiasmata are not always formed 
bebween all of them, so that a number of uni-, bi- and 
tri-valents may oocur. It is possible that some chromo- 
somes which are not bound by chiasmata remain neverthe- 
lesa together up to diakineais or metaphase, due to an 
adherence between them. Thus, some groups of four 
chromosomes are not true quadrivalents and may be 
called peeudo-quadrivalente. 
~ These -quadrivalente are to be compared with 
the peeudo-bivalente observed in some haploid, agynaptio 
or hybrid plante, where homologous chromosomes do not 
form ohiaamate. Several hypotheses have been proposed 
to explain the origin of the pseudo-bivalents, but the most 
frequently sm is a fusion of the chromosome 
This hypothesis may be admitted as a tenta- 
tive interpretation of the nature of the adherence between 


some chromosomes which are not bound by chiaamate in . 


sutotetraploid rice. Thus, the decreasing number, after 
diakiriesis, of the chromosome associations appearing as 
quadrivalents, and the increasing frequency of the uni- 
and tri-valents are interpreted as resulting from & more or 
leas precocious ‘slackening of some inter-chromosomal 
connexions in peeudo-quadrivalente. 
1 i J. BOUHAEMONT 

Laboratoire de Cytogónótique, 

Institut Carnoy, Louvain. 

1 Soriano, J. D., Genetics, 48, 900 (1961). 


* Gustafsson, À., Hereditas, 80, 1 (1035). 
* Wagenaar, B. B., Canad. J. Bot., 88, 09 (1960). 
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Differences In Interactions between Selective 
Forces acting In the Wild on Certain 
Plelotropic Genes of Cepaea 
Tum snail Copasa nemoralis is highly polymorphio for 
The genetic 


-controlling clear-cut characters. The snail is also highly 


sedentary. It therefore offers a favourable opportunity 
for investigating local differences in the interaction of 
palective forces affecting the polymorphism. The colour 
and banding Varieties of the shell have been shown 
already! to be subject to visual selection by predators, the 
more conspicuous shells being preferentially removed, 80 
that the intercolony variation, which is considerable, of 
the phenotype frequencies is largely ‘determined in 
relation to the visual properties of the bac unds of the 
colonies. Since the polymorphism is stable, some non- 
visual selection, probably acting as heterorygote advan- 
tage, must maintain the balanoe, while visual selection 
sways it to different extents in different places. The 
majority of Cain and npe voie observations were made 
in the Oxford district; ey pointed out that elsewhere 
a different general balance might be found because of 
De differences in the overall non-visual selective 
egt. 

Such effecta have now been found by us on a far greater 
scale than was anticipated, and involve both great 
predominances (sometimes up to saturation) of particular 

over areas large with that of a panmictic 
unit of this snail, and the abutment of such areas on 
others with very different frequencies, producing extremely 
steep morph-ratio clines. Moreover, in these areas we 
find & virtual annihilation of the effecta of visual solection, 
although there is evidence that this class of selection is 


acting. 

In the Oxford district and adjacent districts off the 
Chalk, interoolony variation accords well with variation 
in bac und. But on the Marlborough Downs, only 
85 miles from Oxford, the situation is quite different. 
ical chalk downs with large expanses 
of grams, and & ew beech and other deciduous woods. 


Tho Qeon Mision EDU of approx- 
has aiea, 


e contrasting backgrounds are occupied ‘by the 
ils, predating 


Oepasa. This is caused by a fixation of the modifier M3 
con’ 
the north-east of the district investigated is an area of 
about one square mile which, on the contrary, has a very 
high ine d of ‘five-banded snails (75-100 per cent). 
This heavily five-banded area approaches very close to 
the non-five-banded area in the extreme north of tho 
district, and here the percentage of the-ftve-banded form . 
rises from 84 to 98 per cent over only 500 yards. Enoloeed 
within the non-five-banded area there is a sub-area in 
which brown forme are extremely abundant, reaching 
98-98 per cent on some stretches of open downland. 
This brown sub-area abuts on another in which yellow 
forma predominate, and at one place a change from 98 per 
cent brown forms and 0 per cent yellow forms to 12 per 
cent brown forms and 80 per cent yellow forms occurs 


412 
~ over a distance of at most 180 yards. (Pink forms remain 
at about 8 per cent.) Finally, a long narrow sub-area, 
cutting right across the colour sub-areas, has a remarkably 
roportion of the spread-banded form, very rare 

ere. 

Bubseqnent investigations in other districta of downland 
have shown similar areas, characterized by high frequen- 
cies, often ap i i i 
banded, _Spread-banded, and five-banded forms ; the 
frequencies do not vary in relatian to the available types 


populations enclosed are-so great that the ibility of 
ER drift being an important factor oan ected. 
elective forces, certainly not visual, must be &cting to 
produce these area affects, and calculation suggests that 
quite slight changes of selective value of the homoxygotea 
relative to the heterozygotes, from those present in the 
Oxford district, would suffice to produce a very marked 
area effect. The nature of the non-visual selective forces 
needs investigation. 7 
Several workers have shown a variation in gene- 
frequency from place to place because of the variation in 
action of ‘one selective force or in interaction of two*-*. 
The results are analogous with ours for the Oxford district, 
in which, although non-visual selection maintains the 
polymere bien, the variance between colonies is caused 
y variation in direction and pressure of visual selection. 
But we find in other districta that, with the same classes 
of selection acting, the variance between colonies is as 
groat as or greater than in the Oxford district, yət ia 
etermined scarcely at all by visual selection but almost 
entirely by non-visual, in such a way that large areas are 
characterized by rather constant and often extreme 
gene-frequencies which may change abruptly at the edges 
of the areas. With suitable material, such differances in 
action and interaction of different seloctive forces will no 
doubt be shown to occur widely. > 
A full statement of this investigation will be published 
elsewhere’. 


Department of Zoology, 
University Museum, Oxford. 


A. J. Oan 
J. D. CUREBY ' 
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Transpositions of Modulator in Maize into 
Divided and Undivided Chromosome Segments 


VARIEGATBD pericarp (P™Mp), a highly unstable allele 
in maize, comprises two distinct and separable com- 
ponente, symbolized as Pr and Mp. The Pr gene 
which, when ied locally by Mp, conditions 
uniformly pi ted (self-coloured) pericarp and cob is 
fixed in position at the P locus in the short arm of chromo- 
some 1. In contrast, modulator (M p) is an element which 
is transposable independently in somatic cells from this 
position to a wide variety of other chromosome sites, and 
preferentially to those nearby. Mp, when immediately 
associated at the P locus with P™, suppresses pigment- 
producing action of the latter, giving colourless pericarp 
and oob. The composite. variegated pericarp phenotype 
is the outcome of numerous Mp transpositions during ear 
development, ing in PT expression in the form of 
irregularly distributed coloured pericarp sectors of various 
sizos on & colourless background?:!, 

Tho resulta summarized here show that during a mitosis 
in which & transposition from the P locus occurs a state of 
division at the recipient locus is not a neceasary condition 
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of re-inoorporation of Mp into a chromosome. Critical 
evidenoo on this point was afforded by the genetic analysis 
of twinned mutations of medium variegated to self- 
coloured and light variegated pericarp. 

Twinned self-coloured and light variegated mutants 
evidently originate in a somatic mitosis which resulte in 
daughter cells of two kinds with respect to Mp. Those 
cells then become progenitors of & pair of adjacent, but 
unlike, cell lineages. Tr-Mp composition of the light 
variegated component can be inferred directly from the 
resulting pericarp phenotype. Medium variegated planta 
are gous for variegated and a stable oolourlees 
allole (Prr'Mp|Pvr). Light variegateds carry a transposed 
modulator (tr- M p) in addition. Self-coloured mutants are 
P=/Py at the P locus, and may or may not carry a trans- 
posed modulator. The presence or absenoe of ir-M p in the 
self-coloured oo-twin can be determined in crosses of this 
mutant with a suitably constituted strain possessing the 
dissociation (Ds) factor described by MoClintock?. 

Assay by the Ds technique of 80 independently oocur- 
ring twinned mutations showed that in 52, or about two- 
thirds of them, the self-ooloured mutant waa tr-Mp 
positivo and was tr-M p negative in the remaining 28. Thus 
the twinned mutatione, although phenotypically alike, 
proved to be of two genotypes. 2 

It may be assumed in the case of the minority clase of 
twins that when division of the chromosome carrying tho 
variegated allele (PEM p) occurs at the P locus M p is lost 
from one, but not the other, of the two resulting chroma- 
tids, and that one daughter coll (light variegated) acquires 
directly, but in a different location. the M p unit which the 
other daughter cell (self-coloured) loses. 

Two tr-M p unite, one in each oo-twin, are to be accoun- 
ted for in the majority class of twinned mutations even 
though, as in the other category, there is a single donor 
variegated allele in the parent medium variegated cell 
(Prà piP™). Evidently Mp is reduplicated twice during 
a aingle mitotio cycle in these cases, once at the P locus 
and again elsewhere after ition. 

It was postulated that ir-M p in the majority class of 
twinned mutations is incorporated at a new site during & 
differential mitoais before the chromosome at that level 
has split into chromatids. Reduplication of tr-M p then 
ensues in phase with division of the chromosome di aa 
in question. A prediction that follows from this hypo- 
thesis is that tr-M p will be located in the same position in 
both members of such a twin. 

Three-point linkage teste between ir-M p and markers on 
the short arm of chromosome 1 were made with 18 twinned 
mutations of the majority class. The observed amounts of 
recombination for the seven twinned mutations in which 
ir-M p was found to reside on chromosome 1 are given in 
Table 1. Estimates of recombination in this material are 
affected by secondary transposition of tr- M p, as well as by. 
sampling. In 11 of the 14 paired entries in Table 1 the 
recombination value is lees in the self-coloured than in the 
light variegated class. This bias is attributable to the 
fact, established in a previous investigation, that when 
more than one Mp unit is present, as in light variegated 


Table L RECOMBINATION UNWNCIEB SETWFEX TRAXEPOSSD MODU- 
LATOR AND CHROMOSOME 1 MARKERS DX OO-TWIX MUTANTS H 
of 
Twin No. of ir- Mp with 
montants Member plants - - —7g 
scored. P (847) (18.48) (18.79) 
1 SeH- 704 3-7 56 
Light variogated 542 22 46 
. RR me H 
£ 
fees | aE 
(0 Eras fW di 
i . 
no Birka mo di i 
no Mus di Hi H 
4 D 
18 Self-enloured 136 22-4 191 
Light variegated 480 22.3 190 
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When allowanoe is made for secondary transposition of 
tr-Mp and sampling effects, two conclusions become 
apparent from the resulte in Table 1. First, the amounts 

recombination observed between. ir-M p and the markers 
within oo-&wing correspond closely enough to suggest that 
the sites of tr-M.p in the two: respective mutants are 
identical. ,Each of the seven twinned mutations affords an 
independent test of this relation, and conformity to the 
rule is apparent in six of them. Twin 11 is possibly an 
exception. The second conclusion is that the position to 
which M p is transposed differs from twin to twin. 

The coincidence in chromosome position of tr-M pin the 
members of & twin pair is in agreement with the hypo- 
thesis that Mp may be transferred from the P logus to a 
new sito, and then re-established there, in advance of 
division of the chromosome into chromatids at that level. 

A fuller account of these experiments has been published 
in Genetics’. 

This work was aided by grants from the research com- 
mittee of the Graduate School of funds supplied by the 
Wisconsin Alumni Research Foundation and by grants 
from the National Science Foundation. 

Inwixs M. GEEENBLATT 
Biology Department, : T 
Marquette University, j 


Milwaukee. 
A R. ALHXANDHE BEINK | 
Department of Genetics, 
University of Wisconsin, , 
Madison. 


1 Brink, R. A., and Milan, B. A., Gemetics, 37, 510 (1082). 

"Van Sobatk, Nancy, and Brink, E. A., Gemacs, 44, T25 (1959). 

* MoCitatook. Barbara, Gemetíes, 88 570 (1053). 

‘Wood, D. R., and Brink, R. AL, Pres. U.S. Nat. Acad, Soi., 2, 614 (1956). 
‘Greenblatt, L M., and Brink, E. A., Genetics, 47, 490 (1062). 


Mutation and Recombination of Flagellar 
Antigen I of Salmonella typhimurium 


character. e now report a serological and genetical 
investigation of mutants of S. typhimurium with slightly 
altered forms of the phage 1 flagellar antigen +. 

BS. typhimurium strain LT2 adeC-7 prod-46* was 
inoculated into plates, of semi-solid medium containing a 
just immobilixing concentration of rabbit anti-t serum 
and an excess of serum against io ani apr ie P 
parent strain yielded eight mutanta, each with a phase 1 
antigen slightly different from the wild-type antigen 4. 
A further mutant antigen was obtained in & strain of 
S. typhi previously given antigen + by transduction from 
S. typhimurium. Serological analysis of the nine mutant 
forms of 4 (M5 to iM13) showed that two of them were 
antigenically i isti i le; these two mutants arose 
in different clones, presumably from identical mutations. 
No reversion to wild- i was detectable, even by the 
sensitive test of selection in semi-solid medium with 


z-N-methyl lysine in their flagellins*. 
'4M6 and iM9 differed from wild-type 4 and the other 
mutant forms by their reaction with non i gents; 
to titres of 2-100, by sera from non-immunized rabbits 
and rabbits immunized with cally unrelated 
Salmonella, and even by several anti-+ sera completely 
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absorbed with the antigen used for immunization. Sus- 

i of 4M6 and (M9 flagella, but of no others, caused 
Bocculation of Indian ink particles in 0-5 per cent sodium 
chloride. ‘The method used for isolation of mutants 
those which lacked some serological 


of wild-type +. As was to be expected the 
anti-i serum used to select mutants agglutmated the 
mutants to lower titres than it did wild-type + Several 


the wiiliype to ee but these sera 
absorption with any one mutant still 


i; that is, that each mutant has lost same of the antigenio 
spegificity of wild-type €. Anti-i (wild-type) sera fully 
adsorbed with any one mutant agglutinated some other 
mutants, aa well as wild-type; sera from three different 
rabbits gave the same complex pattern of residual activity. 
These resulta, and those with one serum absorbed with all 
pairs of mutanta, indicate the existence of at 
thirteen sub-factors in antigen $, each mutant 
lacking a different sub-factor or combination of sub- 
factors 


Unabeorbed rabbit anti-mutant sera had equal titres 
(1,000-20,000) with the homologous mutant antigen, 
the reet of the mutant forms of 4; after 
absorption with wild-type $ each serum still 
its homologous mutant antigen, to titres of 
Thus all the mutanta (except perhaps the 

agplutinsble iM6 and iM9) possess 

specificities or sub-factors absent in wild-type $. 
Antisera against iM7, iM10 and i412, fully absorbed 
with wild-type $, aggtutina ted all three mutant antigens; 
their relationship as analysed by croee-abeorption is: 

iM" a b,c 

iM10 & b,d,e 

iM12 a, d,f 
the letters representing antigenio sub-factors &bsent from 
wild-type i. 

To test for recombination between pairs of mutent $ 
antigens we first obtained from each serological mutant 
one or more non-motile (because non-flagellated) variante 
resulting from mutation at fia sites closely linkod to HI, 
the locus determining the phase 1 flagellar antigen':‘, 
A fia- variant of one $ mutant (recipient) treated with 
phage P22 grown on the flat form of some other $ mutant 
(donor) was inoculated on to semi-solid medium containing 
sera against the-donor and against the recipient mutant + 
antigens, each fully abeorbed with wild-type $ antigen, 
and anti-1,2 serum, to immobilize bacteria ing the 
phase 2 antigen; motile (fiat) transductants with wild- 
type (that is, recombinant) + antigen, but no others, can 
spread in this medium. Antigen iM8 could not be tested 
because it was available only in S. typhi. No wild-type re- 
combinanta were found in crosses of iM9 with other 
mutants; it may be a double mutant. Wild-type t reoom- 
binante formed 1-80 per cent of the total of fiat transduct- 
anta in crogses of (MO with iM5, iM7, iM10, 111 and 
4M12; and a very small proportion in crosses of 4M 10 with 
iM5, iM11 and iM12 and of iM5 with iM11. Thus the 
sites of the iM6, 1M 10. iM5 and iM11 mutations at least 
do not overlap. The order of the sites of mutation within 
the H1! gene and the linked fia- sites was inferred from 
experiments of this sort, and others involving fio- donors, 
on the premise that fiat transductente with H1 antigens 
requiring four cross-overs would be much leas common 
than those requiring only two cross-overs. For example, 
with a fla-p donor and a fia-z recipient a high proportion 
of fiat transductants with the mutant $ antigen of the 
donor excluded the order flagJjíap-Hl, which would 
necessitate four cross-overs; and with a fiat donor and 
fio- recipient an abundance of fiat transduoctante with 


complete 
agglutinated 


non 
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wild-type (that is, recombinant) $ excluded the order fa— 
D-R-, where D and R are the sites of mutation within 
Hl of the donor and the Tecipient, respectively. The 
inferrod order of the ma ped sites is fla 50-fla 58 fla 57— 
M10-(M5, M12)-M11- M0 la 52-fla 55. Iino’ attri- 
buted the locomotor defleienoy and short wave-length of 
the ‘curly’ phase 1 flagella of S. typhimurium strain 
SW 577 to mutation within the Hl loóus; crosses of 
stram SW 577 with fla- forms of our serological mutants 
confirmed this, and indicated that the ‘ourly’ site’ is 
probably between the M11 and the (M5, M12) sites. ' 


structure of flagellin 4, may cause a change in the sero- 
L i $ (and in some mutants a 
non-specific aggiutinability also) without impairment of 
locomotor function; or « loes of locomotor function 
without antigenic change’; and the gites of mutation can 
be mapped linearly within the gene. Some of our mutant 4 

have now been shown to give trypiio-digeet 
by wild-type 


with the order of co 
along the polypeptide chain. 
T. M. Jovs* 


i B. A. D. STOOKERB 
Guinness-Lister Research Unit, , 
Lister Institute of Preventive Medioine, 
London, 8.W.1. 
* Present ; 

v ores of Microbiology, School of Medicine, 
! Kaufmann, F., Fnéerobecteriacess O£unksgaard, Copenhagen, 1961). 
* Oroki, H., Genebios, 44, 457 (1959). - 
* Ino, T., J. Gen. Microbial., $7, 167 (1902), 
Mary B A, D., McDonough, M. W., and Ambler, B. P., Nature, 189, 
bark ioe D., Zinder, N. D., and Ledecberg, J.; J. Gen. Microbial., 
* Lederberz, J., and Edwards, P. B., J. Immunol., 71, 233 (1953). 
"MeDonough, M. W., Bioohem. J., 84, 114P (1902). 


MISCELLANEOUS 


Tsetse in the Environment of Ancient. Man 
in Southern Rhodesia 

Sumacans! in Southern Rhodesia has examined the dis- 
tribution of prehistoric sites (that is, containing traces of 
ancient man), and the historic routes followed by invaders 
and pioneers since 1828, and concluded that there was 
throughout the whole prehistoric and historic periods ‘‘a 
marked aversion to Mopane woodland” (that is, deciduous 
woodland dominated by Colosphermam mopane and now 
„occurring especially in the Zambezi and Limpopo valleys). 
He suggeete that this aversion was because of the presence 
of the teetse Glossina morsitans in mopane areas. ' 
. It is generally agreed (for example, Hornby*) that 
~ teetee, before modern drugs came into use, kept out all 
kinds of domestic stock except poultry from their areas, 
and that consequently they excluded any men who could 
not or would nob live without their stock. Historical 
examples of this exclusion embrace the alignment of the 
roads used by the ox-drawn wagons of European pioneers, 
as noted by Summers!. However, Summers’s hypothesis 
requires that taetee should exclude also Stone Age men who 
had not yet acquired any domestic animals. If teetee 
had any effeot on the distribution of such primitive men, it 
must have been wrought through the human disease, 
sleeping sickness, and of course Rhodesia is the type- 
locality of the organism, rhodesiense, which 
causes the acute form of sleeping sickness. It should be 
noted, however, that sleeping sickness as we know it to-day 
- does not exclude, hunters and food gatherers. In the first 
place, although sleeping sickness cannot occur in the 
absence of taetae. tsetse can occur in the absence of sleeping 
,Sicknees; in fact sleeping sickness is very localized, and 
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the areas in which it is found are but a small fraction of the 
areas occupied by its vectors. Secondly, even in place 
where sleeping sickness occurs, hunting and food gathering 
go on. A well-known instance is the Malagarasi Riven 
system in the Western Province of Tanganyika, which is 
almost uninhabited during the web season, but is visitec 
by hunters, fishermen and collectors of honey during the 
dry season. During 1953, 1954 and 1955 this aree pro. 
duced more than half the cases of T. rhodesiense sleeping 
sickness ‘diagnosed in all Africa (Ashoroft*). It is, oi 

urse, possible that in the past T. rhodesiense sleeping 
sickness was a more widespread and more easily con. 
tracted disease than it is to-day, and that it totally excluded 
man in the same way that animal trypanosomiasis (nagana) 
totally excluded cattle from all taetae areas in the recent 
past. But it is also poasible that T. rhodesiense sleeping 
sickness is a modern disease which did not exist at all in 


. prehistoric times. In the absence of any evidence either 


way it does not seen legitimate to postulate alterations in 
the properties of a trypanosome to explain archwological 
observations. . . 

It is suggested that, while the alignment of the European 
Pioneers’ roads to avoid teetee areas is a historical fact, an 
alternative explanation must be sought for the aversion 
to mopane areas of peoples not known to have domesti- 
cated animals. 

Chatwood, Wokefleld, 

Mortimer, Berkshire. 

1 Sommers, R., Prec, Amer. Phil. Soc., 104, 266 (1900). ; 
* , H. H., Animal in Eastern , 1949 
Hornby, 1 : 7 Tripanosomiasis Africa, (Colonial 


* Asheroft, M. T., Trop. Dis. Bwll, 68, 1078 (1980). 


J. P. Guaseow 


A Radioactive Marking Ink 


WHaN autoradiography is used to, detect 
pounds on paper chromatograms, a radioactive ink is a 
useful adjunct. With this mk, a visible mark can be 
made on both the paper and the X-ray film in order to 
assist their re-alignment after the film has been developed. 
For radioactive components of such ink, non-volatile 
compounds of carbon-14 or sulphur-35 have been sugges- 
ted, but suitable materials are expensive ao that a cheaper. 
alternative was sought. 

A satisfactory in pisi Gn a 

ium-147, which emite §-particles (0:27 MeV) and 

a half-life of 2-0 years. I thank Dr. J. O. Charlton of 

the Radiochemical Oentre, Amersham, for the suggestion 
that this i ive isotope might be useful. 

The promothium.147 was supplied as the chloride 1 mo. 


oom- 


‘in 0-25 ml. N hydrochlotic acid. This solution was diluted 


with 1-5 ml. water and N ammonia solution was added 
to make it neutral to phenol red; it was then added drop- 
wise to 66 ml. 'Mandarin' indian ink (Winsor and Newton) 
with thorough mixing after each addition. If the isotope 
is supplied in a larger volume of acid, or for other vatieties 
of ink, it would be advisable to check first that the ink will 
tolerate the addition of the calculated amount of ammon- 
ium chloride. 1 . 

Marks made with the ink mixture gáve intense images an 
Ilford 'Ilfex' film after overnight contact. For use on 
chromatograms which required some weeks’ contact to 
detect compounds of low activity, the mixture was further 
diluted 1 : 20 with indian ink. 

The radioactivity in the ink marks on ordinary filter 
paper or on filter paper impregnated with silicic acid was 
not removed by repeated washing with water; it was, 
however, leached out by N hydrochloric acid. 


- J. E. GARDINHB 
Department of Pharmacology, 
- Institute of Basic Medical Sciences, 
Royal College of Surgeons, 
Lincoln’s Inn Fields, 
London, W.O.2. 
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THE BRITISH MUSEUM 


HE British Museum Bill, which received ite second 

reading in the House of Commons on December 20, 
js an important first step towards the projected National 
Reference Library for Science and Invention—that eeeen- 
tial and overdue counterpart of the new National Lending 
Library for Boience and Technology. It provides, in par- 
ticular, means by which the transfer can be effected, in 
due course, of books and other objecta to this projected 
Reference Library as well as to the new library building 
to be erected at Bloomsbury. As the chief secretary to 
the Treasury and Paymaster-General, Mr. J. Boyd- 
Carpenter, explained in moving the second reading, the 
British Museum is the oldest of Britain’s major national 
cultural institutions, and ite age alone has meant that ita 
legal foundations are tied up in a great mas of largely 
archaic legislation. The Bill proposes to repeal in toto 
some sixteen statutes, two of which go back to the 
eighteenth century. 

While this is one of the great libraries in the world, 
the capacity of which is vastly overtaxed, under the 
present law it is possible, apart from the newspaper 
repository at Colindale, to store this material only in the 
Bloomsbury building. Although erection of a new 
library building on a site adjoining the Museum has been 
proposed for some years, the present law would not 
permit the use of such a building for the books of the 
library. Fresh legal powers would first be necessary, as 
they are required to permit lending the contents of the 
Museum for exhibition or disposing of its property. „Mr 
Boyd-Carpenter also referred to the need to revise the 
constitution of the trustee body and the desirability of 
giving a separate legal entity to the present British 
Museum (Natural History) at South Kensington with its 
out-station at Tring, which had, in effect, for many years 
been & separate institution. 

Taking these four major matters in succession, Mr. 
Boyd-Oarpenter said that, under the present law, the 
collections could only be housed for exhibition in ‘‘author- 
ized repositories” as deflned by statute. Under Clauses 3 
and 9 of the Bill, it would be possible to designate further 
placea, such as the proposed library building at Bloome- 
bury, and the National Reference Library for Science and 
Invention, to be built, as a part of the Museum, on the 
South Bank in buildings to be shared with the new Patent 
Office and including the existing Patent Office library. It 
1$ hoped that work on this will start in 1063 and that the 
Reference Library will function not later than 1966. 

This is the aspect of the whole project with which 
scientista and technologists are probably most famillar. 
However, it received littl attention in the debate, 
although Mr. W. R. Rees-Davies stressed the importance 
of completing as soon as possible the building of the 
National Reference Library, and Mr. Austin Albu dealt 
with this in greater detail. Mr. Albu thought that there 
now seemed to be general agreement that the plans pro- 
duoed for the new Reference Library under Sir Frank 
Franois were developing satisfactorily, but that there was 
some concern as to whether what was proposed would 
prove 6 satisfactory permanent arrangement. There was 
reason for strengthening the scientific and technological 
side of the trustees, and Mr. Albu thought that the 


Research Councils had an interest in this matter. He 
was not convinced that such a specialized library as the 
new Reference Library had ite place in the British Museum, 
and there was still some anxiety over the separation of 
the current books and periodicals, to be situated on the 
South Bank, and the non-current books, which would be 
located at Bloomsbury. Quick reference to these was also 
frequently important, and, while Mr. Albu gave a qualified 
weloome to the Bill, it was not unreasonable that ho 
should look for some assurance that the constitution of 
the Trustees was such as to ensure that the special interesta 
of science and technology and the contribution which an 
efficient reference library of this character could make to 
industry were fully safeguarded. 

That alone puta into perspective the importance of the 
proposals of the Bill with regard to Trustees. Mr. Boyd- 
Carpenter did not suggest that the present system was 
not functioning reasonably well, though he pointed out 
that this was due largely to the development of the non- 
statutory system of the Standing Committees which 
carried out most of the day-to-day control of the Museum. 
Nevertheless, the present body of fifty-one people, twenty- 
three ex-officio, was by modern standards too large, and 
it seamed highly desirable to put this body on a similar 
basis to the trustees of other major national institutions. 

The British Museum Act, 1753, specified the Arch- 
bishop of Oanterbury, the Lord Ohancellor and the 
Speaker of the House of Commons as Principal Trustees. 
Others specified át the time included the Secretaries of 
State, of whom there were then only a few, the Lord Chief 
Justice and the Bishop of London. It has been inevitable 
that all theese could not be present at all meetings 
concerning the Museums. In fact, the ranning of the 
two Museums has been in the hands ‘of the Standing 
Committee of twenty, mostly Trustees elected with the 
view of such service, but including one previous ex-officio 
trustee, in Mr. Chuter Ede, in view of the interest he had 
taken as Hame Secretary. It has been useful to have had 
on call in the Principal Trusteee men whoee wisdom and 
experience have been a great source of strength in difficulty, 
but one of the main disadvantages has derived from the 
fact that the Standing Committee has had to serve the 
two Museums. 

This disadvantage will be removed by the formal 
separation of the two Museums, and & propoeed new 
trustee body of twenty-five for the British Museum, 
Bloomsbury, fifteen appointed by the Prime Minister 
on the same basis as for other national institutions, will 
remove the basis for some superficial oriticiam. Four 
of the new Trustees will be appointed on the nominations 
of the Presidents of the Royal Society, the Royal Academy, 
the British Academy and the Society of Antiquartes of 
London, respectively, and five by the Trustees of the 
Britiah Museum. Professional expertise is not sought 
in the Trustees but rather sympathy with the work, a 
wide knowledge of affairs and of Government administra- 
tion, and the capacity to encourage the staff. The 
new Trustees will appoint their own chairman. 

On the third point, Mr. Boyd-Carpenter said that the 
Bill would give the Trustees the power to lend abroad on 
the same basis as at home, and would regularize tho 
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lending power at home distributed over a number of 
statutea—subject to the interests of students visiting the 
Museum. He assured the House that the words of the 
proviso gave the Trustees sufficient protection against 
any pressure which the Government might exercise to 
make loans for purposes of broad Government policy 
which the Trustees might not wish to make. Related to 
this waa the question of disposal covered by the following 
Olause 5 of the Bill. These powers were at present sost- 
tered in number of statutes which it was proposed to 
repeal. Mr. Boyd-Carpenter thought that the powers now 
proposed represented a fair balance between reasonable 
restraint of reckless disposal of articles which subsequent 
Trustees might consider should be Tetained, and com- 
pelling a responsible body to retain objects which no sane 
person would wish to retain. Special provision was made 
in respect of unwanted books and periodicals so as to 
permit the advantages of microfilming being obtained, 
and tentatively the year 1850 had been taken as the line 
of demarcation. i 
The fourth point waa the establishment, under Clause 7, 
of & separate body of Trustees for the present British 
Museum (Natural History). As already noted, this gives 
formal expression to a separation which has long existed 
in actual practice. Of the twelve Trustees for this Museum, 
eight will be appointed by the Prime Minister, one by 
the Treasury, on the nomination of the President of the 
Royal Society, and three by the Trustees of the British 
Museum (Natural History). Mr. Boyd-Oarpenter thought 
that the Prime Minister would probably consult the 
Minister for Science in making his nominations. 
Although from what Mr. Ohuter Ede and Dr. Barnett 
Stross said in the debate it appears that the separation 
of the two Museums is regarded with anxiety in some 
* quarters, from a practical point of view it is long overdue, 
and in spite of the surprising smoothness with which the 
previous arrangements have worked it should be possible 
to improve the effectiveness of the administration of both 
bodies without encouraging the division between the arte 
and the sciences to which Mr. Ede referred. It is clearly 
of advantage to remove the basis of some carping criticiam, 
for the new-arrangemente for Trustees will permit the 
removal-of some who were not even aware of their 
trusteeghip and provide the opportunity for seeing that 
Boientiflo interests, for example, are &dequately repre. 
sented on both bodies. It should be correspondiugly 
easier to secure the services of men of the experienoe and 
judgment desired when it is known that the trustee. 
ship is no sinecure but offers opportunities of genuine 
` public service. i 
This is the more important, not only in Teapect of the 
new National Reference Library, if it is to render its full 
contribution to the service of science and technology, but 
also in respect of the service which the two Museums are 
to render to research. As Mr. J. Dugdale pointed out in 
the debate, the British Museum is both an international 
collection and a centre of learning and research. If the 
same institution is to serve both the scholar and the 
layman, wise judgment as well as skilful administration 
, will be imperative, and this is equally true of the British 
Museum (Natural History). Dr. Barnett Stroas was 
obviously somewhat concerned on this point and oom- 
mented on the bearing which the hours of opening had 
on this question of the use of the Museum for research. 
Mr. Albu suggested that the British Museum (Natural 
History) now functioned to the extent of 90 per cant as 
~ & research institute for natural history and biology, in 
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which fields ib had an international reputation, and its 
staff included leaders in their special subjects. 

On the question of staff, Clause 6 provides that the 
salaries and. conditions of service of the director and other 
staff shall be determined by the Treasury, and in the 
debate Sir Oyril Black urged that the staff should be on 
& parity with the Scientific Civil Service in this reepect. 
It was essential that the conditions of service should be 
adequate to retain the services of men who were leading 
authorities in their line of work. Mr. Ede also thought 
that no doubt should be left regarding the status of the 
Museum staff as Civil Servants. 

The wide and enlightened interest taken in the funotions: 
of the two Museums was a most encouraging feature of 
the debate, and if those functions are to be satisfactorily 
discharged and the potentialities of the new National 
Reference Library realized the quality of the staff is of 
paramount importance. On this, the economic secretary 
to the Treasury, Mr. E. du Cann, who replied on the 
debate, said no more than that the staff had increased 
by 50 per cent in the past ten years, and it is to be hoped 
that all these pointe will be carefully watched as the Bill 
proceeds through the House of Oommons and then 
through the House of Lords. If this first debate is any 
guide, there seems little reason to fear that the sorutmy 
in Parliament will be one-sided. There was no excessive 
preoocupation with the modernization of the display 
functions of the two Museums, and if their research 
functions received rather more attention than the con- 
tribution which & national reference library can make to 
technological research and industrial progress, the presence 
of the Minister for Science should ensure that the balance 
is redreesed when the Bill reaches the House of Lords. 
The Advisory Council on Scientific Policy should make 
sure that he is adequately briefed on all the vital pointa. 

It is indeed essential that the question of comprehen- 
sivenees should not be overlooked in this connexion, 
particularly in view of the location of the National 
Lending Library for Science and Technology outside 
London. That is a factor which needs to be weighed tho 
more carefully in view of the proposed division of the 
contents of the Reference Library between the South 
Bank and Bloomsbury. It is only too easy under such 
conditions for careless or unenlightened administration, 
‘not to mention parsimony in finance, to put endless frus- 
tration in the way of the genuine scholar and investigator. 
There is no need to look beyond the Post Office to find 
endless examples of advances in technique and ease of 
communication repeatedly offset by human perversity. - 

How far, in fact, it is desirable to separate the library 
activities generally from those of the Museum proper may 
be for mquiry and consideration. In this connexion, how- 
ever, it should be remembered that the present director 
of the Britiah Museum, Bloomsbury, has shown him- 
self well aware- of the dynamio potentialities of the 
new Reference Library and imaginatively alive to 
what is required to realize such possibilities, as woll as 
assuring that his steff would play & full part in tho oo- 
ordination of national library activities generally. He 
recognizes that no library can hope to be self-sufficient 
to-day and that effective co-operation is an essential 
condition of real economy of national resources. Equally, 
he recognizea that sufficient fmancial and material 
resources must be available to secure the buildings, equip- 
ment and staff of the quality required, and it is important 
that this factor should be impressed on the Government 
as cogently as possible in the forthooming debates. 
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. ‘These and other requirements have been clearly set 
forth by Dr. R. 8. Hutton in & paper contributed to a 
-symposium in the Journal of Documentation for March 

“1961, and they will bear re-examination in the discussions 
on the new Bill. Useful as it may be to remove obsolete 
procedures and to free the British Museum, Bloomsbury, 
from restrictions of the past, including ite close linking with 
the British Museum (Natural History), all this is only the 
first stage. It clears the way and gives the opportunity. 
Whether the opportunities are fully used depends on the 
vision and determination which are brought to bear, on 
the resources which the Government make available, and 
on the extent of the support and co-operation which is 
forthcoming from other libraries and institutions and 
from a wide range of scientista, technologista and scholars 
and their profeasional institutions. 


ALFRED NOBEL 


Nobel: The Man and His Prizes. 
By H. Schuck, R. Soblman, A. Osterling, G. Liljeetrand, 
A. Westgren, M. Siegbahn, A. Schou and N. K. Stahle. 
Edited by the Nobel Foundation. Pp. x+690. (Amster- 
dam and London: Elsevier Publishing Company, 1962.) 
60s. 
HIS huge volume, published under the auspices of the 
Nobel Foundation, gives an account of the hfe of 
Alfred Nobel and a full list of the pri with 
comments on the achievements for which they received 
the award. 

It is intended to issue within the next two years nine 
other volumes giving in full the Nobel Lectures in English 
up to 1961 with the address on the presentation of the 
awards and a biographical account of the prizewinner. 
Beginning with 1962, this full account of the awards will 
be given in annual year-books. 

The story of the lifo of Alfred Nobel, based on all 
available documenta, letters and information and impres- 
sions gained from his associates, is the most authentic 
account which has so far been written. It depicts a rather 
sensitive, lonely man of quite extraordinary ability and a 
high appreciation of the spiritual values in life. Though 
he had only a fragmentary education which ended when 
he was sixteen, he spoke and wrote fluently m English, 
French and German in addition to Russian and Swedish. 
His researches and inventions entitled him to the highest 
rank of scientists. He had also greet financial ability. 
After losing his fortune through the fraudulence of his 
partners he built up another fortune which enabled him 
to establish the Nobel Foundation. 

Probably the most i aspect of his life was his 
high idealiam. Though he repudiated the Christian 

on, which he thought had brought persecution and 
to so many, and could not believe in a God who 
would inflict punishment for all eternity on suffering 
mortals, he was filled with awe and reverence for the 
mystery of life and & love for his fellow men, with an 
infinite compassion for unnecessary poverty and suffering. 

He predicted that the science in which he was engaged 
would oe weepons of such destructive power that war 
would me impossible. He wrote: "When two army 
corps can annihilate each other in a second, all civilized 
nations, it is to be hoped, will recoil from war and discharge 
their troops”. Modern nuclear and biological weapons 
have proved the truth of his prediction so far as the results 
in war are now conoerned, but unfortunately civilized 
nations have not yet recoiled and agreed to settle their 
differences by peaceful means. 

"The rest of the book consiste of the list of all the awards 
given since the Foundation was established in 1901 with 
an account of the achievements for which the awards 
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were given. This interesting account affords a review 
of the great advance in science made since the beginning 
of the present century. 

The Peace Prizes given for efforte mado to realize Nobel’s 
ideel of the end of war give interesting glimpses of inter- 
national politics in the present oentury. 

Such is the account of the life and achievements of a 
great idealist who devoted his life and his fortune to the 
Promotion of human welfare. Boyp One 


THE STUDY OF MAN 


They Studled Man 
By Abram Kardiner and Edward Preble. Pp. 287. 
(London: Becker and Warburg, Ltd., 1962.) 25s. net. 


NE of the authors of this book is a psychoanalyst 
who worked with Freud and has taught both 
anthropology and sociology; the other is an anthropo- 
logist in & school of psychology. The result is that this 
set of biographical essays comprises studies not only of 
the founder of psychoanalysis but also of six anthropo- 
logista: Tylor, Frazer, Boas, Malinowski, Kroeber and 
Ruth Benedict; a biologist, Oharles Darwin; and two 
sociologiste, Herbert Spencer and Durkheim. The essays 
combine useful biographical details with a certain amount - 
of gossip and some shrewd observations on the scientific 
achisvementa of each of the subjects. Despite the rather 
arch titles of the ehapters, for example, “Boss: Icy 
Enthusiasm”; ‘Freud: Chimney Sweeping”, and the 
triviality of some of the material, each easay does help to 
throw some new light on the way in which the man 
concerned did his work. 

The idee of the book is not to give & history of anthrop- 
ology but to relate the “seminal hypotheses” of the ''few 
great innovators” in the development of the science of 
man to the evente of their lives and the spirit of the 
times. The main theme throughout the book is human 
adaptation, and the birth and growth of the scientiflo 
tradition of the study of human culture is presented 
within this framework. The hypotheses, theories and 
techniques of the scientists examined are represented as 
being essentially responses to the collective interesta and 
needs of their time. Idiosynoracy and ius are not 
denied, but are treated as being on the individual level. 
not on the cultural level. 

The book is an interesting argument for the importance 
of the study of the impact of institutiona and cultural 
change on the human mind in modern times, and for the 
need for the development of techniques for measuring 
the effect of these changes on man. From this point of 
view it is an attempt to bring psychology and anthropology 
more closely together. But the final chapters on the sig- 
nificance of paycho-dynamics for the investigation of 
culture are not very oonvinoing. The attempt to illustrate 
the usefulness of psycho-dynamice by ns how 
scientiflo interes) in man and culture ppened to 
develop in the nineteenth century" is not much more 
than a rather weak piece of social history. 

R. FÆTH 


HUSSERL’S PSYCHOLOGY 


e aia A Psychologle 
Vorlesungen 1925. , Von Edmund Hus- 
serl Herausgegeben von Walter Biemel. (Husserliana, 


Band 9.) Pp. xxviii+650. (The Hague: Martinus 
Nijhoff, 1962.) 31 guilders, paper; 37 guilders, cloth. 
HE appearance of Volume 9 of Husserliana under 
the editorship of Dr. Walter Biemel is an occasion of 
special significance. He is now laying down his task 
after some fifteen years of close association with the 
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Archw at Louvain. Besides the present assemblage of 

pers, he has been responsible for Volumes 2, 8 and 6. 
Therefore, now may be the appropriate moment to offer 
him an reasion of gratitude on of those who are 
scholars of Husserl, both for shouldering a heavy burden, 
and no leas for achieving such a high level of meticulous 
accuracy and comprehensiveness in the treatment of his 
moet difficult material. 

The collection now before us comprises Husserl’s 
lectures during the summer of 1925 on phenomenological 
psychology, together with some very important supple- 
mentary material, namely, his article in the Hnoyolopadia 
Britannica, (fourteenth edition, 1929, and subsequent 
issues), and the course he gave in Amsterdam on the same 
subject. In addition, there are & number of appendixes 
and comments on the text. It is characteristic of the 
editor’s care that whenever it has been desirable to modify 
Husserl’s original titles, the fact is noted in special < > 
brackets. 

In these pages can be taken to cover what is 
essentially the whole of the master's his ^ to that 
period on psychological and ransoen themes 
within the general conspectus of phenomenology. 

Much of Husser]’s labour consisted in an attempt (and 
in his view a triumphant one) to overcome the evils of 
psychologiam, that is, the intrusion of psychological 
elements into what should be purely logi processes. 
He sees the methods of natural science of psychology 
as quite distinct, except that both stand in need of some 
rationalization of the essential, if they are to become 
exact. Furthermore, it is clear that, on such a basis, 
phenomenological psychology and transcendental pheno- 
apie Pek otro should improve the prospect that some 
day the i of Leibniz for an all-embracing science may 
materialize. In recent years, the rapid development of 
symbolic logic points to ita possible conquest eventually 
of ethios and sethetics. Even if this should prove to be 
the case, it would not invalidate Huseerl's inclusion of 
metaphysics within his circle, nor yet of at least an element 
of teleology which seems to be inherent in some aspects 
of contemporary biological theory. 

The importance of all this for present-day science lies 
perhaps in Husserl’s profound grasp of the subjective. 

t may be that natas philosophy, in the wideet sense, is 
moving outwards a little from ite purely impersonal 
position into one in which mankind becomes more closely 
interwoven with the object of contemplation. 

Huseerl does not claim that adequate, &podoeiotio, 
fundamental knowledge follows of necessity from the use 
of the phenomenological method, but only that it oan do 
80 if the ‘bracketi or reduction—that is, suspension of 
judgment—and o tion have. been made with 
sufficient care. The divergent streams—historically 
speaking, transcendental for Descartes, psychological for 
Locke, Berkeley and Hume—are brought again 
in phenomeno as the true successor of Platonio 
concepts and of all that is of the esse of Greek philosophy. 

F. I. G. RAWLINS 


THE SCIENCE OF PREHISTORY 


The Idea of Prehistory 

(The New Thinker's Library. By Dr. Glyn Daniel. Pp. 
vii--171-F8 plates. (London: O. A. Watts and Co., 
Ltd., 1902.) 15s. 


HE eight lectures here published were -delivered in 
1956 as the second Josiah Mason Lectures in Arohæo- 
logy in the University of Birmingham. The material of 
prehistory is defined by the author as “the unwritten 
It thus covers all 
the literate 

as the non-literate 


remains of the early of man”. 
those ages of human history which 
cultures of the ancient world, as 
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cultures which continued to subsist alongside the peoples 
which possessed written records. The predominant role» 
of archwology in producing the material of prehistory is 
well ‘brought out, though archsology itel is correctly 
defined as covering & wider fleld extending right down 
to the recent past. ` - 

Prehistory is a newcomer in the learned world. The 
term iteelf was first used in 1851. Dr. Daniel records its 
gradual development, showing how the study drew on the 
older activities of the collectors and the dilettante, how 
it profited from the tri h of stratigraphioal geology 
and how ib was influenoed by the evolutionary oonoepta 
of the nineteenth century. Finally, he sets out the most 
recent stage that lies within our own memory, when the 
study became firmly based on the scientific method, on 
the abundant material provided by archmology and on 
contacts with the nita sciences. Much of the material 
in the four lectures devoted to this development is well 
known; but the lucid and logical presentation gives it a 
new force and vi ; 

The next three chapters discuss the relations, not 
always happy, of prehistory with other branches of study. 
Here the &uthor is often treading on delicate ground. His 
account of the diffusionist theory and his unequivocal 
condemnation of the extravaganoes of the hyper-diffu- 
sionist heresy of the recent past is a model of balanced 
analysis and judgment. His condemnation of the racist 
uses of prehistory will find general assent. The discusaion 
of the relations between prehistory and ethnographic and 
sociological studies is perhaps unduly peasimistic. The 
summary of the Russian approach (p. 120) was written 
before the availability m liah of Mongait’s survey, 
and does not repreeent the present positian. On the other 
hand, his desire to see a lese 


has much +a mn from & wider use of archmology; pre- 

i » whi depends so largely on archmological 
material, should provide the methodological basis for the 
association. 

The final chapter, ‘Prehistory and the Publio", mta 
rather loosely on what has ore. It shows clearly 
that public interest in early history and prehistory 1s 
no modern development and offers certain explanations 
of the popular interest in the subject. Dr. Daniel con- 
cludes that the “reel justification of prehistory is not in 
origins or techni or in perspective, but in pleasure; 


the pleasure of prehi is in the recovery of the treasures 
of man’s prehistoric past that have been dro on the 
way and lost’’. O. A. RALHGE FORD 


PROGRESS AND PROPHECY IN 
SPACE 


Advances In Space Sclence and Tecinolesy 

Vol 4. Edited by Frederick I. Ordway IIl. Pp. xiv+ 
481. (New York and London: Academic Presa, Ino., 
Publishers, 1962.) 100s. ; 


"T fourth volume follows the same pattern as ite 
redeceswora : six separate topics are reviewed in 
arti which average seventy each in ; 
In the first contribution, J. Mass and E. Vasey deal with 
the Doppler effect_of artificial i Starting from 
first principles, they show the manner in which the 
frequency of the received signal changes as a itti 
satellite passes by, and how this variation can be anal 

for the purposes of orbital determination, navigation and 
scientific studies of the ionosphere. R. A. MacGowan is 
the author of the second contribution, a brilliant though 
inevitably somewhat speculative one on the possibilities 
of extra-terrestrial intelligence: he reviews the many ` 
theories of the origin of planetary systems (concluding 
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that such systems are numerous) and discusses the origin 
life; he tries to deftne the process of thinking, describes 
ow ‘thinking automata’ might come to dominate the 
Earth and points out that such forms of ‘life’ would be 
the most likely emisearies from superior communities. 
The third contribution, on multiple staging in carrier 
rockets, by H. E. Nylander and F. Ww. Hopper, is a oom- 
petent and yet somewhat unsatisfactory survey, nob 
because of any fault on the part of the authors but rather 
because of the subject, which although omnipresent in 
space technology is difficult to treat as & separate abstract 
topic. In the fourth article M. Tucker presents a thorough 
review of entry and landing in planetary 
atmospheres. He lays most emphasis on re-entry into 
the Hlarth’s atmosphere, but also discusses landings on 
Mars, Venus and Jupiter. Next, 8. J. Gerathewohl gives 
an excellent account, running to more than a hundred 
pages, of the development of manned artificial satellites 
and space stations. But he evades the brutal truth that, 
if the space stations he describes so fully are outside tbe 
_ Earth's atmosphere, their crews are likely to be killed 
when bursta of high-energy protons are emitted from 
the Sun at-times of major solar disturbances: he merely 
remarks that adequate radiation protection must be 
provided, without saying how. Finally, J. J. Barré 
provides a very detailed account of the possible role of 
radioactive elements as sources of energy for spacecraft 
propulsion, with copious data on the properties of the 
elements in question. - 
These admirable individual contributions have been 
well edited and printed; together, this volume and its 
three servo as & valuable, though as yet 


incomplete, encyclopsedia of space science and technology. : 


D. G. Kixa-Hura 


RADIOACTIVITY AND MAN'S 
ENVIRONMENT 


Living with the Atom T 

By Prof. Ritchie Calder. Pp. ix+275+ 16 plates. (Chicago 
and London: University of Chicago Prees, 1962.) 5.95 
dollars; 42s. e 


HIS book reports on two colloquia organized by the 

Section of Nuclear Medicine of the Pharmacology 
Department of the University of Ohicago in 1960. They 
dealt with radioisotopes in man’s environment, and 
with publio health and the problem of disposal of radio- 
active waste. Both discussed the present state of know- 
ledge and uncertainty about the barards and benefits 
attending the use of radioactive materials, and also how 
this knowledge can be translated into public -informa- 
tion. 

The author gives his own and other people's oontribu- 
tions to a discussion on responsible reporting in Ohapter 2. 
It is difflcult for the reporter to steer a course between the 
attractive liveliness that approaches the sensational, and 
the dry factual report that few will read; and it seams 
that the value of good science articles is slowly breaking 
in on proprietors. He feels that there is a fear and distrust 
of scientists, as people who ought to be above human 
fallibility but unforgivably err like everyone else; and he 
points out the dangers also of the responsibility for major 
decisions resting in the hands of men who do not know 
sufficient about science to be.able to challenge with any 
confidence the advice that comes to them from their 
experts.- There is something in this, although one would 
feel that a knowledge of men and a flair for consulting 
the right experte is what brings men to high offloe. (What 
keeps them there, however, is often a shrewd calculation 
of the limitations of the populace; and, in an ideal 
democracy, every voter would as a duty be reasonably 
knowledgeable on every issue.) It is true, certdinly, 
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that there is lees un ing of goientifle matters than 
there is of really diffloul subjects like economics or bring- 
ing up children; and that this is largely due to oom- 
munications, : 
The book itself, & really excellent piece of reporting, 
illustrates the problems that the journalist has to face. 
It describes the uses of radioisotopes, and also their effect 
in changing the whole of. man’s environment. The 
accounta of the ways of disposing of radioactive wastes— 
burying, running out to sea, hopefully inco rating them 
in glasses, faithfully moving mountains extruding 
acres of cement into underground faulta, and ruefully 
counting the oost of using outer space as a dustbin— 
between them offer so much information that I found 
them quite exacting reading. A layman could be pardoned 
for wondering whether already there are curies at the 
bottom of his garden. Which method is the safest as 
regards long-term interference with the environment? 
What is the most practicable now? Which is the most 
economical? These are the questions that everyone 
ought to know enough at least to ask. The book includes 
accounts of the hazards of uranium mining, and of life in 
& nuclear submarine. It should serve to spread the 
author's sound common-sense attitude towards the 
problems of nuclear radiation, as well as the facts brought 
out in the colloquia. G. R. Noaxme 


PROGRESS IN OCEANOGRAPHY 


The Sea 

Ideas and Observations on Progress in the Study of the 
Seas. General Editor: M. N. Hill. Vol. 1: Pe 
Ooeanography. Pp. xv+864. (New York and London: 
Interscience Publishers, & Division of John Wiley and 
Sons, Inc., 1902.) 188s. 


HIS is the first of three volumes roviewing the 
achievements of the past twenty years in understand- 
ing the physical, chemical and geological processes in and 
below the oceans. The first volume, covering the major 
flelds of physical oceanography, illustrates the vast 
ion which has taken place in these subjects since 
the publication of The Oceans by Sverdrup, Jo and 
Fleming in 1942.' 

Articles by thirty-three contributors cover the physical 
properties and equations of motion of sea-water, amall- 
scale and large-scale interactions between the sea and the 
atmosphere, dynamics of currents, transmission of sound, 
light and other io radiation, various types 
of wave motion, and turbulence. Wave motions are 
reviewed in articles on ripples, statistics and dynamics 
of wind waves, Microseisms, internal waves, long waves, 
tides, surges and long-term variations in sea-level. 

Tho editors are to be commended on achieving a satis- 
factory balance between the many rival claims on the 
space available. In spite of this wide coverage there 
remain some topics that could usefully have been expanded 
such as recent work on current systems, wind-wave 
ae coastal proceases and ship-wave interactions. 

must beremembered that significant progress has been 
made in some.of these fields, such as non-linear interac- 
tions, since the time of writing (December 1959—October 
1960). 

Some contributors succeed in viding particularly 
timely and valuable reviews of ir subjects. Among 
these myst be mentioned Groen and Groves on ''Burgee", 


Hansen on “Tide”, including recent storm surge computa- 


- tions for the North Sea, Lafond and Cox on “Internal 


Wave”, reviewing the latest measuring techniques such 
as the isotherm follower and providing much new informa- 
tion on internal waves and their correlation with surface 
slicks. 

The most notable contribution (and longest, 214 pages) 
is the review of large-scale air-sea interactions by Joanne 
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Malkus which provides a detailed and coherent picture 
of the present position in this fleld. Interaction problems 
are classified into: (1) formally tractable dynamical prob- 
lems such as wind-driven ocean currente : (2) conserva- 
tion studies of sources and transport of energy and solutes, 
for particular ocean basins, for example; (3) statistical 
analysis of observational data; (4) descriptive studies 
relying largely on physical analogues. Many recent 
Investigations of the heat and water exchange between the 
atmosphere and oceans are discussed and related to 
climatological and general circulation studies. 

Of particular interest to all ‘workers in geophysical 
subjecta will be the stimulating and critical concluding 
remarks by Dr. Malkus concerning the direction which 
our future effort must take. In particular, attention is 
directed to the necessity for “growth in the fundamental 
physics of turbulent, heat-drrven fluids” and the need to 
pose questions which ‘‘.. . isolate tractable features of the 
complexity which can be treated under relatively con- 
trolled conditions". The scientific and economic back- 
ground to all geophysical investigations, including ooeano- 
graphy, depends on the answer to her final question 
" . . . concerning what do we need more and better data 
the moet ?™”. It would have been most refreahing 1f more 
contributors had taken advantage of the sub-title of the 
book to take such a critical look at their branches of the 
subject. 

The reader is certain to be impreased by the growing 
stature of physical oceanography as a scientific discipline. 
Although basically an observational science, the growing 
numbers of theoreticians and experimenters which it has 
attracted are responsible for many new and valuablo fields 
of investigation. The editors and publishers must be 
congratulated on this worthwhile enterprise; the remaining 
volumes will be eagerly awaited. J. N. HuxT 


MATHEMATICAL. ANALYSIS OF 
TRANSIENT CIRCUITS 


Transient Clrcult Analysis 
By Prof. Y. H. Ku. cline Van Nostrand Series in Elec- 
tronics and Communications.) Pp. xiv 4-441. (Princeton, 
N.J.: D. Van Nostrand Company, Ino.; London: D. Van 
Nostrand Company, Ltd., 1961.) 79s. 


TE importance of circuit analysis is reflected in the 
great number of books on this subject, especially those 
emanating from the United States. It is of some interest 
to compare the present book with another book on the 
same subject, also by an American professor, written 
about & decade ago. 

Both books cover roughly the same ground, including 
Maxwell’s and Kirchhoff’s rules, Fourier series, integral 
and transform, Laplace and Heaviside transforms, com- 
plex variable and inverse transform, Bessel, gamma and 
error functions. .'lhere is also in both books a fairly full 
treatment of the transmission line. 

The great difference between the two books liea in the 
authors’ approach to the subject. In the earlier book the 
author is concerned to demonstrate to electrical engineers 
the importance of mastering advanced mathematical 
techniques m order to solve engineering problems. The 
book 18 well supplied with practical problems, the initial 
approach is more elementary and some of the more 
difficult mathematical proofs are omitted, the reader 
being given references to mathematical works. In the 
present book the author's approach is frankly mathe- 
matical, and he clearly has supreme confidence in the 
mathematical outlook and training of the modern electri- 
cal engineer. In an introductory chapter the author 
appears concerned to show that engineering problems do 
exist to which the mathematical techniques may be 
applied. Thereafter the work is mainly mathematical 
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and one almost expects an asterisk to the first chapter 
with a footnote saying that this chapter may be omitted 
on a first References are given throughout the 
book to other works, but the author has aimed at making 
his book as self-contained as possible and haa included in 
appendixes reprinte from original papers. 

e symbols used are generally well chosen, but the 
British Standards Institution might be somewhat dis- 
treased at the apparent dimensional error in the equation : 
Ij + Ret + Sheds =e 
The suthor states not very far away that (Rei) is a resist- 
&noe, but his demonstration of a non-linear equation 
could have been made without this unsatisfactory sym- 
boliam by writing the equation as: 


rt (B) rapa. 


where I is a constant, having the dimensions of a our. 
rent. 
The &uthor's treatment of the solution of differential 


' equations ie satisfying both ın ita adequacy and freedom 


from unnecessary complications. The inclusion of 
methods of solving cubic, quartic and quintic equations is 
an attractive feature. 

The square wave is'in the forefront of the Fourier 
analysis of periodic waves, but although the author gives 
the Duirichlet conditions for satisfactory analyms, he 
makes no reference to Gibbs’s spike and presumably 
considers that since the spike does not affect the standard! 
deviation it can safely be ignored. This possibly illus- 
trates a difference between the mathematical engineer 
of to-day and the more practical-minded engineer of 
yesterday, but it seems regrettable that a defect in Fourier 
analysis, exposed more than sixty years ago, should be in 
danger of being forgotten by our present-day mathe- 
maticians. Gibbe’s spike can, of course, be eliminated 
quite easily by changmg the shape of the periodic wave 
from a square wave, which cannot be realized in practice, 
to any approximation to a square wave which has no 
discontinuity. ` 

This minor orticism apart, the book is an exoellent 
text-book on a difficult subject. It 1s intended for gradu- 
ates and would be too advanced for most undergraduates. 

A. H. M. ARNOLD 


SCIENCE FOR THE MODERN 
WORLD 


Chemistry, Physics and Blology for the Modern World 
Chemistry. By Prof. George Porter. Pp. ix+116. 
Physics for the Modern World. By Prof. E. N. da O. 
Andrade. Pp. viii--100. Biology for the Modern World. 
By Prof. C. H. Waddington. Pp. 1x+120. (Science for 
the Modern World Séries, Vols. 1, 2 and 3.) (London: 
George G. Harrap and Oo., Ltd., 1962.) 48. 6d. each 
volume. 


HERE are severe problems in writing a chemistry, 
uses or biology book which in the span of some 
hundred must cover the basic theories, techniques 
and technologies of-the subject. Accepting the necesarty 
to solve the problem, these three books are regarded as a 
fine attempt. 

Their presentation is attractive, their English 1s direct, 
their diagrams clear and useful, and they are served by a 
very full index. 

The chemistry book deals with atomic theory, the 
characteristics of common elementa, their atomic struc- 
ture and the shape of the molecules they form. The kinetic 
theory is mtroduced and used for explaining the states of 
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matter. A number of important chemicals are then inter- 
preted according to this theoretical background. 

The physics book includes information on Newton's 
laws of motion, the absolute zero, the basic ideas of 
wave motion and the passage of electricity through 
matter. It also includes an interesting chapter on atomic 
structure which reviews the progress made and indicates 
the possibilities and the danger arising from the use of 
atomic energy. 

The biology book progreases from the structure of cells 
and the functions of their parta to their association to 
form tissues and organs. It considers the integration of 
organs in an organism and then of organisms in societies 
and communities; finally, binding the whole sweep of 
living activity in the chains of time to arrive at the theory 
of evolution. ` a 

A reader coming to the subject for the first time will 
probably find the degree of compression in these books 
far too much for him. Ideas flow too quickly, one after 
another, and there is not sufficient space given to deacrip- 
tions or diagrams which might illustrate them. They 
might well stimulate many towards further reading in 
the subjecta; but the short book lista for- physica and 
-chemistry do not seem to be appropriate. Some of the 
recommendations are formal text-books and demand of 
their readers some mathematical ability and some labore- 
tory experience. : 

The Series presents good reading for those with some 
experience of the subjects. They are not ‘bread and 
butter’ books, but should be regarded as readers and have 
a place in the library. A potential sixth-former might 
read them to real advantage, whatever his intended 
specialization, for he will gain from them not only a welter 
of information but also an overall picture of the subjects. 
Each member of the Series is complete in itself, and may 
be read without reference to the others. " 
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PROTEIN CHEMISTRY .— 


Advances:In Proteln Chemist i 

Vol. 15. Edited by O. B. of ated Jr., M. L. Anson, 
Kenneth Bailey and John T. Edsall. Pp. x--447. (New 
York: Academic Press, Inc.; London: Academic Press, 
Ino. (London), Ltd., 1961.) 18 dollars; 93s. 

FG many biologists and ohemigte, Advances in Protein 
"E" Chemistry is an institution rather than a phenomenon, 
but this volume may interest a wider audience. That the 
authority, originality and editing of the reviews are first- 
class goes without saying; but the subject-matter repre- 
gente, I suspect, a conscious effort by the editors to look 
away from the present busy centre of protein research 
back to the origins and outward to the periphery where 
protein chemists are illuminating many ancient biological 
problems. B . 

Thus the late Kurt Felix, who himself has spanned 
almost the whole history of protein chemistry, opens 
this volume with his final survey of protamines. This 
recalls the empirical cookery which hogan the science 
(and from which we can still learn so much), but jumps 
to the frontiers of fashion when discussing combination of 
protamines with nuclear deoryribonuoleio acid. 

The same approach is reflected in two other chapters 
in this book. Ozok and Bucher, in their review of crystal- 
line enzymes from rabbit muscle myogen, take ua back 
to the original source of many of the punfied enzymes 
which are at present providing useful employment for 
enrymologists and protein chemista. Even biophysics 
has its neglected corners: D. W. Kupke quotes Linder- 
strem-Lang as saying, “‘Osmotic preasure has simply 
become unfashionable’’, but manages to us that 
a little digging into these particular archives would be 
very profitable. 
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Two other articles indicate that the editors are determ- 
ined to expand the horizons of protein chemistry. How 
do metabolites go in and out of cells ? Halvor Christensen 
asks all the right questions, refuses to supply any glib 
answers, but suggests that protein chemists could provide 
some useful facta. 

Finally, one chapter threatens to bring us out of our 
laboratories altogether. ‘A scholarly article by Waterlow, 
Cravioto and Stephens dispassionately discusses human 
protein malnutrition; but we are left feeling that this is 
one fleld of research which ought rapidly to be abolished 
for lack of starting material. Baan 8. HABTLHY : 


ENERGY METABOLISM IN THE 
RUMINANT . 


NG’ 
The Ene Metabolism of Ruminants 
Blatter, Pp. 329 (4 plates). (London: Hutchin- 
68s. net. 
HE revival of interest in calorimetric investigations 
with farm ruminants owes much to the work done by 
Dr. K. L. Blaxter at the Hannah Dairy Research Institute. 
Since 1950, he and his colleagues—noétably Dr. D. G. 
Armstrong and Dr. N. MoC. Graham—have designed res- 
piration chambers for calves, sheep and goete, and more 
recently mature cattle, and used them for investigations 
of energy metabolism with notable success. Outstanding 
have been the measurements of the efficiencies with which’ 
the lower fatty ‘acids, produced in quantity in the fore- 
stomach of the ruminant, are used in maintaining body 
processes and producing body fat. 

In the winter of 1960, Dr. Blaxter gave the Clive 
Behrens lectures in the University of Leeds in which he 
discussed the energy meteboliam of ruminants in the 
light of recent knowledge, particularly in relation to the 
formulation of rations to meet the energy needs of domestio 
ruminants. The lectures have now been expanded to 
make a book which is undoubtedly a classic in ita own 
sphere, as in that of animal nutrition in general. 

‘he book is in four sections: the theory and technique 
of direct and indiréct measurements of heat production; 
the expenditure of energy by ruminants, as affected by 
level of feeding, activity, environment and function; the 
utilization of the energy of the end-products of the 
digestion of food; and the applicatich of experimental 
findings in the development of feeding systems. The 
treatment of subjects is comprehensive and in general of 
a high standard. One might mention in particular the 
description of the apparatus and technique of animal 
calorimetry ; or the account of the utilization of the energy 
of the end-products of digestion of food for maintenance 
and in the processes of growth and fattening. The short 
account of energy metaboliam in relation to lactation, 
however, is by comparison superficial, and in part mis- 
leading. On occasion, especially in the chaptera on the 
effect of environment on heat loes, unnecessary and often 
tédious detail has been included: this could well discourage 
the reading of the book in its entirety, an unfortunate 
consequence since the &uthor's logical development of 
his subject gives an excellent perspective. 

The last section of the book, however, can be recom- 
mended, without reservation. It includes a brilliant 
appraisal of present-day systems of evaluating foods and 
feed requirements, and of their historical development. 
written in a most stimulating manner. In the final 
chapter the framework of a new feeding system is de- 
scribed. It is based on the metebolizable energy of foods 
determined at the maintenanoe-level of nutrition, and 
in the calculation of feed requirements adjustments 
are made according to the type of ration and the function 
of the animal. This represents an important d: 
from existing systems which attribute to individual foods 
specific values for a particular function and assume that 
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such values are additive and that the same relative values 
apply to all functions. The new schame has many merits 
and is worthy of careful consideration. 

_ The book is well produced, with very-clear, but ooca- 
sionally slightly imperfect, figures. It will provide useful 
reading for a wide audience, from the progressive farmer 
who wishes to be well informed to the research worker m 
animal physiology. It is, of course, also an excellent book 
for studenta. J. A. F. Roox 


SELECTIVELY INDUCED 
CALCIFICATION 


Calclphylaxis d 
By Dr. Hans Selye. Pp. xxxi-+ 552+ 13 plates. (Ohicago 
and London: Univermty of Chicago Pree, 1962.) 25 
dollars; 1895. 


LE is the opinion of Dr. Selye that the mammalian 


body contains a defensive or phylaotio system which’ 


enables the body to produce calcareous deposits at 
localized sites. By this means the effects of a pathogen 
can be reduced and local inflammatory initiated. 
This idea forms the basia for the title of this book and 
for the long chapter (120 pages) devoted to a catalogue 
of the abnormal mineralizations known to medical science. 
The implication is that as with other defence systems 
caloiphylaxis may become pathogenic in oertain oir- 
cumstances. Jt is important to realize, however, that 
there is no proof that any disease in man depends on 
caloiphylaxis. Dr. Selye has reached his conclusions on 
the basis of some very exciting experimenta and tho 
phenomenon of calciphylaxis is best described by oon- 
sidering one of these. 

A 100-g-rat was given an oral dose of 1 mg of dihydro- 
tachysterol. The followi y 25 ug of ferric chloride 
were injected penbath the Eichr A local deposit of calojum 
salts occurred during the next 2~8 days at the site of the 
injection. A different type of effect could be produced if 
ferric oxide saccharate was injected -instead of ferrio 
chloride. In this case it was found that after 2-8 days 
the heart, bile duct, duodenum and renal cortex were 
mineralized. Similarly, injecting egg albumen intra- 
venously led to the calcification of the pancreas, while 
egg yolk produced a mineralization of the spleen and) 
part of the liver. 

Dr. Selye rationalizes these phenomena by talking first 
about the sensitizing agent. This is usually dihydro- 
tachysterol although other substances that aot like 
vitamin D or parathyroid hormones have the same effect. 
These substances normally mobilize calcium in the body, 
but there is no information as to what effects these very 
large doses have in these experiments except the idea 
that they sensitize the body. The second feature in these 
experimenta is the critical time of 24-48 h between the 
two injections. Without this critical time-lapse the 
caloiphylactio response is not usually obtained. This 
critical time is much greater than is necessary for the 
substances administered to produce their usual responses. 
Finally, there is the injection of the second substance, 
called the challenger or Vital mordant. This is thought 
to act by increasing the ability of the target o to 
calcify, although it does not appear to be responsible for 
the direct precipitation of calcium salte. 

By doveloptus these concepte. Dr. Selye provides him- 
self with a systematic basis for the discussion of the 
phenomenon of caloiphylaxis. What is needed most in 
this investigation, however, is a background of bio- 
chemical data for at the moment the phenomenon is 
completely mysterious. This absence of analytical data 
also extends to other parts of the investigation. In a 
book of this length one is surely entitled to know which 
calcium salte are being deposited, but again this informa- 
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tion is virtually absent. This complete absence of chemical 
data suggesta that this book may be slightly premature, 
but this will be justified if it fulls the wish of Dr. Belye 
that it attracts many more scientists to investigate this 
most interesting phenomenon and to use this powerful 
experimental tool. . K. -Sus 


GEMSTONES 


Gems ` 
Their Sources, Desoriptions and Identification. By 
Robert Webster. Vol. 1: Pp. xii+ 1464+ plates 1-17. 
Vol. 2: Pp. vii+465-792+ plates 18-20. (London : 
Butterworth and Co. (Publishers), Ltd., 1962.) 190s. the 
complete set of two volumes. 


HE two volumes of this work form a comprehensive 
account covering the history, descriptive mineralogy 
and technology of gemstones (both natural and synthe- 
tic), and the special techniques which have been devel- 
oped, ially since the Second World War, to test them. 
The volume begins with short chapter on the 
geological origins of gemstones and the methods used 
for their mining and recovery. The main descriptive 
chapters follow, with diamond, ruby and sapphire, and 
emerald treated first, and other well-known gemstones 
next. A long chapter of nearly sixty pages, arranged 
alphabetically, then follows in which almost every mineral 
ever fashioned as a gemstone is described. Synthetic 
and various types of imitation gems are then discussed, 
and a section on the cutting and polishing of gemstones 
is inserted before a concluding chapter on organic gem 
materials. In this first volume the emphasis is largely 
on. the history, distribution and mode of occurrence of 
gemstones; but adequate space is devoted to crystal form 
and chemical composition, and inclusions are given gener- 
ous treatment. Very full descriptions are given of the 
absorption spectra and luminescent characters of the 
various species under X-rays and ultra-violet light. A 
most useful feature in this volume, of considerable 
assistance to the practising gemmologist, is the gathering 
together of all the descriptive and diagnostic shassatars 
for the individual species in the one chapter ; n this reepect 
the book differs from many other texte on the subject, 
which describe the various physical properties of gemstones 
in separate chapters. 

The second volume deals with crystallography of gem- 
stones and the determination of their physical properties. 
In describing the instruments and techniques used the 
approach is essentially practical, and there 18 a wealth of 
experimental detail. The theoretical background is by 
no means neglected, however, and explanations are 
usually developed along historical lines and from, first 
principles. A number of useful idéntifloation tables 
(showing refractive indices/specific gravitios, hardness, 
dispersion, luminescent characters/abeorption spectra 
and other properties) and a gloasary of alternative gem 
names, mi&nomers and trade names conclude the second 
volume. 

A few minor errors were noticed in the text, and should 
be eliminated in any future edition. On p. 716 the heading 
of Table 2 should read '*Oolour Dispersions of Gemstones” 
and not ''di ions". Initial capitals are omitted from 
the names of the geological systems on several occasions 
and also from the generic names of fossils. 

These volumes will form a most useful work of reference 
for practising gemmologiste and for others seeking 
information on gemstones and gem testing. They are 
well produced on good quality paper, and a notable 
feature is the abundance of up-to-date black-and-white 
photographs, altho some of the colour plates are of 
indifferent quality for modern colour printing—a dis- 


appointing feature m such an expensive work. 


E. A. JOBBINS 
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John Anderson, Viscount, Waverley 
By Bir Jobn W. Wheeler-Bennett. Pp. xv+480+16 
(London: Macmillan & Oo., Ltd.; New York: 


Be. Martin's Prees, Ino., 1962.) 45s. net. 

R most scientists Viscount Waverley's achievementa, 

and more especially his contributions to science, have 
been so admirably summarized by Lord Bri in his 
biographical memoir for the Royal Society and ite adden- 
dum by Sir Henry Dale that there is little for Sir John 
Wheeler-Bennett’s volume to add. Nevertheless, it is of 
real interest, particularly at the present time, for its 
demonstration of the importance of the scientist being 
sometimes ‘on top’ and not merely ‘on tap’ and as illus- 
trating the value of a scientific training and outlook in the 
higher levels of the Civil Service and in the Cabinet iteelf. 
Bir John Wheeler-Bennett gives full weight to this 
of Lord Waverley’s career as well as to his ou 
gifts as an administrator. This ia partilaviy tables 
respect of Lord Waverley’s part in the Anglo-American 
relations in the field of nuclear fission, of which Lord 
Bridges has commented that it is very difficult to say 
how this all-important development could have been 
carried out so under the stress of war had 
there not been & Minister of the Crown with his very 
special qualifloations for the work. If the Americans were 
impreesed by the fact that a British Minister and member 
of the War Oabinet knew enough about science to under- 
stand what the scientists were di scientists in 
Britain were equally i as Sir Dale has 
testified, by the value of ving in & position of authority 
such as the Lord President of the Oouncil, a man with so 
natural an ing of the meaning of science, and 
so instinctive a knowledge of, and sympathy for, the poes- 
ibilities and the difficulties of research. Apart altogether 
from the general interest of the book it has on these two 
counts an assured place in the literature on the relations of 
Government and science, if not of administration 

i R. BRIGHTMAN 

Nuclear Reactor Fuel Elements ; 
Metallurgy and Fabrication. Edited by Albert R. 
Kaufmann. (Prepared under the auspices of the Division 
of Technical Information, United States Atomic Energy 
Commission.) . xti+789. (New York and London: 
Interscienoe Publi & division of John Wiley and 
Sons, Ino., 1962.) 2085. ‘ 
Cas eee from twenty-five authors make up 

the present book. which covers a wide range of topics 
from reactor physics to the ing of irradiated fuel 
elements. The book provides much which should be of 
general interest to reactor designers and to metallurgists 
- engaged in the field of nuclear energy. The original 
intention to describe something of the art of making fuel 
elements is fulfilled in only three of the 18 chaptera of the 
book, namely 11-18, followed by & useful catalogue of 
testing’ and inspection methods. These chapters describe 
in detail the manufacture of uranium bar and strip and 
the fabrication of clad fuel elements and bundles. The 
treatment is empirical but authoritative, and 
should appeal to the fabrication specialist. The fabrica- 
tion of oeramic fuels is only briefly described. Seven 
chapters of the book are in the form of excellent short 
introductory essays on subjects including reactor physics, 
fuel element problema, materials, heat transfer, 
processing of irradiated fuel elements, fluid fuel systems 
and fuel element economics. Fao ths bere 
probably too long and detailed to appeal to the 
and too superficial to appeal to the specialist for general 
reading; nevertheless, they contain very useful tabulated 
data on the alloy systems of uranium, plutonium and 
thorium, and a survey of operational types of fuel element 
with the perfotmance statistics and main types of failure 
experienced. Unfortunately throughout the book there 
ig very little reference to date published after 1958. 

B. F. Puen 
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Design and Function at the Threshold of Life 

The Viruses. By Prof. Heinz Fraenkel-Conrat. Pp. 
viit117, (New York: Academio Press, Ino.; London: 
Academico Pres, Inc. (London), Ltd., 1962.) 1.95 dollars; 
14s. 


systems of all kinds, largely because the fundamental 
mechanisms utilized by the viruses are essentially much 
the same as those found in the higher organiams, but 
are simpler and often easier to manage 


nucleic acids, and the parts which they play, and therefore 
Pe i ee 
The reader will also gain an interesting, if unintended, 

pa relia to the author himself. 
aturally, in a short book of this type it is not possible 


It is surprising to note that, although the major theme 
of the text concerns the nucleic acid of the tobacco 
Mosaic virus, the names of its discoverers are not men- 


tioned anywhere. Roy MARIAAN 
The Nature of Blochemlstry 
By Prof. Ernest Baldwin. Pp. xiii+111. (Cambridge : 


At the University Prees, 1902.) 18s. 6d. net; 2.75 dollars. 


AX author who has previously written two highly 
dettaglio value Any iue about biochemistry 
be excused for feeling apprehensive about 
ems timeliness of his third effort. Prof. Baldwin 
need have no doubts on either score. Biochemistry is 
stil very much of an unknown subject to the staff and 
sixth-form students of our schools, and there can be little 
doubt that many potentially good ecientiste are lost to 
bi because of lack of adequate information 
at school-level. This book should be of considerable help 
in correcting this situation, for its purpose is to explain to 
those Jeaving school what biochemistry is about. 
It is perhape not surprising that tho thread of Baldwin’s 


own interest, comparative biochemistry, should run 
through the book, and this thread is ly strong 
in’ the opening sections. However, aspect usually 


has its own special attractions for sixth-form students, 
and the author uses it to good effect in illustrating the 
easential simplicity and ‘aime underlying the complexity 
of biochemical 

Through: bemg readable, there is sufficient 
acu GS ak i ete eee ok a ew 
some will require considerable concentration 
on the part of the young reader. However, for the most 
pert, the book flows in characteristic Baldwin style. 
Extremely well produced to the high standards usually 
associated with the publishers, this book oan be strongly 
recommended to all who wish to learn something of the 
K. 8. Dopason 
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LEARNED SOCIETIES AS PUBLISHERS 


' 


HE Scientific Publications Council met at the Ciba 
. Foundation, London, on December 13, to discuss the 
"Publication of Journals by Scientific Someties” with 
Prof. A. 8. Parkes (Physiological Laboratory, Cambridge) 
in the chair. Dr. P. N. Campbell (Courtauld Institute of 
Biochemistry, London) introduced the subject with which 
he had been much doncerned in so far as it affecta the 
Biochemical Society. Societies. exist to advance their 
respective sciences; since publication is ono of the chief 
means to this end, the production of a journal may be 
regarded as & most important activity for a scientific 
society, whioh must adopt a strict editorial policy to set 
_& standard in the fleld." 


Old-established journals produced by commercial pub- : 


lishers generally adopt^the same high standards, but as 
"publication in science grows more fitable, the pro- 
liferation of specialized journals not only to the 
fragmentation of science, but also to higher coste to 
subscribers and, in some instances, to lowering of editorial 
standards. 

Societies oan be associated with journals in one of three 
ways. 

In the first arrangement the society owns and pub- 
lishes the journal itself. This ensures it complete control, 
the greatest financial benefit and, provided the society is 
large enough (for example, the Chemical Socisty), it 
seems the most desirable scheme. — 

Secondly, the society may own the journal, but employ 
a publisher. This arrangement is adopted by many 
smaller societies with no permanent editorial staff, 
often to secure financial backing when starting a new 
journal. The publisher prints, promotes, sella and dis- 
tributes the-journal for a commission. The Cambridge 
University Preas does this for a number of societies, 
treating all alike on a pro rata basis. It doos an 
excellent and reliable job of printing at low cost; but 
the commission charged for ita publishing activities, Dr. 
Campbell considered, is high. However, if a society has 
no professional staff, such liaison with a publisher may 
be a reasonable compromise. 

Thirdly, the journal may be owned by & publisher 
though the society appoints the editors. The society runs 
no financial risk, but it also stands to gain least if the 
journal succeeds, so that this arrangement-is rather 
unsatisfactory. However, a society wishing to operate in 
this way might do well to consider the Company of Bio- 
logists, a non-profit-making organization which owns and 
publishes several journals on this basis. 

' What can be done to help scientific societies regain the 
initiative ? 

Dr. Campbell thought that responsible scientists should 
be urged to consider carefully before accepting requesta 
to serve as honorary editors of a new commercial journal. 
The time had come, he proposed, for societies to collaborate, 
taking advantage of the best commercial methods, in the 
production, promotion and distribution of their journals. 
A source of funds is to tide societies over the 
early stages of publication; also advice is needed on 
printing and distribution costa, and accommodation must 
be found for editorial offloee. A joint distributing organ- 
ization should be created to enable societies to collaborate 
over subscription, and the:storage and despatch of their 
journals; the same organization might undertake pro- 
motion. of sales. 

In reply to & question, Dr. Campbell said that he 
advocated increasing the size of existing journals rather 
than.a oe of small journals published on science, 
although, T. R. E. Southwood (Imperial College of 
Science and Technology, London) suggested, societies 
` _ start- now journals not only to cover new fields but also : 


because the editors of existing publications have neither: 
time nor space for expansion. e question of sales pro- 
motion restrains many societies from severing their oon- 
nexion with publishers, since large institutional sales are 
needed to subsidize the free distribution of journals to 
societies’ members. 

Mr. A. L. Bacharach (British Journal of Nuirition) 
perceived the horns of a dilemma: one could support 
small specialist journals, intelligible and interesting 
throughout, which, because of their small circulations, are 
expensive; or one could support large unspecialized 
journals, which are to & considerable extent unintelligible 
and oostly in time to read sel 

Dr. D. Richter (Medical Research Council Neuro- 
psychiatric Unit, Carshalton) thought national journals 
are tending to give way to international periodicals with 
world-wide crroulations such as can best ba provided by 
the great’ publishing houses. 

Mr. Donn Casey (Reproduction Research Information 
Service) described his experiences in starting the Biblio- 
graphy of Reproduction, & new title-list with fourteen 
issues annually of eighty each. He is compiling, 
promoting and distributing this with the aid of one full- 
time assistant with some part-time help. It is printed by. 
lithography, the plates for which are prepared in the office 
with an I.B.M. typewriter, no photographic process being 


"used. The quality is quite good, while the process is fast 


and costs a fraction of normal type-setting. 

‘Mr. R. W. David (Cambridge University Preas) said 
that he hoped he could with uncommercial impar- 
tiality, although this did not moan that the Cambridge 
University Prees was not as competitive and efficient as 
any commercial publisher. A society should first satisfy 
iteelf that its publisher is really . The publisher 
provides (a) ffnanoe and (b) a distribution service. The 
former is much easier than many societies believe; it is 
financial aseistanoe at the early stages that is so valuable. 

& journal is established the subscriptions come in 
before the bills have to be paid. Through his distribution 
facilities,'a publisher can sales to & i 
public; but a specialist journal for a well-defined olientele 
might need no publisher at all. The publisher’s com- 
mission normally covers promotion, warehousing and 
distributing costa. However, as Dr. H. J. Rogers (National 
Institute for Medical Research, Mill Hill) pointed out, a 
Booiety undertaking these tasks for tteelf would not 
necessarily realize the whole of the publisher’s commission, 
for it would not only lose the benefit of the university 
press, whose printing costs are low, but it might also have 
to employ extra staff. 

Dr. A. C.;8tickland (Institute of Physica and the 
Physical Society) said that many ge and binders 
will distribute journals directly. Mr. J. O. Graddon (Royal 
Bociety) agreed, adding that tho Royal Society now pub- 
lishes by itself and employs a firm of packers and dis- 
tributors. Many Fellows have waived their right tó oopiea 
of all the Society’s publications in favour of receiving, on 
request, free reprints of particular: papers that interest 
them. Dr. Oampbell’s scheme was reminiscent of the 
science centre proposals for collaboration. between ‘the 
societies in shared premises, with their own publishing 
house and printer in the basement. 

Dr. W. R. 8. Garton (Imperial College of Science and 
Technology, London) emphasized the distmction between 
reputable publishers and & lees-scrupulous minority that 
act as entreprensurs—it is the latter that start most of the 
new journals in order to ‘sll’ science as a commodity. It is 
wishful thinking to suppose that in the absence of & genuine 
need such journals would fail for lack of support: librarians 
dare not ignore them. e DEINE soe eae di 
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of illustrious names on the titulary boards of these 
journalsa—names that not even death can always delete 
from the roll, as Dr. R. K, Callow (National Institute for 
Medical Research, Mill Hill) interjected. New journals 
should in general only be su if they bear the 
imprint of a society. Mr. A. V. B. de Reuok (Ciba Founda- 
tion, London) remarked that if economic selection did 
not eliminate. poor journals, ‘perhaps some way should be 
found whereby journals could be reviewed like books and 
some machinery for explicit selection set up for the benefit 
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of librarians. Mr. J. A. Rivers (J. and A. Churchill, Ltd., 
London) replied that reviews may sell good books but 
they do not necessarily condemn bad ones, and he doubted 
whother they would be effective with periodicals. While 
they &re profitable, new journals will oontinue to &riBo, 
Dr. Rogers believed, and it would be a tragic mistake for 
scientific societies to lower their standards in order to 
with the leas-desirable of these. The societies 
must set the standards for all, including the commercial 
publishers. A. V. 8. DE REUOK 
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THE TEACHING OF BIOLOGY 
By Pror. D. G. CATCHESIDE, F.R.S. 


Taea is at present much discussion concerning the 
reform of biological teaching. The reasons are varied. 
There are impressions that university entrants in biology 
are poorer than formerly and worse prepared for the study 
of their subject, &o biology must be made more attractive 
for brighter pupils. There are all the newer studies for 
which space must somehow be made, giving rise to 
gasses as to which of the older material, if any, is 

damental and what relative adjustments could be 
made. There is the recognition that very much in the 
living world 1s common to plants and animals and micro- 
organisms, and that therefore the cleavage into botany 
and zoology, as well as the separation from medicine 
and agriculture, goes deeper, far deeper, than it should. 
This is especially true of the structure and function of 
cells, studied by the methods of physiology, biochemistry 
and genetics. However, the common ground extends 
well beyond oell biplogy, and-it is possible to write truly 
biological curricula which, with quite minor . changes, 
may be studied with reference to either plants or animals, 
or to & combination of the two or, even, to a very consider- 
able extent, with micro-organisms only. As well as the 
immense growth of biochemistry, there is an important 
new fleld of biophysics to take into account. leeg 
important, though more obvious, aspect of this concerns 
the iali maahinee with whioh modern physios haa 
supplemented the microscope; the more important 
aspect is the way in which individual physiciste, shying 
from the anonymity of teams grouped &round huge 
machines, are bringing physical ways of thought to bear 
on biological problems. - 

There are therefore several adjustmenta required in 
biological education, without farther delay, partly to 
prevent. continued fragmentation of biology, partly so 
that biologists may understand the newer biochemical 
and biophysical knowledge which is sweeping their subject, 
and partly go that biochemiste and biophysicista may be 
given & broad and fundamental view of biology. Only 
in this way is there a chance of making the spectrum of 
biological knowledge continuous. No one person can h 
to encompass the whole in any^detail. Most will be 
specialista in some fairly narrow , though a few may 
absorb to differing extents in se regions. 

The solution to teaching at university-level lies in the 
devising of new ourricula which are not mere chimeras 
of existing courses, for biology 1s not merely a mixture or 
synthesis of zoology and botany. The courses should 
permit a biology student to specialize to & greater or lesser 
extent and attain an honours standard in three years from 
entry into a university. The specialisms possible may be 
expected to be more varied than at present, recognizing 
that none can properly cover the whole of botany or of 
roology. Indeed, what university course really does so 
even at the present time? The first year of a biology 
student should include a general course in biology and a 
general course in physical sciences; between them these ' 
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should provide the whole of the specialist or vocational 
study. 

Most authorities seem to that more understanding 
of the principles of physical sciences is needed by most 
biologists. It is fairly easy to Beo what these should be, 
and there is a reasonable prospect that physicista and 
chemista will be sufficiently interested to plan educative 
courses which will achieve the main objectives. These 
should be to fit the developing biologist with an under- 
standing of the principles of the physical sciences, eapeci- 
ally in the context of their relevance to biological systems. 
The significant topica, several of which are not exclusively 
chemical or physical, ought to include: 

(1) Elementary particles and atomic structure, isotopes 
and their application to biology. 2 

(2) Dynamics, mass and gravity; the biological effects 
and applications of high and low gravity. 

(8) Obemistry of inorganic and organic substances, 
with special reference to those of biological importance. 

(4) Macromolecules. 

(5) Rates of reaction, catalysis:and the properties of 
membranes. 

(6) Electricity, light and other radiations; biological 
applications, for example, X-ray crystallography. 

(7) Thermodynamics; work in biological systems; high- 
energy bonds. g 

(8) Stellar and planetary evolution. 

(9) Earth sciences, climatology and meteorology. 

The general course in biology, which should be suitable 
also for biochemista and biophysicista, must be planned 
to give & perspective of the subject. both &s regards the 
different levels of integration which it has and which cut 
right acroas the division into plante and animals and, 
indeed, micro-organisms, and the relationship of these 
levels to one another. Broadly, the topics may be 

in the following way: 
. (1) The oell as the basio unit of organisms, ite constitu- 
ent materials and their acquisition and ite metabolism. 
Emphasis needs to be placed on the general similarity in 
constituent compounds and proceasea, on the means of 
energy transport and utilization, and the control of 
metabolic processes. ‘ 

(2) The organization of cells to form tissues and more- 
or-leas complexly differentiated organisms, with the con- 
sequent problems of procurement and poer 
materials and the organization and integration of c- 
tions. 

(3) Reproduction, ranging from the cellular and sub- 
cellular levels to the organismic and dealing with chromo- 
some theory, the structure and function of genes and the 
problems of development and differentiation. 

(4) Evolution, including the elementary processes of 
change in heredity, the evolution of adaptation, the nature 
of genetic systems and the consequences of these for 
variation and the supposed nature of species and specia- 
tion. 
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(5) Diversity and the problema of claesifleation, with 
special reference to the principles and purposes, both as 
regards the classification of plants and animals as & whole 
and also at the finest levels of distinction. Suitable 
illustrative material should be drawn from plants, animals 
and micro-organisms, though not exhaustively. 

(6) The behaviour of populations, as regards tho inter- 
dependence of the individuals for energy and materials, 
their interactions and consequent change. The relation 
of organisms to environment, noting the relation of 
ecology to evolution. 

(7) Behaviour, as a special aspect of relationship 
between individuals or of individuals with environment. 

It is on this basis that one may take issue with Prof. 
R. D. Preston! that above the level of “cell biology”, 
defined by him as “the physics and chemistry of individual 
cells", botany and zoology are too different to teach 
together in one department and that they are “at least as 
different as physics and chemistry". The realty of 
biology as a subject lies in the unity inherent in the 
opparently universal similarity in the constitution of 
cells, of their mode of reproduction and of their integra- 
tion, differentiation and evolution to more complex levela 
of organization. 

One may agree, in principle, with Preston that no one 
can be to have the capacity to contain the 
whole of botany or of zoology and at the same time have 
the mathematical and physical know and skill 
needed to cope with certain of the work commonly 
referred to as ‘molecular biology’. Nevertheless, every 
biologist, in the full sense of the term, should have a 
general understanding of the principles behind such work 
and of the results and their significance. This is easential 
if the co-operation of biologists with physicista, specialized 
in various ways, is to be ieved. Likewise, it is easential 
to design courses in biology suitable for the biological 
education of those physicists and chemists who aspire to 
be biophysicista and biochemista. 

I would probably agree, also, that ‘classical’ biologists, 
presumably anatomista, morphologists and taxonomists, 
generally dealing with material that is not alive, are 
supremely necessary and probably have no need for an 
extensive knowledge of the -physical sciences. In the 
realm of anatomy, as revealed by the electron microscope, 
we are surely back to the position of lack efietious dis. 
tinction between plant and animal material. No one can 
fail to be impressed by the similarity of structure shown 
by sperm tail and the cilia of fern spermatozoa. In 
electron microscopy, no botanist oan afford to ignore 
work on animals, or to abandon the field to the bio- 
physicist. 

In the case of taxonomy, also, I would like to be suffici- 
. ently revolutionary, or perbape atavistic, to suggest 
that training in this ‘specialism’ should fit the taxonomist 
to turn to plants or animals. The principles and methods 
are the same, only the details are different; a competent 
taxonomist could surely acquire a good working knowledge 


COLOUR 
I sometimes think that never blows so red 
The Hose, as where some buned Cæsar bled... 
Omer Khayyém . 


T is & far ory from bleeding bread and medieval 
massacres of Jews to interior decoration and eye- 
shadow; from photosynthesis to photography, reep on 
to Rembrandt, ultra-violet honeylines to tattooing and 
television. All these and other topics, more aden 
haps, were compassed in and between the sessions (dur- 
He Snara bat 20-21, at Birkbeck College, London) of the 
thirteenth annual symposium of the Institute of Biology, 
the title of which epitomiree the dual link, the unsaturated 
bond, between them all: "Colour and Life". ~ 
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of a new group in & year or two, if he put hia mind to it, 
in the presence of proper cdllections and library and 
laboratory facilities. The more modern aspects, the new 
systematics, embraces experimental methods and oon- 
cepts in cytology, genetics and evolution which are, 
common to plants and animals. These have been studied 
over many years by geneticista, sometimes with plante 
and sometimes with animals, but always with & broad 
knowledge of the field. Here tho 'gap' is illusory. 

I do dispute that the work of taxonomists, anatomists 
and morphologists is the foundation on which all the reat 
stands. A modest knowledge of genetics, for example 
of the bacteria or of certain viruses, would dispose of this 
notion. The whole deductive and inferential structure of 
biology as & science, largely derived by the methods of 
genetics, physics and chemistry, is independent of descrip- 
tive biology in ita development. Of the methods, only 
the first is characteristically biological and biological 
alone. 

After the first year at the university, during which one 
may hope for a common course for biologists, we may 
expect that many studente will wish to specialize. It 
should be ible to do this to different extents and into 
fields which are not co-extenaive with those of the histori- 
cal divisions of botany and xoology. In neither of these 
has teaching ever been truly comprehensive, simply 
owing to the exigencies of time and the limitations of 
staffing. It would be realistic to recognize this and to 
plan second- and third-year courses leading to suitéble 
specialization in, for example, taxonomy and ecology, 
genetios, plant or animal physiology and biochemistry 
and microbiology, as well as more general courses or 
combinations of courses for thoee who may need them. 
Clearly, the possible range, as now, would be determined 
by the staffing at any icular university. 

In common with Prot. R. A. Morton’, in commenting 
on the ‘training’ of bioochemiste, I believe it is essential 
that any course of biology should be educational, intellect- 
ually stimulating and contain aspects hard enough to 
stretch the mind of the student. The quality of education 
is to be judged mainly by the extant to which it kindles 
a true spirit of continued inquiry and study. The precise 
content of the course matters little; the spirit and the 
manner of ite study do. These should constantly lead to 
inquiry and discovery by the student. It is unnecessary 
to make believe that a course in any way covers the 
whole of a subject. A student, well educated as a student, 
will be able to go on and learn more of his subject and 
even to branch out into new flelds after graduation. 

My purpose has been to indicate how the teaching of 
biology at a university can be unifled and what most 
biologiste’ education in the physical sciences should 
encompass. Likewise, I have i to indicate what 
minimum view of biology as a whole the biochemist and 
biophysicist should have. 

1 Preston, R. D., Nature, 193, 181 (1001). 
* Dodgson, K. B., Wature, 181, 965 (1961). 
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The first morning’s seesion, under the chairmanship of 
Prof. O. V. 8. Heath, dealt with structural colours (Prof. 
W. D. Wright, Imperial College, London) and chemical 
colours (Dr. J. B. Harborne, John Innes Institution, for 
planta; Prof. T. W. Goodwin, Aberystwyth, for animals). 
The effects of surface, of oy and of background 
on specular and diffuse reflexion include structural colour 
when there is differential reflexion due to scattering, inter- 
ference or diffraction, though the last is of doub signifi- 
systems. Tyndall scattering (macaw) and 


spectral 
methods (for a first general idea) and spectral luminance 
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fore diseriminate specular and diffuse components and do 
justice to iridescent hues). Though coloured transparent 
non-metals, unlike metals, have not & coloured specular 
reflexion, the metallic effect can be produced’ from & 
multilayer of such material. a 

The first requirement for a pigment is a conjugated 
system of alternating double and single carbon-carbon 
bonds. Carotenoids, all based on a tetraterpenoid 
skeleton (8 flve-carbon isoprene unite), are widely distribu- 
ted in most plant organs. Animals can only synthesize to 
the sterol (triterpenoid) level; their carotenoids are direct 
diet derivatives. Incidence and colour function (flowers, 
fruit, akin, feathers) in both kingdoms was reviewed. 

Flavonoids (anthocyanins and allies) are mainly of 
higher planta. ive colour changes occur as phenolio 
hydroxyls are multiplied (for example, scarlet to mauve) 
or for other simple changes. Many are indicators and 
perhaps stimulated the Rubdéiydét couplet felicitously 


quoted by Harborne. Odd cults like blue roses will vainly . 


seek delphinidin in -Rosaces; blues must here be engin- 
eered—if engi they must be—otherwise. 

Quinonoids (p-benroquinone nucleus) are again mainly 
plant pigments, often mysteriously hidden in roote or 
under bark. They colour fungi and oocur in echmoids and 
scale insecta—ancient and modern providers of d. : 

Nitrogenous pigments are the moet diverse. ied to 
chlorophylls and blood pi ta (vids infra) based on the 
four-pyrrol porphyrm mo is prodigiosin of bleeding 
bread. The polymeric-indole-group melanins mainly belong 
to animals (possibly fungi, too), but their distribution is 
confused by lcoseneas of definition (formerly, anything 
black was a melanin), and the difficulty of detaching their 
proteins. Other nitrogenous pigments were reviewed. 

In the general discussion, there was substantial agree- 
ment on the need to measure colour of whole organiams; 
mpening of tomatoes, lures in ethology and ultra-violet 
honey guides being quoted. 

The afternoon session (under Prof. Helen Porter) 
inéluded colour and classification in lower plants (Prof. 
G. E. Fogg, Westfleld College, London), photosynthetic 

igmenta (Prof. O. P. Whittingham, Queen Mary College, 
don), respiratory pigments (Prof. H. Munro Fox, 


Queen Mary College) and ‘colour change in &nimals (Dr. 


D. B. Carlisle, Anti-Locust Research Organization). 

Olandestine consultation of coloured Floras apart, 
Pigment specificity and & largely biochemical taxonomy 
make thallophytes amenable to colour diagnosis; ‘misfits’ 
(Prototheca, photosynthetic bacteria) are few. The by- 
product type of pigment m fungi and lichens is, not 
surprisingly, too variable to use above genus-level, and its 
use may be frankly artifloial (for example, spore colour); 
but photosynthetic pigments are fundamental and oon- 
servative, and validly diagnose major groups in bacteria 
and algae (conditioned masking, as in red Haernatococous, 
apart}—though broader-based evidence could be desired. 
Difficult cases were reviewed and the legitimacy of phylo- 
genetio speculation assessed. 

Photosynthetic efficiency is measured by comparing 
action spectra (oxygen yield against wave-length) with 
absorption spectra. In brown algae, fucoxanthin con- 
tributes as efficiently as chlorophyll; phycocyanin and 
phycoerythrin are similar, carotenoids lees efficient. The 
energy is transferred to chlorophyll with low loss’ by 
inductive resonance. Derivati studies, com- 
perison with the adenosine triphosphate and electron 
sequences in animal respiration, and Witt’s Bhort-flash 
experiments correlating types of abeorption-change with 
the electron-transport sequence, lead to the now generally 
accepted concept of two photosynthetic processes using 
different pigments and linked by a dark reaction 
(Whittingham and Bishop) which involves loss of free 
energy probably coupled with phosphorylation. 

From the succinct review of the structure and occurrence 
of respiratory pigmenta, cytochrome was omitted as 
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function of striping in the (highly palatable) gregaria 
h was in favour of disruptive orypeis 
(still) combined with episematic si function (moving). 

The general discussion which followed-brought out the 
dangers of the effects of colour contrast on description. 
Relevant charts produced by the Technical Optics Section, 
Imperial College of Science and Technology, were demon- 
strated. 

The theme of the second morning, at which Dr. K. 
Mellanby took the chair, was colour tion and 
behaviour. Dr. J. D. Carthy (Queen Mary College) 
(invertebrate tion) opened with the caveat: senBe- 
organ discrimmation need not imply colour vision, which 
can only be tested by whole behaviour. ‘Pieris brassicae, 
-neutral to green while feeding but highly attracted when 
egg-laying (Ilse), shows the need for the comprehensive 
approach, as does the history of bee-training to colour. 
An extensive review followed of visual pigmentas, evidence 
of all for spectral discrimination and sites thereof, 
and le receptor systems, in such groups as have been 
investigated. : . 

Dr. U. Weidmann (Birkbeck College), speaking on 
colour and animal behaviour, reviewed the whole vast fleld 
of releasers, their interaction with one another and the 
background, and the conflicting selection between camou- 
flage and signalling: to trace the mode of evolution of 
the colour patterns that play such & prominent part in 
this behaviour. The-special case of symbiont signalling 
was illustrated from Manning’s i ta with honey- 


. guides for bumble-bees and Daumer’s demonstration of 


ultra-violet honey-guides in (to us) plain red flowers (bees 
seeing the ultra-violet pattern). Finally, évidence of some 
imentary sethetio appreciation in ‘certain groups was 


"presen E 
Dr. Katharine Tanaley (Institute cai asia i 


ing on human colour perception, briefly reviewed the 
accepted facte about rods and cones, and the evidence for 
and against the two principal theories of colour vision (the 
trichromatio and Hering’s). In the face of the complex 
interoonnexions of retinal ganglion cells, it is not reasonable 
to expect clear-cut sensitivity curves. Simultaneous con- 
trast may arise, on the other hand, not through adjacent 
pigmentary synthesis and breakdown (Hering) but through 
adjacent nervous excitation and inhibition, for which these 
interconnexions are relevant. If such opponent mechan- 
isms are present in each of three pigment systems, both 
theories stand to some degree confirmed. Discussion on 
all three papers in the morning session continued vigorously 
into the lunch-hour: 
The final session, at which Sir Gerard Thornton, 
president of the Institute, took the Ghair, was centred 
around the psychology of colour. Dr. R. W. G. Hunt 
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(Kodak Research Laboratories), dealing with the accept- 
ability of colour roduction, started with the faulte of 
even a purely optical image (flare, contrasting background, 
in telesoopé: and camera obecura), and showed how they 
were added to in cy-viewing and television by 
reduced luminance (and liérefore colour-saturation) and 
_subtense, before we even start to matoh colours. This 
again resulta in further loes of colour-saturation because 
m process-coldur mixture stimulates more than one of 
retinal receptor types. In ta bili 

depends on a scene's looking as it ee 

Miss Kathleen A. Battersby (studio director, British 
Colour Council) discussed, as an artist, colour in everyday 
life. She traced the evolution of the new technology and 
the parallel growth of dictionarjes of colour standards it 
has exacted, covering hue (subjective counterpart of 
wave-length), tone (depth of colour), mtensity (degree of 
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` brilliance), and texture (a range appropriate to different 


materials). Gay and beautiful colours are now available 
to the humblest; background and lighting studies show 
that it pays to beautify workplaces, a doctrine illustrated 
by a striking series of ‘before-and-after’ lantern slides. 
Finally, Dr. H. Gwynne Vevera (Zoological Society of 
London) reviewed adornment in man and othet animals. 
Among invertebrates camouflaged by debris, there is some 
evidehoe of systematic choice. Active adornment by 
transfer of coloured secretions is known in birds, though in 
mammals, living in an olfactory world, it is rare until man. 
The discussed tattoomg and analogous practices, 
body paints of plant (woad, henna) and mineral origin 
(ochres) and the evolution of coametica from ancient 
Egyptian ‘koh?’ through medieval lip-rouges to the 
phanteamagoria of current, mainly synthetic, products. 
W. B. BROUGHTON 


RIBOSOMAL AGGREGATE ENGAGED IN PROTEIN SYNTHESIS: 
CHARACTERIZATION OF THE ERGOSOME 


By Dr. F. O. WETTSTEIN, Dr. T. STAEHELIN and Dr. H. NOLL 
. Department of Microblology, School of Medicine, University of Pittsburgh 


IBONUCLEOPROTEIN particles (ribosomes) are 
essential components in protein synthesis. In all 
cells so far examined, the basic ribosomal unite are parti- 
cles ‘of uniform size characterized by & sedimentation con- 
stant of 70-85 S and composed of two relatively stable 
sub-units of unequal size corresponding to about 50 S 
and 30 S. Dimers of 100 S have been isolated from E. colit, 
higher tes with sedimentation constants of up to 
155 S have been observed in preparations from mam- 
malian cells. Lees is known about the functional unit 
that is fully active m in synthesis. From studies 
with X. colt ribosomes, ières e£ al. have concluded that 
both 70 8 and 200.8. Scien Ro coe an carted 
with a moeeenger. RNA containing the genetic informa- 
tion^*. Similar conclusions were drawn from experimenta 
with mammalian reticulocytes believed to be endowed 
with a.more stable RNA template’. However, in all 
these experiments “a small fraction (approximately 
5 per cent) of the ribosomes were shown to be active 
in vitro and hence the proposed relations between the 
physical state and biological activity are subject to con- 
siderable uncertainty. Further difficulties arise from spatial 
considerations: it is not easy to imagine how & messenger 
RNA molecule, large enough to direct the synthesis of a 
protein sub-unit, may be accommodated on the surface 
of a 100 8 (70:5) particla-fn & oonfigueation that remains 
accessible to a sequential line-up of aminoecyl transfer- 
RNA molecules. Some of these diffoulties would seem to 
disappear if it were postulated that in the native state a 
small number of 70 S particles aro combined with the 
meesenger RNA (mRNA) to form ʻa larger structural 
unit. We postulate that about five 70 S ribosomal 
particles, engaged in protein synthesis, form a precise 
geometric structure providing a unique spatial arrange- 
ment for the messenger RNA to display ite active func- 
tional surface. The resulta of experiments with rat liver 
ribosomes reported here give support to this hypothesis. 
In an attempt to correlate particle structure and amino- 
acid incorporation activity, ribosomes were prepared by 
different methods and the sedimentation pattern in a 
sucrose gradient compared with the results of moorpora- 
tion studies. Homogenization was carried out in Hoag- 
land’s* medium A (0-05 M iris, 0-025 M potassium chloride, 
0-006 M magnesium chloride, 0-25 M sucrose). Standard 
~ ribosomes ([4 ribosomes’) were prepared according to 
. Korner’ de addition of deoxycholate (DOC) to the post- 
mitochondrial supernatent and subsequent centrifugation 


at 105,000g for 120 min. Zone centrifugation analysis in 
& sucrose gradient containing Med. A salt buffer (0-05 M 
wis buffer, 0-025 M i chloride, 0-006 M. mag- 
neeium chloride) showed that in such most 
of the ribosomes were present in the 73 S and 118 S state, 
the relative proportions oonteined in theeo two peak 
positions being subject to considerable variations (Fig. la, 
b). Similar variations are found in published date 
obtained both with bacterial and mammalian ribo- 
somes*:++.1¢,11, We found that these variations are 
mainly determined by the temperature at which the 
manipulations were carried out. In particular, lowering . 
of the temperature settings of the ultracentrifuge durmg 
the preparative runs produced & pronounced shift of the 
distribution toward the heavier particles. When tempera- 
ture conditions close to 0° O were maintained throughout 
the isolation procedures, more than 50 per cent of the 
ribosomes sedimented at a rate corresponding to more 
than 100 S (Fig. Ic). 

In order to determine the biological significance of the 
heavier aggregates, the isolation procedure was modifled. 
Tho post-mitochondrial supernatant fraction containing 
1:3 per cent DOC was added as & 5-ml. top zone to 13-ml. 
centrifuge tubes. The tubes had been previously filled 
with 4 ml. of 0:5 M sucrose layered over 3 ml. of a more 
concentrated sucrose solution. In three sets of tubes the 
sucrose concentration of this bottom layer was adjusted 
to 1:0, 1-5 and 1-8 M. respectively. All tubes were then 
centrifuged at 105,000g for 4 h. The transparent pellets 
were rinsed, dissolved in medium A salt buffer and the 
solutions clarified by low-speed centrifugation. 

Tho results of analytical tests, summarized m Table 1, 
show that increasing the density of the bottom sucrose 
layer resulted in an efficient purification of the dense 
nucleoprotein particles by eliminating most of the protein 
impurities and other contaminants of lower density or 
molecular weight. Thus, in the tubes containing 1:5 and 
1:8 M sucrose, the metallo-protems remained as an 
intensely yellow band just below the interface of the 
bottom layer; the pelleta were nearly colourless and 
dissolved quickly to give perfectly clear solutions. In 
contrast, the pelleta formed im 1-0 M sucrose were yellow 
and, when re-suspended, always gave turbid solutions. 
Table 1 also shows the amino-acid incorporation activity 
of the three preparations, both with respect to original 
i and the RNA content of the recovered ribosomes. 
It may be seen that in all three preparations, the ribosames 
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than the heavier aggregates of the ribosome solutions. 
After incubation for 15 min at 37° O, most of the heavy 
aggregates had broken down into 118 S and 73 S particles, 
so that the- sedimentation patterns of the three prepara- 





tubes were mn t 
,000 r.p.m. and 4* O, 24 x 0-20 mL fractions oollectod as 
DONT tn legend to Wig. 1 


The physical nature of the active particles and the 
mechanism of dissociation during incubation were investi- 
gated in subsequent experimenta. Ribosome preparations 
(‘0 ribosomes’) containing more than 90 per cent of heavy 
particles (S > 120) were used. They were prepared by 
the procedure described here in which the sucrose con- 
centration in the bottom layer of the preparative centri- 
fuge tube was raised to 2-0 M. The purity of theee pre- 
parations is reflected in their low protein content (weight 
ratio of protein/RNA < 1) and their dependence on an 
external amino-acid supply for optimal protein synthesis 
(Fig. 3), 
recovered from 1 g rat liver moorporated practically the The structure of the heavy aggregates was studied by 
same amount of !*O-leuome into in, whereas the ini I i 
recovery of RNA. decreased from 1-85 to 1-16 mg/g liver centri tion in a 30-ml. sucrose gradient. For optimal 
as the density of the sucrose was raised. This suggested resolution in the analysis of the sedimentation pattern, 
that the observed increase in specific -activity resulted the fluid was collected by passage through a continuous- 
from the selective sedimentation of a heavy particle flow ultra-violet absorption cell attached to a strip chart 





Table 1. OHNXIOAL COMPOSITION AND ÀMINO-AOED DKOOKPORATION ACTIVEFY OF RIBOSONT ISOLATED BY LOXR CEFKTRIFUGATIOY TAROUGH BUTROSB SOLUTIONS 
: Or DIFFEXEWT DENRFTIIS - : 












































Sucrose < ` Protein content 

in $-mL Rond id Od Approximate 

bottom . welt 14 g liver weight - 
| layer (M) G (mg)t BNA/proten 

Preparation à 
| 1 10 12 3-04 06 

» 2 15^ 12 110 1:8 
i ^38 1:8 12 O77 15 
— 

*Homogenization was carried out after addition af 28 ml, medium 4 to 12 rat liver. After sedimentation af the hes 
mitochondrial t (ref. 8) were carefully removed with a avoiding contamination with sediment or 
een E atant e P) ere mor tus posenlodhlAral mrpernatant per g liver was : 

Aeaye according to Lowry a el. (rt. 18) using erysialline bovine albumin as standard. 

from absorbency at E00 me using to relation = untis= 1-0 mg RNA. 

Ineorporaton were out under standard conditions as in the legend to Fig. 3. The ribosomes prepared In the 
text and assayed after at —00^ O. The tneorporation tubes (total volume 1-0 mL) described In the legend to 3 
with the following sddthions: 0-3 ml. ribosomes to 0-6 g liver, appr. 4 mg. PH 5 enzyme par B), OL amales; mor n I-amino- 
exoluding leucine and 0-04 mole DL-leuctne-1-! with a specific activity of 10-2 me./mmole. The time was 30 min. 
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pi I ied < b per per 
proxtmately oen 
x rally give about 60 o. vi 
E ue 1 ACP se ome the following i eae 
leuctne- og me iN. ribosomes equtvalen 
g liver ( Eee gece oer 


Spal due a iere 
at 0^ O for 24 h against a 


(0-006 M). A mixture of 1 0 caminorecta (01 amola each) exaiading 
lnciolue Was addon only 19 Cha Dora reget the upper curve 


recorder. A constant flow rate was maintamed with a 
Wig dee pump. A typical recording, reproduced | in 
4a, ahows & sequence of 7 peaks, spaced at 
interval, rangmg in position from about 70 to 240 S. 
The seventh peak is barely resolved from a large propor- 
tion. of heavier material that appears polydisperse, pre- 
sumably because the close spacings of the bands in this 
region prevents further resolution under these conditions. 
Incubation of O-riboeomee at 37? O in medium A salt 
buffer solution causes some breakdown of the heavy 
aggregates resulting in a corresponding inorease of the 
absorbancy in the satellite peaks (Fig. 4b). No optically 
detectable quantities of low molecular weight material 
absorbing in this region were released under these condi- 
tions. Addition of minute quantities of crystalline 
pancreatic ribonuclease, corresponding to a final concentra- 
' tion of 1-2 x 10-* g/ml, greatly accelerates this breek- 
down process with the result that most of the iclea 
are now obtained in the 73 S and 113 S state (Fig. 4o). 
Under these conditions, an increase of the absorbancy 
at 255 mu, equivalent to about 8 per cent of the total 
input, was sometimes observed m the top layer of the 
gradient. The nature of this material and the mechanism 
of ita release are now under investigation. 
. The re spacing of the satellite and the 
‘RNase-induced breakdown into 70-113 S particles indi- 
-oates that the higher aggregates represent oligomers of 
the 73 S particles. 
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‘For molecules of similar shape and density, the sedi- 
mentetion constant S is related to the partiole woight m 
by the equation: i 
S*3— km 
in which k is & constant. When the experimentally 
determined S*/* values to the satellite 
peaks were plotted against the relative particle weights, 
taken to be multiples of the 78 S mass, a t line 
was obtained (Fig. 5). This suggests that the 78 S 
particles are assembled into larger aggregates of compact 
structure and similar shape so that transitions from one 
a A COTTO see. RUBE Ht aie spelt im resto abies 


More precise information concerning the size of the 
ee Tati was gained from incorporation studies with 
isola fractions taken drreotly from sucrose gradient 
tubes. O ribosomes were oen in the 30-ml. 
swinging bucket rotor and 1-:0-ml. fractions oolleoted. 
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Absorbaney at 254 mx 
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particle as standard. 
of 73 5 for the monomer, representing an average of 


Aliquots were removed to determine the abesorbenoy 
distribution pattern (Fig. 6a). Every three consecutive 
1-0-ml. fractions were then pooled in ascending order, so 
as to give 8 cuts (pool fractions 1-8) covering the range 
of particle sizes from about, 50-500 S. Tho ribosomes of 
each pool fraction were then sedimented into a pellet and 
redissolved in medium A salt buffer. The pellet from the 
original sucrose gradient was included in this series. In 
order to check whether the physical state of the re- 
suspended. particles had changed during the concentration 
procedures preceding the incorporation assay, aliquots 
were removed from the concentrated pool fractions 2, 4 
and 7 and subjected separately to zone centrifugation 
analysis in a sucrose gradiefit. The resulting patterns 
are shown in Fig. 6b, o and d. The amino-acid inoorpora- 
tion activity of each pool fraction was moasured, using 
duplicate samples and different ribosome concentrations 
ranging from 0-15 to 0-60 mg RNA per 1-ml. incorporation 
mixture. An excess of rat liver tant was present 
in all incorporation tubes, so that the amount of protein 
formed was always proportional to the concentration of 
the ribosomes in the incubation mixtures. All samples 
were treated with alkali to remove radioactivity bound to 
transfer RNA. s 

In Fig. 6a; the speoiflo i tion activity (c.p.m. 
14C.loeucme inoorporated/0-15 mg RNA) has been plotted 
against the effluent volume corresponding to the various 
pool fractions. The of particle sizes contained in 
these fractions is indicated on the abeciasa. The recording 
of á calibration run is included for comparison. It is 
evident from the curve in Fig. 6a that the specific activity 
increases with size over'a range corresponding 


cluded 80-90 per cent of the total O ribosome population, 
including the particles obtained from the pellet of the 
original gradient. -The results show clearly that the 73 S 
monomers aro inaótive. Partial activity is perhaps 
associated with- the dimers (73 S), certainly with the 
trimers (73 S),; it continues to rise rapidly the 
following two stages and then becomes constant. It is 
difficult; however, to pinpoint the state of aggregation at 
which fall aotivity ‘is reached. The date shown in Fig. 6 
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78 S), as upper limit. . 

( Of partioder interest is the redistribution of icle 
sizes observed after concentration and tion 
of the three samples taken from different regions of the 
original gradient (Fig. 60-d). Although in each case & 


-main distribution peek is centred near the position of the 


fraction in the original gradient, a large proportion 
of the input has been di into both heavier and 
lighter fractions. It should be noted that the resulting 
spectrum of particle sizes is not oontiruous but contains 
several peaks in the seemingly poly region 
(250-500 S). The apparent periodicity of the heavier 
peaks may reflect unspecific aggregation of the most 
frequent and/or stable particle size contained in the 
parent fraction, for example, (73 S), in Fig. 6c. 
The foregoing experiments have shown that: (1) fully 
active ribosomes exist in the form of aggregates consisting 


Number of pool fractions 
8 7 6 5 4 3 2 1 
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of at least 5—7 73 5 particles held together by an RNase 
sensitive structure; (2) during incubation of O ribosomes 
at 37° O, a slow degradation of heavy aggregates into 
smaller partioles is taking plaoo, apparently because the 
preparations are still contaminated with tracea of RNase; 
(8) the amino-acid incorporation activity of a given 
ribosome preparation is directly related to the proportion 
of heavy aggregates present in the population. Viewed 
together, these resulta suggestéd another approach for 
determining the airo of the basic mit of protein synthesis. 
Thus, it was to be expected that the amino-acid inoorpora- 
tion, Measured after various periods of pre-incubation, 
should be proportional tò the surviving fraction of active 
particles, namely, those aggregates which are equal to or 
larger than the critical size required for full biological 
activity. In an experimental teat of this relationship, 
O ribosomes ‘were incubated at 37° C in medium A salt 
buffor for 0, 5, 10 and 80 min. At the end of incubation 
aliquots were removed for determination of the particle 
size distribution in a sucrose gradient, and the remaining 
samples incubated for an additional 80-min period in 
the presence of tho complete amino-acid Inoorporation 
mixture. 

From sedimentation diagrams similar to those shown in 
Fig. 4, the relative decrease in the population of heavy 
aggregates, observed after various preincubation periods, 
was computed for several cut-off points covering the 
critical range fram > (78 S), to > (73 S),. These values 
are listed in Table 2 together with the relative decrease 
of tho “O-leucine inoorporstion. It is evident that the 
breakdown rate of the aggregate populations defined by 
the. cut-off points > (78 S, and > (78 S), roughly 
parallels: the rate at which- the inoorporation yield is 
reduced. Some marked deviations, however, are noted. 
Thus, the rate at which the incorporation yield decreases 
is rapid at the beginning, then levels off between 10 and 
30 min,-whereas the breakdown rate of heavy particles 
lags behind at first and continues with little change 
after the decrease in incorporation yield has nearly ceased. 
The initial lag of aggregate breakdown is i pro- 
nounced for populations > (78 S),-(73 S),. Apparently, 
the rate of reduotjon in the amount of protein synthesi 
after various intervals of preincubation reflects the rate 
at which the trace of RNase originally present in the 
préparation is inactivated. 


i E ; 
Table 2. HrrAOT OF PREINCOUBATIOK OX AGGREGATS BISE AND AMINO-ACED 
Iw RaBoeo 


OORPORATION ACTIYTTY oF C MES 
Pre- Amount of !40- Decrease in fraction of partacles 
Hie AH Indorporated Into protein with aggregate mize & (per cent) 
a= 
(mm) O.p.m. (per oent) (7384, (73584, (788. (7353, 
0 5,110 0 0 0 0 0 
5 4,140 19 55 6-5 8-5 14 
10 8,080 ?8 110 12 16 x 
80 3,110 $7 27 $2.5 30 48 


A concentrated solution of C ribosomes (1-75 
salt buffer containing 


by the resulta of the previous experiment shown 
in Fig. 6. On the basis oftia intersrokatian, we conclude 
from these results that the size of the basic active icle 
is either (78 S), or (73 S). An unambiguous ion 
that the basio unit is the pentamer (7$ S), was possible 
by a more direct method, the details of which n 
reported elsewhere. In these experimenta the speci 

activity of the nascent protein, expressed as ™C-leucine 
incorporated per mg ribosomal RNA, was determined as 
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a function of particle size after short incubation pulses 
followed by fractionation in a sucrose gradient.- It was 
found that the specific activity increased through tho 
satellite peaks, reaching a maximum in the peak corre- 
sponding to the pentamers; it declmed somewhat in the 
peak containing the hexamers and increased again to tho 
original level near the position of the decamers, remaining 
nearly constant throughout the region of the heavier 
aggregates. : 


Discussion 


In this article we have described a novel ribosomal 
particle which appears to be the functional unit of protem 
synthesis and which we therefore propose to call ‘ergo- 
some’. In the following we have made an attempt to 
combine our observations into a model of the argosome. 
Although this model containa many speculative features, 
we believe it nevertheless to be usoful, both as a working 
hypothesis and a basis for discussion. 

-Wo visualize the’ ergosome as a roughly spherical or 
doughnut-shaped particle with a sedimentation constant 
of about 200 9 ing to a molecular weight of 
about 20 million. It-is composed of five 73 S particles 
whose 80 S sub-unite, oriented toward the centre of the 
aggregate, are adjacent to each other. Tho five 73 S 
monomers are held. together by one meeeenger-RNA 
(mRNA) molecule which may be pictured as running 
through the groove betweon the 30 A and 50 S sub-unite 


smaller breakdown products. For gradual removal of 
Mgt does not result in a significant ahift to smaller 
aggregate sizes. However, when tho Mg++ concentration 
is reduced to lees than 10-* M, 50 S and 30 S icles 
appear in addition to the entire speotrum of heavy 
aggregates, indicating that. Mg ions are specifically 
required only for the mtegrity of the 78 S iole as first 
demonstrated by Tisaiéres and Wateon!. pid removal 
of Mg** by addition of ethylenediamine tetraacetic acid 
causes immediate dissooation of the entire aggregate 
population into 50 S and 80 S sub-unite, ^ 

More detailed information concerning tho attachment 
of mRNA to the ribosomal sub-unite and ite structural 
relationship to the growing peptide chain has been 
obtained from studies on the mechanism of breakdown at 
low Mg** concentrations of ergosomes containing labelled 
mRNA and nascent protein. A preliminary account of 
such studies has been presented previously", a more 
detailed report will be gi in & forthooming . On 
the basis of these we may further ele te our 
hypothetical model: The stretches of mRNA that we have 
pictured as bei in the groove between the 
two sub-unite of the 73 S icle are attached to the 30 S 
sub-unita. During protem synthesis the information of 
the mRNA is read by transfer RNA molecules moving 
successively through this groove. The end of the growing 
peptide chain is in contact with the 50 S sub-unit lining 
the groove along the side opposing the 30 S particle. . 
The 50 S face of the groove may also play an important 
part as surface for the attachment of the enzymes partici- 
pating in the amino-acid- polymerization. Neer the end 
of the growing peptide chain, tho gap between the two 
sub-units of the 73 S particle is thus bridged by ome or 
several transfer RNA molecules, resulting m an increased 
stability of the particles contaming the nascent protein 
against dissociation at low Mg** concentrations. Such 
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an effect has indeed been observed with W. coli ribosomes 
by Tissidres of al and with rat liver ribosomes in our 
own i 1,14 In addition, this picture would 
explain the observation that on complete di iation of 
the 73 S particles, brought about by further reduction 
of the Mg** concentration, moet of the nascent in 
moves with the heavy shoulder of the 50 S 
sucrose gradient, whereas the rapidly labelled mRNA 
coincides with the $0 S peak‘. Our model also predicta 
that under these conditions of dissociation the transfer 
RNA molecule at the growing end of the peptide cham 
should remain & to the 50 S particle carrying 
the nasoent protein, sinoe it is linked to the carboxy 
ai i Me ene ecd det 

This interpretation is supported by findings of 
Elson!?'. 


In our h ioal model of the ergoeome, the func- 


tional unit of protein synthesis is as & structure 
of uniform size consisting of five 78 S i held to- 
gether by one mRNA molecule, which is assumed to 


direct’ the synthesis of one protein sub-unit. Such a 
model seems to conflict with the apparent heterogeneity 
with respect to the size of the protein sub-unita and their 
messengers that have been enoountered!*. This difficulty 
may be overcome by postulating that ergoeomes of 
constant size, for example, the pentemer (78 S), considered. 
in our model, may contain either one 
smaller molecules of mRNA, depending on sire of the 
protein sub-unit to be synthesized. Alternatively, the 
ergosomes themselves may vary in size according to the 
sizo of their messenger. A decision between these two 
ilities would require information about the size 

of the protein molecule synthesized by our smallest fully 
active unit (73 S), From the specific ivity incor- 
porated in our -experimenta after a 80-min incubation 
period we obtain & molecular weight of about 20,000, 
ing to the addition of $0 amino-acids per 78 8 
perticlo (mol. wt. 4 x 10*). This calculation assumes that 
the ergosome fraction accounts for all of the activity and 
represents 66 per cent of the total ribosomal population 


ribosomes are on the a half-filled with non-radio- 
active peptides. inte, cach eepoeotiie would be capable 
of synthesizing one protein molecule corresponding to a 
molecular weight of ab least 40,000. This value is prob- 
ably still too low, since no correction has been made for 
the breakdown.of active aggregates taking place during 
incubation. It is reasonable to assume, therefore, that 
an ergosome of the postulated sixe would bo capable of 
synthesizing protein molecules of molecular weights as 
large as 50,000-100,000. If we assume a coding ratio of 
3 (ref. 19), the ergosome would be large enough to socom- 
modate a messenger of approximately 500,000 molecular 
whioh is well within the range of values suggested 

in Itteraturo*:!*. j 
If, on the other hand, the ergoeome is engaged in the 


synthesis of several identical protein sub-units, our model ` 


farther i that for structural reasons the sizes of 


have to follow the series M/1, M/2, M/8, eto., in which 


isolated mRNA are not Incompatible with this interpreta- 
tion, some of these preparations may have 
been considerably contaminated by breakdown 
resulting from RNase aotion^fitM-F, - 
Of perticular interest is our finding that 


Los 
that are amaller than the ergosome exhibit- i i 


activity _ 
when thelr inoorporation yield is computed per particle 


mass. Since these smaller aggregates have been shown to 
represent breakdown products of the ergosome, we assume 


V 
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that they contain only a fragment of the original template. 
Consequently, we would conchide that only those of the 
smaller would be active that carry unfinished 
peptide ins attached to a partiaHy filled fragment of 
the template. This interpretation is in harmony with 
other evidence indicating that peptide synthesis must 
in one direction from a flxed starting-point on the 
template. It is likely that the ribosome tions 
described in the literature consist largely of such break- 
down products. This interpretation would explain both 
the small proportion and more rapid sedimentation of the 
so-called ‘active’ particles’. An indication of the biological 
significance of ribosomal tea may be found in the 
observations of Arnstein with rabbit reticulocyte ribo- 
somes’ and, most recently, in studies with bacterial 
ribosomes and synthetic messengers, published after this 
work had been concluded™)™. 
In conclusion, we wish to emphasize that the model 
which we propose is tentative. We are aware that it 
presents & number of difficulties which could not be 


~ discussed within this limited space. It is our hope that 


they will be resolved by further experiments which are now 


gg dom 
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Note added in proof. After this manuscript went to 
press (December 12, 1962), the general structure of the 
ergosome here has been confirmed by electron- 
micrographs of ribonucleoprotein particles from rabbit 
reticulocytes (Warner ei al., Sotence, 188, 1399 ; 1962). 
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NEWS. and VIEWS 


Instruments and Electrical Engineering at the Ro " 
Aircraft Establishment : Mr. W. J. Charnle 


Ma. W.J. OgnARNLEY, who was recently promoted i 
deputy chief scientific officer, has been appointed head of 
Instruments and Electrical i i D the 
Royal Aircraft Establishment, Farnborough. Mr. Oharnley 
graduated in civil engineering at the University of London, 
qualifying with honours, B.Eng. in 1940. In 1948 he 
joined the Aerodynamics Department of the Royal Air- 
craft Establishment, Farnborough, and after a brief 
period in the Low-Speed Wind Tunnel Division was moved 
to the Flight Division, where he was engaged on all aspeota 
of aerodynamic research in flight on high Er ien aircraft. 
ee ee ee peed Bection 
of the Department. He was transfe 1955 to the 
Blind Landing i tal Unit at Martlesham Heath 
as superintendent. This Unit is the department of the 
Royal Aircraft Establishment responsible for research 
and development of systems to enable aircraft to land m 
bad weather, and Mr. Charnley was directly concerned, 
with the successful development of the Blind Landing 
Experimental Unit system of sutomatic landmg. Mr. 
Charnley was awarded M.Eng. in 1945, and in 1949 
became an Associate Fellow of the Royal Aeronautical 
Bocisty. He was awarded the, Bronze Medal of the 
Institution of Navigation m 1959 for a paper on blind 
landing. Mr. Charnley recently completed the 1962 course 
at the Imperial Defence College. 


Military and Civil Systems Department, the Radar 
Research Establishment: Dr. E. V. D. Giazier 


Dn. E. V. D. Grazrza, chief scientific officer, has been 
appoint heed of Military and Civil Systems Department 
of the Radar Research Establishment. Dr. Glazier gained- 
both his B.8c. and Ph.D. degrees in electrical engineering 
at the University of London. His early training was in 
general electrical and mechanical engmeermg in industry 
followed by appointments in the engimeer-in-chief’s office 
of the General Post Office, where he was engaged on the 
development of telephone systems and defence com- 
munications. In 1942 Dr. Glazier was transferred, under 
war-time arrangementa, to the Signals Research and 
Development Establishment, where he was responsible 
for the development of a wide range of signals equipment 
for the Army. After a short period in Head at 
the end of the War, bo was appointed as head of the Line 
and Acoustic Group at the Signals Research and Develop- 
ment Establishment, and m 1952 promoted to lead the 
Research Division of that Establishment, where be was 
responsible for research mto a number of problems in 
Army radio and electronics. In 1957 he returned to 
Headquarters of the Ministry of Aviation as director of 


scientific research (electronics and guided weapons), - 


where he was responsible for advising in research pro- 
grammes and organizing the early Ministry of Aviation 
programme for satellite observations. During this period 
he was secretary of the Radar and Signals Board of the 
Scientific Advisory Council. In 1959 Dr. Glazier trans- 
ferred to the Radar Research Establishment as head of 
the.Ground Radar Department, where he was responsible 
for the development of ground radar and data handling 
equipment and for collaboration with the French Air 
Ministry on the development of radar systems. In 1962 
he, was transferred to head of Airborne Radar Depart- 
ment. He is at present a member of the Institution of 
Electrical Engineers’ Electronica Divisional Board. 


The Harrison Memorlal Prize, 1962: 
: Dr. A. Carrington 


Dn. ALAN CARRINGTON has been awarded the Harrison 
Memorial Prize of the Chemical Society for 1962 in coon- 
sideration of his contribution to the study of theorétical 
chemistry, especially hia work on electron spin resonance. 
Dr. Carrington is a graduate of the University of South- 
ampton. He obtained the B.Bo. degree in 1955 and has 
ginoo undertaken postgraduate research at the Univer- 
sities of Bouthampton, Minnesota and Cambridge, where 
he now holds a research fellowship at Downing College. 
The Harrison Memorial Prize is awarded for outstanding 
merit in any branch of pure or applied chemistry. It waa 
created in 1922 to commemorate the services of the late 
Colonel Edward Frank Harrison, formerly deputy con- 
troller of the Chemical Warfare Department, for the 
protection of the British Foroes from poison gas in the 
First World War. It is awarded to the British chemist, 
under thirty years of age, who, in the opinion of the 
Selection Commuttee, has durmg the previous five years 
conducted the most meritorious and promising original 
investigations in chemistry and published the results. 


Ninetleth Birthday of Prof. Hans K. A. S. von Euler 


Pror. Hane K. A. B. See ee Que Ont Dione 
of modern bi in particular enzymology, cele- 
brates his ninetieth birthday in Stockholm on February 
15. He was born in Augsberg, Bavaria, to a German 
aristocratic family. Although at first he had mtended to 
be & painter, he went to Sweden as a young graduate to 
study under the great physicochemist Svante Arrhenius, 
and thus began his scientific career. In 1909 he became ' 
professor of general and organio chemistry at the Stock- 
holm Royal University and founded the well-known 
Biochemical Institute there. Dominant among the 
Tesearch carried out there on enzyme chemistry was 
alcoholic fermentation, for which Euler received the 1920 
Nobel Prize for Chemistry together with A. Harden. 
The immense amount of work carried out in the enzymo- 
logical fleld by Euler is crowned by his great “‘Cham- 
istry of Enzymes” (Allgemeine Cherie dor Ensyme, 1910— 
34), the first modern monograph on: this field. On one 
hand, the research of the codehydrase I joins Euler’s 
enzymological work with his numerous studies on the 
biochemistry of vitamins, and, on the other hand, with 
his later studies of the biochemistry of tumours. Con- 
cerning the latter, he especially undertook investigations 
of the turnover of nucleic acids in tumours by means of 
labelled com: a eel technique which he had initiated 
together with G. v. Hevesy. Von Euler’s work dealing 
with tumour research includes two important mono- 
graphs, the “Biochemistry of Tumours” (Biochemie der 
Tumoren, 1942) and the ‘Chemotherapy and Prophylaxis 
of Cancer” (Chemotherapie und laxe des Krebses, 
1962). Von Euler retired from teaching in 1941 but con- 
tinued to carry out research work at the Stockholm 
Institute. He has been responmble for inspirmg and 
teaching a great number of scientists now working in the 
field of biochemistry in all parte of the world. AN have 
found him a careful teacher, an excellent example and a 
fatherly friend. . 

The Institution of Chemical Engineers : 
Committee In Ireland 


Taa Institution of Chemical Engineers has established a 
Committee in Ireland, constituted as follows: Chasrman, 


’ 


D 


er February 2, 1963 


Prof. J. P. O'Donnell, University Oollege, Dublin; 
Honorary Seoretary/Treasurer, Mr. J. Kelleher, Shamrock 
Fertilizers, Wicklow; Assisiant Honorary Seoretary, Mr. 
R. K. Sinnott, Du Pont (U.K.) Ltd., Londonderry; Mr. 
E. V. Oasburn, Seaweed Ltd., Galway; Dr. F. L. Kafka, 
Du Pont (U.K.) Ltd., Londonderry; Mr. I. MoCallum, 
Irish Refining Oo. Ltd., Whitegate, Oo. Cork; Mr. P. H. 
Whitaker, Chematrand Ltd, Coleraine, Co. Derry; Mr. 
W. A. D. Windham, Arthur Guinness Bon and Co. Lid. 
Dublin. The objecta of the Committee are "(a) to promote 
an interest in chemical eering in Ireland, including 
, interest In the schools; (b) to bring chemical engineers 
together for discussions on matters of technical interest; 
(0) to provide a tative opinion of chemical 
engineers in Ireland". Further information can be obtained 
from: Mr. J. Kelleher, ‘“Fernhurat’’, Hillside Road, Grey- 
stones, Oo. Wicklow, or the General Secretary, the 
Institution of Chemical Engineers, 16 Belgrave Square, 
London, 8.W.1. 


Sclence and the Public Mind 


A MEMORANDUM by W. Schramm, Science and the Public 
~Mind, based on various studies in the United States of 
publio knowledge of science and scientists, supporte the 
view that knowledge of science is widely, but not deeply, 
' distributed in the United States (American Association 
for the Advancament of Science. Miscellaneous Publica- 
tion No. 62-8: Sotence and the Publio Mind: A Memor- 
andum for B. G. Sherburne, Jr., from Wilbur Schramm. 
Pp. 20. Washington, D.C.: American Association for the 
Advancement of Science, 1962). There are still large areas 
of i oe and an individual’s education is the chief 
predictor of his knowledge of science, followed by use of 
mass media; after leaving school, mass media supply 
moat of the increment in knowledge. Where such informa- 
tion is sought depends largely on the topic and on the 
characteristics of the individual. The more 
and/or sensational is a scientific article the larger ie ita 
audience, and mass media tend to use these techniques 
in reporting science and to select material that oan be so` 
treated. It is to be regretted that they do not apply to 
material for entertainment the same standards of scientific 
accuracy that they apply to advice and reporting. Publio 
attitudes towards science and scientista are generally 
favourable, although not very accurately informed. The 
lic is interested in getting more scientiflo information, 
t the acquisition of new scientific information does not 
prosenelis elt A Ooa cata of belinf attitude and 
behaviour. Besides noting some negative indicators as to 
what information on science should be provided for the 
public, Mr. Schramm ways in which scientists 
themselves can help, for example, by páying closer atten- 
tion to school curricula in science and to the level of 
science teaching, contributing to the traming of science 
writers, facilitating the dissemination of information about 
their work and en the study of the processes by 
which scientific know] is conveyed. and applied. 


Incomes Policy and the Professional Employee In 
' Britain 


Iw & pemphlet, Imoomes Policy and the Professional. 
Employee, issued by the National Union of Teachers, Mr. 
M. Shanks, reviewing critically the Government's attempt 
to operate an incomes policy, suggests that the National 
Incomes Commission should be made a representative 
body (Pp. 15. London: National Union of Teachers, 
1962). He argues that the National Economic Develop- 
ment Council is the most logical.agent to fgrmulate an 
incomes policy, and that under such a policy the salaries 
of profeasional employees would be determined by 
assessing the nation’s need for such services and a formula 
designed to keep these salaries in a proper relation to 
industrial wages. This relation needs first of all to be 
agreed, and Mr. Shanks refers to the belief that in Western 
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democracies there is a built-in distortion in favour of the 
private sector as against the public sector. 


The British Hat and Allied Feltmakers Research 
Assoclation 


Ta fifteenth annual report of the Director of Research 
of the British Hat and Allied Feltmakers Research 
Association, covering the year ended August 1962, refers 
to a survey of the storage cellars of members which ostab. 
lished the general pattern of bacterial infection and 
showed a highly significant relation betweon the degree 
of infection and the season of delivery (Pp. 22. Droylsden, 
Manchester: British Hat and Allied Feltmakers Research 
Association, 1962). This programme limited progress on 
the earrottingof fur, but the Blankenbarg and Zahn method 
of assessing the felting ability of wool was examined. 
Work oontinued on dyeing felt with acid milling dyes for 
fully-planked fur felt and half-planked wool felt and a 
study was made of the incidence of gas-fume fading of dyed 
fur and wool felta, while the problem of hat sizes has 
been further investigated and the goometrical properties 
of hatters’ ovals have been summarized in a technical 
report. . Factors likely to influence the development of 
statio electricity in the forming machines were examined, 
and anomalous resulta of the coefficienta of friction of 
felt have been attributed to contamination of the contact 
services with grease, while the programme comparing 
other possible materials with felt as padding in protective 
headgear was completed. A list of publications is appended. 


Trade Associations and Professional Bodies of the 
United Kingdom 


Tam Trade Associations and Professional 
Bodiss of the United m compiled by Patricia 
Millard, 18 designed to vide a ready means of finding 
the address and telep number of any nationally 
important trade, professional or technical association in 
the United Kingdom and of identifying the associations 
with any specific fleld of activity. With few exceptions, 
only national organizations are included, but trade unions, 
livery companies and chambers of commerce are excluded. 


The directory is in two perta: en alp ical 
and a classified index with croes- s (Pp. viii+- 128. 
London: O.B.D. Heres Ltd, olborn Viaduct, 


1962. 30s.). 


A Bibliography of Personnel Management 


A BIBLIOGRAPHY recently published by the Institute of 
Personnel replaces that published by the 
Institute in 1950 and ite subsequent supplementa (Per- 
sonnel Management: a Bibliography. Pp. 89. London: 
Institute of Personnel Management, 1962. 7s. 6d.). The 
books have been selected as helpful to the personnel 

who wishes to broaden his knowl of the 
-background of his job, and those included in the Institarte’s 
examination book list for studente are marked. The 
eco ee 
with sources of information, and the selection a 
be well-balanced and representative within 
headings. 
Dogs and Stilbeestrol 


Does (18 female, 4 male) were given subcutaneous 
injections of diethylstilbestrol at intervals of 4—6 weeks 
by Dr. Anne G. Jabara, of the Department of Pathology, 
University of Melbourne, and developed alopecia after 
11 months (Austral. J.. Hep. Biol., 40; 1962). All areas 
except the head and distal parts of the legs were affected 
and the denuded skin became dry, soaly and excoriated. 
Microscopic changes were observed in all elements of the 
skin, and the hair follicles were atrophic. The hair grew 
again 3-7 months after injections were stopped, and at 
necropsy 1l- -14:5 months later the skin was histologically 
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normal. Other findings included testicular atrophy, a 
high incidence of inguinal hernia, and ahduroteial By por 
plesia which progreased to a cystic stage and ovaitaaie 
to pyometra. When injections were stopped, the endo- 
Monee te uud a 
which was independent of the duration of treatment or 
of total dose administered, but may have been related to 
the time taken to deplete the residual depot. Treated 
dogs also showed an increase of pituitary acidophils and 
a reduction in basophils and chromophobes; these changes 
were reversed on hormone withdrawal. Generalized or 
focal atrophy of the pancreas occurred in four of the 
longer surviving dogs; this was regarded as a toxic effect 
of stilbcestrol. 

' The, American Soclety of Pharmacognosy 


Taa following have been elected officers of the American 
Society of Pharmacognosy: President, Dr. Gordon H. 
Svoboda, Eli Lilly and Oo.; Vice-President, Dr. Melvin 
R. Gibson, professor AR en , Washington State 
University. Dr. Varro E. Tyler, jun., profeasor of pharm- 
a@oognosy, University of Washington, was elected to the 
Executive Oommittee. The Society's secretary and 
treasurer are elected for three years; neither term expires 
in 1963. Mr. Rolf Westby of Eli Lilly and Co. is secretary, 
and Dr. Frank A. Crane of the University of Illinois is 
treasurer. 


The Iron and Steel Institute : Indian Elections and 


1 Awards 


Tua following elections and awards have been announced 
-ın connexion with the Iron and Steel Institute's special 
ing in India January 21—February 12 (see 
Nature, 196, 816; 1962): Honorary Members, Bir Jehangir 
J. Ghandy, direotor- in-charge, the Tata Iron and Steel 
Co., Ltd.; Bir Biren Mookerjee, chairman, the Indian 
Iron and Steel Oo.. Ltd., and governing director, Martin 
Burn, Ltd.; Mr. J. R. D. Tata, chairman, the Tata Iron 
and Steel Co., Ltd., and chairman of the Tata Group. 
Honorary Vice-presidenta, Dr. D. P. Antig, president, the 


Indian Institute of Metals, and general manager, Indus- ` 


trial Projecte Division, Union Carbide, India, Ltd.; Dr. 
B. R. Nijhawan, director, National Metallurgical Labor- 
&bory, J! ur, and vice-president, the Indian 
Institute of Metals. Award of a Scroll of Honour, Mr. 
R. D. Lalkaka, honorary secretary, the Indian Institute 
of Metals. 


The Institute of Metals : Awards 


Tue following awards of the Institute of Metals for 
1903 bave been announced: the Institute of Metals 
(Platinum) Medal, to Mr. G. L. Bailey, director of the 
British Non-Ferrous Metals Research-Association, London, 
and a past-president of the Institute, in recognition of 
his outstanding services to the non-ferrous metal indus- 
tries; the Rosenhain Medal, to Dr. B. A. Bailey, professor 
of theorétical metallurgy at the University of Sheffield, in 
recognition of his outstanding contributions in the fleld 
of physical metallurgy. 


Electron Microscopy of Thin Crystals 


A SUMMERE school in electron microscopy of thin crystals 
will be held in the t of Metallurgy, University 
of Cambridge, during June 28-July 1. The school is 
intended for research workers from industry and univer- 
sities who already have some basic knowledge and opera- 
tional experience of electron microscopy, and will-inolude 
lectures and demonstrations on the E EIT iE 
of electron microscopes, the theory 
and image contrast and the ion cn electron. 

from metal and 


diffraction patterns and mi 
ceramic The lecturers be Dr. P. B. Hirsch, 


Dr. A. Howie, Dr. R. B. Nicholson, Dr. D. W. Peabley 
and Dr. M. J. Whelan. The fee for the course will be £24, 


' 
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and college scoommodation will be provided at an in- 
clusive cost of £21. Further information can be obtained 
from the Board of Extra-Mural Studies, Stuart House, 
Mill Lane, Cambridge. 


Lady Tata Scholarships and Fellowships In Leukeemla - 


Taun Trustees of the Lady Tata Memorial Trust invite 
applications for fellowships, scholarships and grants for 
research on leukemia, in the academio year 
October 1. In view of the affinity between leukssmis and 
other forms of neoplastic disease, candidates with pro- 
grammes of research on any aspects of malignant disease 
which may throw light on problems of leuksmia will be 
eligible for consideration, and especially those studying 
leukemnogenio viruses in mammals, the epidemiology and 
natural history of leakmmia, and the genetical and cyto- 
logical agpeote. Applications should be submitted before 
March 31. Further information can be obtained from the 
Secretary of the (European) Scientific Advisory Commit- 
tee, Lady Tata Memorial Trust, Chester Beatty Research 
Instituto, Fulham Road, London, S.W.8. 


Announcements 


Ds. T. E.-ALLIBONn, director of the Associated Elec- 
trical Industries Resarch Laboratory, Aldermaston, 
Berkshire, and director for Research and Education, 
‘Associated Electrical Industries (Woolwich) Ltd., has 
been appointed Rutherford Memorial Lecturer during a 
period to be arranged in the wmter of 1963-64 in India 


-and Pakistan, under the terms of the scheme to com- 


memorate the late Lord Rutherford of Nelson. 


Mx. A. A. Pant, deputy secretary in the Ministry of 
Education, has alo been appointed deputy secretary in 
the newly created of Publio Buildings and Works 
(see Nature, 196, 724, 937; 1962). Mr. Part will be 
responsible for policy matters affecting programmes of 
work carried out by the Ministry and, in particular, for 
matters arising from the forthcoming amalgamation with 
the Ministry of Works Directorates of the three Service 
Departmenta. 

As from January 1, Dr. P. R. Day became secretary of 
tbe British Mycological Bociety. All communications for 
e er cenas Medus eee Ko 
John Innee Institute, Bayfordbury, Hertford. 


"CrLrxATIO Factors and Agricultural Productivity” is 
the title of a symposium to be held at the Department 
of Geography and Anthropology, University College of 
Wales, A on March 18. Further information 
can be obtained from Mr. J. A. Taylor, Department of 
Geography and Anthropology, Alexander Road, Aberyst- 
wyth, Cards. i 


Tun Institute of Fuel, in collaboration with the City 
and Guilds of London Institute, is organizing a conference, 
“Education and Training in Fuel Technology in Relation 
to National Needs", at Borough Polytechnic, 


- Road, London, S.E.1, on March 8. Dr. A. Parker, lately 


director of fuel research of the Department of Scientific 
and Industrial Research, will a an addreas, ‘The 
Importance of Fuel Technol Productivity”. Further 
information can be ouod Bon the Secretary, Institute 
of Fuel, 18 Devonshire Street, London, W.1. 

Aw Anglo—Japanese symposium on ‘Nuclear Power", 
jointly organized by the United Kingdom Atomic Energy 
Authority and the Japan Atomio Industrial Forum, Inc., 
will be held in Tokyo durmg March 26-28. The Britiah 

tion will include representatives of the Authority, 

the Electricity Generating Board and the British 

nuclear industry. The delegation wil present & sym- 

ium on “British Nuclear Power Station Development". 

information can be obtamed from the United 

Kingdom Atomic Energy Authority, 11 Charles I Street, 
London, 8.W.1. 
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THE FERMI CHICAGO PILE 


December 2, 1942, at 3.25 p.m. Ohicago time, the 
first self-sustaining nuclear chain reaction was 
initiated and controlled. The suóoees of the experiment 
was mainly due to Enrico Fermi. He directed the con- 
struction and the Pon of the pile situated in the 
Weat Stands, Stagg Field, University of Ohicago, in what 
had been a equash-raokete court. To mark the twentieth 
anniversary of this historical cocasion and as a tribute to 
the memory of Enrico Fermi the International Atomic 
; has issued a special number of ita Bulletin 
(December 2, 1962) containing an introductory article by 
8. Eklund, director general of the Agency, and thirteen 
other articles, by distinguished scientists, devoted to 
descriptions of the first atomic pile or developments in 
the fleld of nuclear energy in various countries. ep gro 
French, German, Ruasian and Spanish editions of the 
Bulletin are to be published. - 

In his introductory remarks, the director general com- 
ments that immediately after the Second World War 
when the basic know of atomic energy spread all 
over the world it was ught that the new source of 

could be put to widespread practical use within a 
very short time. But now, twenty years after the first 
reactor was put into operation, we have learned that 
development in nuclear energy must follow the same 
sequence as in every other major technological advance 
~and involve only small steps at a time. The introduction 
of nuclear power will not be a sudden event, but mstead 
a gradual prooees. However, the benefits already accruing 
from radioisotopes, an important by-product of nuclear 
energy, and their wide use in research and industry, 


a potu 

the articles, except the simple deacriptive account 
of the first atomic pile entitled ‘ First Pile" by O. 
Allardice and E. R. Tra which was written in 1946 
_ and is inted in the in, are original contributions. 
They include a brief personal account by Laura Fermi of 
her husband during the period he was working on the 
so-called ‘metallurgical project’ and’ of the absolute 
secrecy he maintained, even from her, of the work he 
was doing. Lise Meitner writes about the right and wrong 


4 


HE annual report for 1961—62 of-the British Oounoil * 

is in two parte, the general survey of the year being 
&ooompanied by an article "Teaching Courses" which, 
besides describing the Council's part in recruiting British 
teachers to serve overseas, seeks to answer some questions 
asked by potential candidates for overseas teaching pogts. 
In addition to filling ing posts in ita own permanent 
service the Council reorui 226 teachers on short-term 
contract, of which 140 were for schools and 45 for universi- 
ties and training colleges, about 25 per cent of those in 
universities being at the professorial level and rather 
more than half in English departments. Moet of the 
Council’s educational work in developing countries is 
png RA RE to technical co-operation, and i 
in Nigeria and Ghana has clearly mdicated t the 
opportunities open to the Council for educational work— 
especially in English language ing—inoreasme as the 
number of expatriate civil servants decreases. cibi 
mente have already been made for collaboration with- 
Department of Technical Co-operation in Nigeria which 


* The British Cowmoill Annual Report, 1951-1962. vi 107 1-12 
plates, (London: The British Oounoll, 1944.) Ln na 


THE ‘BRITISH COUNCIL : 


roads to the discovery of nuclear energy; Otto Hahn on 
“Enrico Fermi and Uranium Fission”; H. D. Smyth on 
the publication of.the “Smyth Report”; 8. K. Allison 
on the "Initiation of the Chain Reaction” and his own 
particular task, the search for pure materials required for 
the pile; and G. T. Seaborg on the production of 
plutonium and its chemical extraction. Bir John Oock- 
‘croft describes the early days of the Canadian and British 
&tomio energy projects. B. Goldschmidt discusses France's 
contribution.to the discovery of the chain reaction and 
shows that the work of French scientists, while it did not 
contribute directly to the success of December 2, 1942, 
did nevertheless back up the efforts of Great Britein to 
the United States to tackle the uranium problem 
on an industrial scale, and played a large part in the 
birth of nuolear activities in Canada and in the develop- 
ment of heavy water reactors. V. B. Emelyanov gives 
some historical details of the study of radioactive 
materials, and uranium, and graphite, by Soviet scientists 
leading up to the production of uranium and graphite for 
the first atomio reactor in the U.8.8.R. ` 
In his article entitled "Thoughts on the 20th Anniver- 
sary of CP-1" E. P. Wi states that on the memorable 
oocasion of December 2, 1942, the scientists involved in 
the nuolear project realized that both the economic and 
political world would be affected by their great achieve- 
ment. Economically they thought that the main effect 
would be cheaper , but so far this objective has 
not been realized. In the political field they hoped and 
that the terrible nature of nuclear weapons 
would have such a sobering effect on the Governments of 
all nations that they would forsake their conflicti 
aspirations and submit to & larger community of law an 
order. This was based on a misunderstanding. The issues 
of war and are governed not by the nature of 
weapons but by the conflicting desires of Govern- 
The remaining two articles are by J. A. Wheeler and 
G. de Hevesy, who discuss “Fission, Then and Now” 
and ‘The Reactor and the Production df Isotopes”, 
respectively. S. WarwrROUB 


may become the pattern for similar co-operation elsewhere 
in ca. 
The Council's English Teaching Information Centre, 
formed in 1960 to collect and co-ordinate experience and 
information about teaching English as & second or forei 
, now distributes about 1,000 copies of its i 
Teaching Abstracts and Bnglish-Teaching Bibliogra in 
more than ninety countries. Moreover, the Oouncil has 
maintained close contact with the British Broadcasting 
Corporation and with the Centre for Educational Television 
Overseas in ite investigations on the production of English 
teaching films for television and for classroom 
. A substantial financial contribution is being made 
towards the running costs over the next five years of the 
English schools in Nicosia; £34,000 was contributed for a 
library building im Port Harcourt, Eastern Nigeria; 
£12,000 towards one at Kaduna, Northern Nigeria; a grant 
of-£85,000 was made to the Sierra Leone Library Board 
towards the capital cost of a Central Library and head- 
quarters building in Freetown; late in 1961, £27,000 was 
granted towards the establishment of a central and 
headquarters library at Ibadan, Western Nigeria. In 
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all, during two and a half years, grants totalling £175,000 
have been allocated for library development in seven 
centres. 


There are now estimated to be some 60,000 overseas 


studente in Britain and oe the year the Council met’ 


and assisted 10,407 on of whom 5,127 were from 
the Commonwealth and 3,601 'were colonial. Permanent 
&ocommodation was arranged for 820 in Council residences, 
874 in university and other hostels or halla of residence, 
and 6,301 in lodgings, as well astransit accommodation on 
first arrival for more than 4,500 and &ocommo- 
dation when away from place of Study for nearly 7,000. 
Hospitality was arranged fér and accepted by 13,547, more 
than 20,000 attended week-end courses, study visita and 
surveys, nearly 2,500 holiday courses of 7-15 days, more 
than 12,000 Council centres and 4,000 introduction 
courses. With the capital fund of £3 million which the 
Council is inistert for the Government, a target of 
an additional 5,000 hostel places has bean set, wherever 
possible by voluntary societies and other organizations, 
and 87 projects for hostel development (providing an 
additional 1,382 places) have been approved. There 
are also plans for some expansion of the Counoil's social 
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and cultural centres for overseas students and trainees. 
About half the overseas studenta and trainees in Britain 
are studying some branch of soienoe, technology or 
medicine about half the advisory visita by 
the Council overseas are oonóerned with these jecte. 
Of 7,522 oversees visitors in Britain assisted by the 
Oouncil (including 040 Colombo Plan trainees, 633 United 
Nations Fellows and 378 Scholars and 416 Teacher- 
Bursars under the Commonwealth Educational Co-opera- 
tion), 1,030 were in medicine, 1,717 in science and tech- 
nology and 1,535 in social science. Besides 78 university 
interchange vimrte (54 to Britain) arranged under the 
Oommonwealth Scheme, 184 short visita were 
under the Foreign Scheme (65 to Britain) as well as 4 
longer teaching visits by guest professors and lecturers to 
university departments, and 99 visita of younger research 
workers between British and foreign universities (58 to 
Britain). In all 358 specialist tours, advisory visits and 
delegations were arranged during the year, of which 52 were 
in science and technology, 51 in medicine and 25 in social 
science, and the Council assisted in the selection of 
candidates for 118 scholarships offered to British students 
in 21 centres. ' 


THE NATURE CONSERVANCY 


e ss thirteenth annual report of the Nature Con- 
servancy for the year ended September 80; 1963 *, 
records a total of 100 National Nature Reserves (with an 
acreage exceeding 190,000, and the Conservancy has thus 
completed the greater part of ita original acquisition 
programmb of some 140 reserves‘ and an area of about 
250,000 acres. Diffloult acquisition problems are presented 
by some of the proposed reserves and completion may still 
be considerably delayed. However, these figures do not 
include some nine local and eleven forest nature reserves 
or two wildfowl many more of which will be 
required, but it is already clear that the programme set 
forth in 1947 in the report of the Wild Life Conservation 
Special Committee was fundamentally sound. 


With the substantial progress in acquisition, the foous , 


of effort shifte progressively from the acquisition of 
reserves and their rehabilitation to the formulation of 
comprehensive plans of management and the development 
of research projeota, although the report refers to progress 
during the year in ing management plans as dis- 
appointmg. On the other d, encouraging progress is 
reported in working co-operative arrangementa, partiou- 
larly with the new county naturalista’ trusts which are 
emerging on & national soale as effective organizations 
for ing reserves and ing conservation. A 
much wider of informed public Interest is, however, 
desirable, although the launching of the British national 
for the World Wildlife Fund has enoouraged hopes 
of placing the voluntary movement on a firmer basis. 
Oonservation requires large financial and praotioal support 
from voluntary sources and this requires education, 
guidance and self-restraint-by citizens, which are imbued 
preferably through voluntary and elected bodies. 
Nevertheless, despite encouraging indications of growing 
co-operation and such signs of p as the issue of the 
Conservancy’s first monograph, P Oommunities of the 
Scottish Highlands (see Nature, 196, 206; 1963), the 
striking advance in the amount of advice on speciflo 
PD such as toxio chemioals and wildlife, provided 
or authorities and organizations concerned, a careful 
reading of the report suggests that the national con- 
tribution to canservancy is too small. The report itself 
admits to a diffleult year financially. -The grant-in-aid 
by 
* 
E ee eem qut un Mum Soe ee 
HMSO. 1962.) en. net, 5 
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was £535,000, of which £465,000 was for general purposes 
and £70,000 for capital e iture. Receipta amounted 
to just more than £14;000, ut it was necessary to transfer 
£14,000 from the capital expenditure to the 
expenses account, and the increase of £55,000 in the 
income for 1962-68 is almost entirely abeorbed by rising 
salaries and general expenses. Expenditure on research, 

ining and ial surveys amounted to no more than 
£76,626, of which £33,782 was for grants and research 
and £22,149 for studentships and training grants, figures 
which compare with £65,414, £28,965 and £18,428, 

ively, in 1960-61. ~ 
this connexion, a sub-oommittee under the chairman- 
ship of Prof. W. H. Pearsall, after reviewing the respon- 
sibilities of the Oon 1 for grant-aided research, 
including the pe status of biological research and of . 
support for aspects of ecology, concluded that the 
s responsibilities should be broadened. This 
would permit stronger liaison with the universities, the 
desirability of which was emphasized by the Select Com: 
mittee'on Estimates in its 1957-58 report, and would 
provide greater and more flexible support for research 
into natural biological resources and the fundamental 
aspects of biology underlying it. The has 
ted this. recommendation in principle, but ite 

tiaplémentatinr depends on the outcome of other current 
reviews of Government support for biological sciences. 
Hight new grante were approved during the year and ten 

isti grants renewed or extended. Provision for 
research studentships is also at present under review; 
fourteen awards were made during the year and thirteen 
applications for third-year extensions were approved. Six 
awards were again made for the one-year diploma course 
on conservation. 

A feature of the report is the increasing attention given 
to international and overseas activities. The Conservancy 


.is an active member of the International Union for the 


Conservation of Nature and Natural Resources, and 
besides reporting on meetings of the Commissions on 
Ecology and on Education of that body, the present 
report includes notes on the first world conference on 
national parks at Seattle, the International Council for 
Bird Preservation, the thirteenth International Ornitho- 
logical Congress, the fifteenth Limnological and 
an international conference in May 1962 at which the 
feasibility was agreed of an International Biological Pro- 


, 
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gramme on the biological basis of productivity and human 
welfare 


Some thirty pages of the report are now occupied by 
accounts of scientific research in at the Merle- 
wood Research Station and Moor House Field Station, 
the Furrebrook Research Station, the Monks Wood 

i tal Station, the Speyside Research Station, 
the Bangor Research Station and in Scotland. Botanical 
studies on low-level woodlands embrace studies of nutrient 

in oak woodlands, those of the invertebrate fauna 
of woodlands, the nutrient and energy-cyclea in wood- 
lands and the éffect of management on invertebrates. 
The establishment of trees on Pennine moorland, wood- 
land mycology and chemical studies on organic matter 
all received attention. Other investigations were con- 
cerned with moorland ta, the ag lees southern 
heaths, coast physiography and ecology, climatology and 
hydrology, sheep-grazing and vegetation, the productivity 
of mountain ds and biometrics. Scotland, 
besidea botanical research on woodlands, the asseasment 
of the vegetational productivity of Rhum continued, as 
did zoological work on the red grouse, a study of the food 
of the red deer and detailed studies of the grey seal 
breeding ooloniee in Orkney and North Rona. 

The Scientific Advisory Services were concerned with 
the factors to be taken into account in afforestation of 
national parks, and, besides the monograph.already noted 
and a second whieh has now been sent to press, they were 
also concerned with publication of & new edition of the 
Flora of the British Isles and the Atlas of the British Flora. 
The Conservancy is re ted on the Committee on 
Hydrological Research by Dr. E. B. Worthington, and in 
the planning and execution stage of the proposed catoh- 
ment area research a member of the Conservancy’s staff 
will be attached to the Hydrological Research Unit. The 
Conservancy has also co-operated in the West Midlands 
Inland Water Survey, and in April 1962 it issued an impor- 
tant statement of policy on the introduction of species, 
affirming the importance of wider public recognition of 
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the basic principle that in any area the integrity of the 
natural fauna and flora is in itself a vital natural resource, 
the conservation of which ought to be an object of national 
policy. _ f ; 

Nearly all the National Nature Reserves in Scotland, 
more than half of those in England, and a third of those 
in Wales are now being managed under approved plans, 
and about half a dozen of those prepared more than five 
years ago are being revised for the next quinquennium. 
The Conservancy is convinced of the need for & concerted 
approach by land-using interests to the problems involved 
in making the best use of the hill ground of Scotland— 
the need for much more fundamental and applied scientific 
research is stressed. Steps have been initiated to review 
existing knowledge, Werk in progress, identify gaps and 
build up efforts into a comprehensive programme. Fol- 
lowing a study of the status, amenities and scientific 
interest of about thirty-eight surviving named areas of 
the Norfolk Broads in a syrvey of the impact of contem- 
porary developments, the Oonservancy is anxious to 
initiate research into problems of pollution in the Broads 
and towards & better understanding of water movements, 
tidal effects and rate of mud deposition on water depths 
and marginal effects. Tt is seeking to organize a wardening 
service in Snowdonia based on voluntary t with 
safeguards for landowners and tenants, the National Park 
authorities, public access and the Oonservancy, and it 
has also recently expressed concern about possible dis- 
turbanoes due to the use of ‘hoveroraft’ over tidal flats, 
shallow lagoons and rivers and marshes. The Ministry of 
Transport and the Ministry of Aviation have agreed to 
keep the Conservancy informed regarding permite to fly 
hovercraft and proposals for legislation. Full agreement 
waa also reached with the Post Office to find an alternative 
route for a submarine cable which it was proposed to 
bring ashore on the Norfolk coast and which threatened 
scientific interesta. Sdme concern is again expreesed 


pi dg damage and litter on reserves and wildfowl 
which present serious problems. 


POSSIBLE APPLICATION OF THE MASS-ENERGY CYCLE ON A MICRO- 
AND MACRO-SCOPIC SCALE IN THE UNIVERSE 


By J. L. HUGHES 
Department of Physics, University College of North Wales, Bangor 


NE form of the mass-energy cyole is shown in Fig. 1. 
i support for the cycle comes from 
t all known particles of lower energy may be 
created from a 10-BeV electron. The only particle inter- 
actions allowed by the cycle which have not been observed 
Bonn dude &re the build-up and decay of photons 
al these are not eesential to the concept when 
ap on & macroscopic scale.” 

b wil be that the cyclic reactions occur 
in the positive Dirac states and since the negative states 
are normally filled the creation of antipartioles will be 
considered as abnormal eventa m the universe. (Dipping 
into the negative Dirao states could nevertheless provide 
an important and convenient means of ing the 
ideal equilibrium ratio under abnormal conditions such as 
those existing in a cosmic ray air shower. - For example: 

3 ‘ol 

z, secondary particles and antiparticleg—- 

x, secondary particles (z, > %).) ' 


The basic postulate of the present work is as follows. - 
In any region of the universe the ratio of mass to energy 
will always tend to a constant value. That is: 


| a Mas — const. 
Energy i 


the facb 


(This refers to the ratio of the amount of mass and onergy 
in any region and not the Einstein equivalenoe ratio of 1) 

If this constant be put equal to unity, then: (a) in any 
region of the universe where mass/energy > 1 the con- 
version of mass into energy will be favoured; (b) in any 
region of the universe where mase/energy < 1 the oon- 
version of energy into mass will be favoured. 

Due to the large velooity of photons and the mutual 
gravitational attraction of the mass > o particles, it is 
unlikely that & stable equilibrium would ever be attained 
locally, the fluctuations about the ideal . mass/energy 
Tatio ting the mass-energy cycle. 

Eddington! objected to the oyolio concept since it was 
not consistent with the second law of thermodynamics 
in an expanding universe. Applying the cycle on a maoro- 
scopic scale, however, it can be seen that the observed 
expansion of the universe turns out to be only an apparent 
one. It is true that clusters of galaxies move away from 
each other but this is so only for their content. The 
equally important photon content actually move towards 
each other into interclusteral space canoolling the observed 
expansion. The photons sre then transformed in accord- 
ance with b, while the mass > o particles in the clusters 
themselves con: ing under mutual gravitational attrac- 
tion transform ing to a. ` 





Fig. 1. One form of the mass-energy cyele. A and 
3 3 of mass and energy, respoctively, and 2 a 

5 ; ; P, > Tv, MO x > M, mu ; 

R: he yeti oi proton P meson; A meson 


Any sufficiently large volume V of the universe would 
lose particles by the outward flow of photons and clusters 
of galaxies but gain by the inward flow of particles from 
the i space, these eventually forming now 
elustere in nocordanoe with b, in the intercluateral regions 
of V. 

The density of matter in V would on the average be 
constant both in space and time and it could be considered 
as an isolated system involving thermodynamioelly 
perfectly reversible reactions between mass and energy,- 
basic postulate. The universe based on the mass-energy 
cycle would thus satisfy the second law of thermodyna- 
mics, its entropy remaming constant. - 

Possible experimental proof of the basio postulate. 
According to the present postulate the ratio of massa to 
energy in any region of the universe tends to a constant , 
value. By analogy with other equilibrium systems it 
has bean assumed that the greater the departure of the 
mase/energy ratio from the ideal value the more unstable 
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does the matter in the region concerned 
become. 

The electron offers a means of verifying 
the postulate experimentally since above 
1 MeV it travels at essentially the velocity 
of light, any further gain appearing as mas. 
Under these relativistic conditions the” 
dimensions of the electron decrease as ite 
mass increases, hence its mass density be- 
comes extremely large. Infinite mass is pro- 
hibited by the postulate so that the electron 
eventually would bave to reach a critical 
density after which it becomes unstable and 
transforms in accordance with a. The 
critical density is likely to be attained ` 
sooner in an environment predominant in 
mass than one predominant in energy such 
as the envelope of & supernova. It is of 
interest to note that electrons of 10 eV 
have been observed in supernovae via their 
instability, while no electrons of pfimary 
origin greater than 10!* eV have been 
observed in ooemio rays striking the Earth. 
The linear accelerator at Stanford producing 
" 50-BeV electrons will probe this apparent 
gap in the electron spectrum at a beam current of 100 
microamps, representing close packing -of electrons 
which may well have attained the critical density and 
become unstable. 

The postulate results in the stability of a` particle being 
dependent on its individual characteristics and those of 
ite surroundings. Assuming all else to be constant with 
only a change in environment, differences should occur 
in the mean life-times of i such as mesons and 
hyperons if the postulate is correct. A relatively large 
spread in mean lite-times of such particles does exist which 
may be within experimental error. 

The observational consequence of the cyclic concept 
would result in distant galaxies bemg visible only in the 
radio frequency range since the more energetic photons 
would have transformed em route (b), thus also satisfying. 
Olbers’ paradox. 

* Eddington, Sir Arthur, The Nehre of the Physical World, 81 (Dent and 

Bons, 1938). 
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' SLOWLY VARYING COMPONENT OF SOLAR RADIO EMISSION 


By Dr, M. K. DAS GUPTA and D. BASU 
Institute of Radio Physics and Electronics, University of Calcutta 


T is well established that the solar radio emission can be 
broadly classified as: (1) a fairly constant basic com- 
ponent (quiet sun emission—thermal origin); (2) highly 
variable components of different types (disturbed san 
emussion—non-thermal origin); (3) a distinct type of 
slowly varying radiation only at centimetre and lower 
decimetre wave-lengths. The last one shows a slow day-to- 
day variation in intensity closely correlated with sunspot: 
numbers exhibiting roughly a 27-day recurrence period, 
and as such is called the slowly varying component 
of solar radio emission. The close association of the oenti- 
metre radiation from the Sun with the sunspots was first 
detected by Covington! at a frequency of 2,800 Mo/s. 
- Subsequent observations by other workers?“ at different 
frequencies showed the game effect. It was revealed that 
this characteristic type of solar radio emission is limited 
to & certain of frequencies. But aa yet this range is 
not clearly "dated, and the two limiting frequencies 
beyond which the slow variations are undetectable are not 
preamely known. However, according to Hachenberg*, 
this component extends over the ency-range of 500 
Mo/a-80,000 Mo/s, while according to Pawsey and Smerd' 


the range is 500 3Mo/s-10,000 Mc/s. Moreover, the 
frequency at which the correlation between the slowly 

ing radio emision and the relative sunspot numbers 
wodidibeernéximum, if there be any, i8 not clearly known. 
We were thus prompted to examine these aspects of the 
slowly varying component of solar radio emission in 
relation to recent data. 

In our analysis we first plotted the daily mean flux of 
solar radio emission at five different frequencies—9,400, 
3,750, 2,800, 2,000 and 1,000 Mo/s for the International 
Geophysical Year poe (July 1957—Deoember 1958). 
Fig. 1 shows thee plots at four different frequencies along 
with the plot of Zurich relative sunspot numbers Rg for the 
same period. All the five curves show substantially 
similar variations and indicate pronounced maxima and 
minima following roughly the so-called 27-day cycle. The 
close correlation between the daily mean flux with the 
relative sunspot number is also quite clear. An additional 
striking feature exhibited by the daily mean flux curves is 
that the pronounced maximum to minimum amplitude of 
this variation changes rather systematically -with fre- 


>quency. This phenomenon led us to examine the matter 
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in some detail and as such a variation 
index had to be adopted. For any 


daily mean flux curve for the entire 
period under study. The average value 
of these changes has for convenience 
been termed the ‘variation index’ for 
that frequency. The variation indices 
for the different frequencies as men- 
tioned here were thus calculated separ- 
ately. 

Secondly, scatter diagrams showing 
the correlation between daily mean 
flax of solar radio emission and the 
relative sunspot numbers were drawn 
for all these different frequencies as 
shown in Fig. 2. (The corresponding 


showing the variation with time of the dally mean fur of solar radio noise ai diagram for 2,800 Mo/s drawn separately 
edo Des ep Cees pee Gals IS Deak Ie is not shown here.) Tho respective 


ion linea are also indicated m 
these di . A very striking feature as 
revealed these diagrams is that the slope 
of the regression line also changes systematic- 
ally with frequency. The slopes in the differ- 
ent cases were calculated. d 

Fig. 3 shows a plot of the variation index 
as already mentioned (upper curve) and that 
of the slope of the regression line (lower curve) 
versus the frequency. It is interesting to 
note that both these curves are identical, 
showing a maximum near about 4,000 Mo/s. 
It may be logically assumed that both 
variation indices as well as the slopes of 
the regression lines will have uniform dis- 
tributions as shown by the continuous 
lines through the two sets of pointe. On 
extrapolation, the continuous curves in 
both the cases are found to intersect the 
frequency axis at 470 Mo/s on the low- 
frequency side and near about 29,000 Mo/s 
on the high-frequency side. Henoe our 
analysis led us to draw the following oon- 
clusions regarding the slowly varying cam- 
ponent of solar radio emission mainly in 
relation to the frequency: 

(1) The two limiting frequencies for which 
both the variation index as well as the slope 
of the regreesion line will be zero are 470 Mo/a 
and 29,000 Mc/s. These are, therefore, the 
two frequency limita beyond which the 
characteristic alow variations of solar radio 
emission will ultimately subside. 

300 400 (3) The oorrelation between the daily 
mean flux of solar radio emission and the 


‘daily mean relative sunspot numbers will be maximum 


Wnt me at a frequency near about 4,000 Mo/s. 
(8) The variation index as already men- 
tioned will be roughly proportional to 
the slope of the regression line and hence to the 
correlation. ‘The index, therefore, might conveniently 
be used as a measure of the correlation between the 
two phenomena. 
It should be noted in connexion with the limiting 
frequencies as already mentioned that so far as the low- 
frequency side is concerned the experimental observations 
at 450 Mo/s at Boulder do not show the presence of the 
typical variations, but Lehany and Yabeley* observed 
these at 600 Mojs. On the high-frequency side, however, 
the data are insufficient for any definite conclusion. 
Nevertheless, it ap from our analysis that the 
estimates of as regards the high-frequency 
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cut-off is a better approximation than that given by 
Pawsey and Smerd’. 

We thank Prof. 8. K. Mitra and Prof. J. N. Bhar for 
helpful discuseions. One of us (D. B.) thanks the O.S.I.R., 
Government of India, for financial assistance. Data used 
in our analysis were obtained from International Geo- 
physical Year data published by the Science Council of 

apan, and ORPL-Solar Geophysical data books. 
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DEMONSTRATION OF THE PRODUCTION OF A NEW TYPE OF 


REMANENT MAGNETIZATION : 


INVERSED TYPE OF 


THERMO-REMANENT MAGNETIZATION 


By TAKESI NAGATA, MINORU OZIMA and MITUKO YAMA-AI 
Geophysical Institute, University of Tokyo 


T is oonventionally understood that thermo-remanont 

magnetization (TRM) is produced by cooling a ferro- 

io body from a oertain high temperature in a- 
magnetio field’. 

However, in the course of an investigation of the mag- 
netic behaviour of magnetite at low temperatures (from 
Lhquid nitrogen temperature to room temperature), we 
found that a fairly intenso and stable remanent tiza- 
tion was acquired by heating magnetite grains from — 150? O 
to room temperature in a moderate magnetio fleld (10 œ). 
This is quite striking, since a heating process is usually 
understood to loosen a magnetic domain configuration 
while magnetic domains are ‘frozen in’ in & cooling process. 
The remanent magnetization thus acquired is tentatively 
called here an inversed type of thermo-remanent mag- 
netization or ITRM, as the direction of the temperature 
change in which the remanent magnetization is acquired 
is just opposite to the case of an ordinary type of thermo- 
remanent magnetization. This article presenta some 
characteristics of the TTRM as well as the qualitative 
interpretation of the acquisition mechanism. 
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Table 1 
Direction of In of tho 
Tem; Tange magnot- 
Remaneni m remanent change in ization measured 
is which i at room 
18 eoqutred (A=10 œ) 
IRM Isothermally at 
room Isothermal 0 51 Lx U./0.0. 
TEM Carle pomt to room s | 
Cooling WR. A. U.[c.6. 
ITRM - O to room 
Heating 8 61 E.M.U./c.0. 


Experiments were carried out with synthesized stoichio- 
metric magnetite (Fe,O,) of which grain mires range over 
several tenths of a millimetre. Magnetic mtensity meas- 
urements were made with a ballistic meter. The 

ite grain were packed in a glass tube (diameter 
0:2 om; length 2 om) for measurement. In Table 1 some 
characteristics of TTRM are compared with those of 
isothermal-remanent magnetization (IRM) and thermo- 
remanent magnetization. The intensity of ITRM is 
about one-half of TRM produced at the same magnetic 
field. Fig. la shows the intensities of partial ITRM’s, 
each of which is produced by heating the sample over a 
temperature-range of 10° O at a d.-c. fleld of 10 œ and 
afterwards heating to room temperature in rero magnotio 
fleld. From the figure the maximum production of the 
partial ITRM is clearly seen to he at about — 130° C. 
In order to examme the stability, all the partial ITRM’s 
were demagnetized by an a.-c. fleld (Fig. 2). In the same 
figure the s.c. demagnetization curves of an IRM and 
an ordinary type of TRM produced by fleld-cooling from 
the Curie point to room temperature at h = 10 œ are 
also shown for comparison. It is to be noted that the 
partial ITEM produced at the temperature-range of 
— 125°C to — 115° C is as stable against &.-o. damagnotiza- 
tion as TRM, while the stability is much poorer in the case 
of the ITRM's produced at higher temperature-ranges. 
Both experiments clearly show that a fairly intense and 
stable remanent magnetization is acquired by field- 
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Fig. 2. a.-0. fleld demagnetization of pertial ITRW's TEM and TEM 
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heating over a relatively narrow range of temperature, 
that is, from. — 150° C to — 120° C. 
The mechanism of ITRM can be 
ih ge sae keee dE e masked change’ oE e c ral 
y constants of magnetite at low temperature. 
It is Sebebltsbod that the anisotropy constante 
of magnetite vanish at —143? C (ref. 2). Fig. 1b shows 
the temperature variation of the susceptibility of mag- 
netite measured at h = 10 c. The marked increase of 
the susceptibility at about — 140° O is due to the sharp 
change of the crystal anisotropy constants from finite 
values to zero for this temperature. As inferred from 
would be largely displaced under the mfluence of a mag- 
netic fleld to result in the marked enhancement of the 
Magnetization at this temperature. If the temperature 
is then raised while the magnetite grains are still subjected 
to the magnetic field, the rapid change of the crystal 
anisotropy energy with increase of temperature tends to 
constrain the domain wals to the ‘displaced positions at 
lower temperatures. After the removal of the magnetio 
field at room temperature we observe & fairly intense and 
ae ene eee eis eee Pe 
of thermoremanent tion. 
It should be noted here that any ferromagnetic body of 


which ooercivity is mainly governed by the orystal 
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anisotropy energy may acquire a stable remanent 
magnetization in & process of a temperature change in 
a magnetio field, provided that the temperature change 
(irrespective of the direction) causes a sharp increase of the 
crystal anisotropy energy. This argument 1s strengthened 
by a further observation on cobalt chips. Cobalt (Curie 
point = 1,115° O) is known to have anisotropy 
constants which vanish at about 250° O (ref. 8). A fairly 
intense and stable remanent magnetization was observed 
at room temperature by ing cobalt chips from 250° C 
to 200° C at A= 5 c and ing to room 
temperature in rero magnetic field. A detailed report of 
this result will be given elsewhere. 

Finally, in connexion with rock etiam it is interest- 
ing to speculate that the ITRM t be responsible for 
the origin of the stable natural remanent magnetization 
observed in some stony meteorites‘, as the environmental 
temperature in which meteorites were held before the entry 
into the Earth's atmosphere is suggested to be very low’. 

1 Nagata, T., Rook Magnetism (Maruzen, Tokyo, 1961). 
er tel E., Brownlow, J. M., and Penoyer, R. F., Proc. Inn. Elec 

Eng., B, 104, £58 (1967). 

* Honda, K., and Masumoto, H, Soi. Rep. Tóhoku Imp. Univ., 80, 333 (1031) . 
* Btaoey, F. D., and Lovering, J. F., Natures, 183, 529 (1959). 
A Golas, Gi Ga Piah, B: A; and Andain; H, Geochim: WC Duos Acd; 18; 
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FRESH NATRO CARBONATITE LAVA FROM OLDOINYO L'ENGAI 


By Dr. C. G. B. Du BOIS, J. FURST, Da. N. J. GUEST and D. J. JENNINGS 
Mines and Geological Department, Nalrobl, Kenya 


LDOINYO L’ENGAT has the distinction of being the 

only active volcano in Kast Africa. It forms a 
striking steep-sided cone rising to 9,443 ft. at the south 
ead of Lake Natron in northern Tanganyike in the Rift 
Valley. 

Immediately south of L’Engai lies the carbonatite 
volcano Kerimasi. The petrography of both, together 
with that of rocks collected durmg geological mapping 
in the surrounding area, including the voloanoes of 
Mosonik and Shombole north of L'Engai, indicate that 
all occur in a petrographic province characterized by 


L'Engai suggested that it may have a carbonstite at its 


poop 
'eoda' which inoreased in extent immediately after an 
eruption in 1954, when the upper reaches of the volcano 
and the interior of the latest crater resembled a snow- 
scape’. At that time & cone of dark lava grew on the 
newer crater floor but has now almost disappeared partly 
due to weathering and partly owing to subsequent fairly 
eruptions involving oonelet formation. 
4954 or eruption at L was studied by Guest’. 
A specimen of soda arust collected shortly after an eruption 
was found to contain about 50 per cent of material 
insoluble in water of which 70 per cent was identifled as 
calcium carbonate by J. R. Harpum, adding support to 
, the idea that the volcano may overlie & carbonatite. In 
two samples of soda crust the Geological Survey Labora- 
tories in Tanganyika determined the two major soluble 
salts as sodium carbonate 23-6 per cent and 40-2 per cent, 
and sodium carbonate 3-4 per cant and 8:5 per cent, 
respectively. 
In August 1961, L’Engai was climbed by a party of 
six, three of whom descended several hundred feet, mostly 


hs 


on soda-covered ash, on to the floor of the inner crater. 
Guest observed that the latter had changed considerably 
since 1954. Several new cones were present, all eroded 
to a greater or leaser degree, and small flows on the crater 
floor showed many of the classical structures character- 
istio of lavas. Some activity was in progreas, ash and 
boulders being ejected from at least one vent while 
fumaroles and solfatera were vigorously in action else- 
where. Rook samples collected varied from fresh, hot 
dark lava types to paler-coloured not so fresh types. To 
avoid further exposure to the atmosphere the samples 
were immediately sealed in stout polythene containers 
for transporting to the laboratory. 

The fresh rock is soft, dark grey, holocrystalline 
medium- to fine-grained and ular in texture. On 
exposure to the air the surface white within two 
days. Left for a few weeks it crumbles to & damp white 
powder which X-ray analysis shows consiste of a mixture 
of calcite and trona. Thin sections were prepared in the 
usual Manner except that paraffin was used throughout 
in place of water because some 40 per oent of the rock 
consista of water-soluble carbonates. The thin sections 
were examined by Du Bois. 

The chief mineral present to be & new carbonate 
similar in some respects to the artificial double carbonate 
of calcium and sodium described by Winchell’, but 
showing some important differences. It is colourless, 
highly birefringent, length-alow, uniaxial negative and 
occurs as euhedral laths 0-25—1 mm long having a length’ 
breadth ratio of between 6:1 and 3:1. Some basal 
sections show complex multiple twinning reminiscent of 
leucite. Cloudy rounded crystals of comparable size yield 
a similar X-ray pattern and may represent a previous 
generation of the same mineral which has undergone 
partial alteration and magmatic abrasion. Black dust 
and minute grains, poasibly of pyrite, are present inter- 
stitially and also as inolusiona. Purple fluorite is present 
as tiny crystals in some sections, and X-ray study of acid- 
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Insoluble residues of some lava specimens shows up to 
1-4 per cent calcium fluoride although no fluorine was 
detected in the particular samples analysed. Flow 
textures are developed locally, the lathy crystals having 
sub-parallel arrangement. Some voids occur between 
boundaries of adjacent crystals and account for the 
differences in the true and apparent speociflo gravity of 
the rock. 

Chemical analyses of two samples of freah lava are given 
in Table 1. 














Table 1 
Li TA 
BIO, 1-18 1-12 
Bey 144 170 
148 2-35 
Oa 19-00 17.64 
Bad 106. 1-01 
BrO 0-89 085 
XD 29-00 80-00 
K 6-90 7-60 
an 1:81 1-91 
1 91:98 90-73 
ol 2-07 3-03 
80, 2:70 1-88 
8 0 08 0-18 
99 91 100774 
Lees O for Sand Ql 0-57 0-76 
Total 9958 99-99 
Analyst: 
of L1, 2-38 (a t); $51 (true Mae (aimant. 
Li: Toote maniy of El iod m E pekat DISK ph the south-westeriy 


siio af a chester of comes ori the east wae ot aie 
IA: Naivo-oarbunaiite eolleatel very bot fers lave dow bonnehYL1. 

These can be compared with results obtained by von 
Knorring and Du Bois‘, who described a carbonatitic 
lava from Uganda containing about 18 per cent silica. 
It is of particular interest that both samples contain leas 
than 2 per cent silica and 78-80 per cent total oaloium 
oxide, sodium oxide and carbon dioxide. Both sam- 


ples have high barium and strontium content, which is 


io of oarbonatite and certain related rocks'-’. 
The water content of 1-8-1-9 per cent is very considerably 
leas than that reported elsewhere’, and part or all of 
this may in fact be hygroscopic water drawn from the 
atmosphere during crushing of the samples for analysis. 
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-In order to calculate the composition of the lava from 
the chemical analysis using only known minerals, the 
need arisea to include 6-8 per cent of lime. Assuming 
for the moment that modal lime is present in the fresh 
lava an explanation for ita existence could be provided 
by postulating the partial breakdown of a complex oal- 
cium—sodium carbonate to yield lime and some carbon 
dioxide. Winchell* mentions that Na,Ca,(CO,), fuses at 
812° C in an atmosphere of carbon dioxide; but if an 
attempt is made to synthesize this compound by mixing 
together stoichiometric proportions of anhydrous sodium 
and calcium carbonates, and heating to that ture 
in air, the result is a loss of some carbon dioxide and a 
white residue which shows strong CaO linea when an 
X-ray powder photograph is taken. Photographs of fresh 
L’Engai lava, however, show no such lines, neither are 
rend any Pus i devia attributable to calcium hydroxide. 

physical and chemical, also fail to reveal 
hee presence of calcium oxide, hydroxide or bicarbonate 
in the fresh rock. The inference is that the lava was 
formed under PT conditions which very probably included 
an atmosphere of carbon dioxide which, in turn, permitted 
the formation of a new carbonate mineral. This is believed 
to be a complex carbonate of calcium and sodium with 
perhaps some potessium. Because of ite rapid alteration 
to calcite and trona by atmospheric water and carbon 
dioxide its existence has probably escaped notice in the 


In view of the i nature of this new lava’ it 
is proposed to call it ‘natro-carbonatite’. 

We thank Dr. William Pulfrey, Commissioner, Mines 
and Geological Department, Kenya, for advice, and 
Mr. P. Wentzel for assistance with transport in 1961. 
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ACTIVATION ANALYSIS OF PAPER CHROMATOGRAMS FOR IODINE ('7I->"1) 


By ALICE DIMITRIADOU®*, P. C. R. TURNER and Pror. T. RUSSELL FRASER 
Department of Medicine, Postgraduate Medical School and the Medical Research Council Cyclotron Unit, London 


recent investigations of the iodoamino-acids extract- 
able from human serum it became important to 
ascertain whether the ceric—arsenite method's mdiocation 
of iodine (iodine-127) in the iodotyrosine spot really 
depended on iodme rather than on some unexpected 
artefact. Activation analysis of the chromatogram’s spots 
was therefore performed, the paper bemg activated 
directly’. It soon emerged that such an analysis of 
paper required a stringent post-irradiation purification to 
eliminate from the sample the other more active radio- 
chemical producta also activated in the paper. The 
method finally evolved for this purpose is given here, 
as it may be of interest to other workers. 

The chromatograms, prepared from extracts of human 
sera, as described elsewhere’, were run in duplicate along 
with some blank strips. Prelminary staining of one 
chromatogram with ceric—arsenite provided a guide for 
cutting off the appropriate areas from the other strip; 
pieces up to 6 sq. in. could be used. From the blank 
stripe, areas of aimilar size and distance from the origin 
were out, one to be used as a standard after 
with standard potassium iodide, and the other as a blank. 
All the papers were then sealed in polythene envelopes 

* Welloome Trust Research Fellow. 


and placed together in aluminium screw cans, eaoh of 
which contained two or three papers, usually a chromato- 
ier ai dS Blank strips were also 


A series of such cans were inserted in the pile at a 
thermal neutron flux of 10!* n/om'/sec, and i iated for 
either 1 or 0-5 h. Our evidenoo given in this article now 
suggests 0-5 h as the preferable time. Iodine-128 (half- 
life = 25 mm) was produced by an (n, y) reaction on 
iodine-127. 

In i experiments!, the Medical Research 
Council cyclotron had been used to produce a neutron 
beam by means of the beryllium-9 (d, n) beryllium-10 
d ud EO ee 
"thermalired by a block of paraffin wax owever, 
although similar activation has been obtained, it was at a 
varying and insufficient activity due to the lower and less 
constant neutron flux (approximately 10!* n/am!/sec). 

Radiochemical separation (to separate radioactive 
iodine from other more abundsnt radioisotopes pro- 
duced): 

After trials had found that simpler methods, 
including that of Bowen‘, were inadequate for this pur- 
pose, the following method was evolved: (a) On removal, 


wo.4es February 2, 1963 





Tig. 1. Ignition head: exhaust tube; 2a, electrode; 2b, electrode; 
3a, to preawure gauge; » to, pressure Benes 4, to oxygen cylinder; 


each paper was spotted with 0-1 ml. of a concentrated 
‘carrier’ solution ming 5-mg each of Cl-, Br- and I-. 
(b) A preliminary combustion of the paper was then 
carried out in a modified Shtniger flask in order to destroy 
the excess of reducing substances, unless the area of paper 
was leas than 1 sq. m. The paper was fixed on a fuse 
wire and the ignition head (Fi PST was tit nisded a e 
500-ml. flask, m the bottom GF which had bees ‘placed 4 
amall beaker with 2 ml. saturated sodium hydroxide. 
By means of the exhaust tubing the flask was then 
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Hours after pile (th fn pile) 


Activation analysis of chromatogram paper after activation for 
0-5 h: fodide &po& and fia standard from normal serum 


yy. 3. 


evacusted (to < 100 mm mercury), and then filled with 
oxygen to 860 mm meroury, when ignition through the 
fuse from a 6-V battery could follow safely. After 
settling for 8 min, the flask was opened and the ignition 
head washed down with 10 ml. water and removed. After 
shaking, the flask was ready for use in the next step. 


Table 1. RECOVERIES AND TIMES YOR STEPS IN RADIOOFONKICAL SEPARATION 


Btep Iodtne-131 Recoveries 


Ee 
" Bilver iodide precipitation 
Sodium iodide supernatant 96 


opu Oumulasve Xo. 


83-03) 10 
5 80-91) -5 

99 (96-100 10 3 
95-100 Er 70-90) 8+ 


Bromine-82 losses — Xo. Time (min) 
8 JA STONES vU 9) 4 8-10 
9-10 

15-17 } 42-40 
ES 


Table 2. BSEXSITIYTTUIES OY HOME PUBLISHED METHODS OF ACTIVATION AXALYEIS CONTRASTED WITH THAT OF TEN CERIC-ÀRSENTTE METHOD 
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(c) Acid digestion was then carried out by adding 6 or 
12 ml. 60 per cant chromium trioxide and 26 or 50 ml. 
70 per oent sulphuric acid and heating to 190° C, and 
repeating this after cooling to 160° C. 

(d) Distillation followed in & Chaney-type still; after 
adding 10 or 20 ml. yv ey: acid, distillation was 
continued for 15 min at 1 150° C, & few ml. of hydrogen 
peroxide being added during this phase to facilitate trans- 
fer. The iodine evolved was trapped in 1 ml. 2 N sodium 
hydroxide and 2 ml. of 10 per cent sodium sulphite. 

(e) Final purifloation of the distillate waa effected first 
by precipitation as silver iodide by adding 1 per cent 
silver nitrate at 60° C after acidification with sulphuric 
acid, then by oentrifugation, washing and drying the 
precipitate with acetone, followed by the addition of 11 ml. 
10 per cent sodium sulphide, mixing and centrifuging and. 
counting 10 ml. aliquots of supernatant. 

The radioactive iodine was assayed in a woell-type 
scintillation counter; a pulse height analyser, if available, 
would have improved the sensitivity of the assay. Pre- 
liminary experiments had shown that the counting 
efficiency was approximately equivalent whether an end- 
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window Geiger-Müller counter was used for 
B-counting or & well-type scintillation counter 
for y-counting, the countmg efficiencies being 
estimated as 13-5 and 8:5 per cent respectively. 
Each sample was assayed to at least a 3 per 
cent statistical accuracy at frequent intervals, 
and the decay curves plotted in order to check 
radiochemical purity (see Figs. 2-4). Several 
of these curves had to be resolved into two 
components, but not. those obtained after only 
half an hour’s activation. Final estimates of 
the amount. of iodine-127 were made by direct 
comparison of the unknown with the standard 
irradiated with it. 

Borne sample results are shown in Figs. 2—4. 
Note the single decay lme after activation for 
0-5 h (Fig. 3), and also of all standards, and 
that the paper blank did not reveal any iodine. 
The sensitivity is similar with either 0:6 h or 
I h activation, and corresponds to 3 x 10-* g 
iodine-127. (This amount, that is, 2:7-3-7 x 
6 10-* g iodine-127, was found to give count-rates 
twice those of background at 50 min after 
uTadiation. We caloulated that 0:29-0:39 uo. 
iodine-128/ug iodine-127 had been produced.) 
Recovery checks of the purification procedure 
showed, using iodine-131 as tracer, more than 
80 per cent recovery (Table 1), and elimmation 
of 99-9 per cent of bromme-82; the losses of 
chlorine should be at least as great. 

Figs. 2—4 show that this is & practicable 
activation analyms. Our early experience had 
shown that it needed an adequate neutron ` 
flux (about 10 n/om?/sec), and that if the 
entire paper was to be irradiated & stringent 
subsequent purification would be needed. The 
method described can be used to treat up to 
6 sq. in. of paper, does not need a concurrent 
recovery check and apparently gives adequate 
purification. Other authors (Table 2) have 
described methods for activation analysis of 
iodine-127 applicable to blood, extracts or paper 
chromatograms, using equivalent or greater 
neutron fluxes and irradiation times of 380 
min, but they obtained lower recoveries after 
leas stringent purification procedures and 
were limited to small pieces of paper. Two 
of these have been applied to serum‘, and 
the third’ to chromatograms. Their reported 
sensitivities were equivalent to our own, 
ranging from 10-* to 10-!* g iodine. 

The method described, needing 1 h for radio- 
chemical purification, should be applicable with 
higher sensitivity than we found, for our counting had not 
usually begun until 2-24 h (Figs. 2—4) after the sample left 
the pile, because of delay in their delivery to the labora- 
tory. Following 1 h activation, evidence of a long-lived 
contaminant emerged in our rather delayed counts at 24— 
4 h from the pile (Figs. 3 and 4); this may have been 
sodium-24 (half-life = 15 h), or iodine-126 (half-life = 18 
days). Iodine-126 seems an unlikely product as the 
threshold for the iodine-127 (n, 2n) i 126 reaction is 
approximately 10 MeV, and the percentage of such fast 
neutrons in Bepo is very small. Samplea obtained 
after activation for 0-5 h (Fig. 2) were free from this 
contaminant, which earlier assay should also minimize. 

Activation analysis, although icable, need not 
supplant the useful oeric-arsenite method. We have 
found? that this latter method can detect iodine com- 
pounds on chromatograms over the range 0-006—0-8 ug 
iodine, and so its sensitivity, to 6 x 107 g 
iodine, is comparable with that of activation analysis. 
However, this ceric-arsenite method may give false 
indication of iodine, as, for example, with the reducing 
agenta of the thiourea group, which had been recently 
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found to give artefacts on chromatograms!. Fortunately, 
activation is available as a useful check whenever 
the specificity of the oeric-arsenite method comes in 
doubt. 

We thank Dr. G. E. Harrison of the Medical Research 
Council Radiobiological Rescarch Unit, Harwell, who 
put his laboratory at our disposal for these experi- 
ments. ! 
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ASSAY OF TRITIUM, CARBON-I4 AND SULPHUR-35 IN WOOL BY 
LIQUID-SCINTILLATION COUNTING 


By A. M. DOWNES and A. R. TILL . 


C.S.I.R.O., Division of Animal Physiology, The lan Clunies Ross Anima! Research Laboratory, Prospect, 
New South Wales, Australia 


I the past we have assayed sulphur-35 in wool, labelled 
biosynthetically, by end-window Geiger-Müller count- 
ing of the wool iteelf or of benzidine sulphate prepared 
from it!. Wool labelled with carbon-14 has been assayed 
cither by the end-window technique or by combusting 
the sample and gas-counting the resulting carbon dioxide 
by the method of Bradley, Holloway and MoFaurlane!. 

Recently we have found that wool labelled with these 
isoto or with tritium can be assayed directly by the 
liquid-scintillation method. Samples were clipped from 
three sheep which had received an intravenous injection 
of pi-[*H]lysme, L-[“O}phenylalanine and 1-[*S]oystine 
es ele n Each batch of wool was washed successively 
with ether, ethanol and-water, and was dried overnight at 
105° C. Samples were then weighed into screw-cap vials, 
and 18 ml. of toluene ining 2,5-diphenyloxarole 
(0-4 per cent w/v) and 1,4-bis-2-(5-phenyloxazolyl)- 
benzene (0-01 per cent w/v) was added to each. The radio- 
activity was then assayed in a liquid-scintillation counter 
("Tri-Carb 8148X’, Packard Instrument Co., La Grange, 
Illinois), at 0? C under ‘balance point'* conditions, with 
background counting rates of 30-85 o p.m. depending 
on the actual settings. 
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The results are shown in Fig. 1. The counting rates were 
proportional to the mass of 1*O- or *8-labelled wool up to 
approximately 500 mg, but with larger amounts the 
counting rate per g fell p 1 In the case of the 


-*H-labelled wool the relationship between counting 


rate and mass was almost linear up to about 200 mg. 
With larger amounts the counting rate per g fell much more 
rapidly than for C- or “8-labelled wool until, over the 


photons with consequent loss of counts. Within the linear 
ranges for carbon-14 and sulphur-35, or within the plateau 
region for tritium, the results have a standard deviation 
of about + 3 per cent. As indicated in Fig. 1 there 
was no change m the counting efficiency over & period of 
12 weeks. 

A linear relafionship between counting rate and mass 
was also obtained with “C- and ?'8-labelled wool in a 
liquid-scintillation counter of the single-tube type (Ekoco 

N664) which was operated at room temperature with 
a und of 70 o.p.m. The efficiencies for these 
isotopes were comparable with those for the coincidence 
type of instrument, but the curves were linear only up 
to 200 mg of wool. 

The' counting efficiency was determined by comparing 
the resulta with those obtained by oxidizing samples (100 
mg) of each lot of wool by the oxygen-flask technique, 
substantially as described by Kalberer and Rutschmann‘. 
The combustion products from tritiated wool were shaken 
with 7 ml. methyl eelloeolve. Those from wool labelled - 
with carbon-14 or sulphur-35 were shaken with 12 ml. 
ethanolamine/methyl oelloeolve (1 : 9, v/v). Measured 
amounta (5 and 10 mL respectively) of the resulting solu- 
tions were then mixed with 9 ml. of the scintillating 
solution previously described, and the oounting rates 
measured. in the "Tri-Carb' counter, again under balanoe- 
point conditions. The efficiency of counting tritium and 
carbon-14 under these conditions was ostablished by 
assaying accurately weighed amounts of [ 

(2 uo./g) and of sodium [}C]carbonate (0-9 uo./g aqueous 
solution), each of which was calibrated and supplied by 
the Radiochemical Centre, Amersham. The results in 
Table 1 show that carbon-14 and eulphur-35 were detected 
with approximately the same efficiency by the two 
methods, and that tritium was detected 6-6 times as 
efficiently by the oxidation technique as by the direct 
method. These resulta appear reasonable when the 
maximum for the B-partiolea from tritium, oarbon- 
14 and sulphur-85 (2-8, 285 and 317, respectively’ in 
material with a demsity of 1), are compared with the 
average radii of wool fibres (7-15p) from fine- to strong- 
wool Merino sheep. (The apparent specific gravity of 


wool in toluene is 1:300.) 
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Table 1. OOMPAXISONE OF LIQUID-MONETILIATION COUNTING OF WHOLE 
WOOL AND OF WOOL OXIDIXND BY THE OXYGEN FLASK TBEOHEIQUIM 


Oounta/min/mg wool + S.D. 
Oxidized 


Isotope Dict 

H 2-01 + 0-05 HERES 
ug 21.5 + 0-7 29-5 + 05 (46-4% t 
"5 42-9 11 


* Rfüiclenay measured by assay of standard ['H][hexadecane. 
T Hfüaeney measured by assay of standard sodium [!tOjearbonate. 


Using Libby’s - tion’ for the abeorption of the 
8-pertiolee from bacbon-14 and sulphur-35 it may be 
calculated that & 50 per cent change in the average dia- 
meter of the wool fibres would produce no more than a 
4 por cent ohange in the counting rate/g. Thus, reliable 

tive value for the specific activity of wool samples 
labelled with these isotopes can be obtained, even in 
experimenta in marked changes in flbre diameter. 

Wool fibres labelled with tritium ap behave as 
‘infinitely’ thick sources. If the tritium is assumed to be dis- 
tributed uniformly throughout the fibre, the counting rate 
will be proportional to the volume of the outer annulus 
from which the f-amisaion is detectable. This volume 
equals nzl(r'—-(r— B)*), or more simply mxl1(2Br— H3), 
where 1 is the length of the fibre, r is the radius and E is 
the thickness of the annulus. The extra radioactivity 
detected at the ends is negligible for fibres more than 
` 500u long (about 2 days’ growth). Therefore the propor- 
tion of the total radioactivity that is counted in wool of 
uniform specific activity will equal the volume of the 


annulus multiplied by a constant (k) to allow for self- 
. absorption in the annulus, and divided by the total volume 
of the fibre: 
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Proportion of tritium counted = bl (ahr 3) 


nril 


_ M2Rr—R) 
ae (1) 


Since the average range of the B-pertiolee is small by 
Spuren NL RES TA on DS TOO SNEU (1) 
may be further simplified: 

Proportion of tritium counted + ES (3) 
where K is & constant. Thus the counting rate per g of 
wool will be approximately proportional to the inverse of 
the average radius of the fibres. More care will obviously 
be needed in using the direct method for wool labelled 
with tritium. 

The direct counting of wool is much quicker and easier 
than the methods used previously. It is accurate and, 
because of the high efficiencies and relatively large sample 
sizes, is very sensitive. For example, to produce a net 
counting rate of $0 o.p.m. (that is, equal to the background 
rate) from 0-5 g of wool a specific activity of 6 x 10° 
po./g would be required for carbon-14 or sulphur-85, and 
8 x 10° po./g for tritium. 


1 Downes, A. M., Austral. J. Biol. Soi., 14, 109 (1901). 
* Bradley, J. B. 8., Holloway, B. O., and MeFariane, A. 8., Biochem. J., 87, 
192 (1954). 

* Tri-Oerb Operation Manual. 

* Kalberer, F., and Ruisehmann, J., Helv. Chim. Acts, 44, 1056 (19061). 

' Francis, G. H. Mulligan, W and Wormall, A., Isotopio Tracers, 83 
niversity : The Athlone Press, 1084). 

. and Hudson, BR. F., Wool, Its Chemistry and Physics, 89 

and Hall, Ltd., London, 1954). 


7' Libby, W. F., Anal. Ohsem., 19, 2 (1947). 


DISTANCES OF ATOMS FROM THE 'BEST' PLANES OF CHOLESTERYL 
IODIDE 


By Dx. DORITA A. NORTON and JEAN M. OHRT 
~ Blophysics Department, Roswell Park Memoria! Institute, Buffalo, New York 


HE configuration of the cholesteryl iodide molecule 

may be quantitatively described by referring ite 
atoms to the series of planes (Al, A2, A8, eto.) illustrated 
in Fig. 1. Tho structure of cholesteryl iodide (form B, 
P2, a, = 12-57 A, b, = 9-04 A, o, = 21:89 Å, B = 148°) 
was determined by Carlisle and Crowfoot’. The fractional 
monoclinic atomic co-ordinates of Oarlisle and Crowfoot 
(v, y, £) were converted to cartesian atomic oo-ordmates 
in angstroms (p, g, r) as follows: p = a em B, q = by, 
andr = £0, + za, co8 D. The p, q, r co-ordinates wore 
afterwards used for calculating the equations (az + by + 
ct = d) of the best planes of the cholesteryl iodide mole- 
cule, the ooefflcienta of which are given in Table 1. The 
root mean square distances of the atoms from one or 


Table 1. OONEFTIOIENTS a*, b*, o*, dt IW THE EQUATIONS TEN 4) 
OF THE Beer PLANES OF OHOLEÉTERYL ÍODID 


« b o d 

Steroid nucleus (C1-017 0-25 097 —0-01 2-71 
Entire molecule (01 ) 008 0-00 -0 03 2.21 
A 0-40 091 006 2:96 
A1 0-26 0-64 072 2.06 
Ag 0-35 0-80 —0 29 2-07 
A3 O44 080 0-48 3-91 
B 0-14 0-99 —-006 2-29 
B1 0-04 0-99 -017 1:63 
B2 0-18 0-98 —-017 1:83 
B3 0-23 089 O41 470 
[5] 021 098 0-00 2-67 
C1 016 087 0-47 4909 
C1 0-18 0-02 — 0-94 0-80 
o3 0 24 0-83 053 

D —-017 -—- 0-84 0-52 £17 
Di 0-08 090 023 445 
D3 0-22 0-94 —- 0-26 0-59 
A&8B1 0-25 0-88 0-38 377 
B301 0-19 0-87 0-45 4:30 
O3D1 916 0-90 0 40 5-57 

* Direction of normal k 
+ Pecpendicular from. to plane. 


several of the best planes have also been calculated and 
are listed in Table 2. The distanoe of each 
atom from one or more of the best planes is recorded in 
Table 8, in which atoms lying between the origin of the 
unit cell and the plane have a negative value, whereas 
those lying on the opposite side of the plane from the 
pi owed tal e e 

best plane through all the carbon atoms of the 
cholesteryl iodide molecule has the equation 0-08@ + 
0-08y — 0-03 = 2:22. The root mean distance 
of carbon atoms (0,-0,,) from thia plane ia 0-58 A. The 
root mean distance of carbons C,-C,, from the 
best plane (0-230 + 0-97y — 001r = 2:71) through the 
steroid nucleus is 0-28 A. The root mean distances 
of the atoms comprising each of the planes which represent 


Table 2. Root Muar ARA DIFTAMCA OF THR ÁTOMS OF 
EB ITAR (V D) oT i 
Vid) 


i 
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\ Table 3. PERPEKDICULAR DIRTAXON (Å) oF INDIVIDUAL ATOM FROM OXE OR MORE OF THE MAAN PLANES OF ÜHOLMETERYL [ODIDR 


Steroid Bntire 
A B Bl Bà . BB g C1 ea Cs D Di D2 nucleus moleeule 

I 7 ` +043 +087 

g ou —0 22 +029 
o —0:37 0:48 +0°80 
QO —0-20 —0:36 —0 25 
dQ, 0343 .-—0-08 0-00 —0:17 —0-11 
Q T 0-10 0-00 +0-10 +0°14 +002 
(a +0 -08 —0-10 0-00 +019 1905 
Q, —0-25 000 —0-18 0-00 +007 —0 -22 —041 
o +0 27 0-10 000 -—013 0-00 T0315 +0°88 
1 —0:34 —O-l1 000 —0:10 —0 29 —0 -03 
On —0'3 000 —0-07 +0 07 —0-04 
lun - T0434 +0-08 0-00 +022 0:58 
Ow —0 -28 0-00 +006 000 —013 _ —0:35 +0-20 
Ou +0-20 —0-07 000 -—0'T9 0-00 +0'15 +00 
Ow —0-07 0-00 +4014 -F0-01 —022 
Oe +0 02 —041 —0-04 —041 
Oi T0317 40-20 +038 +0:40 
Ow —1-06 —1%8 41:15 -—1:32 —1:7T -1 %3 
Ois —1474 -—1'601 : —1:85 —1 %2 
Ope - +1-80 —0-78 —0-38 —0 22 
On +007 H13 
Qua +053 +058 
On —0:31 —0:233 
On +070 +068 
Os —0-29 ~O-41 
On 7 —0 63 —0 %3 
On 40-99 10-78 

I —0 42 —0-21 


A bu ne d. DNA UA oi 
A, B, Ø and D are respectively 0-29 A, 0-17 A, 0-26 

and (-14 A. If tho ring system is further subdivided, 
Al, A2, 48, oto., wo obtain a series of best plane equations 
(Table 1) which may be used to describe tho intre-ring 
chair configuration of atoms. When used as references 
Ae ee eee 


tion. Thus it oan be seen that the ‘seat’ 
of the chairs or partial chairs concerned, namely, 42, B2, 
- of : 


The andion Dor wuen tho various beet planot uf the Dio 
^ ring bave been caloulated and are shown in 
Table 3. On consideration of these angles; the following 
steric features of the cholesteryl iodide molecule are 


evident: 
(1) Chair A is with angles of 117? 
(Al A A2) and 187? (42 A 43) . 
(2) Chair B is with angles of 175? 


(Bl A B2) and 140? (B2 A B3), the approach of angle 


(8) Ohair O is more or leas with angles of 
182° (O1 A 02) and 129? (O2 A O8). 

(4) The join B801 is eesentially planar, as is shown by 
both the 176° angle B3 ^ Cl and the 0-04 A root mean 
square distance of atoms O,, Os C, and O,, from the 
B301 best plane (0-102 + 0-87y + 0-452 = 4-80). 

(5) The 48B1 and C8D1 joins have angles of 194? and 
161° respectively. 

* The root mean square distances of the cholesteryl iodide 
molecule may be compe with those of 4-bromowstrone! 
and 4-bromometradi A surprising similarity exists 
Mi dene cf Gite Bea (bo eroi No Iss, 
thaw being 0-28 A, 0-26 A and 0-24 A respootively. Other 
similarities are seen where the distances are respecti i 

(a) 0-26 O27 Land 028 Lin ing 070) 007 Ay 0-0 
and 0-04 ia ring d2. ; and (c) 0-14 A, 0-18 A, and 0-22 A 
In cholesteryl iodide the root mean square 


compounds; in cholesteryl iodide it is saturated, while 
i . Root mean square 
distance dissimilarity due to dissimilar bond distribution 
is also exemplified by ring B, which in cholesteryl] iodide 





452 


has a distanoo of 0-17 A and in 4-bromooetrone and 4- 
bromocesetradiol has distances of 0:29 A and 0-23 A 
tively. A root mean square dissimilarity, which ig affected 
by changes m side group bonding, is illustrated by 
D2, ia lich tha distenmecers OA ATODI A cad aa A 


ad sir 

view of the evidence presented here, it is clear that 
tho root mean square distances of atoms from the best 
planes of equivalent portions of the steroid nucleus are 
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approximately equal, except when disrupted by variations 
in the bonding scheme. 

This work was sup 
Health Service grant 
Institute. 


tied in part by U.8. Public 
Y6183 from the National Cancer 
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CYTOLOGICAL DEMONSTRATION OF THE CLONAL NATURE OF 
SPLEEN COLONIES DERIVED FROM TRANSPLANTED MOUSE 
i MARROW CELLS 


] By Dr. A. J. BECKER, E. A. McCULLOCH and J. E. TILL 
Department of Medical Biophysics, University of Toronto and Ontario Cancer Institute, Toronto 


IX normal mouse hematopoietic tissue, there 18 a class 
of cells which, on being transplanted into heavily 
irradiated mice, can proliferate and form macroscopic 
colonies. In the splean, the colonies formed in this 
manner are discrete and easy to count!*. Microscopically, 
each colony appears as a cluster of heamatopoietao cells, 
many of which are dividing; and often, within a given 
colony, the cells which are observed indicate that differ- 
entiation is ooourring along three lines, into cells of the 
erythrocytic, granulocytic and megakaryocytic series, 
respectively?. 

In vitro techniques, which permit investigations of 
clonal populations, have greatly advanced the knowledge 
of the genetic and physiological properties of oelle*. It 
was therefore dearable to prove whether or not spleen 
colonies each develop from single cells and henoe are 
clones; for if they are, it would be le to study clonal 
populations of haamatopoietic cells tn viwo. Evidence from 
previous experiments supporting the view that the 
colonies are clones is as follows: (1) the ourve relating the 
number of nucleated marrow cells that are transplanted 
to the number of colonies that develop in the spleen is 
linear, and shows no initial threshold! * ; (2) the radiation 
survival curve of cells that can form colonies closely 
resembles the survival curves obtained for single cells in 
cell culture or tumour transplanta’. These observations 
provide only mdirect evidence that the colonies are 
clones. It Sai desirable, therefore, to attempt to obtain 
direct evidence for the unicellular origin of the colonies. 

At first glanoe the easiest way to acoomplish this aim 
would be to make use of marrow oells that have a known 
chromosome marker, such as that found in 7'6/+ mice’, 
and to transplant into irradiated mice & mixture of 
marrow oells with & marker and marrow oells with no 
marker. If the oolonies that developed in the spleen 
wero always composed of cells with markers or oells 
without markers it would, of course, suggest the smgle- 
cell origin of colonies; but it would not prove the single- 
cell origin of colonies. because the experiment would not 
rule out the ility that the dispersion of donor cells 
was not complete and that the injected material contained 
un aggregates of two or more cells which were 
the unite that gave rise to colonies. The procedure used 
for ruling out this posmbility was based on the observation 
of Barnes ef al.’ that the re-population of the hmmato- 
poietic organs of heavily irradiated mice could be acoom- 
phshed by a small number of cells, and that the clones 
originatmg from these few cells were sometimes character- 
ized by unique abnormal karyotypes. This 
that if heavily irradiated marrow were utilized for the 
formation. of splean colonies, some of the cells contaming 
chromosome aberrations, generated at random by radia- 
tion, might retain the ability to proliferate and give rise 
to progeny carrying e recognizable, persistent chromosome 


abnormality. If a spleen colony developa from one such 
cell, it would be expected that all the cells of the colony 
would carry the same abnormality. If, however, a spleen 
colony derives from an un aggregate of two or 
more cells, one would not expect all the cells of the 
colony to have the same abnormal karyotype, since the 
probability of inducing by radiation the same abnormality 
in two or more cells of an aggregate is vanishingly small. 

The details of the spleen colony technique and the 
radiation procedures involved have been described alse- 
where’, The particular procedure in the present experi- 
ment was to recipient Swiss mioe of either sex to an 
initial X-ray dose of 250 rads. Each mouse then received 
an injection of 10’ nucleated bone-marrow cells, obtained 
from the femora of female donors of the same strain. 
After an interval of 1 h, the host mice, bearmg the trans- 
planted oells, were irradiated using & cobalt-60 y-ray 
source with two doses of 325 rads each, separated by an 
interval of 4h. In this way, the transplanted cells recerved 
& total dose of 650 rada in vivo, while the host received the 
larger dose of 900 rads necessary to suppress the prolifera- 
tion of ite own colony-forming oells. As predicted from 
previous experiments’, this radiation schedule yielded 
spleans containing smal] numbers of discrete colonies. 

Eleven days later, all recipient mice were injected 
intraperitoneally with 'Ooloemid' (desacetylmsthyl ool- 
chicme, Ciba) and killed approximately 1 h afterwards. 
Ther spleens were removed and mdividual discrete 
colonies were carefully dissected out. The colonies were 
then prepared for chromosomal analysis according to a 
modification of the method of Fox and Zeiss’. 

Each colony was placed in 2 ml. of phosphate-buffered 
saline whioh was then diluted in 4 equal steps, with distilled 
water, to 5 times ite original volume. An mterval of 
10-15 min was allowed to elapse after each dilution step. 
The colonies were fixed for 1 h m a solution of 3 parte 
absolute aloohol and 1 part glacial acetic acid at 4? C. 
They were then transferred into & solution of 40 per cant 
acetic acid (4° C) where they were kept for a period of 
1-2 h. Each oolony was afterwards transferred into 
0-5 ml. of 60 per cent acetic acid (4° C) m a small plastic 
cup where ib was teased apart by two fine needles and 
suspended by gentle pipetting. Small drops of this 
ee a ee 
slide which had been frozen in the manner described by 
Fox and Zeise’. The slide was immediately heated and 
dried over a gentle Bunsen flame. ming was performed 
under & ooveralip with 2 per cent &oeto-oroein. 

Slides from each colony were systematically scanned 
under 100 times magnification and every metaphase cell 
which appeared sufficiently well spread without its 
cytoplasm being ruptured was carefully searched under 
ou-immersion, at 1,000 times magnification, for tho 
presence of an abnormal karyotype. If the first 25 meta- 
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phase cells of any given colony so examined failed to 
reveal & readily identifiable chromosome aberration, that 
colony was scored as containing no obvious marker. 
Binoe female donor marrow was used, the presence, in 
the cells of the colonies examined, of the third unpaired 
small chromosome characteristic of the male 1e 
was avoided; this facilitated identifying any odd mmute 
chromosome encountered as a radiation-induoed marker. 

A total of 42 colonies obtained from 36 animals were 
examined in the foregomg manner. Of these colonies, 4 
contained cells with an obviously abnormal karyotype. 
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Table 1 summarizes the types of chromosome markers 
enoountered and the frequencies of these markers within 
the cells of each colony. For example, mitotic figures 
from colony A showed three characteristic abnormalities: 
(1) a modal chromosome number of 89; (2) an abnormally 
small chromosome; (8) an abnormally long sub-telocentrio 
chromosome (Fig. 1, top). Highty-one of 100 metaphase 
cells examined manifested all three abnormalities; and 
99 per cent of the cells contained at least ono of these 
distinguishing characteristics. The occasional mability to 
score ono or the other of the two markers is probably tho 
result of the foll technical difficulties: (1) oyto- 
lom; or (2) excessive 


with certainty one or other of the marker chromosomes, 
the cell was scored as lacking that particular marker. 
Of the 3 cells from colony A which were recorded as 
containing 40 chromosomes, two were very difficult to 
count because of overcrowding of the chromosomes, and 
the chromosome number recorded for them may represent 
a miscount. Similar considerations are applicable to tho 
interpretation of the data compiled for the other 3 marked 
colonies. A representative from colony O is 
shown in Fig. 1 (bottom). It is characterized by an 
abnormally small chromosome and a long chromosome 


' which is either a dicentric or has & prominent secondary 


Experiments were performed to test for the presence of 
isti abnormal karyotypes among the colony- 
forming cells of normal donor marrow. Groupe of Swiss 
mice were exposed to total-body doses of 900 rads; and, 
following irradiation, each mouse received 5 x 104 
nucleated bone-marrow cells from female donors of the 
same strain. No further irradiation was given. Of 55 
colonies examined from these controls, all contained, 
exclusively, mitoses with the normal female diploid 
complement of 40 chromosomes. This finding 
unlikely the existence, within the donor marrow, of 
uniquely and uniformly marked colony-forming cell 
aggregates. The 4 abnormal karyotypes were thus the 
result of chromosome damage by ionizing radiation. 
The resulta given in Fable 1 show that when reocognir- 
able marker chromosomes are present in the cella of a 
colony, an overwhelming majority of the cells contain the 
same markers. Since normal mouse marrow contains no 
uniquely and uniformly marked colony-forming oell 
aggregates, and since chromosome breakage by radiation 
is & random rendering highly improbable the 
generation of an identical abnormality in each of the cells 
of & hypothetical colony-forming aggregate, it can be 
concluded that all the cells in these marked colonies were 
derived from a single cell in which a chromosome aberra- 
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tion was induced by radiation. Thus, m every oolony 
where direct cytological evidence is available this evidence 
indicates that the colony is a clone. Because the 
type of the mouse does not permit the identifloation of 
individual autosomes, only gross changes in the chromo- 
somes may be identifled readily. In the experimenta 
reported here, this was poaible for only approximately 
10 per oent of the colonies. Nevertheless, if the direct 
cytological evidence is considered together with the 
indirect support provided ‘by the dilution and radiation- 
survival data, the general view that spleen colonies are 
clones is a most reasonable conclusion. The spleen colony 
procedure may, therefore, be 88 al in vivo 
single-cell technique, analogous to the well-known $n vitro 
single-cell experimental systems’. The advantages inher- 
ent in the clonal approach to the study of coll biology are 
thus available for future investigations on hematopoiesis. 
We thank Dr. A. A. Axolrad for his advice and Miss R. 
Wynooll and Messrs. P. Caordas and J. Hicks for technical 
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assistance. This mvestigation waa supported by the 
Defence Research Board (grant 9350-14), the Notional 
Oancer Institute of , and the Medical Research 
Council, Canada (grant MA 1282). One of us (A. J. B.) 
is & Fellow of the Medical Research Council, Canada. 
Note added tn proof. In the four additional marked 
colonies encountered after the submission of this article, 
ra have been unique and present in all tho 


? TII, J. B., and MoCullooh, H. A., Hed. Re., 14, 218 (1061) 
* MoOullosh, B. A., and Till, J. M., Hed, Hee.,16, 822 (1062) 
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ELASTASE AND THROMBOGENESIS 


By Dr. D. A. HALL and Dr. JEAN E. WILKINSON 
[Department of Medicine, University of Leeds 


URING the past two decades numerous theories have 
been developed concerning the various lesions 
associated with arterial disease. To account for the topo- 
graphically discrete nature of the mural thrombi impli- 
cated by one such hypothesis’, the suggestion has been 
made that some fundamental change m the vessel wall 
must fibrin depositiont. Although absorption 
on. such as glass can activate certain of the factors 
necessary for plasma ion* in vitro, the physical 
state of the surface of the vessel wall would not appear 
to determine the site of thrombogenesis since arterial 
and traumatized regions‘ do not necessarily ote 
alot formation. The reason for the localization of throm- 
bus formation remains a ne , and observations which 
increase the chances of explammg the phenomenon may 
be of prime importance as starting pointe for future 
research and for attempts at therapy. 

Since the physical properties of the intimal surface 
alone cannot explain the vagaries of thrombus production, 
one must consider the possibility of other changes in the 
vascular tissue, causing local alterations m the equilibrium 
between fibrogenesis and fibrmolysis; an equilibrium 
which under normal conditions would appear to determine 
the fluidity of the circulating plasma’. Activation of the 
former prooees or inhibition of the latter could produce 
the desired effect. We discuss in the present article 
certain observations which point to the possible existence 
of localized centres of clotting activation. 

Tho clotting mechanism consists of a complex interplay 
of factors derived from plasma, platelets and tissue, and 
activation of the clotting with the resultant forma- 
tion of mural thrombi could be due to the localization of 
one or more of the essential components on the surface 
of the vascular tissue. 

The pancreatic enzyme elastase is not normally oon- 
sidered as a component of the clotting system, but it has 
been demonstrated that &he presence of low concentrations 
of elastase appreciably shortens the clotting time in vitro’. 
The point Gf Intervention of the enzyme has not bean 
proved although Bagdy has shown that it oocurs much 
earlier than the transformation of fibrmogen to fibrin’. 
Theo results illustrated in Fig. 1 indicate that elastase may 
in fact act on the plateleta, assisting in the release of 
various platelet factors. Oarefully collected platelet-rich 
plasma mds to the addition of in ing concentra- 
tions of over a range of 0-28 ng/ml. to give 
increasingly shorter recaloifloation times‘, but this response 
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disappears completely if the plateleta are previously 
degraded by mechanical manipulation. 

One difficulty which arises in any attempt to associate 
elastase with systemio activity is the fact that, not only 
has the enzyme never been identified in plasma but also ita 
acinar origin’ would appr to preclude a systemic funo- 
tion. Rationalization of these facta with the observations 
that elastase fod to animals has marked systemio activity? 
Inay indicate that reedsorption through the intestinal 
mucosa may be possible. The failure to identify elastase 
in plasma may mean that it is never present at levels 
high enough for estimation and this may imply that 
elastase passes rapidly into an immobilized state, poasibly 
by adsorption on to the vascular tissue. Evidence in 
favour of this hypothesis is already available. - 

Saxi“ and Yu and Blumenthal” have reported the 
presence in aortic tissue of a substance variously described 
as & lipoprotein or muocopolysaccharide but having 
properties of both and possibly identifiable as a lipo- 
muooprotein. This material, described by Saxl as present 
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throughout the aorte of young subjecta, but progressively 
disap ing from the lumen outwards with age, prevents 
the dissolution of aortic tissue (frozen sections) under the 
action of elastase alone. When isolated from aortic tissue 
it has the power of inhibiting elastolysis in vitro by atteoh- 
ment to the substrate rather than to the enzyme. Whether 
such & complex is still capable of adsorbing elastase is still 
without proof, but it has been shown" that elastin modi- 
fod by acetylation is capable of adsorbing twice as 
much enzyme while ite susceptibility to elastolymis is 
reduced by 80 per cent. It may also be significant that 
the only reported preparation of elastase from mammalian 
tissue outaide the pancreas is that by Gore and Larkey™ 
in a crude polysaccharide fraction from aorta. The 
possibility may exist therefore that elastase becomes 
adsorbed on to vascular tissue, and evidence is available 
in of the concept that in this oondition it is 
os of intervening in the clotting reeotion. 
ancreatic elastase’ differs from the enzyme derived 
from bacterial sources in that all attempts to separate 


species. 

The differmg rates ab which elastase attacks elastin and 
other insi may be due to either of two reasons: the 
physical state of the two types of substrate may affect 
the rate even if the active centres are identical, or alterna- 
tively the enzyme may have two active centres. Recently, 
evidence has been presented in of this latter 
oonoept!'. Human plasma inhibits 
competitively, whereas ite effect on the generalized proteo- 
lytio system is non-cempetitive. From a topographical 
point of view, this may indicate that whereas the inhibitor 
attaches itaelf to the centre through which the 
and substrate react in the case of elastolysis, this point of 
attachment is not the site of enxyme substrate complex 
formation in the case of generalized is. The 
enxyme may thorefore be assumed to have two dissimilar 
active centres. 

Because of this property it is theoretically possible 
for elastase to react simultaneously with two substrates, 
and if, as suggested here, one of these is solid elastin 
the proteolytic system will assume the same form es the 
original io system but in reverse, the enzyme 
being solid and the substrate in solution. 

Experiments have been oerried out to determine 
whether elastase adsorbed in this fashion on asolid substrate 
still has the to take part in the clotting reaction 
as estimated by the determination of recalcification 
times". To simplify the system, purified elastin” was used 
rather than le elastic tissue and this was suitably 
modifled by scetylation™ to increase the degree of elastase 
amount of elastase taken up by acetylated olastin (59 per 
cent of the amount present in the surrounding fluid) is 
dent on this latter concentration, it proved. impos- 
to remove excess elastase by washing before the 
addition of the ta of the recalcification system 
since both the wash water and the plasma and calcium 
chloride solutions added afterwards would elute elastase 
from the acetylated elastin. Systems were therefore 
pre in the presence and absence of acetylated elastin 

measurements of recalcification times made at a 
variety of enzyme concentrations. 

Direct assesament of the effecte of acetylated elastin 
over the range of enzyme concentrations referred to here 
was rendered difficult on account of a marked prolonga- 
tion of clotting time, which was & in systems in 
which the i elastin was alone to the other 
componenta of the recalcification system. This phenome- 
non was not investigated further, but was presumably 
brought about by the adsorption of certain unspecified 
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components of the clotting syatem on the surface of the 
solid. However, uso could be made of a variation in 


response observed in about 50 par cent of the sera studied. 
In these cases the decrease in recalcification time over 


- the range of elastase concentrations from 0-15 ug/ml. is 


followed at higher concentrations of enzyme by an in- 
crease and subsequent decrease, giving a region of mini- 
mum elastase effect at about 25 pg/ml. Movement of 
this trough to higher concentrations of elastase in systems 
containing acetylated elastin would indicate that the 
effective concentration of enzyme was altered by adsorp- 
tion on to the solid. The results did not, in fact, show this 
movement. The curves (Fig. 2) obtained for a group of 
normal sera were compared and, allowing for the difference 
due to the basal effect of the solid, could be shown to be 
statistically identical It may be assumed therefore that 
elastase has exactly the same activating effect on the 
clotting reaction when adsorbed on elastin as when free. 





10 10 30 40 50 
g Hastaso concentration (xg/ml.) 
Fig. 2. The effect of elastase In: A, the free stato; and B, 
on elastin on reoalotteation Gy cpm 
from a 19-year-old normal female. as In Fig. 


proteolytic enzyme system capable of bringing about 
localized clotting and hence of initiating thrombus 
formation in theese regions. 

We thank the Medical Research Council for & grant 
and Mrs. B. Peartman for her assistance. 
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&-HYDROXYASPARTATE PATHWAY: A NEW ROUTE FOR 
BIOSYNTHESES FROM GLYOXYLATE 


By Pror. H. L. KORNBERG and Dr. J. G. MORRIS 
Department of Biochemlstry, University of Leicester 


Wu micro-organisms grow on glycolate as sole 
source of carbon, reactions ancillary to the tri- 
carboxylic acid cycle must occur to replenish, from the 
C,-growth substrate, the intermediates of the cycle 
which have been.removed in the course of cellular synthe- 
. Bee. In micro-organisms such as E. coli or Pseudomonas 
sp., the necessary net formation of tricarborylic acid 
oyole intermediates is affected via the ‘glycerate pathway’?. 
In this pathway, glyoxylate (derived from the oxidation 
of glycollate) undergoes a condensation reaction in which 
2 mol. units of glyoxylate yield 1 mol. unit each of tar- 
tronio semi-aldehyde and carbon dioxide*+: the 
catalysing this process has been named glyoxylio acid 
carboligase*. The tartronic semi-aldehyde thus formed is 
afterwards reduced to glyceno acid with the aid of 
tertronio semi-aldehyde reductase. In the presence of 
adenosine triphosphate and Pseudomonas extracta, glyoorio 
acid has been shown! to yield pyruvate, this transforma- 
tion being affected by the well-established Embden- 
Meyerhof sequence. The net effect of these reactions is 
to transform 2 mol. unite of glycollate to 1 mol. unit of 
carbon dioxide and 1 of pyruvate which oan either be 
carboxylated to oxaloacetate? or, after oxidation to acetyl 
coenzyme A, condense with a third mol. unit of glyoxylate’ 
to yield mala&te**: in either case, the de novo formation 
of intermediates of the tricarboxylio acid cycle from 
glyoollate has been effected. 

Although the reactions of the glyoerate pathway have 

been demonstrated in a wide variety of micro-organisms 
(for review, see ref. 10), a major problem was posed by 
the observation that JMiorocooous denitrificans, which 
grows readily on glyoollate as sole carbon source with 
either oxygen or nitrate as electron acceptor, is devoid 
of the key enzymes of this pathway: no glyoxylio acid 
carboligase and only traces of tartronic semi-aldehyde 
reductase were detected in extracts of the glycolate- 
grown organism. The necessary nett formation of tri- 
carboxylic acid cycle intermediates must therefore be 
achieved by a different route. 
' An indication of the nature of this route has been 
obtained from studies with glyoollate-grown M. deniiri- 
jicans and with oell-free extracts prepared therefrom. 
The resulta obtained are consistent with the view that the 
growth of M. denturtjficans on glycollate as sole source of 
carbon involves & hitherto unknown metabolic route in 
which erythro B-hydroxyaspartete is an mtermodiate 
(Scheme 1). The main pointe af evidence in support of 
this scheme may be summarized as follows: 

(1) When M. dentirijicans, growing on glyoollate, were 
incubated with [1-“O]glycollate for brief periods, isotope 


CHO.CO,H 
Ethylene glyco 9 
Glycollic acid E rs I9, 
CHO CO,H CH,NH, CO,H 
Glycine 
[NH] 
Glyoxylic acid 


Bchomo 1. Poxtulated route for the nett formation of oxaloacetate from ylyoxylate bv Mucroroceus deni cans. 
tho reducthre 


appeared in glycine, malate and aspartate at the earliest 
times. In contrast to the resulte obtained with glycollate- 
grown Pseudomonas’ and H. coli’, no isotope was detected 
in glyoerate or phosphoglycerate. 

(2) Extracts of glyocollate-grown M. denitrificans, 
prepared either by ultrasonic treatment or by passago 
through a French press, oxidized glyoollate to glyoxylate : 
this oxidation was greatly stimulated by the addition of 
phenazine ning vp dedu 

(3) Although M. denitrificans grow readily on glyoollate, 
growth on glyoxylate was poor and on glyoine, negligible. 
However, the addition of glycine to & medium, otherwise 
containing glyoxylate as sole carbon source, stimulated 

wth 


(4) Sonic extracta of the gtycollate-grown organism 
catalysed the formation of oxaloacetate as measured 
by the increase in absorbancy at 262 mp, when both 
glyoxylate and glycine were added: no such increase in 
absorbancy was detected if glyoxylate or glycine was 
added alone. The probable condensation product of 
glyoxylate and glycine, f-hydroxyaspartate, yielded 
oxaloacetate in this system at a rate greater than that 
observed with equimolar concentrations of glyoxylate 
and glycine. 

(5) Sonic extracts, which were rich in a malate dehydro- 
genase capable of utilizing reduced: niootinamido-adenine 
dinucleotide phosphate (NADPH,) as electron donor, 
catelysed the oxidation of NADPH, when glyoxylate, 
but not when glycine, was added. However, the rate of 
NADPH, oxidation in the presence of glyoxylate was 

y stimulated by the früher addition of glyome. 
ynthetio DL-f-hydroxyaspartate reacted in this system 
at a rate pour than was found with equimolar concen- 
trations of glyoxylate and glycine: after resolution of the 
synthetic substrate, it was established!" that only the 
erythro isomer reacted. 

(6) In the presence of NADPH, or a NADPH,-generat- 
ing system, the crude extracts os the formation of 
labelled malate from either [1-!*C]glyoxylate and un- 
labelled glycine or from [1-*O]gtycine and unlabelled 
glyoxylate. The yield of labelled malate was decreased 
considerably if NADPH, or the unlabelled substrates were 
omitted from the incubation mixtures. In these experi- 
ments, the formation of labelled B-hydroxyaspartate was 
also detected. 

(T) When extracts were incubated with D 
f-hydroxyaspartate and semi-carbazide, at pH 0:5, the 
absorbancy at 252 my increased linearly at a rate propor: 
tional to the quantities of extract and of substrate : 
this indicated the enzymatic formation of the PCEN— 


HOCH.CO,H CH4,CO,H Tricarboxylic 
] | — —À5 Aoid 
H4NCH.CO,H OC.CO,H. cycle 
£-Hydroxyaspartio Oxaloacetio 
acid acid 


The ovorall reaction effects 


formatipn of 1 mol. unit of ovaloacatate from 2 mol. units of giyoaylate. 2 C,0,0, + 2H — C,H,0, + 1,0 
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linkage of & semi-carbazone. The product of the reso- 
tion, converted to the 2,4-dmitro st aes hp abre: ps 
analysed by paper chromatography, was to 
identical with the derivative formed from authentic 
oxaloacetate. Labelled B-hydroxyaspertate, eluted from 
chromatograms (see paragraph 6), yielded radioactive 
oxaloacetic 2,4-dinitrophenylhydrazone in this system. 
(8) When extracts of glycollate-grown cels were 
incubated anaerobically with oxaloacetate, adenosine tri- 
phosphate, and cobalt sulphate (under assay conditions 
similar to those described by Utter and Kurahashi"), the 
rapid evolution of carbon dioxide indicated the 
of phosphopyruvate carboxylase (B.O. 4.1.1.82). When 
[1-4C]glyoxylete and unlabelled glycine were used as 
enxymatio precursors of oxaloacetate, the carbon dioxide 
evolved was highly radioactive whereas pyruvate, isolated 
as the 2,4-dinitrophenylhydrazone, contained only traces 
of isotope. With unlabelled glyoxylate and [1-1*O]glyoine, 
on the other hand, the pyruvate isolated "was highly 
radioactive and the evolved carbon dioxide contained 
relatively little isotope.  Sinoe orythro pi-f-hydroxy- 
aspartate also reacted rapidly as enzymatic precursor of 
ie and carbon dioxide in this system, these findings 


suggest” that eek Nt erp , formed from glyoxylate 
and glycine, is transfo: to oxaloacetate via a dehydra- 
tase similar in action to other deh 
act on a-amino-B-hydroxyacids (W.O. 4.2.1.18—4.2.1.10). 

(9) The enzyme responsible for the enzymatic formation 
of oxaloacetate from g-h. 
also in high activity in extracts prepared from 
M. donar icons grown on glyoxylate, glyoxylate plus 
glycine, or substrates known to be catabolixed to glyoxyl- 
ate (such as ethylene glycol or allantoin), as carbon sources. 
Extracts from cells which had been grown on acetate or 
succinate were vi devoid of this enxyme. 

(10) Succinate-grown M. dentirtfloans, placed into 
growth medium containing glycollate as sole carbon 
source, rapidly formed f-hydroxyaspartate dehydratase 
during the lag period prior to the onset of growth. When 
suocinate-grown cells continued to grow in a medium 
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containing 5 mM succinate and 25 mM glyoollate as carbon 
source the initial period of logarithmic growth was 
followed by a stationary phase, which was agam followed 
by renewed growth. During this typical diauxic lag, the 
low levels of B-hydro te dehydratase increased 
approximately ten-fold and reached a level which was 
maintained during the subeequent growth on glyoollate'*. 

The biosynthetic pathway outlined in Scheme I is 
similar in effect to the glyoxylate oyole!*!* in which the 
net formation of C,-dicarboxylic acids is achieved by the 
direct condensation of two O,-units: however, the forme- 
tion of the C,-oompound (B-hydroxyaspertete) appears to 
be catalysed by an aldolase-type condensing 
which does not necessitate prior activation of one of the 
O,-reactanta to the coenzyme A derivative. The ß- 
hydro: te pathway differs from other routes of 
biosynthesis from glyoxylate, such as the glyoerate path- 
way! established in other micro-organisms, or the glyool- 
late pathway!" described in plante, in avoiding tbe loss 
of carbon dioxide concomitant with the initial formation 
from the C,-subetrate of a compound containing more 
than two carbons. 

Full details of this work, which was in 
by the U.S. Air Force under grant No. AF-EOAE 62-77, 
monitored by the European Offloe, Office of Aerospace 


.,and Barkulis, 8. B., Biookim. Biophys. Acts, SL, 593 (1956). 
Barkults, 8. 8., and Hayashi, J. A., J. Bad., 81, 609 (1961). 
A. ML, Natwre, 183, 1701 (1069). 
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MANIPULATION OF SALT SOLUTION—FRESH WATER DRINKING REGIMEN 
AND EATING BEHAVIOUR IN RATS 


By HANS KAUNITZ, LESTER M. GELLER and RUTH ELLEN JOHNSON 


Department of Pathology and the Divislon of Neuropathology, College of Physicians and Surgeons, 
Columbia University, New York 


N an earlier investigation! the effects of marked and 
moderate food restriction on consumption of freely 
chosen 1 per cent salt solution, and the possible effecte of 
excessive salt intake on survival, body-weight, reproduc- 
tion, and the weights of certain organs of the rat were 
reported in detail. During a three week period of main- 
tenance of reduced weight, free choice (salt solution and 
water) and control (water only) groups both required the 
same amounts of food to maintain their weights. Yet 
the animals in the choice situation increased their con- 
sumption of the salt solution to 25 oent of their 
body-weight, while the fresh water in of both groups 
remained steble. In keeping with Hebb's* contention 
that hunger be considered neither as a particular condition 
of the body, nor a set of sensations from the stomach, 
but as an organized neural activity, capable of arousal 
like any other conceptual process, it was suggested that 
the intake of water alone failed to provide the animals 
response made (that is, drinking) and appetite, whereas 
salt did. Put another way, the suggestion was made that 


. fresh water did not serve, as did salt, to arouse a pattern of - 


learned behaviour associated with a ite and/or hunger. 
The findings were in as lending support to the role 
of exterooeptive stimuli in activities frequently viewed as 
responses to internal needs, or as primary biological drives. 

The t article is oonoerned with the eating 
behaviour, after food deprivation, of rate drinking only 
water, or water and a 1 per cent salt solution. The 
experiment seeks to determine whether freely elected 
alterations in fluid regimen affect the animal’s consump- 
tion of food. It reflects an mterest in the investigation of 
the role of change in, or manipulation of, external stimuli 
as a motivator of behaviour. 

Adult male albino rate (Sherman strain) were used for 
these studies. The animals were individually housed on 
shavings in roomy cages. The rata were raised on a 
standard ration of ‘Rockland D-Free’ pellets and, at a 
median age of 185 days (range, 74-102 days), were trans- 
ferred to a i diet* contaming (per cent) 30 lactal- 
bumin, 54 , 10 lard, 2 cellulose, 0:5 calcium 
carbonate, and adequate amounts of all known vitamins. 
To this diet was added 3-5 per cent of U.S. Pharmacopeia 
salt mixture XIII, which allowed a dietary sodium 
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switebed from salt sohriion to water alone. O, A 


chloride level of approxunately 0-15 per cent. This level 
had been found to be adequate for growth, survival, and 
reproduction in our rat colony, and it was our intention 
to avoid limiting factors in the diet per se which might 
interfere with such functions. : 

The rata were placed in the experimental room one 
week before testing so that they might become adjusted 
to the daily noises around them. Two identical bottles 
were placed on each cage; both contamed water for the 
water only condition, and one water, and the other & 
1 per cent salt solution, for the choice situation. As is 
well known, rate, when offered this choice, consistently 
prefer the 1 per cent salt solution. The possibility that 
specific position preferences among the animals might 
influence the choice of fluid was controlled by alternating 
the positions of the bottles on the cages. The feeding 
testa, which were conducted in a small room built mto 
the larger one, were carried out between 5 a.m. and 
8 am. m order to minimize possibly di ing noise. 
The amount of food eaten in 3 min, after 24 h of food 
any food beyond that eaten in $ min during the initial 
series of these determinations. Later, the 3-min measure- 
ments were continued, but each rat was given a total of 
10 g of food, which it could finish m ita cage. Tho rate 
were taken. for testing alternately from experimental and 
control groupe. 

In detail, an eating test was conducted as follows: A 
glass cup containing food was weighed to 0-05 g and 
placed in a stainless steel box, 7x 10x 6-5 in. The box 
was evenly illuminated by a fluorescent light six feet 
above. The rat was carried into the experimental room 
and placed in the box with ita head toward the food, and 
the stop watch was started. A wire mesh cover was 
placed very quietly on the box and the experimenter 
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stepped behind a shield to observe and record 
the behaviour of the animal. At the end of 
3 min the watch was stopped (the olick 
stopped the rat from eatmg), the food oup 
was taken from the rat, its paws and mouth 
were dusted into the cup, any spilled diet was 
replaced, and the cup was reweighed. The 
rat was returned to its cage together with ita 
food cup during the period when it was being 
given & fixed amount to eat. : 

At a median age of 197 days, food was with- 
drawn, and the anmmals were weighed. On 
each of the next five days (days 1-5 of the 
experiment) they were given 3-min eating 
tests, but no additional food. On day 5 the 
animals were distributed into four groups of 
8 rate each, Matched on the basis of the total 
amount of food eaten in the five 8-min testa, 
the amount eaten during the last trial, their 
body-weight before food deprivation, the 
percentage of body-weight lost during the 
trials, and the amount of urmation and/or 
defecation in the test box. The average 


e weighta of the ups at this time were as 

a PERIOD E = m i folows: group LED g (aige; 899-518 g); - 

1 JB, 444 g (848—498 g); O, 443 g (850—513 g); 
i : D, 458 g (408-510 g). Groupe A and B con- 
CQ LL ggg papi ppp dpa d opa dog d dg pop pag 14d tinued to drink water and ups O and D 


now were given a choice of drinking water or a 
1 per cent salt solution. On day 6, the groups 
were given another 3-min eating test without 
additional food. The continuation of the 
experiment will be discussed in terms of three 


periods. 

Period I. On days 7-18, all animals were 
given 10 g of food, and the amount oeten' in 3 
min in the test box was determined. During 


PA this period the 8-min food oonsumptions of the 


different groups showed no clear or consistent 
patterns of similarity or difference (Fig. 1). It 
was thought that more time (that is, a longer habituation 
period) should be allotted the animals on their basio fluid 


response to take place. 
10 g of food daily, on days 19-80, to be eaten in ther 
cages, and no determinations were made. : 

Period II. On days 31-38, 8-min eating testa were 
again carried out, and the rats were permitted to finish 
their 10 g rations m their cages. After the ingestion of 
10 g on day 38, the fluid intake of group B was switched 
from water to a choice of 1 per cent salt solution and water. 
At the same time group D was switched from salt solution 
and water, to water only. The fluids offered the animals 
in group A (water) and OC (salt solution and water) 
remained un 

Period III. On days 39-46, 3-min feeding tests were 
carried: out and the rata were permitted to finish their 
10 g rations in their cages. 

The & daily amount of food consumed in $ min 
by the rate m each group is plotted in Fig. 1. Though 
the appearance of the curves during periods II and IT 
suggested that differences existed among the groups, a 
simple analysis of variance of the average 3-min food 
consumption of the groups, carried out for each of the 
periods, indicated that these differences were not 
statistically significant. 

The cross-over design of the experiment permitted each 
animal in groups B and D to serve as ite own oontrol 
when comparing the amount of food eaten under the 
different drinking programmes. In periods II and III, 
8 rata (group B) received water and then water and a 
1 per cent salt solution; the 8 animals in group D received 
water and salt solution and then water. In order to 
minimise residual effects from preceding drinking regimens, 
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Tabl L AVERAGE QUANTITY OF FOOD (G) CONSUMED IN 3 MIN ON List 

Four Days or PERIOD H AND PERIOD BY BACH RAT IN GROUPS B 

AND D WHEN DRINKING WATER AED WHEN DEDEKINO BALT SOLUTION 
AND WATER u 


The differences in food under the two conditions 
z germs ee 


1% ml A 
Rat No. 30 and Water 4 
water 
Group B Petod IM Period II 
as 2-23 2-30 — 0-07 
$90 2:10 3-07 0 03 
u 282 2-50 0-52 
13 +48 $12 _ 0-90 
18 3-10 2-30 0-30 
20 1-60 148 0142 
4 240 215 
56 2-48 2-18 
Group D Period I Period III 
10 12:87 3-07 —0-20 
B 1-50 163 —0-03 
1T 3-20 sn -011 
16 , 245 £37 0-08 
T 2-13 1-90 0-23 
41 2-07 2-20 —0-13 
29 245 2-53 —0 08 
8 4-68 2-38 0-90 


d = 010 


The eross-over analysis of $-mtn food eonsumptions ts based on these results. 
The standard deviation of € (defined below) was calculated by the formula: 


WEE E 


where d = the difference, for each rat, between the average amount of food 
iar gl rg da hcg abe aan Wano CUD Ong MN un 
and water; d = 


the mean of the above differences; Iperiod I = the sum 
period 


only the food consumptions on the last 4 days of periods 
II and ILI were used for determining the average amounts 
The average S-min imtake of food 


choice situation and the mean and 
standard deviation of these differences were determined 
(see foot of Table 1 for procedure followed). The average 
difference (d in Table 1) in the amount of food eaten 
under the two conditions of fluid intake amounted to 
0:10+0-041 g, with the average 3-min consumption of 
food being significantly higher (t= 2-41; P<0-05) when 
the rats drank salt solution and water than when they 
drank only water. 
The difference between the average daily 3-min food 
ion on the last 4 days of period II and of period 
III was then tabulated for each rat in each of the four 
groups. A single classification analysis of variance of 
these data, preceded by a corrected Bartlett's test for 
XE E aa pci oo tic ud deti c aec 
(x3: 6-01; d.£. 8; P» 0-05), demonstrated a signifi 
i intergroup than intragroup variance (F= 8-47; 
~2 8:28; P<0-05). To determine which group differ- 
ences, if any, -were responsible for the significant F ratio, 
the in difference significant at the 0-05 level was 
calculated by the Tukey test‘ and found to be 0-22 g. A 
significant difference existed between groups A and B; 
group B increased its 8-min food consumption by 0-19 g 
when changed to the choice situation, whereas the food 
consumption of A, which remained on water, 
decreased by 0-04 gin period ITI. The significant difference 
-in food consumption noted earlier between B and 
D did not appear under the more stringent itions of 
the analysis of variance, where the combined variance of 
all rather than the variances of just B and 
i Rathor than 


variance. In either case, the point was established that, 
following & change in ftuid intake, animals ate signifloantly 
more food in 8 min when drinking salt solution and water 
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The curves in Fig. 1 reeembhle those published by 
others'-' who have studied the effecta of deprivation on 
eating behaviour. Ghent! plotted the number of seconds 
spent eating during the first minute of availability of food 
or water, deprivation of either, against day of testing. 
She found, as we also observed, that the animals did not 
eat immediately when first offered food, but, with con- 
tinued experience in the testing situation, gradually ate 
increasingly more during the fixed period of time. This 
increase m amount eaten was due to more time spent in 
eating during the fixed time interval, rather than to an 

The effects of changes in drinking regimen on food 
consumption were greatest among the animals transferred 
from water to the choice situation (group B). Though 
this switch was‘ followed by a olear moreaso in food 
consumption, the removal of salt solution involved in the 
transfer in group D did not result in a decrease in eating. 
Conceivably, these findings could be viewed as oontra- 
dictory. To do so, however, would presuppose a logic in 
behaviour which, in fact, remains to be demonstrated; 
moreover, such & view would ignore the obvious possibility 
of changes in behaviour due to ing. It is not unreason- 
able to assume that the presence of a particular set of 
sensory stimuli may lead to a of behaviour which is 
sufficiently rewarding so that it is maintained even when 
these stimuli are ramoved. 

The freely chosen intake of salt solution then, following 
a change in drinking fluids, was associated with a sig- 
nificant increase in food consumption. 

Change or manipulation of external stimuli as a moti- 
vator of behaviour has been examined before. Campbell 
and Sheffield’ found that rata deprived of food for.24 h 
showed a marked increase in cage activity when changes 
in the sti I conditions in their environment 
occurred. They suggested that food deprivation reduoos 
the animal’s threshold to-environmental stimulation, that 
is, sensitizes it to stimulus change. Similar results were 
obtained with water deprivation’.  Teghteoonian and 
Campbell]: observed that food-doprived animals, main- 
tained in a situation -where environmental stimulation 
was markedly restricted, showed a decided reduction in 
the level of maximum activity during deprivation and in 
the rate at which this maximum was reached. Another 
group of food-deprived animals, living in a bustling 
-laboratory environment, showed marked increases in cage 
activity, ranging to 400 per cent of the pre-deprivation 
level. These investigations, and others (for example, 
ref. 11), hasize the role of extezocoptive stimuli as in- 
stigators of viour, where sensory stimulation becomes 
a reinforcer of behaviour in its own right, independently 
of the perb it plays in drive or need reduction™. 

We are indebted to Prof. John W. Fertig and Dr. 
Khalil El-Kashlan of the Division of Biostatistics of the 
School of Public Health and Administrative Medicine, 
Columbia University, for their assistance with the statis- 
tical treatment of the data. ` 
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PHOTOCHEMISTRY OF A NICOTINAMIDE METABOLITE, 
N'-METHYL-4-PYRIDONE-3-CARBOXAMIDE 


By DENIS ABELSON and A. BOYLE . 
Department of Medicine, The Graduate Hospital, University of Pennsylvania, Philadelphia, Pennsylvania 


M 
ie the course of paper chromatographic investigations 
of nicotinamide metabolites in human plasma, it 
was noted that one of these, later identified? as N'-methyl- 
4-pyridone-3-carboxamide (4-PY), occamonally exhibited 
a blue fluorescence in ultra-violet light at 360 mu. Further 
examination showed that the phenomenon was due to 
the production of a fluorescent compound or compounds 
on the paper under the influence of ultra-violet light. Ite 
intermittent occurrence was readily attributable to the 
varying amounts of ultra-violet radiation to which dif- 
ferent chromatograms were exposed for purposes of visual 
Inspection and contact photography. Although the 
fluorescence was most seen on excitation with 
360 my light, this wave-length had very little photo- 
chemical effect. On the other hand, exposure to light 
from a 254 my lamp (the spectral emission of which is 
shown m Fig. 1) caused a sample of 4-PY spotted on 
Whatman No. l paper to appear to ‘melt away’ in a few 
seconds. As the absorption dimmished a faint purple 
glow developed, which in 360 my light changed to the 
characteristic strong whitish-blue fluorescence. The in- 
tensity of the fluorescence increased with duration of 
exposure to radiation until maximum conversion had 
occurred. 


Proof of the formation of at least one new compound 
was obtained by reversing the chromatogram after 
irradiation, and running it in the opposite direction (Fig. 2). 
The unchanged 4-PY ran with ite usual velocity, whereas 
tho photoproduct remamed at the new origm. A number 
of different solvent systems, including distilled water, 
failed to move, and hence to elute, this material from the 
origin. It was therefore concluded that, under the influence 
of irradiation at 254 mp, 4-PY forms a stable fluorescent 
compound or compounds with cellulose. 

i te were then carried out to determme 
whether similar effects could be produced by irradiation 
of 4-PY in solution. A solution of 4-PY im absolute 
ethanol at & concentration of 10 pg/ml. was irradiated in 
& quartz microcuvette situated as close as possible to the 
254 my band-lamp. At mtervals the cuvette was removed 
and the absorption pee of the solution determined 
with a Beckman DU spectrophotometer. Fig. 8 shows 





250 450 


^ 850 
Wave-lengih (mg) 
. d. emission of t SL 2537 hand-lamp ın the ultra- 
Fig. 1. Spectral Minerahgh i 





the changes produced. It will be seen that the untreated 
compound in ethanol exhibits a major peak at 258 my 
and a shoulder at 285 my. As irradiation proceeds the 
258 my maximum diminishes and eventually disappears. 
The 285 my inflection shows little change in intensity 
but undergoes a bathochromio shift, giving rise to a peak 
at 305 mu. In aqueous sohition a slight reduction in the 
intensity of the 258 mu maximum is the only change 
observed. . 

To exclude the possibility that the changes produced 
on paper were due to heat from the lamp, a samplo of 


' 4-PY spotted on Whatman No. 1 paper was heated in an 


oven at 100° O for periods of up to 30 mm. No fluor- 
esconce developed. That. the changes in ethanol were 
also not due to heat was shown by the absence of spectral 
change m & control solution, screened by aluminium foil, 
which was placed next to the test solution throughout 
the irradiation period. 

When viewed with the 360 mj lamp, a bluish-green 
fluoresoónoo is visible in solutions of 4-PY which have 
previously been exposed to radiation from the 254 my 
lamp. The changes in the intensity of fluorescence with 
duration of irradiation are shown in Fig. 4. After irradia- 
tion for 30 min the solution was taken to dryness and 
ahromatographed on ps in butenol-ammonia. At 
least two spots showing k blue fluorescence were seen.’ 

The fluorescence spectra before and after irradiation 
were determined using an Ammco-Bowman’spectrophoto- 
fluorometer (Fig. 5). It will be seen that the fluorescence 
intensity of the irradiated solution is actually lees than 
that of the unirradiated solution. The fact that the 
former is visible to the naked eye, whereas the latter is 
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photoproduot itself displays the distinotive 
property of being completely immovable 
in all solvent systems tried, including 
distilled water. This phenomenon sug- 
gests an irreversible association with ao 
constituent of the chromatographic peper, 
such as hydroxyl or aldehydic groupe of 
cellulose. 

The only other comparable mtuation 
which we have been able to trace occurs 








o 30 


(3) apeotrum after 8 
58 


min , Changes in tion 
D, Areas shaded by parallel linos represent optical density (O D.) greater than 0 3, eross- 
hatched greater than 0 6 


area O.D. greater than 0 4, and black area O.D. 


not, may be attributed partly to the shift in the fluoree- 
cence towards the visible region after irradiation. In 
addition, it was found that the activation maximum of 
the unirradiated solution is 800 my. compared with 
320 mp for the irradiated solution. (Theee values are 
approximate, due to the presence of a scatter peak in the 
region concerned.) Inspection with the 360-my source 
would therefore excite the fluorescence of the irradiated 
solution more efficiently For the determination of 
the emission and activation spectra it is essential 
to use ‘fluorometric grade’ absolute ethanol (Hartman— 
Leddon Co., Philadelphia, Pa.) to eliminate the spurious 
fluorescence exhibited by reagent grade abeolute ethanol 
in the 400 mp region. 

Although it is known that & number of compounds on 
paper chromatograms undergo decomposition on pro- 
longed exposure to ultra-violet light‘, the present example 
is unusual in that rt possesses extreme sensitivity to such 
radiation, and gives rise to a strongly fluorescent photo- 
product. This property permite the ready identifloation 
of 4-PY among other ultra-violet-absorbing spots. The 
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Fig 4' Development of fluorescence with time fn irradiated solution of 
4-PY in ethanol 


in the field of amino-acid chromatography. 

In 1948 Phillips* showed that the 
a-amino-acids and peptides resulting from 
enzymatio degradation of insuli in fluoresced 


on paper chromatograms. The intensity 
of fiuorescenoe was greatest when high 
drying tem were used, but somo 


fluorescence developed even when tho 
papers were dried at 37° C. The following 
year Patton et al.‘ showed that thir 
fluorescence remained behind on the papo- 
after washing with water. They demon- 
strated that the paper was essential for 
the development of fluorescence, whioh 
failed to appear when amino-acids were 
heated on glass plates. These workers sug- 
that the fluorescent change 18 
analogous to the browning reaction. Sunilar 
results were reported in 1950 by Woiwood'. 
who pointed out that most amino-acids 
fluoresce feebly in the pure crystalline 
state, although tryptophen, histidine and 
ortrulline fluoresce strongly. When heated 
with cellulose some twenty amino-acids 
of simple peptides and amines. 
to be necessary for the 


groups derived 
present in the paper. We have already indicated that 
heat does not induce fluorescence in 4-PY on paper. 
The effects of ultra-violet radiation on 4-PY in ethanol 
resemble those obtained on paper chromatograms in that 
a diminution in light absorption is accompanied by the 
development of fluorescence. The nature of the fluoro- 
phore(s) is unknown. Slomp e£ al.* and Taylor e al.’ have 
proposed a dimeric structure for the product of ultra- 
violet irradiation of N’-methyl-2-pyridone. However. 
from structural differences between this compound 
and that used in the present investigation, their experi- 
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menta were carried out in aqueous solution in which, as we 
have shown, the spectrum of 4-PY is un The 
spectral shift observed in ethanolic solutions of 4-PY sug- 
geste reduction of the pyridone with preservation of the 
quinonoid structure. ; 
This work was supported by U.S. Public Health Service 
grants A-6064, 4—5912 and 24-5370. We thank Dr. 
M. L. Wu Chang and Prof. T. Wieland for gifts of 4-PY. 
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INTERPRETATION OF INHIBITION KINETICS OF COENZYME-SUBSTRATE 
REACTIONS, AND THE ROLE OF ZINC IN ALCOHOL 
> DEHYDROGENASES 


By Dr. K. DALZIEL* 
Department of Blochemistry, University of Sheffleld, Sheffield, 10 


d e types of inhibition are distinguished experi- 
mentally by the effects of a fixed inhibitor concentra- 
tion on the slopes and intercepta cf plots of initial rate 
data according to Lineweaver and Burk’, or by the point 
of intersection when plots in presence and absence of 
inhibitor are extrapolated. They receive theoretical 
interpretation by the inclusion of compounds ZI and ESI, 
with dissociation constants Kx; and Kms; respectively, 
in the reaction scheme proposed by Michaelis and Menten’ 
for & single substrate reaction. The general relation 
between initial rate in the steady state, ve the enzyme 
concentration e, the substrate concentration se, and the 
inhibitor concentration 1, takes the form: 


l/o, = (1 + $[/Kpsr) V + (1,+ $/Kpr)Km|Va 


ejos = p(l + 4/Kxsr) + (1 + $/Kpr)]o 

The parameters V and Ka, or p, and pı and Kg; and 
Kxs; can be determined experimentally from plots of 
e[v, against 1/s. Increased alope with unchanged intercept, 
or intersection on the abscissa, indicates competitive 
inhibition (Kgsr = c). Increased intercept with un- 
changed slope, that is, parallel plots, -has been designated 
uncompetitive inhibition (Kr = oc). Equal proportionate 
increase of slope and intercept, or intersection on the 
ordinate, denotes non-competitive inhibition (Kyr =, 
Kms). ‘Mixed’ types are competitive-non-competitive, 
with greater proportionate increase of slope than intercept 
and intersection above the ordinate (Kzr < Krgr), and 
non-competitive-uncompetitive, with greater propor- 
tionate inorease of intercept than slope and intersection 
below the ordinate (Kar > Kgs). 

The behaviour of inhibitors in ooenryme-subetrato 
reactions has also been described in these terms, both with 
reference to the coenzyme, from initial rate measurements 
with constant substrate concentration, and with reference 
to tho substrate, by experiments with constant coenzyme 
concentration. The underlying assumption appears to be 
that if the concentration of either the substrate or the 
coenzyme is maintained at a level much greater than its 
Michaelis constant, the reaction will be kinetically equival- 
ent to a single substrate reaction. This is not necessarily 
80*, and it cannot.be assumed‘ that inhibition equations 
deduced for a single substrate reaction are applicable 

-to ooenzyme-substrate reactions. 

The main purpose of this article is to show that on the 
basis of a compulsory order mechaniam, by which the 
coenzyme is bound to the enzyme first, it is to be expected 
that an inhibitor which competes with the coenzyme 
only will n-general exhibit different ‘types’ of behaviour 
with reference to the substrates for the forward and 
reverse reactions. i tal observations of this 


kind with the zino-binding inhibitor ortAcphenanthrolme '' 


“Sorby Research Fellow of the Royal Boclety. 


and liver alcohol dehydrogenase have been conmdered* 
inconsistent with & compulsory order mechanism, and 
have invoked conclusions regarding the binding of the 
substrates which appear to be unjustified’. 
Such a mechanism is represented by the following 
reactions: i 
H+Iek.. 
H--OoH.0 
B.O + Se B.C.Swe R.C'.S' e E.0' 4-8 
E.C' e EC 
The initial rate equation in the steady state, whether or 
not the ternary complexes #.0.S and #.0’.S” are in- 
cluded, takes the form**: 
6/09 = Pe + Pı (1 + 4/Kaz)/o + Paa + Pia (1 + $/EKgr)/co 
With the reciprocal of the coenzyme concentration, l/o, as 
variable: 
fe = (Pe + Pa/8) + (9x +P1a/8)(l + S) Eno (2) 
and with any constant values of substrate and inhibitor 
concentration, s and +, the effect of the inhibitor will be 
to increase the slope by the factor (1 + $/K gj), from which 
Kxmr may be calculated, while the intercept will be un- 
that is, competitive behaviour, as expected. 
With l/s as variable: 
e[v, = [pe + p(l + S/Emr)/o] + n 
[pa + Qra(l + S/Emr)le]ls — (8) 
The effect of the inhibitor will be to increase both slope 
and intercept, but not necessarily in the same proportion. 
The relative Increases will be determmed by the relative 
values of Pe P Pa aNd Pip initial rate parameters which 
may be estimated experimentally in abeenoe of inhibitor. 
Re-arranging equation (3): 
J3 


| fs penp e 
or in alternative symbols*:?°: " ° i 
E e 


Ew "C + JEn 
V L+K o 4 
V is the maximum rate; q,/g, = Km, the Michaelis 
constant for the ooenzyme; 91/9, = Km, the Michaelis 
constant for the substrate; and ov, = Ko, the dis- 
sociation constant of the enryme—coenzyme compound. 
The ‘type’ of behaviour of the inhibitor towards the 
substrate will therefore depend on the relative values of 
Ke, and Kyg. Only if these two quantities are equal will 
the slope and intercept be increased by the same propor- 
tion, indicating ‘non-competitive inhibition’. If Ka, « K xg, 


(1) 
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the inhibition will be ‘oompetitive-non-competitive’, 
or if the inequality is large, akmost ‘purely competitive’. 
If Ka, > Kec, the inhibition will be ‘uncompetitive’ or 
'non-competitive-unoompetitive'. 

A Michaelis constant may be greater or smaller than 
the true dissociation constant?. For a number of dehydro- 
pem that use the coenzyme nicotinamide-adenine 

inucleotide (NAD+), including lactate dehydrogenase", 
yeast? and liver!?/* aloohol dehy: and malic 
dehydrogenase, for which initial rate data at pH 6—8 are 


available, it is found!* that for the reduced ooenryme, 


NADH, Ka, > Kgg (that is, 91/90 > ij while in the 
reverse reaction for NAD+, K’s, < Keo’. These com- 
plementary relations for the oxidized and reduced oo- 
enzymes are to be expected theoretically* for a compulsory 
order mechanism. (For the special case that ternary 
complexes B.O.S and #.0.S’ are not kinetically 
significant (that is, the 1 mechanism) it 
oan be shown!® that Ke,/Keo = Kpgc|K'mi).) It follows 
from equation (4) that an inhibitor that competes with 
the coenzyme should in general show different ‘types’ 
of behaviour towards the substrate in the forward and 
reverso reaction. Moreover, since the relative values of 
Ka, and Kygo may vary with pH, so also may the ‘type’ 
of inhibition. 

Hoch, Williams and Vallee* interpreted experimental 
data for the inhibition of yeast aloohol dehydrogenase by 
orthophenanthroline on the basis of mechanism (1), except 
that the ternary complexes were omitted. They ocon- 
cluded that the inhibitor showed non itive be- 
haviour towards both ethanol and acetaldehyde, which 
they considered, mistakenly as has been shown, to be 
required by this mechaniam*. Their date with the highest 
inhibitor concentration indicate that the inhibition is in 
facb competitive-non-competitive towards ethanol and 
non-competitivermoompetitive towards acetaldehyde, 
in with the preceding discussion. 

With liver aloohol dehydrogenase, more marked. differ- 
ences between the behaviour of .orthophen- 
anthroline towards the two substrates have been detected 
and variously interpreted. I+ is of some interest, therefore, 
to show that as with the yeast enzyme the experimental 
date are in accordance with mechaniam (1), and the fact 
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that for this enzyme, in neutral solution, the valued of 
Ka;/Kuo for NADH, and Kzo'|ÉK^mi for NAD+, are 
large. This oan be done by substitution in equations 
(2) and (4) of experimental values for the initial rate 
parameters by me”. Equation (4) then becomes, 
-for the reaction of ethanol and NAD+: 


8-0(1 + En & 


sic e5(-ijEm)] 1 
V/A ET 
ue[1 + — NADH korom 


and for the reaction of acetaldehyde and NADH: 


18(1 + i/K. 
6/0, =0-0075| 1 + ; ATHE ] + 
0-42(1 + 4#/Kx7) 1 
3 s + —[NADH] Jonom 
The Lineweever-Burk plots in Figs. le and d were oal- 
culated from these equations with 4 = 120 uM and 
Ky; = 2-5 uM, and the fixed concentrations of ooenxymes 
indicated. Figs. la and b were obteined by similar subeti- 
tutions in equation (2). It should be added that larger 
values for the fixed concentrations would merely require 
greater inhibitor concentration to produce comparable 
effecta, and would not alter their nature; and also that 
if the mitial rate reported by Theorell and 
McKee!’ aro used, the same types of plot are obtained. 
It is evident that the ially competitive’ type of 
inhibition towards ethanol and the ‘non-competitive— 
itive’ behaviour towards acetaldehyde aro 


e], = os| 1 + 


umoom 
predicted 


coenzyme 
substrates 
phenanthroline to liver alcohol deh; 
the mechanism may be different to that for the yeast 

SO i 


All workers agree that orthophenanthroline is strictly 
competitive towards the coenzymes, but there are dis- 
erepancies between the nea obtained for Kgr. Plane 

2 &nd Th * did not interpret their data 
in terms of a compulsory order mechanism, 
however, but considered that binary 
complexes of enzyme and substrate are 
formed. With this assumption, they oal- 
culated values for Kgr of 3-0, 0-018 and 


(2) 


dissociation constante. There are no such 

discrepancies, however, if their data are 
2 interpreted in terms of mechanism (1). 
By means of equations (2) and (4), values 
close to 2-5 uM for Kzz. are obtained from 
all three plots; the close agreement between 
the slopes of the competitive plots agamst 
the two coenzymes is apparent on inspec- 
tion. The theoretical plots in Fig. 1 are 
in fact calculated for the same concentra- 
tions of inhibitor, ooenrymes and sub- 
strates aa those used by Plane and Theorell, 
and resamble their i plots 
closely. Tho value of 2.5 pM is also in 
reasonable agreement with 4 uM calculated 
in a similar manner by Vallee, Williams 
_and Hoch’ from competition with NADH 
under alightly different conditions. These 
workers obtained a much higher value from 
competition with NAD+, but this may 

ao f the high ott 1 : 
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used, which causes substrate inhibition and renders equa- 
tion (2) inapplicable. It appears that the kinetic data for 
the inhibition of liver alooho] dehydrogenase are consistent 
with mechanism (1) and a value of about 2-5 pM for Ker 
at pH 7 and 23-5°. A discrepancy remains, however, 
between this value and that obtained by spectrophoto- 
metric meaguremoenta!, 

Vallee et ai.^* conclude from the absence of strictly 
competitive behaviour of orthophenanthrolme towards 
the substrates that the latter cannot be bound to rino in 
ternary complexes of yeast and liver aloohol dehydro- 
genases. If the substrate were so bound it might be 
expected that competition between orthophenanthroline 
and subetrate for W.O in mechanism (1) would occur 
with formation of E.O. This would introduce the 
inhibition factor (1 + 1/Kxor) in the term 9,/s in the 
initial rate equation. It may also imply tho formation of 
the product complex E.O.', which would give 9,(1 + 
+/Kycz1) as the maximum rate, and tho compound ZI, 
also. In any event, there 18 no evidence of such effecta 
in the experimental date. 

Theorell et al. assume a random order mechanism for 
liver alcohol dehydrogenase**.5*, hwith kinetically sig- 
nifleant binary enzyme-substrate complexes. If the 
substrates were bound to zinc, competition from ortho- 
phenanthroline would agam be expected, in this case 
for the free enzyme also. Theorell and McKee" explain 
the abeenoe of strict competition by assuming that of the 
three available bonds of octahedral zinc, the inhibitor 
can only utilize the same two co-ordination sites as the 
coenzyme, and cannot compete for the third substrate 
site. The evidence for ternary complexes of enzyme, 
orthophenanthroline and substrate adduced by Plane and 
Theorell* ıs taken to support this explanation. The 
‘partially competitive’ behaviour towards ethanol, but 
not acetaldehyde, is attributed to a stabilizing affect of 
ethanol on the binding of NAD+. 

The compulsory order mechanism (1) soems to provide 
a simpler explanation of the experimental date which, 
contrary to the conclusions of Vallee e$ al, does not 
preclude the binding of substrate to mnc in the ternary 
complex, as suggested by Theorell and McKee”. 
metal wore the centre of an octahedral ternary complex, 
with three bonds to the protein, and two to the bidentate 
coenzyme, the absence of competition between the 
bidentate orthophenanthroline and substrate for the 
remaining co-ordination site of the onzyme—coenzyme 
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complex would be understandable. Thus if binary 
enzyme-substrate complexes are not assumed, no further 
assumptions are needed to explain the behaviour of the 
orthophenanthroline towards the substrates. Indeed, 
the conformity of the inhibition data to the initial rate 
equation derived from a compulsory-order mechaniam 
and the absence of competitive behaviour towards both 
substrates, might be construed as evidence against the 
view that such complexes are kinetically significant. 
Unlike the coenzymes, orthophenanthrolme would not 
be expected to have binding sites on the enzyme other 
than those to zino, as Theorell and MoKee™ remark; it 
seems improbable, therefore, that of the three co-ordina- 
tion sites of the free enzyme, only the two utilized by the 
coenzyme are available to the orthophenanthroline, as 
they suggest. . f 

It may be concluded that inhibition kmetica with 
orthophenanthroline provide valid evidence that tho 
coenzymes are bound to zino in the enzyme—coenxyme 
complexes of yeast and liver aloohol dehydrogenases, and 
are consistent with, but do not prove, the binding of 
substrates to rino in the reactive ternary complex m a 
compulsory order mechanism. It may also be concluded 
that in kinetic studies of inhibition of ooenzyme-substrato 
reactions, it is desirable that measurements be made with 
simultaneous variation of both coenzyme and substrate 
concentrations, so that the effeota of the inhibitor on all 
the terms in the initial rate equation may be evaluated 
and used to asseas the mechanism. 
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FORMATION AND DISTRIBUTION OF AMYLOSE AND AMYLOPECTIN 
IN THE STARCH GRANULE* 


By Pror. N. P. BADENHUIZEN 
Department of Botany, University of Toronto 


TARCH granules arc biological objecta and as such 
closely linked to the genotype and the physiology of 
the plant which produces them. Although most starch 
granules contain linear and branched molecules of the 
«-1,4-glucoaidio type, with a-1.6 linkages at the branching 
pointa, there is much heterogeneity in these two fractions. 
There is also an enormous variation in their ratio and in 
their packing to & paracrystalline pattern. It is well 
known that there is a different shape of starch granule 
for every plant species. 

This variability in properties is surprising when we 
consider that the basic chemistry is the same for all 
starches and that all plastids have the fundamental 
ability to make starch in their ground substance’. It 


"® Substance of an address on September 12, 1962, to the one hundred 
„and forty soson Tüeetmg of the American Chermlont Boosey m Atlantio Olby. 


suggesia the presence of a complex of interfering factors 
which makes the production of starch in planta an 
extremely variable process. z 

We will limit the discussion to the plastids of higher 
plante, and we ask: How are steroh granules formed, 
what enzymes play a part in their synthesis, how can 
modifymg factors influence the deposition of a mixture 
of linear and branched molecules and their relativo- 
amounts? If one could give detailed answers to all these 
questions, the fme structure of the different types of 
starch granules would be clear. Unfortunately, this is not 
yet possible and much has still to be done. 

(1) Ths plastid and starch formation. Chlorophyll- 
containing plastids (chloroplasts) have been most exteü- 
sively studied because they form the photosynthetic 
apparatus and are available m quantity. We will deal 
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only with the amyloplast, which forms the storage-type 
of starch granule. Only in exceptional cases is the amylo- 
plast coloured (as in Pellionia). When examined with the 
electron mi ! it appears to be a vesicle surrounded 
by a double membrane, with few, if any, membranous 
structures inside. Nevertheless, amyloplasts from various 
pum show typical structural charaoteristios which must 

ve a genetical origin and which are associated with the 
chemical composition of the plastid. The influence of 
genetioal factors has been clearly demonstrated in the 
shape and composition of starch granules from various 
corn varieties. (I have summarized these aspects else- 
where!.) 

At the time of starch formation, potassium perman- 
ganate canses the production of a flne h 
precipitate in the plastid. This precipitate disappears 
filet (ho Gist otaedli deposit ie Renad and may theaters 
represent an accumulation of precursor substance with 
reducing properties. With a new supply of carbohydrate 
similar particles, also visible after potassium perman- 
ganate treatment, appear; electron pictures suggest that 
again they represent precursor material which is added to 
the starch granule. The particles range im size from 
250-800 A, and the smallness of the droplets they repre- 
sent explains an earlier observation that starch may be 
deposited in extremely thin layers‘. Growth of starch 
granules by apposition has been fully demonstrated, but 
so far we did not know how it actually occurs. Lengthening 
of molecules at the periphery of the granule was thought 
to be the mechanism by which growth takes place. How- 
ever, this theory does not take into account the inability 
of retrograded molecules to act as primers. The electron 
picture may give a better representation of the real 
situation. 

The poembility that starch crystallizes out from a 
coacervate was suggested in 1946 by MacMasters et al.*. 


then a new 
position of the granule is possible. To appreciate this we 
have now to consider the enzyme systems involved in 
(2) Starch synthesizing enmymes. Phosphorylase has been 
thought to be responsible for starch synthesis (in ool- 
laboration with the Q-enryme, which hes branching 
action), since it was found in those parta of plante where 
starch accumulates and because of ite location inside the 
lastids. Doubts about its function have been expressed 
ore (see my summary elsewhere), but more recently 
it was even rejected as a starch synthesizing enryme 
in vwo. The reasons for this rejection can be read 
in an article by Whelan‘. A new enzyme proposed 
is one that uses uridine diphosphogiucose (UDPG) as a 
donor’. Other possible systems, suggested by 
Whelan and by Erlander, have been discussed earlier!.*. 

The implication is that an enzyme may be present, 
but that it has no physiological function. Such mstances 
can actually be found. ae epidermis, for 
example, plastids contain phosphorylase, although under 
natural conditions they never form starch’. It is possible 
that the function was lost during the process of evolution; 
such loss in the epidermis would not discredit the enzyme 
as a starch synthesizer in other tissues. In addition, it 
becomes more and more clear that organisms are versatile 
and can adapt their metabolic pathways to varying con- 
ditions. We know as yet very little about the oo-ordina- 
tion between enzyme systems which may be involved in 
the production of starch. It is reasonable to assume that 
they all play their part at times. 

The enzyme discovered by Leloir e£ al' needs pre- 
formed starch to make mòre starch. Since the enzyme 
could not be extracted from the starch granules, it is 
probably Idcated inside the granules and videa for 
somo ition to existing molecules tn siiu. Buch growth 
by intussusception will be limited in extent. This mech- 
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anism does not explain how the starch was formed in the 

first instance, or how there oen be linear and branched 

molecules. As Porter? rightly romarks, de novo synthesis 

of starch may yet depend on the presence of phos- 
lago. i 


What more does the Leloir enxyme do? It makes 
oligosaccharides (up to 6 unita) from maltose and malto- 
tziose in the presence of UDPG, but it was found that 
these oligosaccharides cannot act as intermediates in 
starch synthesis. They could, of course, act as primers 
for phosphorylase. 

Turner ¢ al. have shown that UDPG is an excellent 
source of glucose-1-phosphate (G-1-P), the substrate for 
phosphorylase, from which this enzyme may make starch 
even without primers being present’*. This G-1-P is 
produced from sucrose, the main sugar of transport in 
plants. In potato plants which had assimilated “OO, 
sucrose was found to be transported down the stem and 
to spread evenly throughout the tuber, where it appeared 
in the cytoplasm of the cells. From there radioactivity 
entered the plastids, the membranes of which must have 
some regulatory function. Finally, the starch granules 
become radioactive, in tho first Instance in those perte of 
the tuber where phosphorylase activity was highest‘. 

Our conclusion must be that phosphorylase is the pre- 
dominant starch synthesizing enzyme and that it can be 
excellently co-ordmated with a UDPG or related system. 


‘Further discussion in this article will be based on this 


conclusion. 

At this junction I wish to streas again that studies of 
tissue homogenates cannot give a proper insight into the 
processes inside the plastid. As * has pointed out, 
in sach various substances come 
which would never meet in the intact cell. This 1s one 
reason why the ratio inorganio/organio phosphate, as 
observed in tissues, is not so important as was thought 
before. We have to study the plastids themselves in 
undamaged, healthy cels, in order to discover their 
mechanism. 


'(8) The general distribution pattern of amylose and 

in. Ono of the most difficult problems facing 
starch chemistry is to explain why there are lmear mole- 
cules at all, when we know that a mixture of phosphorylase - 
and branching enzyme (often indicated respectively as 
P- and Q-enryme) always only & branched product 
in a solution containing G-1-P and primer molecules. 
Both enzymes have been found in normal corn 
(containing starch with about 25 per cent amylose), waxy 
corn (1 per cent amylose) and wrinkled pea (65 per cent 
amylose and more).' ing a different P/Q-ratio for 
these plants does not help in elucidating the differences 
between their starches. 

Both P- and Q-enzymes must be present with their 
substrates in the plastid, because that is the place where 
tho starch granule is formed. Phosphorylase has been 
repeatedly detected histochemically inside the plastid, 
but we have to confirm the localization of Q-enzyme and 
the other substances involved. Simcoe G-1-P penetrates 
only very slowly into the cells’ and a UDPG 

was found in association with the starch’, it is 
likely that sucrose is admitted to the plastid and converted 
while inside. The mechanism by which this could happen 
has to be investigated. We also do not know how the 
enzymes (and other proteins) become included. 

Now the stage is set for the production of starch. In 
principle we may expect the same reactions to happen as 
aro in the test tube, and the question 
therefore arises: what are the factors that oan modify 
this standard pattern? In other words, How is the 
héreditary chemical composition of the plastid reflected 
in the structure of the starch granule ib ces ? 

One of the effects appears to be that for most starches 
crystallization from a coagervate takes place before all 
the lineer molecules have become branched. We.may 
assume that the amylopectin is formed rapidly, but that 
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the Q-enxymo will reach entangled linear molecules with 
inoreasing difficulty. This would explain the preeenoe of 
&n in fraction and slight branching in longer 
molecules™:*} when crystallisation takes place at this 
stage in the tiny ocoacervate droplets. In waxy starch 
Q-enryme &ppears'to be able to branch completely the 
original linear molecules before crystallization starts. 

Since each coacervate droplet produces a mixture of 
linear and branched molecules in ordinary starch, and an 
immense number are required to build up & new shell, we 
do not expect a priori a difference in location between 
the two fractions. They must show an even distribution 
throughout the granule in the form of mixed crystals, 
which is in agreament with the results of microscopic 
investigations?. 

Only 1/5 to 1/8 arm er 
granule shows orderly arrangement in 
terns. Amorphous regions are therefore found both 
within and in between the shells, those in between formmg 
the so-called amorphous layers?. Permutoid reactions 
will occur in the more &oooemble amorphous regions m 
the first instanoe, and this is the reason why amylase 
action spreads tangentially from the corrosion canals in 
cereal starches, and why treatment with dilute acid 
(lintnerization) causes separation of layers in practically 
all starches. i these processes amylopectin. is 
degraded by preferenoe!*-!*, and this result mdicates that 
both amylose and amylopectin are also t in the 
amorphous regions. We conclude with 19 that the 
only difference between the shells and the amorphous 
layers is in their water content, and this must be related 
to a periodic supply of carbohydrate. When there are no 
layers present, as in cereal starches which were produced 
under conditions of constent illumination, there is an 
unin addition of coacervate droplete.' The 
fundamental process remains the same and therefore we do 
not expect chemical differences between granules with 
or without layers (when studied in the same species of 
plant). 

It will scarcely be necessary to stress again!* that there 
is no layer with special chemical properties surrounding 
the sterch granule. 

The assumption that the concentration of amylopectin 

increases towards the outaide of the granule was based on 
an incorrect interpretation of the swelling phenomena (for 
a discussion see my earlier work"). Recently, Samotus and 
Schwimmer" demonstrated an increase in esterifled 
phosphate during the development of the potato starch 
granule. Combining this result with growth by apposition 
only and the assumption that eeverifled phosphate is 
located at the branching pomte™ oould 1 to the con- 
clusion that there is an morease in the degree of branching 
in & centrifugal direction (m the potato starch granule). 
' The potato starch granule shows unique behaviour in 
many respects. I have given arguments which could 
support an increase of amylopectin content within one 
layer of the potato starch granule™ (separation of layers 
after leaching out the longest molecules). It is, admittedly, 
yery difficult to demonstrate such fine differences in 
structure with certainty. On no account, however, should 
one use specific observations, made on potato starch 
granules, to draw general conclusions about the cereal 
starches". ` 

Finally, there are the waxy types to be considered. 
These starch granules consist mainly of amylopectin, so 
that obviously there is no chemical difference between 
the layers. Many of them contain a low percentage of 
amylose, which is located in the centre of the starch 
granule’. These cores can easily be isolated and conmst 
of a globular particle, often surrounded by one or two 
layers. They were well known in waxy corn starch, but 
I found them also in grenadilla and wary sorghum 
starch. Since a ‘blue core’ cannot be detected in the 
earliest, deposit, one wonders whether they are 
caused by an after-production of linear molecules (which 
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may become slightly branched as they grow longer) ; 
this would be a possible conclusion on the basis of recent 
chemical resulta’. A similar explanation might be given 
to the increase in linear component observed m all cereal 
starches? and wrinkled pee starch™ during their develop- 
ment. I have always maintained that, Viput A 
by apposition, some intussusception could y occur, 

y since parts of the plastid matrix may become 
included as the starch granule grows’. The peculiarities 
mentioned deserve intensive study. 

(4) Factors which can influence starch deposition in the 

id. We assume that: (1) the chemical composition 
of the plastid is genetically fixed; (2) phosphorylase is 
the initial starch syn enzyme; (3) amylose is 
formed first and then transformed into amylopectin by 
Q-enzyme; (4) starch out in microcoacervate 
droplets before branching is complete (ordinary starches) 
or after it has been completed (waxy varieties). 

Some of the factors that may have an influence on this 
process are hsted here; they may differ between species 
and between organs of one plant. 

(a) The quantity of water available for hydration is 
known to influence the type of orystallization: leas water 
available causes a tendency towards the A-spectrum’. 

(b) Higher temperature also brings about stronger 
molecule association; both $n vivo and in viro! the 

X-ray spectrum is shifted towards the A-type. Higher 
temperature can have the effect of producing amylose 
chains of shorter length". 

(c) Fatty acids and phospholipids cause stronger retro- 
gradation, especially of the linear fraction. 

(d) Inorganic phosphate limita the ohain-length of 
amylose by. suppressing ite formation''. Esterifled phos- 


). 

(e) Many salte retard retrogradation™, 
influence the tion *. In this connexion 
it may be significant that potato starch has the highest 
ash content of all”, with potassium as the main cation. 

(f) Glucose may inhibit amylose formation?!, 

(g) Sucrose competes successfully for hydration water’. 
“This may be an important factor in all seeds where high 
sucrose concentration is associated with decreased starch 
production. Such seeds shrink when they are dried; 
their starch has low swellmg power and high amylose 
content. Examples are: wrinkled pea, sweet corn, and 
corn with the gene sh-2. P 

(h) Proteins can form complexes with the starch mole- 
oulee?. Interaction with like amylases may 
shorten the chain-length of the linear fraction™. 

(4) The type and quantity of pri has a great in- 
fluenoe; the concentration of G-1-P may be equally 

1 t*. 

X consider the factors last mentioned under (4) to be of 
prime importance, because they initiate starch formation. 
There may be factors other than the few enumerated, but 
it will be clear from the examples cited that starch 
fognation in the plastid is & very complex process. At 
present it is impossible to oorrelate the factors with 
known starch properties, but there is a wide field open 
for research m this direction. Al we can say now is that 
variations in starch granule structure are probably associ- 
ated with the complexity of the plastid. 

Substances like saponins and chlorogenic acid, which 
are known to have an inhibitory action on starch forma- 
tion, occur in the vacuoles and not in the plastids; they 
are of lttle interest in this connexion. 

In coacervate dropleta linear molecules will be con- 
tinuously formed and gradually subjected to the branching 
action of Q-enzyme. During their formation the molecules 
are subjected to the influence of substances m the plastid. 
Crystallization brings an abrupt end to this proces, 
and could leave & minori of molecules unbranched, 
some slightly branched", and others unfinished on their 
way to amylopectin. A good approaoh for further research 
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would be the study of plastid models in which various 
factors are allowed to act under controlled conditions, to 
test the validity of the foregoing concept. 


1 Winkler, H., Jakrb. wuss. Bot., 38, 525 (1808). 

* Badenhuizen, N. P., Proc, Kon. Nederi. Akad. Wetensch., OBO, 123 (1002). 

* Badenhuteen, N. P., Proteplasmelogia, II Btb (1950). 

* Badenhulzen, N. P., and Dutton, R. W., Protoplasma, 47, 156 (1056). 

* MaoMasters, M. M., Hilbert, G. H., Cox, M. J., Hok, J. W., and Bio, 
O. W., Quartermaster Oorpe Report, 17 (1940). 

‘Whelan, W. J., Nature, 190, 954 (1981). ` 

T 


regine de Fekete, M. A., and Cardini, C. B., J. Biol. Chem., 


. Biol. So.,10, 414 (1987). 
O. F., Proo. U.S. Net. dcad. 


NATURE 


46 (1969) 
ay , 0. T., and Thomson, J., J. Inst. Bres., 65, 346 (1050) 
16 Arbuckle, A. W., and Greenwood, O. T., J. Chom. Soc., 2629 (1958). 
1 Heus, O., Z. Bot., 48, 181 (1055) 


| Badenhuiren, N. P., S. Afr. J. Soi., 56, 285 (1960). 

m Bamotus, B., and Sohwimmer, 8., Pleni Physiol., 37, 5107 (1962). 

™ Radomski, M. W., thesis, Univ. Toronto (1961). 

™ Greenwood, O. T., and Thomson, J., Biochem. J., 88, 156 (1962). 

= Hizukun, B., Fuji, M., and Nikunl, Z., Nature, 19$, 239 (19061). 

9! Gri, K. V., Symp. on Starch and Amyiases, Osaka, 25 (1057). 

© f&ehwimmer, 8., and Weston, W. J., J. Biol. Chem., £20, 143 (1056). 

= Loewus, F. A., and Briggs, D. B., J. Amer. Chem. Soo., 79, 1404 (1957). 
ae B., Fuji, XL, and Nikunt, Z., Biockio. Biophys. Acta, 40, HO 
= Ohashi, E., Chem. Abatr., B1, 117460 (1957). 

"| Kjolberg, O., and Manners, D. J., Biochem. J., 84, 50P. (1901). 


- d 
. 


FUNGAL DISEASE IN MALAYAN TOADS: AN ACUTE LETHAL 
INFLAMMATORY REACTION. `` 


By Dr. S. S. 


DHALIWAL 


Department of Zoology 
AND E ^ 


Dr, D. A- GRIFFITHS 
Department of Botany Unlversity of Malaya, Kuala Lumpur d 


BE melanostictus collected around Kuala Lumpur 
for laboratory class dissection work showed a high 


incidence of tumour-like structures on the akin (Fig. 1). 


Out of 471 toads examined to date, 218 were infected 
externally. No difference in the percentage of infected 
animals was found between males and females, and random 
samples collected at different periods over a year showed 
no seasonal variation. The commonest sites of infection 
were the ventral and dorsal surfaces and the hind limbs, 
the incidence being higher on the ventral surface. Of the 
218 infected toads 76 were infected internally and the 
organs commonly infected were the liver and kidney, 
but the spleen, ovary, heart (ventricle) and tho lung were 
occasionally involved. No toads were found to be infected 





* 


internally unlees at least one external lesion was -also 
preeent. 

Gross appearance of lesions. The external lésions 
appeared as pale red or whitish tumour-like structures 
which varied in size from small nodules to structures of 
10-20 mm in diameter. The smaller nodules were hard, 
whitish and fibrous, while the larger and older lesions 
tended to be soft and reddish and were frequently uloer- 
ated. The mternal lesions were whitish and varied 
in size from small nodules to large structures, sometimes 
2-8 times the sizo of the kidneys. 

Histopathology of the lesions. The lesions from the akin 
and internal organs were almost identical in histology, 
that is, between the cellular elements were found fungal 
hyphæ isti of dark-steining, separate hyphe 
frequently composed of globular segments (Fig. 2). 
Fruiting bodies were never present in the tissues. The 
individual segments of the hyphæ were usually widely 
separated by large masses of i tissue, & 
condition which contrasta with that reported by Elkan! 
in Bufo bufo, where large mases of mycelium had induced 
inflammatory reaction in the epidermis and the renal 
tissues. 

The inflammatory tissue surrounding the fungal 
hyphæ consisted mainly of monocytes interspersed with 
fibrocytes. Foreign-body giant cella with 5-100 or more 
nuclei were seen in various regions of the sections, usually 
surrounding part of a fungal hypha. The number and 
size of giant cells varied according to the site of infection 
and in the skin lesions they frequently contained 25-50 
nuclei. In the liver 100 nuclei could be counted in some 
of the giant cells but in the kidney, heart and lung lesions 
they usually had only 5-10 nuclei. zi 

Lesions on the skin consisted of inflammatory tissue 
which completely replaced the connective and muscular 
layers in- the dermis. The blood vessels in this region 
were dilated to 10-20 times the size of normal blood 
vessels in the dermis (Fig. 8). The epidermal layer above 
the infected region was invariably thickened except 
in advanced lesions where ulceration had occurred 
and no epidermal layer was t. A few mitotic cells 
could be seen among the i tissue, but these 


468 i "AP" 


r 


TOTA TD a oL 





a surfaee losion showing dilated 

vessels (A), and issue with giant celis, B, O and D 
. were especially common in and below the hyperplastio 
: epidermis. In one experiment (see further on) the most 
pronounced effect of strapping the fungus on the baok 
of the toad was the enlargement of poison glands and 
&ocumulation of monocytes along their ducta. pied of 
small young lesions ahowed that the primary of 
infection are the poison glands. ‘Ths poor ganda have 
openings to the exterior, and presumably the fungus 
enters the poison gland through the duct. 

The internal lesions on the liver and kidnsy were 


histologically &rnilar to the external lesions. There was. 


an accumulation of monocytes and fibrocytes. Giant 
cells were common in the liver tissue, although only a few 
ware found in the kidney tissue. The blood vessels in the 
lesions were enlarged. In liver and kidneys with advanced 
lesions, inflammatory tissue completely replaced the liver 
lobules and kidney tubules. In the (of the 
lesions the tubules were intact and bita of hyphse' amoci- 


- , ated with the inflammatory tissue occurred m between 


» the tubules. Only three cases of infection were found. in 


+, the heart. All these were heavily infected and generally 


very little cardiac tissue was left intdot. 
Transplantation of inflammatory tissus. Inflammatory 
tissue was transplanted subcutaneously with a trocar 
and cannuls after with & flne pair of scissors. 
The ted tissue grew to 20-30 mm in about 10 
days Killing all the tOROK within thros woeks, On dissec- 
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tion the tissue was found to be heavily vascularized, and 
infective centres occurred on the liver and kidney in a 
Rr Qu ade Presumably the fungus was carried 


site of papai eA to these soċondary 
ie of bene. 


The severe reaction produced in such a short time - 


Indicates that the fungus is highly toxic and lethal to 
the toads. 


Inooulation of crude extract. Crude extracts of inflam- ` 


matory tissue were prepared by mincing the tissue in 
sterile water in glass homogenizers. The cellular elamenta 
were removed by centrifuging at 1,200g and the extract 
inoculated subcutaneously and intra à 
injected developed the disease at the sites of inoculation 
and died within two months. examination of 
sections of the infected tissue again showed the presence 
of fungal hyphis. This indicates that some hyphw were 
present in the extract. 

Isolation of fungus. Freshly caught, toads pete 
severe external lesions were anesthetized, surface washed 


with mercurio chloride and dissected under sterile condi- , 


tions. Small nodules on the liver were removed and 
macerated in sterile saline solution. The macerate was 
suspended in sterile distilled water and a dilution series 
made in malt agar, contaming 100 unita penicillin and 


. 50 ug streptomyom mixture/ml. After 4 days moubation 


at 25° C, hyphs growing from segments of liver tissue 
were removed and sub-cultured on to nutrient agar 
containing no antibiotics to test for contammation by 
bacteria. Pure cultures of the fungus were transferred to 
liquid Czapek-Dox solution supplemented with auto- 
olaved, bacterially filtered toad-liver extract. / 

Inoculation of fungus. After three weeks’ growth in 


liquid culture the mycelium was removed and macerated ' 


in sterile distilled water. This macerated fungal material 

was inoculated subcutaneously and intraperitoneally 

into healthy toads with & trocar and cannula. The. 

animals were kept in large aquaria and after 10 days were 
and dissected. 





Fig. 4. Photomiorograph of the abdominal wall showing emergence of 
fungal hyphes 
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Series I: Subowtansous inooulation. Macroscopically, 
the only observable symptom was the development of 
small nodular structures in the sub-epidermal connective 
tissues. In section these were seen’ to consist entirely 
of inflammatory tissue containing intercellular fungal 
hyphs. 
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Series II: Intra-abdominal inoculation. The most 
obvious macroscopic symptom was the marked inflam- 
fnatory reaction at the site of abdominal puncture. At 
this point the abdominal wall became greatly thickened 
and nodulated. The inflammatory tissue was seen to be 
composed of monocytes and fibrocytes arranged in whorls, 
that is, each piece of hypha became the locus of cellular 
accumulation. The muscular layers of the outer abdominal 
wall consisted of normal fibrillar layers between which 
were developed masses of small nucleated cells similar 
to those making up the inflammatory tissue. In many 
instances the muscular layers had been completely 
oocurred hyphæ had grown through the abdominal wall 
and trated the sub-epidermal layers in tho 
development of hyphæ on the outer surface of the animal 
(Fig. 4), thus facilitating dissemination of the fungus. 
Tn some sections the fungal hyph» had migrated towards 
the epidermal layer and entered the poison glands from 
the inside, together with an accumulstion of phagocytic 
monocytes. Associated with mflammation of the abdom- 
inal wall, organs within the abdominal cavity invariably 
developed small white nodules similar to those found in 
naturally infected toads. Sections of the liver, kidney and 
lungs showed marked inflammation at the site of infection 
and the development of migratory hyphs and inflam- 
matory tiasue between the tubules at the periphery of the 
lesions. 

Attempts to establish infection via the epidermis failed 
due to the difficulty of maintaining a skin, contact 
over a period of several days’ incubation. In cases where 
contact had been established for 5 days the most obvious 
histological feature was the increase in thickness of the 
dermal] layers due to the of the poison glands 
beneath the epidermis and hyperplasia of the epidermal 


cella (Fig. 5). ] 

We thank Dr. E. Elkan of the Group 9 Pathological 
Laboratory, Watford, for his advice throughout 
the in tion and to Prof. J. R. Hendrickson and 
Prof. M. E. D. Poore for help in the preparation of the 
manuscript. f 
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THYMECTOMY IN THE HAMSTER 


By Dr. JOSEPH D. SHERMAN and Dr. WILLIAM DAMESHEK 


Blood Research Laboratory, Pratt Clinic—New En 


Center Hospital and the Department of Medicine, 


Tufts University S | of Medicine, Boston 


INCE thymectomy has been shown to impair the 
immune response in rate!, mice, chickens? and rabbite*, 
this procedure was undertaken in the golden hamster 
(Mesooricetus auratus), in ah attempt to develop a group 
of animals which might be tolerant to transplanted 
human leukemia and lymphoma. Male and female 
hamsters were thymectomized 1-4 weeks following birth, 
and in addition, some animals were partially thymectom- 
ized and sham operated. It was soon apparent that total 
thymectomy in male (but not in female) hamsters 1-4 
weeks of age resulted in the development of a disease 
which had many of the groes and clinical features of runt 
disease’. Histologically, there was a marked generalized 
reduction in lymphoid tissue. 
i -four nursing hamsters 14 weeks of age were 
thymectomized. The animals were ansethetized 
with intraperitoneal pentoberbital sodium. A midline 
from the mid-cervical area to the level of the sixth rib 
and then extended down to the deep fasma. A longi- 
tudinel incision was then made through the middle of 
the sternum and extended to the level of the fourth rib 
exposing the bilobed thymus. The gland was freed from 


the surrounding structures by bhmt dissection. All 
bleeding was easily controlled with a ootton-tipped 
applicator stick. After removal of the thymus, inter- 
rupted sutures were placed in the pectoralis muscles, and 
the skin was closed by continuous suturea. There was a 
5 cent mortality due to respiratory arrest, overdosage 
of anesthesia and cannibalism. 

The' total removal of the thymus gland was followed by 
tho rapid development (4-14 days) of a severe, progressive, 
fatal disease, characterized by weight loss, wasting, 
lethargy, dorsal kyphosis, periorbital and facial oedema. 
rough, unkempt fur and posterior cervical alopecia, un- 
steady gait and diarrhwa or constipation (Figs. 1 and 2). 
Anemia, slight reticulocytosis, thrambocytopssnia, mild 
leukopenia and an absolute reduction in circulating 
lymphocytes were also found. Only males were affected: 
thus of 44 males thymectomized, 28 developed the wasting 
syndrome; however, of 86 females thymectomired, none 
showed any indications of the disorder. 

Post-mortem examination of the affected animals 
revealed no gross evidence of sepsis and cultures of tho 
surgical site and heart blood were negative. There was 
a striking depletion of body fat, no evidence of residual 























8. Marked reduction in spleen size 
ng compared with rts litter mate, sham: 


bamater 
control 


in a th 
thymic tissue, a marked reduction in spleen sizo (Fig. 8) 
and an almost complete absence of Malpighian corpuscles 
in the spleen (Fig. 4); Peyer's patches were similarly 
reduced. These groas and histological changes were not 
observed in aham-thymestomized, partially thymectom- 
ized or control hamsters (Fig. 5). 

It is obvious that thymectomy induced a state of what 
might be called wasting, cachexia, or runting. Was the 
condition observed ‘runt disease’ or did it merely simulate 
it more or lees closely ! Runt disease (homologous or 
secohdary disease) is almost universally conceded to be a 
graft versus host reaction produced by the administra- 
tion of immunologically competent cells to an Immuno- 
logically neutral recipient. The various immunological 
reactions of the genetically different grafted tissue against 
the recipient’s cells and tiasues are thought to induce this 
experimental dieorder*"'. Runt disease produced by the 
injection of parental strain spleen. cells into normal aduh 
F, hybrid mice is characterized by hemolytic ‘ansmia 
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with a positive antigiobulin test, loukopænia, thrombo- 
cytopænis, splenomegaly, loas of weight, lethargy, 
hunched appearance, rough unkempt fur with partial 
alopecia in the posterior cervical area, facial and periorbital 
œdema and.h; ig. 

There 1 a i sunilarity between the various 
clinical features of the "wasting disease’ produced in 
thymectomized hamsters and the changes produced in 
mice injected with parental strain spleen cells. The 
hematological features, that is, anmmia, mild reticulo- 
cytosis, leukopenia and thrombocytopenia, are perhaps 
similar although a positive Coombe’ antiglobulin test has 
not been demonstrated. Pathologically, the “wasting 
disease’ of the hamster differa from runt diseaso of the 
mouse in that the former does not have splenomegaly, 
but on the contrary is characterized by a generalized 
depletion of lymphoid tissye, with a reduction of Mal- 
pighian corpuscles, Peyer’s patches and peripheral blood 
lymphocytes. The histology of runt disease is variable, 


section of large spleen in Fig. 3 (sham-th 
lymphoid 


ymeectoan 
normal elements and normal pulp (x 250) 
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although some observers allude to a great reduction in 
lymphoid elements in the spleen and lymph nodes’. - 

In view of the many striking similarities between runt 
disease and the ‘wasting disease’ which was induced in 
new-born hamsters by thymectomy, one may speculate 
that they are either similar ‘end-products’ of different 
mechanisms or that the fundamental mechanism may be 
the same in both instances. A graft-versus-host pheno- 
menon can be ruled out in the thymectomized animals. 
There is a possibility that the depleted lymphoid tissue 
might lead to an unbalanced state of antigen exceas to 
. antibody production, which could in some manner lead 
to runting. Or perhape the thymus is involved in runt 
disease, a subject not discussed in the literature of that 
disorder until very recently. Thus, Billmgham e£ al.” 
recently noted that injection of thymio tissue failed to 
induce runt disease in F, hybrid rate and thymic atrophy 
occurred in runted rata. We have noted thymic atrophy 
in runted male F, hybrid LAF, mice injected with 
parental strain spleen cells. ~ à 

Ti is noteworthy that depletion of lymphoid tissue has 
been considered to be an i t factor in the produc- 
tion of runt disease’. Mueller & al? made ochibkens 
lymphoid deficient by 19-nortestosterone, and noted signs 
of a disease that was similar to that seen in our thymectom- 
ized hamsters. Ib should be noted that splenectomy of 
the hamster has not resulted in any disease. 

A condition which has been called ‘thymic cachexia’ 
has been observed by other investigators in other 
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more clearly the role of the thymus gland 
reduction of lymphoid tissue that follows total thymec- 
tomy of the new-born hamster, and ita relation to the 
This work was supported by grant No. OY—4168 from 
the U.S. Publio Health Service and during the tenure of a 
i aati cg nd OF-38237 from the National Oancer 
itate, U.S. Publio Health Service (J. D. 8.). 
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ANTIGENIC RELATIONSHIP BETWEEN HOST AND PARASITE 


By Dr. J. K. DINEEN 
C.S.I.R.0., Division of Animal Health, McMaster Laboratory, New South Wales, Australia 


[i en eo ceo d MM RE 
host may exert selective preesure on ‘fitness’ for 
survival of many parasitic species. In these situations 
where the effect of the immune response is contemporary 
with the development of the parasite within the host, it is 
that selection for survival may only favour 
variante of the parasite which display reduced antigenic 
disparity with the host’. It was also that for 
the evolution of the hoet/pareaite relationship & reduction 
of disparity would only be necessary with those antigenic 
characters of the parasite, which stimulate immune 
responses which adversely affect survival of the parasitic 
species. It seems likely that many other antigenic oharao- 
ters stimulate a variety of immunological in 
the host; but if these in no way influence ‘fitness’ of the 
parasitic species then a progressive change in the causal 
antigens would not be a'requirement for evolution of the 
host/parasite relationship. Such characters which do nob 
stimulate the mechanism of resistance of the host may 
undergo mutation in a random fashion, and this genetic 
change may be expressed without progressive drift for 
reduction of antigenic disparity with the natural host. 
The described in this article was deaigned to 
seek evidence of reduction of antigenic di 1 i 
ated with selection for ‘fitness’ characters’. 
on & comparison of the serologioal responses evoked by 
larval adult antigens of the perasite Haemonchus 
contortus in the natural host (sheep) with those evoked in 
the rabbit. It is deduced, as an a priori consequence of 
h is, that the natural host-will fail to i 
; ' antigens, or will show relatively little immuno- 
logical responsiveness to them while reacting with normal 
vigour to those antigens of the parasite which do not 
influence ‘fitness’ janigm. Conversely, it is 
that with the rabbit, which is not a natural host 
for this parasite, there will be serological responses to a 
greeter range of antigens because there has not bean the 


aoci- 
It is based 


same reduction in disparity due to selection of ‘fitness’ 
antigens during an evolutionary period. By the use of 
the Ouchterlony gel-diffusion technique, evidence was 
obtained which supporte the thesis that certain antigens 
of the parasite show reduced di ity with the natural 
host (sheep), and that these relevant antigens are shared by 
tho latval and adult stages of development of the parasite. 
. For the experiments, antigens were prepared by homo- 
genizing the infective larve and adult worms of Haemon- 
chus- contortus in physiological saline. The larval and 
adult-worm homogenates -were then fractionated by 
differential centrifugation. The crude particulate material 
of the homogenates was sedimented by centrifugation at 
4,000 r.p.m. for 1 h at 2°-4° O m an angle-head centrifuge. 
The t fluids were then’ centrifuged at 144,000g 
for 1 h in a Spinco model L ultra-centrifuge. The clear 
gelatinous pellet sedimented by ultra-centrifugation was 
redissolved in physiological saline. The crude particulate 
material, and the sediment and clear supernatant obtamed 
after ultra-centrifugation, were used for the production 
of antisera in sheep and rabbits. The soluble antigenic 
fractions, that is, the redissolved gelatinous pellets and 
supernatant fluids of both larval and adult-worm prepara- 
tions, were used in the Ouchterlony-plate technique to 
characterize the antibodies in the rabbit and sheep sára 
and to assess their iflaity. 

Eight rabbits and eight sheep, born and reared worm-' 
free, received the larval and adult-worm antigens by 
four intraperitoneal injections of the fractions spaced at 
$-weekly intervals. Blood for serum samples was collected 
“from the inal ear vein of the rabbits and from the 
jugular vein of the sheep ten days after the fourth injection 
of the antigen. 

Gel-diffusion plates were prepared from 1 per cent 
Oxoid ‘Ionagar No. 2’ in physiological saline with mer- 
thiolate added as preservative to & concentration of 1 in 
10,000 parts. Agar plates were poured to a depth of 7 mm 
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and five symmetrically placed wells, 8 mm in diameter, 


was charged with ono of the soluble larval or adult-worm 

antigenic fractions and the peripheral wells with the 

appropriate undiluted antisera. The plates were incubated 

at C and bands of antigen/antibody precipitate were 
usually fully developed in five to six days. 

_ The resulta of the gel-diffusion studies have been oon- 
sistent. In comparison with the antisera produced in 
r&bbite, larval and adult-worm antisera produced in the 
natural host (sheep) ahowed a relatively high degree of 

ifloity of reaction wrth antigens from the corre- 
sponding developmental stage of the parasite. 

With sheep antisera, multiple antigen/antibody bands | 
were formed during the course of double diffusion of the 
larval antisera with the larval fraction used for immunisza- 
tion. Furthermore, teste with each of these larval antisera 
and the other soluble larval fraction produced cross- 
reactions. This finding was expected because of the crude 
nature of the antigenic fractagns. However, none of the 
four larval antisera reacted with the orude antigenic 
fractions similarly prepared from adult worms. The four 
sheep-antisera to adult-worm fractions showed a similar 
degree of immunological specificity but in the reverse, 
direction. These sera precipitated with the adult-worm 
fraction used for immunization and cross-reactions with 

` the other adult-worm fractions were also observed. Thus 
the specificity of antisera prepared in the sheep was 
demonstrated by the failure of the larval antisera to react 
with the adult-worm antigens and vice versa. 

The larval and adult-worm antisera produced in rabbits 
precipitated with the injected antigenic fractions, and 
cross-reactions were observed with larval or adult-worm 
fractions other than the particular fraction used for 
immunization. In addition to the cross-reaction wrth 
fractions from the corresponding developmental stago of 
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the parasite, the rabbit antisera also reacted with the other 
category of antigenic fractions, that is, the rabbit larval 
antisera reacted with the adul-worm fractions and the 
cross-reactions were in sharp contrast with the resulta 
obtained with sheep antisera. 

The relative naivenees of the natural host 
(sheep) to those antigens which are common to the larval: 
and adult stage of development of the parasite suggests 
that such antigens constitute ‘fitness characters’. It is 
relevant in this context that infecting parasites, when 
superimposed on an existing infection, may not develop 
beyond the larval stage. Roberts and Keith’ have 
extended this finding by showing that, after the differen- 
tial removal of adult worms by treatment of a Hasmonch: 
places infection of cattle with phenothiaxmo, the remaining 
larve that had been arrested in ther growth may then 
complete their development. If, as Roberta and Keith 
have suggested, this phenomenon of arrested growth in 
larves is based on an immunological response of the host 
to the infection, then the results of the experimenta 
just described indicate that the control exercised by the 
host on larval development could be stimulated not only 
by antigens in larves but also by certain antigens in adulte 
which are common to both stages of development. 

It is interesting to note that Michel! has reoentl 
suggested that resistance to Dictyocatlus viviparus in 
cattle is also a reaction to antigens produced by both 
early parasitic stages of the organism and by mature 
adults. The observations described in the present study 
are consistent with these views. 

Further work on the relationship of antagens from host 
and parasite is being undertaken with the aid of the more 
refined technique of immune electrophoresis. 

1 Dineen, J. K., Nature, 197, 268 (1068). 
* Robarts, F. H. 8., and Kelth, R. K., Austial Vet J., 88, 400 (1089) 
* hobel, J F., J. Comp. Path., 78, 281 (1062). 


GROSS STRUCTURE OF HAMOGLOBIN A; AND THE NATURE 
OF ITS BINDING TO CHROMIUM-5I - 


By H. A. PEARSON *, M. T. VAN METRE and K. M. VERTREES 


U.S. Naval Hospital and Radiation Exposure Evaluation Laboratory, 
National Naval Medical Center, Bethesda 


H'Zsoarosm from the red cells of normal persons 
when separated by electrophoresis at alkaline pH. is 
not homogeneous. Rather, it oonsists of three com- 
ponents: the major fraction, hæmoglobin A,, constituting 
about 90 per cent; the alow minor component, hemoglobin 
A, constituting 2-3 per cent; finally, the fast minor com- 
ponent, hæmoglobin A, ranging in quantity from 8 to 10 
per cent of the total hæmoglobin. Syntheeis of hæmoglobin 
A, and A, is under direct genetic control. The nature of 
hemoglobin A, is less clear, and it has been 
that it is a senescent form or breakdown product of 
hæmoglobin A, (ref. 1). 


Maloolm and Ranney’ and Ebaugh e£ al.* have noted that 
when hæmoglobin labelled with ohromium-51, obtained 
from normal red cells, is electrophoresced at alkaline pH, 
the hemoglobin A, fraction contains disproportionately 
large amounts of radioactivity. Using starch block 
electrophoresis at pH 8-6, we also have noted that although 
hemoglobin A, constitutes only 5-10 per cent of the total 
hemoglobin, 82-60 per cent of the total chromium-51 
radioactivity is associated with the hæmoglobin A, fraction. 
- Per addon Mec Health Center, Gel Untversity of Florida Bahool 


Investigations previously reported from our laboratory 
indicated that chromium-51 binding to hæmoglobin was 
largely a function of the B-polypeptide chains’. This 
conclusion was based first on the finding that hemoglobin 
H (8?) had approximately twice the speciflo activity per 
unit of hemoglobin as did hæmoglobin A, (a284). This 
observation has been confirmed and extended by Rigas’. 
Secondly, when hæmoglobin A, labelled with chromium-51 
was mixed with non-radioactive hemoglobin O (asf?) 
and the mixture, then subjected to acid dissociation and 
recombination, only a 2-8 per cent increase in the radio- 
activity associated with the hæmoglobin O fraction was 
observed. This would indicate f-chain binding in the 
order of 95+ per cent. Schneiderman has ‘repeated 
similar recombination studies and confirmed these find- 
ings’. ' 

Ebaugh e£ al.‘ studied polypeptide cham binding of 
chromium-51 by means of the Wilson and Smith technique 
of gradient elution with acid urea from a weak cationio 
ream column’. Under the condition used by Ebaugh, 
chromrum-51 activity was found to be largely associated 
with the 8-chain fractions. However, Chernoff, using ‘a 
similar technique, observed what was interpreted as a 
chain bi : 

Since hemoglobin A, has such unusual chromium; 51 
binding properties, it was decided to investigate the 
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pattern of chromium-51 activity and gross 
polypeptide chain composition of hæmo- 
bin A, Hsemoglobin A, and hæmoglobin 
were obtained by multiple starch block 
electrophoretic separations in veronal buffer 
pH 8-6. Erie epi 200 mg of hæmo- 
globin A, 500 mg of hæmoglobin A, were 
collected. The DEBEO solutiong were 
dialysed free of buffer. Tagging was then 
lished by the addition of approxim- ' 
ately 25p of chromium-51 (aa Na," CrO,) per 
gramme of hæmoglobin, and incubation of the 
mixture at room temperature for 4 h. The 
radioactive hamoglobm solutions were then 
dialysed against 11.7 per cent formic acid 
before adsorption on 25 g of washed ‘Amber- 
lite OG-50' type II resin. The resin with 
adsorbed hæmoglobin was then added to 
the top of a column containing 75 g of wet 
resin. 11. of 2 M urea, pH 1-9, was passed 
through the column before starting the 
continuous molarity gradient from 2 to 8 M 
with acid urea. Three hundred, 12-15 ml.. 
fractions of eluate were collected. The optical 
density at 280 M y of the cyan humborod 
fractions was read in the Beckman DU 
spectrophotometer. The corrected oounte/ 
min/ml. eluate of the odd-numbered frac- 
tions were i in a scintillation 
counter with a 3-in. well-bype sodium iodide, crystal. 

The resulta of the separation of radioactive hemoglobin 
A, are depicted in Fig. 1. Tho first protein peak separated 
by this method consists largely of «-chaink, while the 
second peak contains predominantly f-chains’. More 
than 95 per cent of the total radioactivity that was 
associated with protein-oontaining fractions was found 
in the B-dhain region, confirming Ebaugh’s results. 

In addition, in agreement with Ebaugh, we observed 
a large initial loss of radioactivity long before the first 
protein peak. Chernoff apparently did not ehoounter 
such an initial logs, perhaps because of his modifications 
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of the phio technique’, in which 3 M urea is 
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' When hemoglobin A, labelled with chromium-51 was 
seperated in the same way, the patterns for both i 
and chromium-51 activity were similar to those obtai 
with hæmoglobin A, (Fig. 2). Because of the lesser 
amount of hæmoglobin A, used, both protein and chrom- 
ium-51 curves were of lese magnitude. However, the ratio 
of optical density to corrected counts per minute for the 
B-chain fraction of hemoglobin A, and hæmoglobin As 
were similar. 

The observation of a similar pattern of the protein peaks 
obtained with hæmoglobin A, and A, indicates that there 
is no groes molecular alteration of hemoglobin A, and 
that a- and B-ohains are present in roughly equal propor- 
tions in hæmoglobin A,. 

1 per cent solutions of hæmoglobin A, and A, were 
placed in separate bags and dialysed for 24 h in a single 
container against an aqueous solution containing 100 uo. 
of Na"CrO,. After tagging had been thus accomplished. 
the hsamoglobins were dialysed against distilled water for 
12 h to eliminate all unbound isotope. The specific 
radioactivity for hæmoglobin A, and A, was found to bo 
the same. This suggests that, under these experimental 
conditions, there is no significant difference in binding 
capacity of hsgmogiobins A, and A,. 

These studies suggest that the increased activity of 
chromium-51 observed in the hæmoglobin A, fraction 
after electrophoresis at alkaline pH is not due to somo 
peculiar polypeptide configuration of hæmoglobin Ay. 
Rathef, it is likely that since the chromium-5]—hmmo- 


globin A, complex is more eleotronegatively charged than 
hæmoglobin A, alone, the complex has a more rapid 
anodal mi i Hence, after electrophoresis, the 


' hemoglobin molecules tagged with chromium-51 may 


become concentrated in the hæmoglobin A, fraction. 

producing the very high specific activity which has been 

repeatedly observed. 

1 Kunkel, H. G., in Conference on Hemoglobin. U.S. Net. Acad Sol. Pub. 
657, 157 (1068). 

1 Metrains, N. L., Doherty, M., and Lucia, 8. P., Cima. Res., 7, 91 (1959) 

a D., and , L X, ted at Third Ann. Meet. Amer. 
Boe. , Mon: Canada (Movember 30, 1960). 

i Hbeugh, zun., F. G., Bamusis, A. J., Dobrowolski, P., and Hessterkamp, 
D., Fed. Proc., $0, 70 (1961). 


5 Pearson, H. À., and Vertrees, K. hL, Nature, 189, 1019 (1901). 

“Rigas, D. À., and Kokr, E. D., Bleed, 18, 1 (1061). 
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LETTERS TO 


ASTROPHYSICS 


A New Method of directly measuring the 
Galactic Magnetic Field 


Wrrz the announcement of the existence of polarization 
in the Crab Nebula at a wave-length of 21 am!, a new 
method of the galactic magnetio field becomes 
available—the measurement of the Faraday rotation of the 
plane of polarization due to the preaence of anomalous 
dispersion in the neighbourhood of the 21-am line of 
neutral hydrogen. This may be calculated as follows: 

The index of refraction due to hydrogen atoms at 
frequency v, is given by: 

e* N(v)f Ye 
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where f is the Ladenburg f for the transition, 3-8 x 10-1*. 
The factor 1/4 appears because only the atoms in the 
lower state cause a phase shift. Summing over all 
hydrogen atoms: 


a= 1+ 
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When T—0 this Ed becomes a OCauchy principal 
value. 
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A ray is thus delayed beyond a ray in vaouo by: 





ds = 
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which corresponds to a phase lag of: - 
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The optical depth +(v,) is given by: 


N 
s) = ef “py ae 
Se Mr e 8607! deg. K, and T, is the 


e 

etf *(v9) 
Senay T, op.v. [ es dy, 

-o 
The Faraday rotation yi is the change in phase between 
the right and left circularly polarized components. If they 
are separated in resonant frequency by: 
Ay = 2-8 x 10* B o.p.s. 
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The Sheo pron profile observed. with a single paraboloid 
has been en from Clark, Radhakrishnan and Wilson? 
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to derive the frequency. ndent part of this expression. 
The resultant for a field of 10-* gauss and T, = 100° K is 
plotted in Fig. 1. Some smoothing has inadvertently been 
introduced in the process of numerical integration. Since 
is essentially dependent on the second derivative of 
optical depth with respect to frequency, the estimated 
rotation is somewhat sensitive to the band-width anid 
_saturation corrections to the measured absorption profile. 
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Fig. L Absorption profile and Faraday rotation In the Crab Nebula 


The measurement of this rotation ia ir some ways not as 
difficult as an absolute measurement of the angle and 
amount of the polarization since instrumental polarization 
effects need not be considered in finding the frequency 
dependence of the polarization. Thus the question again 
reverts to having a sufficiently good signal to noise ratio 
to detect the polarization. For amall magnetic flelds the 
method is comparable in sensitivity with the more con- 
ventional measurement of Zeeman splitting in right and 
left circular polarizations. 

This work was supported by the U.S. Office of Naval 
Research under Contract Nonr 220(19). 

B. d. Crank 
Radio Obeervatory, 

Californie Institute of 'Technology, 

Pasadena. z 
Soa eae V., and Morris, D., Astrophys. J., 187 (In the proms). 


1 ark, B. G., Radhakrishnan, V., and Wilson, R. W., Astrophys. J., 186, 
151 C1965. 


RADIOPHYSICS 


Radio Observations of Jupiter during 1962 


lr has been suggested by Barrow: that a rigorous 
comparison of solar, geomagnetic and Jupiter activity in 
radio emission cannot be mado until continuous observa- 
tion of Jupiter ia possible throughout an apparition. The 
results summarized in this communication will, it ia hoped, 
help to fill some gaps in the available figures for the 
1962 apparition. 

Standard communications receivers, suitably modified, 
were used in conjunction with single folded dipole aerials 
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to record signals at frequencies close to 18 and 22 Mo/s, at a 
site (A) near Grahamstown, South Africa. Another 
broadside array, was operated at a frequency close to 
18 Mo/s to record the noise at & aite (B) near East London. 
Observations were made at site A each night from 
July 16-17 until October 15-16, that is, on 92 nights. 
Jupiter was observable by the equipment from about 
2200 h to 0800 h v.r. at the beginning of the period of 
observation and from 1800 h to 2300 h at the end of it. 
Obeervations at site B were more irregular but results 
for 26 nights are available. Recordings were cantinually 
monitored aurally at site B, but only occasionally at 
site A. Identification of Jupiter noise was made by com- 
parison of records from the two sites, where available, and 
otherwise by the characteristics of the recorded trace. - 

Signals identified as coming from Jupiter were observed 
on 38 nights at site A and 14 nights at site B. Inter- 
ference from thunderstorms, apparatus failure, etc., pre- 
vented useful recordings on 32 nights at site A and from 
August 29 onwards at site B. 

The histograms in Fig. 1 show the occurrence prob- 
ability for each 5° interval of central-meridian longitude 
on Jupiter, in terms of the revised system III co-ordin- 
ates’. The occurrence probability is defined as the ratio 
of the number of events occurring while the central 
meridian lay in the 5° interval concerned to the total 
number af times during which that interval was under 
observation in interference-free conditions. Three sources, 
ab longitudes of about 120°, 240° and 820°, are clearly 
shown, in agreement with the observations previously 

by other workers!*. The maximum signal 
strength was of the order of 10 W/m! o/s. 

We wish to pomt out that any investigation of the 
relationship between solar phenomena and Jupiter's 
_ abtivity must be complicdted by the fact that Jupiter's 
orbital period of 11-9 years almost comcides with the 
length of the sunspot cyole. It is worthy of note that 
during the period of minimum activity found by Carr 
et al. the south pole of Jupiter was inclined towards 
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the Earth. The minimum would therefore be consistent 
with the theory that the radio noise may be produced 
by particles trapped in Jupiters magnetic fleld inter- 
acting with the Jovian atmosphere in 4 possible magnetic 
anomaly in the vicinity of the north pole. 

It is planned to extend observations to a wider fre- 
quency band during the 1963 apparition. - 

"We wish to thank the South African Oouncil for 
Scientific and Industrial Research for a grant for appara- 
tas, the Council of Rhodes University for a grant in 
aid of expenses and the Grahamstown City 
Council for permission to set up thé receiving station on 
municipal land. We also thank Mr. S. F. H. J. Archer, 
who suggested the problem and collaborated with us in 
the early stages. 

J. A. GLEDHILL 
; G. M. QGRUBIA 
Department of Physica, 
. Rhodes University, 
Grahamstown, 
South Africa. 
M. O. Boson 
East London, ! 
South Africa. 
Dern, O. HL, AstrepAge. J., 135, 847, (1961). 
am, T. D., Smith A- G, Borage, E, 8x, F., and Chatterton, N. B., 


High-resolution Observations of the 
Galactic Radiation at 4-7 Mc/s 

As part of a programme of radio astronomical measure- 
ments at wave frequencies lees than 10 Mo/g, obeervations 
of the distribution of sky brightness at 4-7 Mojs were 
made in Tasmania during the winter of 1962. 

The antenna system was a filled-in array 4,000 ft. 
east-west by 1,000 ft. north-south. It was connected 
to receivers in which the signals were added in six inde- 
pendent phase arrangements in such a way that the 
intensity of the cosmio noise at six declinationd could be 
recorded mimultaneously. The antenna beam-width was 
8? x 11°. The band-width of the receivers waa 4 ko/s 
and minimum reading recorders were used to reduce 
interference from atmospherics and transmitting stations. 

During the nights of May, June, July and August, the 
ionospheric critical penetration frequency fof, was norm- 
ally leas than 3 Mo/s for 12-14 h each night. On moet 
nights it was leas than 2 Mojs for lesser periods, and on 
some Jess than 1 Mojs. As a result it was possible 
to obtain many o tions which covered a range of 
southern declinations of 50°. 

Fig. 1 shows examples of records for five declinations. 
Four of these were recorded on the same night. A notable 
feature of those for declmations —27° to —47° is the 
pronounced absorption trough between 1600 #.A. and 
1800 R.A. A peak in the mtensity is visible through 
ination — 27°, that ia, in the direction 


sources had previously been detected with an interfero- 
meter at 4:8 Mo[s*. In addition, fine detail was observed 
in the absorption trough as indicated in Fig. 1. This 
appeared to be due to bright objects of azigular size leas 
than the beam-width of the antenna. It was very weak 
and requires higher 'aügular resolution for further 
investigation. : 

~ The main conclusion to be drawn from this preliminary 
report is that high-resolution radio astronomy is possible 
at frequencies than 5 Mc/s using ground-based 
receivers in suitable locations. The sky appears to oon- 
tein as, much interesting detail as at higher jeg. 
Because of the strong absorption, objecte seen near the 
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E E mL. mu pee un DIL uw MHp-- -" - . the ori specimen has been heated 
4 EU vero x = gt Fea ———- about 2h at 470° O in the atmosphere. 
à = Pia iq! PET Eua" == In other words, tho original titano- 
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The remanent magnetization men- 
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Fig. L Records of ooemio rado noise at 47 Mojs. 
detail between 1600 

plano of the Milky Way are hkely to be located within 
& few kiloparsece of the Sun and there would seem to 
be a possibility of eeteblishing a distance scale for such 
objects by observations in the 1-10 Mo/s band. Since 
the optical depth of the interstellar medium varies as 
the square of the wave frequency, progressive reduction 
in the frequency rapidly reduces the radial limita of 
observation. At the same time, the study of the absorp- 
tion provides & sensitive way of investigating the inter- 
stellar medrum. 

This work is et financially by the Australan 
Radio Research Board 

G. R. A. ELLIS 


Universgrty of Tasmania, . R. J. GREEN, 


~ Hobart. 


! Bhain, O. A., Austral. J. Phys., 150, 7 (1954) 
* Komesaroff, M. M , Awatral. J. Phys., 14, 515 (1061). 


'- *Hoyle, F., and Hilis, G. B. A., Austral. J. Phys. (In the proas) 


Hls, @ R., A., Natvie, 193. 258 (1902). 
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` Thermo-chemical Remanent Magnetization 
of Rocks " 

WHEN titanomagnetites, xz¥e,T10,-(1-2)Fe,0, are 

heated in the atmosphere at a certain high temperature, 
they are oxidized, becoming solid solutions of titano- 
magnetite and titanomaghamites, yFeTiO, (1-y)Fe,O, 
having a spinal orystal structure!—, 
"*The oxidation process is proved! to be represented 
simply by Fe*—Fe**, a ratio (Fe + Ti)/Fe, being kept 
invariant per unit molecule. This resulta in a certain 
amount of vacancies in the crystal lattice, accompanied 
by & decrease in lattice constant (a) of the cubio crystal 
and an increase ın Curie temperature (T'c). 

‘For example, a titanomagnetite of 40 mol per cent 
Fe,TiO,-60 mol per cent Fe,O, (FeO : Fe,0,:: TiO, = 
58 : 25 : 17 in mol per cent), having a = 8-440 and Tc — 
365° O,-beoomee a solid solution of titanomagnetite and 
titan ite, with a composition of FeO : Fe,0, : 
TiO, = 88 : 44: 18. a = 8-407 A and To = 560° O, after 


Antenna beam width, SOSA 
R.A. apd 1900 R A. 1s tadioated thi 


` possibility of this kind of aA 
magnetization based on his studies on 
oxidation of iron—titanium oxides in 
igneous rocks. The new type of 
ramanent magnetization may be called 
thermo-chemical remanent magnetization (TORM). 

Fig. 1 illustrates a process of development of thermo- 
chemical remanent magnetization (Jr) with time `of 
oxidation -for-an initia] constituent of v = 40 per cent 
titanomagnetite in H = 41-0 œ at temperature T = 470° 
C. Development with time of intensity of magnetization, 
J = Jr + xH, at 470° O is also shown in Fig. 1 


Discrete ~ 
us I 











Time (min) 
. 1. Ohange magnetization in 41 c (hollow and 
remanent magnetlntion (solid circles) with oxiisdon time i i 70° C 


The intensity of thermo-chemical remanent magnetiza- 
tion, Jr(T), thus acquired at T = 470° O increases, due to 
&n increase in the spontaneous magnetization, when the 
specimen i8 cooled to atmospheric temperature in non- 
magnetic space. 

Fig. 2 illustrates the a.c.-demagnotization curve of the 
thermo-chemical remanent magnetization together with 
the a.c.-demagnetization curves of isothermal remanent 
magnetization and thermo-remAnent magnetization of the 
same oxidized specimen. It is shown in Fig. 1 that the 
thermo-chemical remanent magnetization is as stable as 
the thermo-remanent magnetization and is much more 
stable than the isothermal remanent magnetization 
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various 
magnotiratton of bone Wei easy E LE 
= 41 oc) —O—, TRM (H = 105 œ); --- O-——. THAL pro- 
uoed af 4 O by 4i ©, —e—, TRM produced wt 90 Ô by 1 
against the a.c.-demagnetization. The stability of the 
thermo-chemical remanent magnetization is, therefore, 
quite similar to that of the ordinary chemical remanent 
magnetiration. 

The resulta of preliminary studies on the liio: 
chemical remanent magnetiration during a thermo- 
chemical change from titanomagnetites to titanomaghem 
ites are summarized in Table 1. ' 

Table 1. Original sb, 40 pe cent PDC T 60 per cent Fe,O,. Heat 


A-gloap specimens (05. < mean diameter of grin € 10x. Inttlal 
coarotve 


force He = 90 œ) 
(measured (produced at 470°C, (produced at 80° O 
moa a 
H (œ) at 80° 0) at 470°C)  meesured at 30° measured at $0* 0} 
U./g), (BM.U./g) (R.X.U./g) (R.N.U.[g) 
00 00 00 00 0-0 
705 130 0 542 — — 
11-0 06 0-843 0-560 0-140 


force, He = 3? cm 
measured (measured Lar ae at 470° 0 eiui al at 30? C. 
. Hie) at 80° 0) & 470° at 30° ONE la) 
(nar. v./g) (iu. RUM d T. 
00 0-00 0-00 0-00 
10-6 1-18 078 — 9 tes 
410 1-77 0-07 1-10 0-445 
Although the intensity of isothermal remanent magnet- 


ization is very sensitive to the grain size of the ferri- 
magnetics, that of the thermo-chemical remanent magnet- 
ization is not sensitive. As already reported!, the degree of 
oxidation of titanomagnetites can be primarily controlled 
by the heating temperature, so long as the heating time 
ranges from an hour to days. The development of thermo- 


chemical remanent magnetization dealt with here may be , 


interpreted aa due to an increase of the total volume of the 
oxidized parte within the specimen while individual 
oxidized parts can attain almost finally oxidized states 
rather quickly, say within 10 min. This mterpretation 
seams to be supported by a fact that a ratio Jr/J = Jr/ 
(Jr+ xH) is kept nearly constant, being about 0-3, through- 
out the entire time of the oxidation process. 

Some remanent magnetization of oxidized natural rocks 
oen be attributed to the thermo-chemical remanent mag- 
netization described here. Results of detailed studies will 
be published elsewhere. 

This work was supported by the Claude Worthington 
Benedum Foundation and the U.S. National Science 
Foundation under grant NS FP-G 21642. 


Taksust NAGATA 
Department of Geology, Kazuo KOBAYASHI 
University of Pittsburgh. 


* Akimoto, B. Katsura, T , and Yoshida, M., J. Geomag. Geoeles., 9, 165 (1957). 


T., and Kobayashi, K., Proc. Jepan Acad ; 34. 200 (1958) » 
G., Phil. Mag., 3, 257 (1958). 

J. Geomag. Geosiec , 10, 90 (1959). 

. J. Geol , 70, 168 (1068) 

[See also p 444 of this issue of Nature] 
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Replacement in the Octahedral and interlayer 
Positions in Micas 


In & paper read at the eleventh National Olay Con- 
ference, Ottawa, 19621, one of us (I. Th. R.) presented 
resulta of a radioactive tracer technique and sr idi 
spectroscopy applied to dioctahedral and triocteh 
micas. The mineral powders had been pre-treated with 
deuterium oxide and tritium-bearing water. The resulte 
mdicated that dioctahedral hydrous micas contained water 
molecules in interlayer positions substituting some of the 
K+ ions of the ideal end member. The necessary charge 
balance in the crystal model was achieved by substituting 
some of the apical O's by OH (or by filling in H+ in vacant 
positions of the octahedral layer). 

The communication by White et al." strongly indicates 


. that lithium may enter vacant positions of dioctahedral 


micas, expelling potassium from the interlayer position. 
In continuation of the work reported we have treated 


muscovite from Bjortjenn, Aust-Agder. and phlogopite 
from SkAtey, south-eastern Norway (Table 1), with 
trittum-bearng water and tritium-water oonteining 
1-2 m lithium chloride and 1:1 m rubidium chloride. 

1 g of mineral powder (D, < 5y) was heated for 0 days 
to 125° O in quartz tubes together with the reagents 
mentioned. Afterwards the samples were washed with 
distilled water to remove all solved alkali, and afterwards 
the samples were heated at a rato of 100° C/h in a tube 
furnace. The water phase given off was collected, and the 
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Fig. 2. Determination of tritium content in water fractions glven off 
by gradual heating of phlogopite after mx days at 125° O in tritium- 
bearing water 
Table 1 
Muscovite (%) Phlogoptte (%) 
8104, 44-30 BIO, 40-32 
25-95 TIO 354 
Tos 3-26 AlO 12-63 
MnO 0-09 ¥Fe,0, 2-30 
K,O 10-20 Feb 5-08 
N 0-65 MgO 22-02 
is 110° 0-03 Na 0-36 
H,O (> 110° 547 9-32 
99-86 H40 (+) 4-00 
F 0-80 
= 9983 
In addthon (X) 
MEC 1/100 spectro- 
Mn and Oo 1/1,000 } graphical) 
Oa not found ( 1/10) 7 


Table 2. ALKALIS SOLVED AFTER BIX DAYE AT 125° O as PERONMTAGI OF 
t ALKALI CONTANT OF THE MINERAL Po 


'WDERS 
i H40 1:3 m idl 1-1 m RbOI 
Muscovite Na 73 165 12-7 
Phlogoptte x 138 i$ 115 
" 3 i 
' K 17 2-7 10 


amount of tritium oxide therem determined for each 100° 
O in the interval from 100? to 1,200? O. The results for 
tritium are given in Figs. 1 and 2. The amount of alkali 
solved from the mineral by the different treatments is 
given in Table 2. 

The resulta support the concept that water molecules 
are present in the interlayer position of hydro-musoovites. 
Further, it is ahown that by treatment with lithium chloride 
considerably more alkali is liberated from the di-octe- 
hedral micas than by the other treatments. Further, the 
maximum amount of tritium enters the lattice by this 
treatment. The replacement Lit + H,O agamst K+ 
supporte the opinion by White et al. that lithium enters 
into the octahedral position in the dioctahedral micas 
AE a potassium from the interlayer sheet. The hole 

gives place to a water molecule. 

By the trioctahedral phlogopite no such replacement in 
the octahedral layer is possible. Consequently no signifi- 
cant difference is seen by the various treatmants. 

By treatment with lithi chloride we seem to obtain 
mixed between KAlL,(8isAl)O,,(0H), and 
H40(ALLi)(Bi,AI)JO, (OH), compared to our concept of 
hydro-muscovite as mixed crystal between KA1,(8i,;A1)0,,- 
tom! and H,O(ALBH)(SiAI)O,, (OH), or H,OAI,(Bi,AT)O,- 

7 
I. To. RosmsNqvisr 
Pas JeRGENHHN 
Institutt for Geologi, 
Universitetet, Blindern, Oslo. 
1 Rosengvist, L Th., Pros. Flewenth Nai. Clay Conf. Ottawa (In the press). 


z White; Joe L., Bailey, G: W., Brown, C. B., and Alrybs, J. L., Neture, 199, 
(1981). 
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Electron Microscopic Examination of Highly 
Radioactive Fall-Out Particles 


Miagoscorro examination of highly radioactive fall-out 
particles, produced by the series of large-scale nuclear teat 
explosions carried out during September and October 
1961, revealed that although they were quite or nearly 
spherical, their surface states were different from particle 
to particle and some of them were much creased or had 
amall spherical particles attached to their surfaoe!. 
Electron microscopic examination followed by electron 
photomicrography has been carried out to examine their, 
surface state in detail. A vacuum-evaporated silica film 
backed with evaporated carbon film was used for holding . 
a sample particle. A small drop of benzene was put on the 
silica film which was supported on a 150 sheet mesh, then a 
sample particle which had been picked up by the tip of a 
fine needle was transferred into the drop seen under a 
microscope. The sample particle was left on the film after 
the drop evaporated out. Electron photomicrographs of 
four particles, A, B, O and D, were taken. In Table 1 are 
given their diameters, radioactivities and fractionation 
factors for 1!Ce + 10e (rof. 2). Fig. 1 (1,2,8) gives elec- 
tron photomicrographs of particles 4, B and O, reapeo- 
tively. Small particles achered to the surface are thought 
to be fine fall-out psrticlés which are micron size or 
smaller. Fig. 1 (5) is a close-up of a part of partiole C. 
The diameter of this small particle is about 1-4u. 


Table 1 
f-activity at 
Mean the of Ni Fractionation fRetor 
diam. (w) 1061 when partele fell for “10— + 10e 
on the ground surface (mao.) 

Partials A 168 26-6 0-21 R 
Partie B 189 50-1 0-36 
Partials C 171 57-5 0-21 
Partinle D 17-5 29-9 0-29 


During. electron microscopic examination, ib was 
experienced that the particle surface became amooth and 
small particles adhered to the surface disappeared by the 
evaporation caused by too intense electron beam. a 
(4) shows the smooth surface, and the broken silica 
thus oocurred during examination of particle C. The same 
situation obeerved on particle D is shown in Fig. 6, in 
which a more smooth surface formed by a more intense 
electron beam is seen. es d 

As already reported'-, the uptake of radioactive 
substance through the leaf surface was confirmed to take 
place at the point where a highly radioactive fall-out 
particle was located. This fact suggesta that a highly 
radioactive fall-out particle has easily soluble componente. 





14 (x 1,800) 2B( x 1,150) 30 (x 1,250) 


See 


t 





&O ( x 4,000) 
Fig. 1. HBadioacüve fall-out particles 


6D (x 1,200) 
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On the other hand, it has been confirmed by the aid of an 
autoradiographic technique that some fall-out particles 
are impossible to be dissolved even in hot aqua regia. 

The surface of a highly radioactive fall-out particle is 
assumed to be as follows. The main part of the particle 
was produced by condensation followed by solidification 
of explosion products at relatively high temperature 
i i after explosion. On the surface of the 
particle thus produced, volatile elements such as ™I and 
I^ Ru condensed to form a film at relatively low tempera- 
ture and at the same time submicron size particles hap- 
pened to be attached through collision. 

i T. MAURO 
T. SEryAMA 
T. MATSUNAMI 
[ A. FuJrTA 
: K. YOSHIKAWA 
Radiation Oentre of Osaka Prefecture, 
Shinkecho, Sakai, 
Osaka, Japan. 
aor 3) m A., Maisunami, T., and Yoshikawa, K., Nature, 196- 
. *Mammro, T., Yoshikawa, K., Matsmnami, T., Fufta, A., and Azuma, T., 
Nature (in the press). 
* Bebell, W. B., USSRDL-TR 804 (1859). 
* Mamuro, T., Fujtta, A., Matzunam!, T., Yoshikawa, K., and Amma, T.," 
Nature, 194, 643 (1963). 
!Mamuro, T., Ann. Rep. Hed. Cemire Osaka Prefecture, $, 10 (1961). 
*Wamuro, T., J. Atomic Energy Soe., Japen, 4, 199 (1062). 
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Activation Analysis of Particulate Air 
Contaminants . 

TvrrdAL air samples contain particulate air contami- 
nants in concentration of 100—2,000 ug/m?. Standard 
methods for analysing the composition of these oon- 
taminants are tedious and often insensitive!. The appli- 
cation of activation analysis for the inorganic elementa 
appears to be attractive as a fast, sensitive and highly 
specific method. Preliminary irradiations of samples 
collected on filter paper have been performed and have 
shown that the method is feasible. Identification of 
several radioactive species has been accomplished, and 
quantitative estimates have been made. One problem 
has been that the filter paper as well as the contaminants 
activate, necessitating the irradiation of a control sample 
to correct for the effect. É 

The airborne particulate material 
was collected using Whatman No. 41 
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O.p.m. 








‘Time (h) 
- d Fig. 1 
as one of the samples. After subtracting the activity of the 
filter paper control, the decay curves were anslysed for the 
half-life of the various components. Resulte of these analy- 
ses are shown in Table 2 together with tentative identifica- 
tion of the isotopic species responsible for the activities. 
The of barium in sample Nos. 2 and 6 is attributed 
to fact that these samples were collected durmg an 
operation which involved barytes concrete dust. 





approximately 99 per cent for particles 
greater than 0-ly in diameter. The 
filter paper containing the sample, 











Flux 1 8x10!cm pec ^! 





together with a filter control, 
were then irradiated in the University 
of Florida training reactor. f-activi- 
ties were measured with a 2x propor- 
tional counter and +-activities were 
méasured with & single-channel pulse 






ND 100 analyzer 
0 0138 MeV / channel 





height analyser equipped with a well- 
type sodium iodide (Tl) crystal. In 
addition, ono sample was studied with 
a multichannel analyser used in oon- 
junction with a sodium iodide (Tl) 


A description of the activation 











samples and irradiation histories is 
given in Table 1. As indicated there, 
several of the samples were collected 
in environments containing a very 
high particulate concentration. 
Typical decay curves of the 6- 





activity of several samples are shown 
in Fig. 1. Also shown there is the 
activity of the filter paper control 
which was irradiated at the same time 
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Table 1. AIR CONTAMIMAXT ÀCTITATION HINTORY 
Bample Air Partu-  Ao&valion Aotivation Irradíiaton 5 
No. vol late cone, mam: date ih t 
(m*) (g/m) welght (mg) (G0'/om'[see) (mtn) 
la 76-4 185 0-780 14/10/60 1:8 x 10° 30 
1b 76-4 135 0-780 rth 60 0-18 10 
1e 764 185 0 780 1 60 0-18 10 
34 764 185 0-780 1:8 15 
ts 59-1 2,000 142 17/11/61 0-72 10 
2b 591 2,000 142 1 61 0-72 10 
3 578 1,880 9-55 19/12/81 1-8 100 
4 68 * * 3 
5 9-8 3,010 148 17/1/02 0-71 10 
6 101 370 1:85 072 10 
* No observation. 
Table $. HALF-LIFE ANALYSIS OF BAMPLES 
Half-Mfe of  Half-Hfe of Isotope 
No. Bacdvity* y aottvity* 
1b, lo, 1d M1 n Bodtum-24 
81:0 mm Bartum-189 
2 150h 15-8 h Bodtum-234 
72-0 min 81-0 min Bartum-130 
19-5 mtn 25-0 min Todine-128 (°) 
3-3 min 2:8 min 
4 18-8 h Bodtum-24 ` 
eo min Ohlonne-58 " 
mm Magnestum- 
$-8 min Alumtntum-£8 
5 143h Bodtum-24 
9 min Magnestum-27 
35 min Alumtinium-?28 
40 0 sec Oxygen-19 
6 150h Bodium-424 
125 m Rl 
12 e 
33min Atumintum-28 


* Typical esumated S.D. of half-life: 9 per cent 
In order to investigate the y-spectrum from the activated 


contaminante, le No. 3 was irradiated for 100 min 
together with a filter paper control. Following the 
irradiation the y of the sample and the control 
‘were measured with a 256-channel analyser. The resulta 


of this measurement are shown in Fig. 2. 


sodium-24 and manganese-56. 

An obvious need in improving the sensitivity of the 
method is to use filter paper having the lowest possible 
content of constituents which activate and interfere with 
the sample determmation. Accordingly, samples of 
“Whatman No. 41 (0:00009 g of ash per piece), Whatman 
"No. 42 (0.00006 g of ash per piece) and 'Millipore! were 
irradiated. The results indicated that Whatman No. 41 
and ‘Millipore’ contained approxrmately equal constit- 
uenta, while Whatman No. 42 contained only about 10 
per cent equivalent constituents (in terms of the activation 
cross-section, V Zag). On this basis Whatman No. 42 
-would have been a better choice than Whatman No. 41 
-filter paper. The ‘Millipore’ paper has the advantage that 
‘it can be dried to & constant weight, thus permittmg a 
quantitative correction for the activities due to the filter 
paper. ara , 

If one assumes the contaminant in sample No. 5 is 
ooncrete dust (1-80 weight per cent magnesium), then the 
observed 8-min activity may be attributed to 266 of 
magnesium. This value agrees very well with the value of 
271 ug calculated from the observed activity after correo- 
«ions are made for sample decay and counter efficiency. 
Similarly, for sample No. 2 one obtains 254 ug of mag- 
‘neaium (14-1 mg total x 1-80 weight per cent magnesium) 
.à& compared with 245 ug caloulated from the measured 
activity. 

We plan to improve the ision of the method as 
follows: (1) use radiochemical separation to aid in identi- 
fication of specific elements; (2) use standards and sten- 
dard carriers to ensure reproducible quantitative data. 

THOMAS F. PARKINSON 

‘ Louis G. Grant 

Department of Nuclear Engineering, 

University of Florida, 
Gainesville, Florida. 2 
* Kats, M., of al., Anal. Okom., 80 (1058). 
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Bath-tub Vortex 


Wrrs reference to Prof. A. H. Shapiro’s recent com- 
munication! on the above subject, I venture to call 
attention to the fact that in 1908 the Austrian physicist, 
O. Turmlttz, described careful and effective experiments 
which demonstrated the effect of the rotation of the 
Earth on the outflow of water through a central aperture, 
in a paper entitled “Ein neuer physikalischer Beweis 
der Achsendrehung der Erde". 

‘ I dealt at some length with the whole question of 
rotation at outflow in a lecture on ‘Whirlpools and 
Vortices’’® given in 1938. 


E. N. pa CO. ANDRADH 


Department of Metallurgy, 
Imperial College of Science and Technology, 
London, 8.W.7. . 
‘Shapiro, A. H., Natur’, 196, 1060 (1902). 
* Turmlltz, O., S.B. Akad. Wiss. Wien, Abt. IIa, 117, 819 (1008). 
* Andrade, H. N. da O., Proc. Boy. Ins., 89, 320 (1080). 


CERAMICS 


High-pressure Densification of Glass and the 
Effects of Shear 

WEHEN certain oxide glasses are temporarily compressed 
at high pressures, a large ‘permanent’ increase of density 
may occur when the pressure is released. For example, 
Bridgman and Simon! reported that the density of vitroous 
silica was increased 7 per cent after room temperature com- 
preasion at 200 kilobara; below an apparent threshold 
pressure of about 100 kilobars, however, no densification 
was possible at room temperature. Roy and Cohen’ 
afterwards reported that a density increase of 7 per oent 
was achieved at only 55 kilobars, and that from 20 to 160 
Inlobars denmfloation of silica glass at room temperature 
was a linear function of preesure. Despite the unexplained 
large disparity between these resulta, it was proposed" that 
silica glass be used as a preesure calibrant for the 
10-200 kilobars. More recently, Christiansen, Kistler and 
Gogarty? furnished yet another different set of results. 
These and some resulta of the present work at room 
temperature are shown in Fig. 1. The resulta of Roy and 
Oohbn which were presented as changes of refractive index 
have been converted to changes of density from a calibra- 
tion obtained by us. The results of curves A, B, and C 
were all obtained on the opposed-anvil apparatus. 
Whereas Roy and Cohen used powdered glase, the samples 
of the other workers were in the form of thin glass disks. 
The results reported here were obtained on solid cylinders 
about 2 mm in diameter and 2 mm in height with a pyro- 
phyllrte-alumina cellan a ‘belt’ apparatust. 

Bridgman" had questioned whether densification of glass 
waa possible under pure hydrostatic condition without the 
co-operation of shear. In one experiment on soda glass in 
which densification of several per cent was first observed, 
this large increase was no longer possible after the cell 
design was altered to decrease shearing forces during 
compression. Christiansen et al.* have suggested that a 
larger degree of shear was possibly present in their 
experiment resulting in the disagreement with Bridgman’s 
resulte. The very much higher densification reported by 
Roy and Cohen? is understandable in view of the powdered 
samples used. A greater degree of shear is expected when 
irregular particles in contact with one another undergo 
sliding motion on compression. A further cause may be 
due to localzed heatmg arising from friction, since 
densification increases with increasing temperature at 
constant pressure. 

In the present work, large differences are found in the 
densification of silica glass dependent on the degree of 
shear present. Thus, with an alumina container, the 
densification at 60 kilobars and 400° C for 2 min is 14 per 
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oent. When the container is silver chloride, it is only 4 
per cant. Cohen and Roy* reported that, at 40 kilobars, 
densification of approximately 4 and 10 per cant was 
achieved at 800° and 500° O, respectively. When a solid 
piece of silica glaas was embedded in silver chloride, we 
found the ding results to be 0 and 1-5 per cent. 

Roy and Cohen?! suggested that ‘‘for each pressure and 
temperature there is a peeudo-equilibrium volume for 
silica glass” and that this volume is attained in leas than 
15 seo in their i t. Since densification increases 
with shear, the effect of time on the comparatively less 
dense glass must be considered. Ohristiansen e£ al.* found 
that at about 100 kilobars the observed densification of 
about 4 per cent is un from 1 min to more than 2 h. 
The corresponding value of Roy and Oohen is 11 per cent. 
At 400? O and 60 kilobars, we have found that no further 
densification was obeerved from 4 min to 1 h in a silver 
chloride cell. Made Lar dand aca nae of 7 per oent is still 
far leas than that of 14 per cent attained in the alumina 
cell in 2 min. . It appears, then, the final volume attamable 
is dependent not only on preasure, temperature, and time, 
but on the degree of shear as well. 

The use of as & pressure calibrant is further compli- 
cated by the high annealing rates at atmospheric preesure. 
Some typical resulta are shown in Fig. 2. If densifloatian 
had oocurred at elevated temperatures and preasures, and 
the pressure is decreased prior to cooling, significance 
of the density of the pooled glass must be dependent on 
the cooling rate. 
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Details of both the densification and annealing studios 
will be published elsewhere. We thank Dr. W. F. Olaussen 
for the high-preesure facilities made available. 


J. D. Macken ti 
R. P. LAFOROE 


General Electric Research Laboratory, 
Schenectady, New York. 
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‘Bridgman, P. W., Proe. Amer. Acad. Arts and Soi., 84, 112 (1955). 
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RADIATION CHEMISTRY 


Origin of the Phosphorescence Radiation 
in Aromatic Hydrocarbons 


Waassas the triplet nature of the (x, ™*) phosphores- 
cent state of aromatic hydrocarbons has been definitely 
proved by the electron spin resonance investigations’, the 
is po of the phosphorescence radiation 18 far from being 
understood. 


Pure triplet-singlet transitions are forbidden according 
to the electric dipole selection rules. Phosphorescence in 
fluorescein is found experimentally? to be an electrio 
dipole radiation. Perturbation theory ia thus applied to 
mix the emitting triplet state (7',) with some singlet charac- 
ter, or the ground state (S,) with some triplet character 
(because of energy ion arguments the latter mixing 
was unjustiflably . Whereas differant workers 
use the spin orbit interaction for the perturbation operator. 
they differ on the type of the mixing singlet state. Some 
workers’ can explain the long lifetime by showing that 
the mixing between S(x, s») states and T'i, a») ia not very 
strong because the one and two centre in of the 
spin orbit matrix elements vanish’ if the mo e has & 
plane of symmetry in the molecular plane and &croes the 
bonds. Other workers* use the (c, x *) singlet states and 
can also account for the obeerved lifetime. None of these 
calculations is accurate or strong enough to support or. 
reject one or the other mechanism. Thus, theoretically, 
this is stall an unsolved problem. : 

Experiments were designed to gain more insight about 
the radiation source of the phosphorescence process. Two 
different independent types of experiments were carried 
out. The first experiment was meant to examine tho 
effect of bending the aromatic ring on the T',—S, transition 
probability. Because of the nature of the (x, x *) states 
and the form of the spin orbit Hamiltonian for these 
molecules, such mixing should be very sensitive to the 
degree of molecular planarity. Bending the aromatic 
ring would bring in contributions from the one and two 
centre integrals, which do not contribute* in the planar 
molecules. This should greatly decrease the natural 
lifetime of the phosphorescence if these were the mixing 
states. Theoretical analysis on the (c, x") states has not 
yet been made. The phosphorescence characteristics of 


[3-2] paraoyslophane’, with the structure Dae 


H, 
is studied. X-ray examination of this molecule showed’ 
that each carbon atom in the ring goes through ~ 12° of 
non-planarity. The observed lifetime of ita blue phos- 
phorescence was found to be 3-8 seo, compared with 7 seo in 
benzene. 'The differenoe might very well be due to alightly 
more radiationleas processes in the phane 
molecule. It therefore seems that bending does not have 
any effect on the phosphorescence lifetime. 
polarization of the phosphorescence spectrum of 
these molecules is very valuable in. determining the 
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symmetry properties of the perturbing state. The method 
of photoselection* was used where the molecules studied 
are embedded in a plastic medium’, and tho polarization 
measurements were carried out at room and liquid 
nitrogen temperatures. The molecules chosen were 
naphthalene (D,a), phenanthrene (Oy), chrypene (Ox), 
and coronene (D,s). The resulta on the polarization of 
these molecules strongly indicate that the whole 

18 polarized similarly and perpendicular to the S(x, x*) 
«+ S, transitions; that is, the emission shows a great 
amount of out-of-plane polarization (the resulta on phen- 
anthrene are shown in Fig. 1). The great variations in the 
electronic structure of the molecules exammed in this 
work suggest that such results are general for aromatio 
hydrocarbons. Therefore, it can be concluded that in 
aromatic hydrocarbons the (m, x") singlet states are not 
very important in mixing with the emitting (m, x*) 
triplet state. The important singlet (or triplet) state 
could be a (co, x*), (x, c*), or Rydberg (or ionization) 
state to which the transition from the ground (or the 


emitting triplet) state is i icular to the 
molecular plane. It is oe that the polariz- 
ation results are independent of the symmetry of the 
aromatic molecule. E 
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When corrected for the radiationleas processes, it waa 
found'* that many of these hydrocarbons possess the same 
natural phosphorescence lifetime. It was also found that 
many of the benzene derivatives have a phosphorescence 

with the same polarization characteristics as 
benzene. These results, er with those found in this 
work, indicate that the phosphorescence mechanism is 
Insensitive to the symmetry, the planarity or to the 
details of the fine structure of these molecules. This is & 
rather strange result for a phenomenon which originate, 
&ooording to our present understanding, from molecular 
perturbation effects. It might mean that the effect is 
mainly due to a one-centre interaction on the carbon atom 
or else the perturbing state is a high-energy one with 
mixed nature and so far separated from the molecule that 
it is Insensitive to the finer details of ite structure (for 
example, high-en Rydberg or c, «* states). 

I hack Foor D.J. Sent and his co-workers for pE 
ing me with the paraoyclophane sample, Dr. W. Melh isl 
m providing the plastio samples, and the U.S. Atomic 
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Energy Commission for its support of the research under 
contract No. 47'(11-1)—-84, Project No. 91. 
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BIOPHYSICS 


Thermochemlluminescence of Chlorophyl- 
Carotene Mixtures 


ARNOLD! has measured the emission of light from 
chloroplasts on illumination and subsequent heating in 
air. Litvin e£ al.* established that oxidation of photo- 
reduced chlorophyll is accompanied by chemiluminescence. 
Goedheer and Vegt? have oxidized chlorophyll in methanol 
solution with ferrio ion and observed chemiluminescence 
on reducing with ferrous ion. 

We have obeerved chemiluminescence on heating in air 
mixtures of chlorophyll a and all-irans-f-oarotene which 
had been deposited from benzene solution on stainless steel 
disks 


Ohlorophyll a was prepared according to a modification 
of the method of Jacobe‘, and the all-trans- B-carotene (ob- 
tained from Nutritional Biochemicals and from Mann 
Biochemicals) was examined spectroscopically to determ- 
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ine its purity. No difference was observed between the 
behaviour of the carotene from the two sources. The 
deposited mixture was checked spectroscopically and 
found to be of uniform composition. Heating was done at 
13? O[min, and detection was with & cooled R.C.A. No. 
7102 photomultiplier isolated by a Corning No. 4600 
filter and calibrated against a radiation thermocouple. 
Abeolute calibration is conservatively estimated to be 
&ocurate to + 50 per cent. 

Table 1. TRANXENIBMIOK BY CORNING YILTERS OF LIGHT DOTTED FROM 

OHLOROPHYLL G-/-Ü4ROTENA MIXTURE 


Filter No. Trangmission 
2404 0-90 
2418 0-93 
1030 . 0-80 
5850 0-25 
5081 0-125 
2550 0-03 
2540 0 


Fig. 1 shows typical data for the thermochemilumin- 
esoenoe of samples of 1 mg B-oarotene with varying amounta 
of chlorophyll. (We have adopted this terminology as 
descriptive of the fact that the light is emitted during a 
chemical reaction which was catalysed by heating in the 
manner conventi used in thermoluminescence 
work.) §Self-absorption of the emitted light is not a 
problem at these low chlorophyll concentrations. Height 
of the lower temperature peak increases approximately 

i with increasing chlorophyll concentration until a 
carotene/chlorophyll molar ratio of 50 (0-087 mg carotene + 
0-0031 mg chlorophyll/cm?) is reached. Beyond that the 
lower temperature peak is quenched very sharply with 
Se Peo M. Deis eo 
temperature comes up rapidly. Samples prepared in 
very dim light and samples illuminated for 5 min with & 
500-W projection lamp prior to heating gave substantially 
the same results. We have measured she Bpeobral diti- 
bution of the emitted light with a series of Corning graded 
filters. The results are given in Table 1. They are oon- 
sistent with two peaks in emitted intensity, one centred 
at 6950 A and the other, with relative intensity 0-6 as 
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great, ab 7450 A. The resulta have been corrected for the 
response of the S-1 photosurface plus No. 4600 filter 
combination. 

We have measured the thermochemiluminescence of 
mixtures of carotene with an allomerized chlorophyll a 
d according to Gilman’s method’. There appears 
to be very little difference between the results for chloro- 
phyll a and allomerixed chlorophyll a. 

Mixtures of B-carotene and pheophytin a were examined 
with the resulte shown in Fig. 2. The striking decrease in 
emission may be noted by comparison with the curve 
reproduced from Fig. 1 for a carotene/chlorophyll ratio of 
60. The decrease in luminescence &ooompanying removal 
of the magnesium from the chlorophyll is related to the 
interaction between the B-carotene and the porphyrin and 
is not a trivial effect due to loea of oscillator strength in the 
pheophytin red luminescence. This was established by 
measurement of the fluorescence yields of chlorophyll and 
P hytin a and of allomerized chlorophyll a in benzene 
solution when excited by 400 and 480 mz light. They were 
observed to differ by leas than a factor of two. (We thank 
Dr. Charles Hurwitz of the Medical Research Laboratory, 
Veterans Administration Hospital, Albany, New York, 
for the opportunity to use his spectrofluorometer to make 
these measurements.) 

Linschitz® has measured the chemiluminescence of 
tetralin-tetraphenylporphine (FPP) mixtures. He found 
that ZnTPP catalysed the chemiluminescent decompoei- 
tion of tetralin hydroperoxide, and was itself gradually 
consumed in the process. The metal-free TPP did not 
interact to decompose the tetralin hydroperoxide. 

We have measured the thermochemiluminescence of 
mixtures of ZnTPP, CuTPP, and H,TPP (wo thank Prof. 
H: Linachits, Brandeis University, for the gift of samples of 
these materials) with B-carotene by dissolving the par- 

hyrins in benzene and following the procedures described 
. The resulte scende A i The complete 
&beenoe of chemiluminescence for the oarotene-OuTPP 
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mixture is not surprising in view of the fact that CuTPP is 
non-fluorescent. The fluorescence yields of ZnTPP and 
H,TPP in benzene at 1 x 10-* M, however, do not appear 
to differ by more than a factor of two, and, as in the case 
of the ohlorophyll-pheophytin system, the decrease in 
luminescence upon removing the complexed metal from 
the porphyrin ring appears to stem from the change in 
porphyrin-carotene interactions. 


bs 
W. D. Barany 
A. Q. Twuor 
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Photochemistry of Thymine 


Iw spite of intensive work, much concerning the primary 
physical and chemical proceases in the effecta of radiation 
in DNA and ite constituenta remains obscure. Stimulated 
by the reported ultra-violet dimerization of thymine! and 
the peroxidation induced by ionizing radiations’, we have 
re-investigated the photochemistry of thymine. 


Thymine in aqueous solution has generally been sup- . 


posed to be resistant to ultra-violet radiation, for example, 
Wierzchowski and Bhugar*, quoting & quantum yield for 
destruction of thymine of 4 x 10+. Using a ‘Mineralight 
R-51’ low-preasure meroury lamp in conjunction with a 
1-5-mm Corning 7-54 filter to give pure 2537 A radiation, 
we have re-determined this quantum yield at 4-3 x 10-4. 
Oxygen seems to have no effect at the wave-length and no 
hydrogen peroxide was found. On aerate dur filter the 
rate of thymine has increased 80-fold while intensity of 
2587 A radiation only increased by a factor of 8:8. How- 
ever, it is known that this type of lamp, especially with the 
newer quartz carn te can emit an appreciable amount of 
radiation at 1849 (manufacturer’s estimate ~5 per 
cent of total energy). 

Aooordingly, we that the rapid photolysis of 
thymine is due to 1849 A radiation and we estimate for 
this a quantum yield ~ 0-2. 

We have further investigated the nature of the primary 
chemical reaction. Using a high-intensity flash discharge 
(measurements made at Illinois Institute of Technology on 
the apparatus of Dr. L. Groesweiner, whose co-operation 
and assistance are gratefully acknowledged) (8 kV, 22 uF) 
known to form gmall amounts of hydrogen peroxide in 
water (and hence emitting radiation in far ultra-violet) it 
was found that repeated flashing caused no loes of thymine 
in oxygen-free solution, whereas in air-equilibrated solu- 
tion it caused a 25 per cent loss at 2-5 x 10-* M and 14 per 
cent loes at 1 x 10+ M. It is concluded that oxygen is 
aH We for the primary photochemical process at 
1849 A. 

The nature of the photoproducts has bean investigated. 
Reaction with I- reagent at pH 4 (ref. 4) shows the presence 
of hydrogen peroxide (confirmed by reaction with titan- 
ium reagent’) and a hydroperoxide. Preliminary indica- 
tions from the rate of reaction are that the hydroperoxide 
is 4-hydroperoxy-5-hydroxythymine, which is the opposite 
order of addition to that formed, presumably by free 
radical attack, on X-irradiation’. Further product 
identification is in progress. 

Kinetic investigations show both the hydroperoxide and 
hydrogen perogide to be major initial photolyms producta 
and it is suggested that this behaviour can be understood 
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in terms of the following reactions, in which the oritical 
step is the electron transfer to oxygen from C, position of 
the excited state of thymine’, followed by further reaction 


of thymine radical with oxygen'. 
+ 
Me Me 
i 1849* i (1) 
ON NN. 
ó H di H 





x Me 
l z 
££ 
^ Me Me 
m OH ios ux OH "t 
yo ds 


The O; ion can give rise to hydrogen peroxide and the 
peroxy radical to the hydroperoxide. 

It should be emphasized, however, that the nature of the 
absorption process at 1849 A and of the excited state 
remain to be determined. 

This investigation was supported in part by U.S. Public 
Health Service research grant AM 00420—01 from the 
National Institute of Arthritis and Metabolic Diseases. 
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CHEMISTRY ^ 


Analysis of Partial Glyceride Mixtures 

Ir has been emphasized by Hartman! that the oom- 
putation of diglyoerides and triglyoerides in teohnical 
monoglyceride mixtures merely from the free hydroxyl 
content and amount of monoglyoeride (both 1- and 2- 
forms) is hable to serious error. He suggested that a direct 
estimation of mono-, di-, and tri-glycerides was required 
particularly m view of the anomalies which appear to 
arise in attempting to assign a random distribution to the 
resulta. 

Some years ago’ & full analysis was carried out at this 
Station of the products arising from the alooholysis at 
240? C of linseed oil with glycerol (essentially an equilib- 
rium mixture of glycerides) in the following manner: 

(a) Glyoerot. is was obtained from the hydroxyl 
values of the glyooride mixture before snd after washing 
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away the glycerol with water. Good agreement was found 
with the direct periodic acid oxidation method’. The 
hydroxyl value before washing was also taken as a measure 
of the glyoerol/linseed oil proportions, thus correcting for 
any losses of glycerol that might have occurred during 
heating. 

(b) 1- and 2-monoglgoerides. Analysis for 1-monoglycer- 
ide was carried out on the washed sample (glycerol free) 
using & standard periodic acid oxidation procedure‘, the 
2-monoglyceride content being obtained by a similar 
technique after isomerization of the sample with per- 
ohlorie acid!:*. 

(c) 1,2-, 1,3- and triglycerides. The original glyoeride 
mixture (including glycerol) was treated with methyl 
iodide and excess silver oxide to convert the hydroxyl 
groups to the corresponding methyl ethers. As a result of 
this methylation procedure the system no longer under- 
went isomerization and the tri-methoxy-propane (from the 
glyoerol) and the 1,2- and 1,3-dimethoxy glyoerides (from 
the 1- and 2-monoglycerides) could be removed by 
distillation without affecting the distribution of fatty acid 

The residue after distillation consisted of l- and 2 
methoxy diglyoerides and triglycerides from which, 
after ifloation and acidification, 1- and 2-methoxy 
glycerol and free glycerol were obtained in aqueous 
solution. The free glycerol was then determined by a 
modification of the periodate technique’ (liberation of 
formic acid) and the 1-methoxy glycerol by difference from 
the total consumption of periodate* and that consumed by 
the glycerol as determined here. The results could then 
be recalculated in terms of 1,2-diglyoeride and triglyceride 
in the original reaction product. Thus, only the 1,8- 
iglyoeride content need be calculated by difference. 

e resulta of this analysis are shown in Table 1. 


Table 1, ANALYSIS OF PARTIAL GLYONRIDES OBTAINED FROM 1 MOLA LINSEED 
Orr: 1-86 MOLE GLYONROL AFTOR HEATING FOR 2 H AT 240° O (WETH 0-1 FER 
curr TRIBODIUM PHO&PHATA CATALYST) 


Hxperimental (% by weight 
Component % m g ae for 1- Nd 
groups radicals 
yee rnin — adi T s 
- 15-6 14-1 270 
nc Diglyoerides 3*7* 206-9 13-6 
Mey ea n 43 T9 105 


Possible theoretical distributions are also included for 
comparison, calculations of the proportions of the various 
glycerides_being made on a weight basis by: 

(1) Assuming that the hydroxyl groups of glycerol have 
different ‘reactivities’ related to the ratio of 2-mono- 
glyceride to 1-monoglyceride determined experimentally, 
namely, 0:13. This figure was the average found for 
several aystems of varying linseed oil/glyoerol proportions 
and also the ratio of 2- to 1- monostearin found on heating 
either pure 1- or pure 3-monostearin until equilibrium 
was established’. 

(2) Assuming equal ‘reactivity’ of all hydroxyl groups, 
that is, complete randomization of fatty acid radicals 
oocurs. 

The resulta in Table 1 show that the relative propor- 
tions of 1,2- and 1,3-diglycerides found are in 
agreement with the theoretical distribution deri by 
assuming different reactivities for l- and 2-hydroxyl 
groups. In fact almost an inverse ratio to that found 
would be required if the distribution were on a random 
basis. 

Oonfusion in the literature has surely arisen from the 
use of the term ‘random distribution’ to deecribe experi- 
mental results when only the total monogiycerides 
present have been determined—the total diglycerides 


NATURE à 


` 


485 


being obtained by difference, for example, in an early 
paper by Fouge and Bailey". Clearly a true random dig- 
tribution of acyl radicals cannot occur unless the ratio of 
1- to 2-monoglycerides in the final equilibrium mixture is 
2:1 by weight (experimental figures are normally closer 
to 8 : 1) and the ratio of 1,2- to 1,3-diglyoeride 1s also 
2 : 1 by weight. 

I-am not aware of any published figures for the 
individual diglyoeride isomers of mixed glyoerides and I 
have therefore directed attention to the work of the Paint 
Research Station in this fleld. ` 

In more reoent work at this Station the use of thin 
layer chromatography for the analysis of partial glyoeride 
mixtures has been examined!*. 


- R. A. BRETT 


- Paint Research Station, 


Waldegrave Road. 
Teddington, 
Middlesex. 


1 Hartman, I., Nature, 198, 701 (1062). 

*Pamnt Research Station, Res. Mem. 257. ' 

“Paho w: D., and Mehlenbacker, V. O., J. Amer. Oil Ohem. Soo., 87, 5i 

* Handachumakor, H., and Linteris, L., J. Amer. Oil Chem. Sec., 94, 143 
; 3 I 

* Martin, J. B., J. Amer. Chem. S00., 78, 5483 (1063). 


bu xn Peery, H. 8., and Lyman, W. O., J. Amer. Oil Ohsem. Soc., 


x B. ML, and Bruening, O. F., J. Asso. Off. Agric. Chem., 80, 
651 (oa), A 


* Hartman, IL., Analyst, 81, No. 058, 67 (1056). 
* Fouge, E. O., and Balley, A. B., Oil and 'Soap, 83, 259 (1046). 
1* Rytieka, 8. M., Chem. ond Indust., No. 45, 1947 (1062). 


f Occurrence of Configurational Inversion during 
, Tritiation by the Wilzbach Method 


LansnunLrwG of organic molecules with tritium by the 
Wilzbach method! — exposure to tritium gas for a 
longed period—has become widely used, particularly 
or biochemical investigations. A considerable amount of 
decomposition always accompanies the formation of 
labelled material which, therefore, has to be very oarefully 
purified. It is important to know whether replacement of 
hydrogen atoms on asymmetric carbon atoms may ocour 
/ with inversion of configuration: if it does, diastereomers 
of the origmal compound will be formed, which may not 
be readily separated by recrystallization or other methods 
of purification. Absence of diastereomers has been 
reported in one case, that of 1,2,3,5-tetra-O-acetyl-p- 
ribofuranose*, whereas 30 cent racemization occurred 
on labelling of (—)-mandelic acid’. 

We have chosen (— )-inositol (I) for an investigation of 
the stereochemistry of Wilzbach labelling, because in this 
compound replacement of any hydrogen atom attached to 
carbon by tritium with inversion will result in the forma- 
tion of a different isomer: myo- (II), allo- (III), or muco- 
inositol (IV)*. Inversion on any carbon can therefore 
readily be detected. E 

(—)-Inositol was exposed to tritium gas for eight 
weeks; equal amounts of each of myo-, allo-, and muco- 
inositol were then added, and the isomers were separated 
and purifled by chromatography and chemical reactions. 
Each of the isomers was found to contain tritium, the 
ratio of specific activities being: (—)-inositol 1-0; myo- 
0-09, allo- 0-06, muoo-inoeitol 0-08. Some inversion of 
every carbon atom has therefore occurred during the 


introduction of tritium. 
OH 
. On OH OH 
5 Cv) 
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Extensive intermolecular hydrogen bonding in & orystal- 
line inositol would be expected to favour retention of oon- 
figuration during tritiation. A non-crystalline derivative, 
hexa-O-methyl.(—)-inositol was therefore submitted to 
Wilsbach tritiation, and it was found that inversion 
occurred to a far greater extent than in (— )-inoeitol, the 
ratios of specific activities being: (—)-mositol 1-0, myo- 
0-65, allo- 0:47, muco-inositol 0-88. In fact, since labelled 
(—)-inositol is produced by tritiation with retention at 
any one of the six carbon atoms, whereas each other 
inositol is formed by tritiation with inversion at either of 
two out of six carbon atoms, inversion is more extensive, 
on the average, than retention. 

This example should serve as a warning that diaster- 
eomers may be encountered, after Wilzbach tritiation, in 
any compound containing asymmetric carbon atoms. 

B. J. ANGYAL 
J. L. GARNETT 
- R. M. Hosxrw80N 
School of Chemistry, 
University of New South Wales, 
Sydney. 
!Wilzbeoh, K. H., J. Amer. Chem. Soo., 78, 1018 (1957). 
a Tei a a a ia Ge Bi, J: Amiar: a 
* Ries, P. T WT TT E a Proo, Intern, Atomio Energy Agency Conf., 
J. 
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Vienna, 8, 6 (1901). 
* Angyal, B. J., and Anderson, L., Adv. Oarbokyérats Ohsem., 14, 185 (1059). 


Hypercritical Aerosol 


£ 

Taa inhomogeneity of fluids at olose proximity to their 
critical point has long been known", well examined? and 
theoretically explained*'*. The ‘critical opalescence’ is in 
fact a two-phase system in the state of fine division, one of 
the phases being & gas; thus this state may be looked on 
as an aerosol. This pomt of view was expressed sixty 
years ago’. As an aerosol, the near-critioal state is a very 

eculiar one: the specific gravity of the dispersed phase 1s 
bat slightly different from that of the disperaing medium; 
the viscosity of the latter is considerably above the usual 
values for gases. 

--The purpose of the investigation reported here was to 
prepare and investigate the ‘hypercritical aerosol’ in a 
two-cemponent system. Solutions of comparatively non- 
volatile substances, such as camphor and boric acid in 
liquid carbon dioxide, were examined in & cylindrical 
preesure cell 2 am in diameter and 2 om long, closed at 
both ends by appropriate transparent windows. By 
raising the temperature of the cell very slowly (so that the 
whole oell interior was at the same temperature), the 
transition in the gaseous state occurs homogeneously 
(Cagniard-Latour phenomenon), but, differently from the 
single oomponent systems or the two-component ones 
with a common critical point, a cloud of particles persists 
above the critical point of the carbon dioxide. The cloud 
disappears slowly by sedimentation. The mean particle 
diameter for camphor, estimated from the sedimentation 
time—on the assumption that the gas is pure carbon 
dioxide at the measured temperature (32° O) and pressure 
(90 kg/am*) and the dispersed phase is pure camphor—is 
slightly leas than 3u. The persistence of an ‘aerosol’ of 
that sire in a volume of only few om? for several minutes is 
rather remarkable, but easily explained by the differences 
of the present experimental conditions from those to be 
found in the more familiar aerosols. 

If the temperature of the cell is not rigorously uniform 
with a temperature gradient of a few tenths of a degree O, 
the bottom being warmer and below the critical tempera- 
ture, & cloud above the liquid phase oan be maintained 
indefinitely. In this event, boiling of the liquid occurs and 
the splashed droplets replenish the sedimentating cloud 
permanently. This kind of cloudiness, while being an 
aerosol near the critical point, is not a hypercritical aerosol, 
because of the presence of the liquid. This is a near-critical 
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aerosol, which, in a homogeneous system, had been already 
prepared, not as described previously, by the use of a 
temperature gradient, but by exposing the liquid carbon 
dioxide, slightly below ite critical point, to mechanical 
vibrations*. - ` 

At the start of the experiments, ‘Plexiglas’ windows 
2 cm thick were used. Carbon dioxide under 70 or more 
kg/am® preesure is soluble in ‘Plexiglas’ and after releasing 
the pressure, gaseous bubbles, accompani by the 
deformation of the surface, appear near the inner surface 
of the window. This effect is reversible, and doea not 
weaken the window noticeably. But at 40° O and 100 
kg/cm" preesure, camphor in the presence of liquid carbon 
dioxide enters instantly into solid solution in ‘Plexiglas’. 
The resulting solid solution is pale yellow, opaque and with 
& mechanical strength much below that of ‘Plexiglas’. 
That was in one case responsible for the failure of the 
window—somewhat hazardous at the working preesure. 

Mionam. M. Bawanm 
Institut National de Recherche Ohimique Appliquée, 
12 Quai Henri IV, Paris 4. 

lAvenarins, M, Ana. Pays. Chem., 151, 306 (1874). 
* Altachul, M., X. phys. 
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Constituents of Denta! Calculus from Sheep 


Warma the crystalline composition of dental calculus in 
man is well elucidated, very little is known about such 
calculus in animals. We have had the opportunity of 
oomparing the resulta of X-ray diffraction examinations of 
samples of dental calculus from sheep from Dundee, 
Scotland, and from Greenland. Powder diagrams were 
taken with copper Ka-radiation in cameras of the Guinier 
type 


The two Danish samples, both from the same sheep, and 
one of the three Scottish samples exhibited a lustrous pig- 
mentation. The material responsible for the pigmentation 
did not, however, show up in any of the diagrams. The 
resulta of X-ray analysis of the samplea are shown in 
Table 1. 


Table 1 
1 2 1 2 ane 
Pigmented Pigmented Pigmented 


Major con. Brushitió Whitlookite Apatite  Whlilookite and 


sutnents  Whitlookits Weddelltte — Woddelltte 


Diffraction lines due to brushite (CaHPO,2H,0) were 
sharp, whereas those due to apatite and whitlockite 
(B-C&,(PO44) were quite diffuse indicating poorly orystal- 
lized compounds. Additional lines with d-values 
6-21 A and 2-78 A respectively could not be ascribed to any 
of the phosphates found in human dental calculus, but 
ad eee OE Roddi ilite 
( 10,2H4,0) and in one case three other weak lines 
fitting the weddellite pattern could be detected. If the 
formation of this compound is likely in the saliva or the 
cud of ruminants we cannot judge. It has never been 
found in human dental calculus, but is well known as a 
constituent of urinary calculi. Three lines in human 
dental caloulus patterns tentatively attributed to whewel- 
lite (0a0,0,H,O) by Tovborg Jensen and Dane! were 
almost certainly due to the presence of octocalaium phos- 
phate, later identified as a common minor constituent of 
human dental calculus’. The latter compound was not 
found in any of the samples, although the presence of 
brushite in one i indicates a high supersaturation 
of sheep saliva with respect to all calculus forming calcium 
phosphates, brushite being the most soluble of these 
phosphates at pH above about 6 (ref. 8). Considering the 
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high value (about 8-2) given in the literature as an average 
for the total saliva of sheep‘ the formation of brushite is 
. It seems likely that the pH of the saliva from 
is not identical, but unfortunately the localities 
two samples from the same jaw are unknown. 
Whitlockite has not previously been found in animal 
dental calculus. The principal constituent of dental 
calculus from the horse is calcite’-*, while samples from dog, 
ferret and hamster contain poorly crystalline apatite and 
sometimes small amounts of calcite‘. In human dental 
calculus the formation -of whitlockite is related to the 
presence of magnesium in the precipitating fluid, the 
magneeian whitlockite showing a characteristic shift of 
the diffraction lines compared with B-tricaloium phosphate. 
The diffuseneas of the whitlockite lines in the patterns 
from sheep caloulus makes it difficult to discern & similar 
shift. However, ignition (1,000° O for 1 h) of Scottish 
samples 2 and 3 gave magnesian whitlockite containing 
about 10 atomio per cant magnesium, indicating a signifi- 
cant magnesium content of the original material. 
AUGUSTA UNMAOK 


all 
of 


Chemical Laboratory, 
Royal Veterinary and Agricultural College, 
Copenhagen. 


B. L. Rowrnms 
Medical Research Council External Staff, 
School of Dental Surgery, 
Birmingham. 
1Tovborg Jensen, A., and Dens, M., J. dent. Res., 88, 741 (1964). 
1 Tovborg Jensen, A., and Gebhard Hansen, K., Experientia, 18, 311 (1057). 
* Bjerrum, N., im Engtish in Selected Papers, 245 (Munksgaard, 


4MaDougall, H. I., Déechem. J., 48, 09 (1948). 
S igl, Bi Arek Hal: re 11. (Separkta) (1936) CUN ABA 


* Rowks, B. L. (unpablshed observations). 


Selective Poisoning of Catalytic Activity 

A mmomwT investigation! has shown that the exchange 
reaction between and deuterium may pro- 
vide & useful method of investigating changes in the 
catalytic activity of evaporated metal films subjected to 
thermal sintering. One of the moet suitable alkyIbenzenes 
for this purpose is p-xylene because it contains only two 
different kinds of hydrogen atoms—the six in the methyl 
RUM En erg RU EE Nickel films laid 

on a glass substrate at 0° O will catalyse the ex 

of the first six hydrogen atoms (reaction I) about five times 
faster than the exchange of the remaining four (reaction IT) 
at 0° O. Pre-sintering such nickel fihns for 80 mm at 
200? O before use reduces their activity for reaction I by a 
factor of about 600 but has an even more drastic effect of 
about 10* on the rate of reaction IT. The earlier work did 
not establish whether these marked of catalytic 
activity on sintering were due solely to influence of 
temperature on the fllms or whether contamination, and 
consequent poisoning of the films, had oocurred by gas 
evolved from the reaction vessel. Because of this un- 
certainty, we have now carried out a series of experiments 
on the influence of carbon monoxide as a poison for 
reactions I and II. : 

Films, prepared as previously deeoribed!, were sub- 
jected to the following treatment at 0? O: (1) admission of 
10 mm of deuterium for 5 min; (2) evacuation for 40 seo; 
(8) admission of a known pressure of carbon monoxide 
with a 10-fold excess of deuterium for 15 min; (4) evacua- 
tion for 40 sec and then used as catalysts for the exchange 
of 1 mm of p-xylene and about 28 mm of deuterium. This 

icated procedure was designed to ensure that the 
quantities of carbon monoxide admitted would be 
adsorbed by displacement of deuterium only on the sites 
giving the greatest heat of adsorption and not merely 
randomly on the surface. The main features of the resulte 
for the rates of exchange at 0° O are summarized in 
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Table 1. The figures in the fourth column were obtained 
from surface area data for similarly nickel films* 
and an assumption of 7 A* for the mean area of each 
_nickel atom; they represent the maximum 00 of the 
surface if all carbon monoxide admitted was adsor and 
retained. The rate k, is the initial rate of disappearance of 
p-xylene-d, and corresponds to reaction L; k,, the initial 
percentage rate of conversion of p-xylene-d, to products 
with more deuterium atoms, is a measure of the rate of 
reaction II. The rates quoted for “it gerd G, Hand J 
were obtained by extrapolation of Arrhenius plots for 
rates at higher temperatures and each bt yielded an 
activation energy of about 20 kcal/mole for reaction I. 


Table 1 
Weight Moleonles OO M AE. 
P ics (x 102) Nh e exeun) (Iun) 
x sur- 
- face Miatoms 

A 10-5 0 0 50 8 
B 12-3 14 0-04 60 13 
0 16-7 14 0 04 45 3 
D 108 10 007 18 0-08 
ri 10-9 28 0-10 21 002 
T li 51 0-18 18 «2 x 104 
a 118 81 0-87 008 <3 x 10 
H 8-8 16 0-05 0-02 23x 104 
J 8-5 100 1 ~3x 104 = 


Two runs were carried out on films laid down with the 
glass walls of the reaction veel maintained at 200° O 
(after baking at 450° O) and the resulta were identical 
with those obtained previously! for films laid down at 0° O 
and presintered for 80 min at 200° O. Detailed rates for 
these experiments are not reported but were similar (about 


adsorbed. A ison of B and O wi 
the sites first covered by carbon monoxide are not impor- 
tant for the catalysis of either reaction. Presumably, 
the heat of adsorption of the hydrocarbon is too large on 
these sites, amounting to some 4 per cent of the surface, to 
permit easily le adsorption to occur. Experi- 
menta O and D show that adsorption of carbon monoxide 
on the next 3-6 per cent of the surface cute down the rate 
of reaction IL by more than a factor of 100 but only reduces 
the rate of reaction I by a factor of three. This is clear 
evidence that certain active centres on the nickel films are 
required to catalyse the exchange of the hydrogen atoms 
on the benzene ring of p-xylene and that these centres are 
selectively poisoned by carbon monoxide. A drastic 
reduction in the rate of reaction I is only obtained when 
more than 25 per cent of the surface is covered, indicating 
that some 20 per cent of the sites on the surface are 
efficient centres for this reaction. 

We believe that the nickel films laid down with the 
glass maintained at 200° O will be substantially free of 
contamination. Such filma, or films pre-smtered for 30 
min at 200° O, contain practically no active centres for 
reaction II and very few for reaction I. It seems evident 
that thermal treatment, like poisoning by carbon mon- 
oxide, completely eliminates the centres for reaction I 
and also destroys most of the sites on whioh reaction I 
oocurs as well. A possible explanation is that metastable 
metal atoms on the films are necessary to form the 
x-bonded adsorbed hydrocarbon intermediates'* which 
are believed to be involved in the mechanism of the 
exchange reactions of the alkylbenzenes. 


M. J. Peres 
E. ORAWFORD 
O. KEMBALL 


Department of Ohemistry, 
The Queen’s University of Belfast. 
1 Crawford, H., and Kembell, C., Trane. Feared. Sec., 58, 2452 (1062). 
s A. M. W., and G., . Farad, Soo., 
? Gantt, F. G., Rooney, J. J., and Kemball, C., J. Catalyeis, 1, 255 (1902). 
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Rheopexy in Dilute Polymer Solutions at 
d Low Sheer Gradients 


Oxn of us haa pointed out that theoretical consideration 
of the hydrodynamic interaction of a very long flexible 
chain in laminar flow suggests that under certain oon- 
ditions an increase ın the viscosity of a polymer solution 
may occur with merease in the shear gradient!. Such 
rheopexy should be favoured with a solution of a linear 
polymer of very high molecular weight in an extremely 
viscous solvent, otherwise tho theory predicts only a 
decrease in solution viscosity with increasing gradient such 
as has been reported experimentally in numerous instances. 
Generally, examples of rheopexy reported for polymer 
solutions occur at high gradients and reasonably have been 
attributed to the onset of turbulent flow, but this would not 
provide a hkely explanation of an increase in viscosity 
reported by Selby and Hunstad which begins at only 
about 100 Beo-!. The latter resulta are consistent with the 
theory mentioned here inasmuch as the system studied 
was a polymethylmethaorylate of high molecular weight 
( ^ 10*) dissolved in a mineral oil with a viscosity of Beveral 
hundred poise but are not directly apposite because of the 
large concentration of polymer (3 per cent)". A direct 
test of the theory has been undertaken by Wolff, who 
reported viscosity data extrapolated to mfinite dilution 
for solutions of polystyrene (M. up to 10") in a chlorinated 
diphenyl (yq ~.1 poise), with the conolusion that no 
increase in viscosity ocourred*. The present communioa- 
tion reports further prehminary ‘experiments designed to 
test the theory. 





15 
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Polymethylmethacrylates, polymerized by conventional 
radical polymerization, of My ~ 4-2 and 1-0 x 10* were 
dissolved in a chlorinated diphenyl containing 0-2 per cent 
4-tert-butyleatechol. Solutions were sheared at an 
ambient temperature of about 25° O in a plate and cone 
consistometer*. The resulta in Fig. 1 obtamed with 2 x 
10 g/mL of the higher molecular weight polymer show an 
increase in nommal viscosity (the absolute calibration of 
the machine has not yet been checked) at low shear 
gradients, which 1s reproducible as a gross effect provided 
the solution is subjected to only limited shearing (of. runs 
land 2). After the more extensive shearing durmg run 2 
plus 1 h at the highest gradient of 272 sec-! the solution 
showed only a decrease in viscosity in two further runs 
(only run 8 is shown). However, when this same solution 
was cooled to near 0° C and ite viscosity thereby increased 
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to soveral hundred poise, marked rheopery was again 
detected and could again be eliminated by prolonged 
shearing. Qualitatively similar resulte were obtained with 
the original solution in Oannon—~Fenske capillary visco- 
meters. By contrast, a more concentrated solution of the 
lower molecular weight polymer (5 x 10-* g/ml.) showed 
no rheopexy at ambient temperature but only a decrease in 
viscosity with increasing gradient of the type generally 
reported for polymer solutions. 

These experiments show that rheopexy is definitely 
observed in these solutions and at such low gradiente that 
turbulent flow seams unlikely and, further, indicate that 
the occurrence of rheopexy is sensitive to viscosity and the 
lefigth of the polymer molecules. Moreover, this latter 
sensitivity may be adduced to explain why rheopery is 
ehminated by shearing with the acceptable postulate that 
the long polymer molecules are broken by the high shear 
forces applied. This general picture is consistent with 
theory but more oritical and quantitative testa are 
necessary. The moet important is to test whether, as 
required by theory, rheopexy can be observed in more 
dilute solutions. *o far we have observed an effect near 
0° C with concentrations of as little as 0-18 x 10-5 g/ml., 
but we are still trying to improve control of important 
experimental factors such as temperature in order to 
permit extrapolation of resulta to infinite dilution. 

A. PETRIN 
D. T. TURNER * 
Camille Dreyfus Laboratory, 
Research Triangle Institute, 
P.O. Box 490, 
Durham, North Carolina. 

* Postdootaral Fellow on leave from the Natural Rubber Producers’ 
Research Association. 
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Colorimetric Determination of 
3,6-Anhydrogalactose with the Indolyl-3-acetic 
Acid Reagent 

THE sugar 3,6-anhydrogalactose is a major constituent 
of the agarose fraction of agar, of kappa carrageenin, and 
of some other polysaccharides from marine algac'. This 
sugar can be determined speotrophotomotrically as 5-hy- 
droxymothyl-2-furaldehyde* or by an adaptation of the 
Tesorcinol test for ketoses*. The rate of degradation of 
8, 6-anhydrogalactose to 5-hydroxymethyl-2-furaldehyde 
suggests that any method used for the colorimetric 
determination of fructose should be applicable to 3,6- 
anhydrogalactose.  Steinitz* compared six methods for 
the determination of fructose in body fluids, and favoured 
the method of Heyrovaky*, who used B-indolylaoetio acid 
as the colour reagent. The present communication de- 
scribes the use of this reagent for the determination of 
3,6-anhydrogalactose. 

A standard solution of 3,6-anhydrogalactose was pre- 
pared from 3,6-anhydro-1-galactose diethylmercaptal*. 
Heyrovaky’s procedure’ was followed except that the tubo 
was placed in the thermoregulated bath immediately 
after the hydrochloric acid was The colour- 
development curves showed that at A 530 mu maximum 
absorbance occurred in 5 h at 23-5°; in 1 h at 87? and in 
7 min at 80? C. Because of the rapidity of the reaction 
at the higher temperatures, cgreful attention to = details 
of the procedure were necessary. Beer’s law was followed 
with amounts up to 0-25 uM of 3,6-anhydrogalactose. 
The absorbance of the merosptel was 7 per cent greater 
than with the free sugar, presumably because of the mer- 
captan formed in presence of the acid. A similar increase 
in absorbance occurred when ethyl mercaptan was 
present with fructose. 
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The reaction was applied to the determination of 3,6- 
anhydrogalactose in agar*, and compared with the results 
obtained with the resorcinol reagent*. The results are 
shown in Table 1. Apparently the agar was not com- 
pletely hy at the two lower temperatures. At 
tem above 37? O blank values were high and the 
colour was not stable, as 1 also found when the 
reagent was applied to fructose. At 80° C the absorbance 
continued to increase for 2 h after the tubes had been 
removed from the bath. 


Table 1. HFFBOT oF TENFERATUKN OX THE YINLD OF 3,6-AXHYDRO- 
GALACTOSE FROM AGAR 


Reagent Temperature Time % m agar 
Resorcinol 80° 10 mt 44 
Indoly]-3-&oetie and 23 5* wh 34 

37° 2h 38* 
80° 7 min 43° 


Tt was shown that the indolyl-3-aoetio acid reagent can 

be used at 28-5° and 37° O to determine free 8,0-anhydro- 

It shows no advantage, however, over the 

resorcinol teet**, for the quantitative determination of 
3,6-anhydrogalactose in a polysaccharide. 


W. YAPHHA 
' Atlantio Regional Laboratory, 
National Research Council, 
Halifax, Nova Scotia. ` 
1 &mrth, F., and B., Plemi Guns and Muollages (Reinhold 
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A Lignin Carbohydrate Bond as revealed 
by Infra-red Spectroscopy 


and, on cleavage 
The work of others! indicates that the point of attachment 
may be mainly on the hemicellulose portion of the holo- 
cellulose. 2 

~Wo are examining the wood and pulp lignins by the 
method of high-resolution differential infra-red spectro- 
soopy*. This is a quantitative application of the potassium 


bromide pellet technique, where the reference beam 


i through an analytically determined amount of 
olocellulose (obtained by the Tappi method?) of the 
wood or pulp under examination in the sample beam of the 
spectrometer (Unicam SP-100). The quantity of holo- 
cellulose is calculated to cancel out the holocellulose 
spectrum in the sample, and only the spectrum of the 
lignin remains 


The difference spectra are of generally 


good quality, and only two difficulties have been encoun- 
-"bered. The first is that the Tappi holocellulose isolation 
faila to preserve all the acetyl groups, and the band due 
to the acetyl carbonyl is not completely cancelled. The 
second is that the holocellulose absorbs so strongly in the 
1,000 cm-! region that in that region the available light 
energy is reduced to the point that the difference spectrum 
is unreliable. In future work we intend to overcome these 
problems by using holocellulose isolated by milder methods, 
and by running the spectrum in the 1,000 am^ region on 
lower concentrations of sample, with ordinate soale 
e have now examined the differential spectra of 
eleven softwood and two hardwood species of wood, two 
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kraft pulps (18-6 and 17-2 per cent lignin, respectively) 
and three sulphite pulps (11-8, 19-6 and 24-0 per cent 
lignin, respectively). We have also determined the 
spectra of thirty-five isolated lignins, obtained from differ- 
ent sources and by various techniques. These lignins ' 
included spruce milled-wood lignin, spruce and aspen 
dioxane lignins, spruce and poplar kraft alkali lignms, 
spruce and birch periodate lignins, spruce and birch 
lignosulphonio acids, and Klason lignins of thirteen wood 


species. 

All the isolated lignins had an absorption band at 1,710 
om-! (+ 15 om~) of greater or lesser intensity, depending 
on the method of isolation, and this band was absent from 
all the differential spectra of wood and pulp lignins. 

The resulta of earlier infra-red studies of isolated lignins 
do not agree on the assignment of the abeorption band at 
1,710 om~. In an investigation of aspen native lignin, 
Smith‘ has ted evidence that a band near 1,710 
cm~ (actually 1,094 am- in his measurements) is due to & 
carboxyl group of the type found in p-hydroxy benzoic 
acids. The band was not affected when the lignin waa 
treated with sodium borohydride, but disappeared after 
alkali treatment. Marton’ has studied milled-wood 
lignin (Bjorkman) from Norwegian spruce and also con- 
cluded that the band near 5:8y (1,724 om-!) was due to 
carboxyl groupe, since it remained after borohydride 
reduction of the lignin. However, Hergert' examined a 
series of native, milled-wood, and dioxane lignins, and 
found that the band was removed by borohydride, except 
when the lignin had been pretreated with alkali. From 
this evidence, and from an examination of model com- 
pounds, Hergert concluded that the 1,710 om~ abeorption 
was due to & non-conjugated keto group of the type found 
in guaiscyl acetone (I), and he explained ite behaviour on 
tho basis of the enolizable nature of the ketone, its easy 
conversion to an enolate ion, and the air-oxidation of the 
unstable enolate to a carboxylic acid which could no 
longer be reduced by borohydride. According to Hergert’s 
estimate the grouping represented in (I) occurs onoe in 
every twenty-five O,-C, unite of lignin. 


H — CO — CH, 


I 


The literature contains several other isolated pieces of 
work, some supporting the carboxyl interpretation, and 
some the ketone, but the weight of evidence suggests that 
the 1,710 om~ absorption band in lignin arises largely 
from an enolizable aryl-B-keto group with, possibly, a 
small contribution from carboxyl’. 

Support for tho B-keto structure is given by the work of 
Adler, who recently stated from chemical and ultra-violet 
spectroscopic evidence that half the total carbonyl in 
milled-wood lignin from Norwegian spruce is in the bete 
position, and that there is one such carbonyl for every ten 
methoxyl groupe in the lignin". 

The ketone interpretation is also supported by our 
differential spectra of the lignin in kraft pulps. If the 
lignin-carbohydrate bond were an ester bond, and separe- 
tion of lignin from carbohydrate required its hydrolysis, 
then the differential spectra of the unbleached 
should show absorption in the neighbourhood of 1,730 
cm-i. In fact they do not. Hence it is unlikely that the 
new group in the lignin ia a carboxyl group. 

The evidence from whole wood and sulphite pulp is leas 
clear. These differential spectra do show weak absorptions 
at 1,780—40, but they are probably artefacta due to poor 
compensation by the bolooellulose for the acetyl groups 
in the hemioelluloses of the wood and the pulp, as 
explained here. 
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All published spectra of isolated lignms appear to oon- 
tain the 1,710 am-! absorption band (‘appear to’ because 
not all have been printed with adequate clarity for com- 
paren] The band is also present in Freudenberg’s 

ydrogenation polymers, and Freudenberg and oo- 
workers’ have pointed out that the strength of the band 
is influenced by the method of preparation of the polymer. 

These observations are consistent with the conclusion 
that an acetal or hemi-acetal bond existe between the 
carbonyl groups of lignin and the hydroxyl groups of some 
portion of the holocellulose. This was first suggested as a 
hypothesis by Holmberg in 1925", and is supported by 
the resulta of a number of chemical investigations’. The 
work reported here is the first evidenoe obtamed by purely 
physical means in such & way that the wood and pulp 
lignins were observed without having been modifled by 

Hzwav I. Boxma 
Pulp and Teper Research Institute of Canada, 
onte Claire, Quebec. / 
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BIOCHEMISTRY 


Chemical Characterization of Kinins of 
Human Plasma 


By the method of ammonium sulphate fractionation, 
human plasma can be separated into a part A, which is 
insoluble at 83 per cent eaturatian, and a part B, precipi- 
tated between 38 and 45 per cant saturation. When these 
precipitates are dissolved in water, both the solutions 
Ee Y develop the ability to cause contraction of 

isolated rat uterus, apparently due to the liberation of 
plasma kinins. From the second preparation (precipitate 
DB) the well-characterized kinins bradykinin and kallidin 
have already been isolated)". We have now underteken 
detailed investigations of the neutral ‘38 per cent precipi- 
tate’, A, with results which may be summarized as 
follows. 

(1) The ammonium sulphate precipitate (A) contains a 
substance, apparently a proteolytic enzyme, which has 
been isola (by & method to be described), and which 
liberates a kinin from ‘preactive’ human plasma’. This 
i distinguished from both bradykinin and 
kallidin and has been provisionally called kinin Æ. 

(2) When the ammonium sulphate precipitate (A) is 
allowed to activate spontaneously in neutral solution, two 
kinins oan be obtained which are different from either 
kinin Z, bradykinin or kallidin. These have been referred 
to as kinins F and S. 

These substances have been classed as plasma kinins on 
the grounds that they can bring about contractions of the 
isolated rat uterus, cause pain when applied to the 
exposed blister base, are unstable in plasma and are 
digested by creatic enzymes. All five compounds can 
be separated eihar by chromatography or by electro- 
phoresis on paper. For each method the paper has been 
washed with 2 mM ‘Versene’ solution and then with water, 
in order to reduce adsorption of the peptides. Despite this 

ution, however, substances E and F are often ‘lost’ 

uring the separation, though whether by adsorption on 

the support or through destruction by the solvent is not 
yet clear. 
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Table 1 ` 
Bolveni F A Sg Kall, Brad. 
BuOH/AoOH 12 19 23 25 26 
BuOHJ/Pyr. Decomposed (f) 16 18 6 10 


iot Tat uterus. Crystallme synthetic bradykintn were 
Paper electrophoresis is icularly usefal for the sepa- 


ration of bradykinin and kallidin from substance S, 
which migrates the fastest of the three (thus, at a fleld 
strength of 100 V/om in 2 N acetic acid, 8 moved 24 om; 
kallidin, 160m; bradykinin, 7 cm in 30 min). Substances 
E and F can also be resolved by this method; for example, 
in pH 7-4 pyridine/acetic acid buffer, at 100 V/am, E 
moved 2 cm; kallidin, 4 om; and F, 6 om in 10 min, 
but after 30 mm substances E and F could not be detec- 
ted. In all cases migration was cathodic. 

The chromatographio behaviour of all five kinins is 
summarized in Table 1, from which it appears that 
substance S and kallidin can be resolved in butanol/ 
pyridine/water (1 : 1 : 1), but not in butanol/acetio acid/ 
water (4 : 1 : 5). However, the latter solvent ia the better 
for the identification of compounds F and BE, since it 
brings about their inactivation at a slower rate. 

From these resulta it appears that human plasma has a 

tential for the endogenous formation of several kinins. 

oreover, since the isolated enzyme of precipitate A 
produces kinin Z when added to human plasma, it cannot 
be plasma kallikrein, which forms bradykinin under these 
conditions’. Furthermore, substances E and F are formed 
at a rapid rate, whereas substance S reaches its maximum 
concentration only after about 3 h. Thus it is unlikely 
that substanoe S appears in reactions that produce ‘kinin’ 
rapidly ;- but it may be an important product of 
such as those of acid or acetone-treated plasma’, which 


react relatively slowly. i 
DxarmíánH A. J. ARMSTRONG 
G. L. Mus 
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Blood- and Serum-levels of Water-soluble 
Vitamins in Man and Animals 


VITAMIN-LHVBLS in human blood and serum hav 
recently been reported!. for cyanocobalamin. 
(vitamin B,,)", the titre of vitamins of the B-group in 
animal bloods and sera has not been documented. Oom- 
parative values would be an aid in determining the 
influence of these vitamins as animal growth factors, and 
also for evaluating their influence when these fluids are 
included in microbial and tissue culture growth media. 
Here we report the vitamin titre of freahly drawn blood. 
and serum of cattle, sheep, chicken, rabbit and horse, the 
biological fluids of which are commonly used for experim- 
ental work. Eight pooled samples from each species were 
obtained from Cappel Laboratories of West Chester, Penn. 
These fluids were assayed for: (a) thiamine with Ocohro- 
monas malhamensis*; (b) tothenic acid with Lato- 
bacillus plantarum‘; (c) nicotinic acid and amide with 
Tetrahymena pyriformist; (d) B, group (pyridoxine, 
pyridoxal, pyridoxamine) with T. pyriformis’; (e) uncon- 
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Jugated pteridines with Orithidia fasooulata*; 
acid with L. casei’; vitamin B,, titres were 
with L. leichmanns, Buglena gracilis, O. malhamensis and 
Escherichia coli 118-8" for comparison. Table 1 gives the 
averages of the vitamin titres of blood and serum received 
ab different times during the year to ensure adequate 
sampling. The standard diete of these animals contained 
no vitamin supplementation during any of the testing 
periods involved in this work. 

The concentration of folic acid did not vary to any 
great extent in these six species. The same can be 
observed for thiamine, with the exception of the rabbit 
which was the representative rodent. The rabbit carried 
up to ten times as much of this vitamin than other 
species. A similar picture was seen in the case of vitamin 
B,, where the rabbit showed 5-100 times more B,, than 
man and the other species tested. 


(f) folio 


Table 1. OONPALIBON OT THE VITAMIN Trees OF WHOLE BLOOD AKD 
BERUX OF ANIMALS AED MAX 


(mag/ml. 
Man Cattle Bheep Hoe Rabbitt Chien 
Thiamtne 
Blood 30 5a 45 25 182 14 
Berum 2T 21 11 15 131 5 
Folic acid 
Blood. 45 30 18 35 ?9 18 
Serum. 15 15 10 20 24 8 
Ee oed 52 250 60 TO u 50 
Berum $5 210 127 50 57 55 
Pterkiine 
Blood 48 510 470 800 410 76 
Serum. £7 120 57 120 445 300 
Pantothenic acid 
Blood 7,250 1,100 2,200 1,700 2,200 1,700 
Serum 65 250 340 190 £10 110 
Vitamin Bis 
Blood 0-50 0-20 2-6 30 19 1:8 
ferum 0-40 0-23 845 3-6 18 09 


in the two ruminants tested, 


malian species than in man. On the other hand, nicotinic 
acid was 3—5 times higher in human blood than in any of 
the other animals tested. The moet striking result is the 
inversion of the relation of the niootinio acid titre in the 
serum. Here the sera of the five animal species contain. 
3—5 times more nicotinic acid than human serum. The 
nicotinic acid ratio between blood and serum is 100 : 1 in 
man, but 4: 1 to 10: 1 in the animals. Another feature 
is the high content of pantothenio acid in ruminant serum. 
E esaa auc ucl serum ratio appears to 
chicken. The bird contains substantially 
more unconjugated pteridine in the serum than in the 
blood, in contrast to mammals. It contains only half as 
much vitamin B,, in the serum as in the blood, while in 
man and the other the B,, ratio for blood to 
serum is about unity. 
These unexpected discrepancies may be due to a variety 
of factors, especially diet. Simcoe man was the 
carnivore included in this investigation, these multiple 
differences existing between man and animals may 
based on the diet. Moreover, ible differences existing 
between man and other carnivores may be due to the 
large quantity of dairy products and fata in the human 
diet, which probably accounts for the peculiarity of the 
human nicotinic acid picture. Secondly, the variation in 
the vitamin picture may be due to the position of these 
species in evolutionary development. The chicken and” 
perhaps sll birds can be expected to display differences in 
a parameter regulated by diffusion because of the different 
nature of their blood corpuscles. It is rather surprising 
in how many faceta their vitamin picture is congruent 
with that seen in mammals. 
This investigation was supported by grants from the 
United Statea Publio Hoalth Service, the National Vitemin 
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Foundation and the National Association for Mental 
Health. ` 
OS0AB FRANK 
Hanan Bacar 
Seton Hall College of Medicine, 
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Improved Recoveries of Protein from a 
Starch-'Pevikon C-870’ Gel 

A xErHOD for the elution of proteins from starch gel 
has been described! involving the setting of starch gel 
segments into a *Pevikon 0-870’ (PVK) block and then, by 
pd orming electrophoresis, proteins are recovered from 
This technique affords & good recovery of proteins 
contaminated by a negligible amount of soluble starch; 
but it is time-consuming if many gel segmenta have to be 


handled. 

The experiments reparted here constitute an alternative 
procedure: b; starch ( Laboratories) 
is tho mixed with PYK (Stockholms Superfosfat 
Fabriks Aktiebolag) in buffer solution and the suspension 
is heated until, being almost solidified, it becomes 


leas viscous near boiling point. The starch-PVK gel 
ep wuto oc eee ere eae 
erior to that of starch gel. 

Up to 40-70 mg of human serum proteins were electro- 
phoretically separated either with the gel slab (17.0 x 
30-0 x 0-65 cm) in vertical position and with the buffers 
indicated by Smithies* for 15 h using a potential gradient 
of 7 V[om, ne ee (80-5 x 21.0 x 1:0 om) in 
horizontal positi to Poulik’ for 9 h with a 
potential iint of 8 V/om. Electrophoresis was- 
pee ne ak Toorn ee 
system being used only for the gel in horizontal position 

In order to obtam maximum recovery of proteins from 
the gel, resolving power and satisfactory mecbanical 
strength of the gel, several experimente were carried out. 
and the concentration selected was: starch (Lot 150) 
10-5 g; PYK 126 g; buffer solution 100 ml. The 
starch—-PVK (g): buffer solution (g) ratio is 1:30: if it was 
increased (> 1-43) the preparation of gel was very difficult 
and protem mobilities decreased p Dis Prensa On the 
other hand, by lowering the ratio ( « 1:30) the gel tended to 
melt on handling. 

Electrophoretic and autoradiographic patterns of human 
serum as obtained by using either starch or starah-P V K. 
gel are compared in Fig. 1. The starch-PVK gel retains 
the high resolving power typical of the starch gel although 
the localization of some proteins is 

Protein recoveries were tested as follows: human serum 
proteins were labelled‘ with iodine-181 and electrophoreti- 
cally separated. The top half of the gel was stained’ and, 
after autoradiography was carried out. Selected 
segments (2-0 x 1:0 x 0-4—0-5 om) of the bottom half of 
the gel were put into glass tubes, 0-15 M sodium chloride 
solution being added up to a volume of 3 ml. The tubos 
were frozen at — 40° O three times for 8 h each time, and 
afterwards were counted for total radioactivity. Elution of 





Origun Alb. 
1. Steamed staroh-PV K. A) and staroh .B) electrophoretic 
oe L Stamed saroh PY: C by arr gol CP) olecironh of 
uman !*[.serum after being by electiophorems ( ) 


proteins was accomplished by squashing the gel in & metal- 
glass syringe, a filter paper disk preventing tho gel mass 
escaping. After centrifugation (1,500g, 30 min) the clear 
supernatant was brought up to 3 ml. and counted in order 
to determine the percentage of recovered radioactivity. 
This procedure was prelimmarily tested and only’ 2-4 per 
cent of original radioactivity was lost in handling. 

Table 1 reporte percentages of eluted radioactivity and 
of 10dine-131 trichloroacetic acid (TCA, final concentration 
10 per cent) soluble radioactivity estimated on the eluates. 
Reesulte were easily reproducible. : 


Table 1. * of recovered from staroh (105 g per 
osnt) reg Ri er ris oent) gel electro- 
ciet of human serum Patt MnR b ry ia modi- 
on s method Percentages "dA radioactivity 
wore estimated on the eluates 
Albumin Post- Trans- Globulin 
albumis  ferrin A » 
8 51 51 30 27 
my- soluble 
28 4-3 6-0 58 8:2 
Siara FVE M 95 75 76 o7 66 
THI-TOA de 
2-3 3-7 5 41 e7 
Inerease in ro- 
covery 5 24 25 37 39 


* Each value is an average of at least two electrophoretic runs. 


The slightly higher redovery of albumin from the starch— 
PVK gel was also confirmed by photometric measurement 
of the eluates containing bromophenol blue bound to the 
albumin. The relatively high values of I-TOA soluble 
radioactivity are mainly due to the freezing of proteins, as 
the values of the original "![.gera were about 1 per cent. 
The eluted radioactive fractions, after being concentrated 
by pressure dialysis, were again electrophoretically 
separated with some carrier serum and the radioactive 
peaks were located in their original positions by counting 
small pieces of stained gel. 

Samples of starch gel and of starch-PVK gel were cut 
with a freezing microtome, and slices of about 20u were 
examined by microscopy. With the concentration of 
starch—-PVK gel used here, the different-sized and irregular 





Fig. 2. Photographs of: A, starch-gel section; 


section; O, starch (10 5 g)-PY K (129-0 g) gel section 
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PVK granules appeared closely mterposed in the starch 
chain net (Fig. 2). 

It is known that proteins are easily eluted from PVK*" 
and that increase in protein recoveries depends on the PVE. 
concentration (Table 2); consequently, the higher protein 
recoveries from starch-PVK gel are due to the PVK itself 
as well aa to the gel broken down during freezing. 


Table 2. 


Pereentages of recovered radioactivity after retio 
separation of human “™I-serum by staroh gel and starch—P gels 
Btarch PVK 8 per . 
100 mL solution Haptoglobin Transferrin »Globubo 
10-5 — 29 51 27 
10-5 16-7 31 es 38 
10-5 31:5 43 70 45 
10-5 42-0 30 74 47 
10-5 52.5 54 70 50 
10-5 68.8 61 73 62 
105 84-0 ez Tt 61 
105 99-8 66 73 63 
10-5 116-5 07 TI — 
105 126-0 67 76 68 
10-5 1418 o8 TI 67 


The amount of soluble starch, as investigated by 
addition of 10dine to the eluates, was slightly increasod in 
the starch-PVK samples. 

It is concluded that starch-PVK gel can be used for 
separating and recovering proteins when presence of 
soluble starch does not interfere with their estimation. 

This work was supported by a grant of Consiglio 
Nazionale delle Richerche, Roma. 
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Reduction of Glyceric Acid to Glyceraldehyde 
by Lithium Aluminium Hydride 


CARBOHYDRATE acids generally can be converted into 
the correspondmg aldoses by amalgam reduction of a 
lactone. In cases where lactonization does not really 
occur or where lactones are unsteble, few alternative 
procedures are available for bringing about this oon- 
version. 

We now find that a possible route exists for this purpose 
by conversion of a suitably protected (for example, 
isopropylidene) aldonic ester into the N-methyl-N-phenyl- 
amide’, followed by ita reduction with an ethereal solution 
of lithium aluminium hydride*. The reactions are coon- 
ducted at room temperature, predominantly in non- 
aqueous media. 

Using methyl isopropylidene-pL-glycerate, the reduction 
was accomplished im the following way. A i 
reagent was formed from equimolar quantities of methyl 
Magnesium iodide and N-methylanilme and to this the 
isopropylidene ester (0-01 mole) was added under nitrogen 

at 0°. After 30 min at room temperature the 
: mixture was washed successively with dilute 
sulphuric acid and with water at — 10^. 

Evaporation of the solvent from the dried 

separated orgamo layer gave N-phenyl-N- 

methyl isopropylideneglyoeramide (b.p. 87°— 
89°, 0-008 mm, n}? 1.5230; found, N, 5-8 per 
cent; C,,H,,NO, requires N, 5-95 per cent). 

The substituted amide was treated with 

lithium aluminium hydmde (0-05 mole) in 

anhydrous ether for 18 h at room tempera- 
ture. After addition of ethyl acetate, 
the solution was washed with dilute sul- 
phuro acid (15 ml. 5 N). The aqueous 
layer was neutralized by passage through 
. & column of ‘Amberlite IR 120 (H*)’ 
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and then by addition of "BaCO,. Evaporation of the 
solvent gave Di-glyceraldehyde (30-40 per cent yield), 
characterized chromatographically and by p 

tion of the 2,4-dinitrophenylhydrazone (m.p. 157° 
alone or mixed with an authentic sample, the infra- 
spectrum of which was identical). 


P. W. KNT ` 
J. E. Q. BARNETT 


Department of Biochemistry, 
University of Oxford. 
1 Bodroux, F., ican Sets RE d 
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Urinary Amino-acids on Phen nine 
Tyrosine-supplemented 


Ir has been previously demonstrated! ven feeding rata 
diete high in pi-phenylalanine and r-tyroeine caused the 
animals to excrete phenylpyruvic acid in their urme. 
Along with the excretion of phenyl vio acid, psycho- 
logical testa on the animals re a disturbance in the 
temporal discriminate learning patton: These experi- 
mental changes have been compared with those acoom- 
panying phenylketonuria. 

The foregoing resulta have been corroborated’ and have 

also been extended* by feeding excessive quantities of the 
t-isomer of phenylalanine. ` However, the influence of 
these diets on the renal threshold of other amino-acids has 
not been studied. It is possible that this could be impor- 
tant in assessing any toxic effecta of such diete. The 
following experiments were therefore designed to evaluate 
this effect. 
' Eight experimental and four control rata (9 weeks old) 
were placed on commercial rat chow (Rockland). The 
diet of the experimental group was supplemented with 
3-75 per oent ioca RN e and 3-75 per cent 
i-tyrosine. All animals were housed individually in 
metabolic cages, and 24-h urines were collected over a six- 
week period. Gains in weight in all animals were satis- 
factory 

Although it has been reported* that dieta containing 5 
per cent DL-phenylalanine or 5 per cent r-tyroeine have a 
growth-depreesing effect when fed in low protein dieta to 
weanling rate, significant depression of growth was not 
observed in this study at the 8-75 per cent level. Presum- 
ably the alteration in the balance of the free amino-acids 

p perpe was not sufficient to exert deleterious effecte. 

quota of urine were analysed weekly for phenyl- 
pyruvic acid’, and at the end of the sixth week pooled 
aliquota of the control and test urines were prepared* for 
ion-exchange chromatography by removing ammonia in 
vaouo and adjusting the pH to 2-2. At the completion of 
this experiment, it was repeated with a second group of 
animals. 

In agreement with previous findings, phenylpyruvic 
acid (PPA) excretion was markedly elevated on the 
experimental diet. The excretion of PPA was observed 
within 12 h after placing the animals on the diet; however, 
no attempts were made to asseas the behavioural conse- 
quences of such & regimen. 

The individual urmary free amino-acid excretion of the 
control and ‘phenylketonuric’ rats is ahown in Table 1. 
Increases in threonine, serine, glutamine, cystine, cysta- 
thionine, lysine and 1-methyl histidine were noted while 
decreases were observed in aspartic and glutamic acid, 
glycine, alanine. Phenylalanine and tyrosine concen- 
trations were not measured because of the possibility of 
contamination from the diet. The total excretion in 
mg/24 h was 15-09 for controls and 15-66 for the 
ental animals (phenylalanine and tyrosine not i aided 
The resulta of the duplicate experiment were consistent 
with the findings already reported. 7 
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Table i. FREE ÀWINO-AOD BICRETION 


Amħo-acds Control Hrp. 
(mg/zi h)  (mg/f& h) 
. Threonine 0-30 0-66 
Serine 0-21 0-38 
Glutamtne 0-32 0-08 
Alantne 0-96 0-55 
Valine 0-10 0-10 
Half- 0-16 0-66 
$ 0-10 0-30 
0-16 0-51 
Isoleucine 019 0-07 
Leueme 0-09 009 
0-19 — 
Jalantne 0-18 — 
Alantne 2 0 09 006 
0-31 066 
2-. yl histidine 0-10 020 
1-Methyl histidine O14 0-23 
Proltne 0-12 0-18 


No explanation of the differences between the control 
tal groups depends on & better knowledge 
of Ms ‘actors influencing the excretory pattern in the rat. 
Although no particular correlation between the structure 
of the amino-acid and ite excretion pattern was evident 
from the data, it was apparent that the supplemented 
diete did exert an influence on the exoretion of the amino- 
acids. Similar enta’ in which ‘was 
produced in the rat did not result in any explanation of the 
aminoaciduria in this condition. 

Although the excretion patterns in the rat and in man 
are considerably different, attempts were made to corre- 
late, at least qualitatively, the amino-acid pattern with 
that previously reported in humans’. Glycine and alanine 
excretion, which was decreased in the experimental 
animals, waa also decreased in the phenylketonurio subject. 
On the other hand, many of the amino-acids which were 
excreted in exceasive amounts by the animals were 
excreted in small amounts by the human. However, it is 
not possible to determine the significance of this phenom- 
enon until additional subjecta have been evaluated. 

This work was supported in part by grant No. M5075, 
National Institute of Mental Health and the U.S. Public 
Health Service. 

MicHanmnL J. OaRVER 
Rrra PASKA 
Nebraska Psychiatric Institute 
and Department of Biochemistry, 
University of Nebraska College of Medicine. 
Omaha. 
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Formation of Tyrosine-z-ketoglutarate 
Transaminase Actlvity in vltro 


Ix the course of experiments designed to clarify the 
role of hydrocortisone and tyrosine in the stimulation of 


tyrosine-a-ketoglutarate transaminase activity, we ob- 
served small apparent increases of enzymatic activity in 
an 9^ vitro system. This system is essentially that of 
Lingrel and Webster!, with somie modifications. No 
attempt was made in these experimenta to distinguish 
between synthesis of apoenryme and release of active 
enzyme, in contrast to the studies of Pitot and Oho? on 
the release of tryptophan pyrrolase activity. 

The resulta are shown in Table 1; they are expressed 
as the difference m the number of pmoles of p-hydroxy- 


^ 
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phenylpyruvate produced in a 20-min incubation period 
per ml. of 600g supernatant between the beginning and 
the end of & 10-min pre-incubation period. The complete 
system is as follows: 6 ml. of a 600g supernatant from 
a rat liver homogenate prepared according to the method 
of Zameonik and Keller’; 2-3 ml. of 0-1 M iris, pH 7-8; 
1:2 mL of 0-1 M iris, pH. 7-8, containing 0-1 M potassium 
ehloride; 10 moles each of ATP and DPN, 90 umoles 
of a-ketoglutario acid‘, 10 pmoles of crystalline manganese 
chloride, 1 mmole of glycine, all added as solid; 0-1 ml. 
of 0-1 M magnesium chloride; and water to 10 ml. 
Hydrocortisone acetate, 1 mg, and tyrosine, 6-5 mg, were 
also added in solid form. The system was shaken in a 
Eyratory water-bath shaker at 37° O for 10 min; 1-0 ml. 
aliquots were removed for incubation at the beginning and 
at the end of the pre-incubation period. These aliquota 
were added to a system containing 8:0 ml. of 0.2 M 
phosphate buffer, pH 7-2, 0-5 ml. of a 300 pg/ml. solution 
of pyridoxal phosphate, 0-5 ml. of 0-3 M a-ketoglutarate, 
and 1:0 ml. of 0-06 M. sodium diethyldithiocarbamate. 
This system was incubated at 87° O in the water-bath 
shaker; the reaction was started by the addition of 5-0 ml. 
of 0-012 M. tyrosine made up in 0-2 M phosphate buffer, 
pH 7-2, and stopped at the end of 20 mm by the addition 
of 0-5 ml. of 100 per cent trichloroacetic acid. The TOA 
precipitates were centrifuged and 2:0 ml. of the clear 
supernatanta were taken for assay of p-hydroxyphenyl- 
pyruvic acid by the Briggs method’, as modified by 
Oanellakis and Cohen‘, except that 2:0 ml. of water and 
4-0 ml. of the ‘mixed reagent’ were added to the 3-0 ml. 
of TOA supernatant. 

All the experimenta recorded hare were performed with 
preparations derived from the livers of adrenalectomized 
male Wistar rate (Charles-River Breeding Laboratories, 
Brookline, Mass.). As can be seen from Table 1, the 
addition of hydrocortisone and tyrosine had no effect on 
the apparent morease. In this connexion, it should be 
noted here that Goldstein et al. have been able to stimulate 
both tyrosine-c-ketoglutarate transaminase activity and 
tryptophan pyrrolase activity in isolated perfused rat 
liver by means of hydrocortisone; this stimulation was 
prevented by puromycin’. There also appears to be a 
partial requirement for DPN im our $n viro system. In 
none of the experiments was there a significant decrease 
m the 10-min value as compared with the zero-time value. 
The increases were proportional to the amount of 600g 
supernatant in the pre-incubation system, and there was 
no increase when the supernatant was incubated with 
tyrosine and a-ketoglutarate alone, thus ruling out the 
possibility that the increases reflected simply endogenous 
formation of p-hydroxyphenylpyruvio acid. It also 
appears that the rate of increase observed here is roughly 

samo as that observed for the + vivo stimulation, at 
least ın the early stages. 


Table 1. APPARENT IKOREARE OF TYRORDIWE-c-KNTOGLUTARATB TRANS- 
AMINASE ACTIYTTY it Piro 


Bystem Xo. of Ammotes p- henyl- 
ta pyruvate/10 min Ine. 
b 12 0-326 + 0 * 
Complete - DPN 3 erii ^ 0-108 
= $ 
Control t 4 0046 + 0101 
* Average error (see text for” 


maxtmum explanation). 
7 6 m). supernatant + SHmL tris buffer + 1:5 ml. water. 


One of the major problems encountered in conducting 
these experiments was the difficulty in obtaining com- 
pletely reproducible resulta; about one experiment in 
every four or five failed to show the result. 

88 & result of this, DPN was the only component 
of system the necessity for which was explicitly 
tested; however, there appears to be a dependence on 
ATP also". GTP (10 pmoles) and pyridoxal phosphate 
(120 pg) in some of the later experiments were added, 
although some experiments were succeasful without these 
additions. ` 
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The error indicated in Table 1 is not the standard error 
of the mean; rather, it is an estimate of the magnitude 
of the total error arising from the individual pipetting 
steps of incubation and assay. The magnitude of this 
error is about 2 per cent of the total activity for each 
time value. Since the xero-time activity was not & zero 
value, the overall error is about 4 per cent of the total 
activity. The increases are in the neighbourhood of 10 per 
cent of the total activity; thus the error is & rather large 
fraction of the increases. This error is about 1:5 times 
the standard error of the mean; strictly speaking, there- - 
fore, this representa an upper limit to the magnitude of 
the error. 

These experiments do not rule out the possibility that 
the observed increases are due to an activator, analogous 
to the iron-porphyrin compounds in the case of trypto- 
phan pyrrolase’°. However, to our knowledge, there 
has been no evidence presented which indicates the 
existenoe of an activator. The available evidence, albeit 
of an indirect nature, pointe rather to protein synthesis 
more or lesa direotly?:11:11, s 

The small size of the increases and the diffloulties with 
reproducibility suggest the existence of some unknown 
limiting factor or factors. RNA and a mixture of pentose 
nucleotides have been shown to have an effect in vivo 
which appears to be more specific than simply a stress 
mechanism™1*; perhaps it is possible that something 
like ‘mı r RNA’ breaks down rapidly in this system. 
Further work will be undertaken to clarify these various 
pointe. 

This investigation was supported by reeearoh granb 
44-4187 from the National Institute of Arthritis and 
Metabolic Diseases, U.S. Publio Health Service. 

Tomas I. DIAMONDSTONM 
GĦEALD LrTWAOK 
Biochemical Laboratory, 
Division of Cardiology, 
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Microsomal L-Gulonolactone Dehydrogenase 


Ir has been demonstrated previously by several 
workers! that rat liver microsomes readily convert 
L-gulonolactone into I-&soorbio acid in the presence of 
oxygen. Recently, it has been found that the microsomes 
from the livers of goat and the rat can also convert 
r-gulonolaotone into L-ascorbio acid under anaerobic 
conditions in the presence of a suitable electron acceptor. 
Various dyes were tested for their ability to act as electron 
acceptor with this enzyme; these included methylene 
blue, phenazine methosulphate, neotetrazolium chloride, 
2,6-dichlorophenol indophenol and cytochrome c. Of 
these only phenazine roethoeulphate gnd 2,6-dichloro- 


.phenol indophenol were reduced by the enzyme in the 


ce of a substrate; the ability of 2,6-dichlorophenol 
indophenol as electron acceptor was about one-fifth 
compared with that of phenazine methosulphate (Table 1). 
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1 
The tesi a M olin buffer, pH 7-4, 10 mM. 
on erp ey 
wei liver) d ne mg in the 
Thunberg tube) in a total vohrme of £5 incubated 
for a Ascorbic acid was estimated 
by Roe and Kusther’s method 


When I-gulonolactone (6 es mod 40 Haba: du: conia 
of cyanide was 1 mM. 


n-Glucuronolactone has also been found to be converted 
into L-ascorbic acid (as estimated by Roe and Kuether’s* 
method after the removal of cyanide by acidifloation with 
hydrochloric acid and evaporating aff the hydrocyanic 
acid) by goat liver microsomes under anaerobic conditions 
in the presence of phenazine methosulphate and 0.05 M 
potassium cyanide. 

In a recent communication Bublita’ reported that 2,6- 
dichlorophenol indophenol dye was reduced by rat liver 
microsomes in the presence of phenaxme methoeulphate 
and r-gulonolactone under aerobic conditions and he 
termed this enzyme as r-gulonolactone deh 

ing to him this r-gulonolactone deh 

oould only be solubilized with rattlesnake venom but not 
by bile salts and any other agent. Contrary to the obser- 
vations of Bublitz', it has been found in this laboratory 
that 1-gulonolactone dehy: from rat or goat 
liver microsomes could be effectively solubilized with 
sodium te according to the method of 
Chatterjee et al.4 and the enzyme could be further conoen- 

trated by the addition of ammonium sulphate to & concen- 

tration of 80 per cent saturation. 

The maximum formation of L-ascorbic acid takes place 
after an incubation period of 15 mim and the optimum 
concentration of phenazine methosulphate has been found 
to be 0-5 mg; aa’-dipyridyl, ethylenediamine tetraacetic 
acid and 8-OH quinoline (10 M each) have no effect on 
the enrymatio activity. r-Gulonolactone deh 
component has been found to be more stable than the 
oxidase. It has been found to retain ite full activity even 
at pH 5-4. The oxidase activity is almost completely lost 
by keeping the soluble enzyme preparation at 45° in a 
water bath for 5 min, but this he this heat-treated enzyme prepar 
ation has been found to poesees both 1-ddlonolaótana 
dehydrogenase and p-glucurono reductase activities. 

r-Gulonolactone dehydrogenase has been obtained free - 
of any L-gulono oxidase activity by electrophoretic separ- 
ation of the soluble enzyme at 0° on paper (Whatman 
3 MM) in 0-1 M sodium phosphate buffer, pH 7-4, at & 

tential gradient of 6 V/am for 3 h, the length of the run- 

ing 5-5 cm. The protein band (5-0—5-5 om from the line 
of application) was eluted with 0-05 M sodium phosphate 
buffer, pH 7-4, containing 0-1 per cent sodium deoxycholate 
in & period of 30 min at 5°. Tho there is not much 
increase in the specific activity the foregoing tion 
has been found to convert both D- glucurono ne and 
r-gulonolactone into L-ascorbio acid in the presence of , 
phenaxine methosulphate but not in the presence of air. 
A dehydrogenase preparation free of ur oxidase activity 
has also been obtained by negative DHT 
Boluble enzyme on diethyl amino ethyl loiha (D 
cellulose) column with 0-01 M didi mie 
tcr PM 7-4. This has already been reported by 
Bublitz”. reparation thus obtained can 
convert both p Heenan ick and I> olactone into 
L-ascorbic acid in the presence of phenaxme methosulphate 
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but not in air, D-glucuronolactone requiring in addition 
cyanide in the system. This enzymic activity has been 
found to be inhibited by p-chloromercuribenzoate, the 
inhibition being reversed by GSH, showing the require- 
ment of essential sulphydryl groupe for ita activity. 

This work was financed by the Indian Council of 
Medical Research. 

i N. O. Kar 

N. O. Guoan 
[The late] B. O. Guna 
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Fungitoxicity of 2,4-Dichloro-3,5- 
dinitrobenzoates 


stituents activated by the presence of electronegative 
groups, particularly nitro groups, in ortho and para 
positions are fungitoxic. For example, 2,4-dinitrofluoro- 
benzene and ite 5-halogenated derivatives protect cotton 
fabric from attack by. Myrotheowum verrucaria!, 1,5- 
dichloro-2,4-dinitrobenzene is a soil fungicido* and 
l-chloro-2,4-dinibronaphthalene oontrola a number of 
plant pathogenic fungi*. The influence of the introduction 
of & carboxy or carboalkoxy substituent into compounds 
of this has not received much attention although the 

activity of certain chlorodinitrobenzoates is 
reported in recent patent literature‘. 


l Table 1. 2,4-DIOHLORO-3,5-DINTTROBSENZOATES 








We have examined simple aliphatic esters of 2,4-di- 
ohloro-3,5-dinitrobenzoio acid’ (Table 1) es protectant 
nad El a in the greenhouse for the oontrol of Alter- 

on tomatoes, Erysiphe graminis on oats and 
Peronospora tabacina on tobacco. A standard greenhouse 
test? was used’ for assessing control of A. solani and 
basically similar techniques were adopted with E. graminis 
and P. tabacina. The benxoates (prepared by Fischer 
esterification of the parent acid) were fungitoxic (Table 2). 
The methyl ester in particular gave good control of the 
three pathogens and in & more detailed examination 
against A. solani it had an ED, value of 0-01. Tetra- 
methylthiuram disulphide in the same experiment had an 


Table 2. FUNarroxiorry oF 2,4-DIOELORO-8,5-DINITROPENIOATES 
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ED, of 0-08. The free acid was much lees active, pre- 
sumably because the presence of the polar carboxy group 
reduoed the ability of the molecule to penetrate the fungal 
cells. 

We detected no phytotoxicity with these compounds at 
500 p.p.m., the highest concentration tested, nor did we 
observe symptoms of plant growth effecta known to be 
associated with oertain halogenated nitrobenzoic acids 
and their esters’*. 

The reactivity of the halogen. groups is almost certainly 
responsible for the fungitoxicity of the 2,4-dichloro-8,5- 
dinitrobenzoates. In this respect their mode of action 
probably resembles the pathways of fungitoxicity sug- 
gested for chloranil, dichlone*-'! and 2,4-dinitrofluoroben- 
zene, where labile halogen atoms are considered to react 
with essential amino or mercapto groups in the micro- 
organisms. This view 1s supported by the knowledge that 
the elhimmation of the chlorine atom of 2,4-dinitrochloro- 
benzene by amines" or mercaptans™ ocours in mild con- 
ditions. Likewise, both the chlorine atoms of methyl 
2,4-diahloro-8,5-dinitrobenzoete were readily replaced, for 
example, by methylamino and phenylthio groups to give 
methyl 2,4-di(methylamino)-3,5-dinitrobenzoate (m.p. 
208°. Found: N, 19-7. O4H4,N,O, requires N, 19-7 per 
cent) and’ methyl 2,4-di(phenylthio)-8,5-dinitrobenzoate 
(m.p. 104°. Found: O, 544; H, 3:2. O,4H,N,0,8, 
requires O, 54:3; H, 3-2 per cent) rospootively. Neither 
reaction product was fungitoxio at 500 d rn 
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Antlhistaminié Action of EEEREN 


Ir was previously shown that heparin and mucin bind 
histamine! *, For this reason we worked with an enzyme 


acting on mucopolysaccharides, and looked for somo 
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modifications of histamine action. Lysozyme inhibits the 
action of histamine on the isolated guinea pig’s ileum. 
The threshold is about 10-* (w/v). No inhibitor action 
was observed towards acetylcholine, serotonm and barium. 

When injected intravenously into & guinea pig the 
lysozyme counteracts the bronchospasm produced by 
intravenously injected histamine. The method used is 
very much lke that of Konxett and Rosler’. The 
threshold is about 10 pg per animal. No inhibitory action 
was observed towards the bronchospasm elicited by 
acetylcholine and serotonin (Fig. 1). 

Lysozyme prevented the shock produced i in guinea pigs 
by the intravenous injection of histamine. In our experi- 
ments, 5 mg of lysozyme were injected intravenously and 
then histamine was given by the same route 10 min 
later. In such conditions, the LD,, becomes 300 times 
greater. 

These investigations‘ suggest that lysozyme is & natural 
antihistaminic. 

JuaAN-Louis PARROT 

Guonams NicoT 
Laboratoire de Physiologie pathologique, 

Hôpital Boucicaut, 
Paris. 
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Lubrication in Synovial Joints 


A ogrTIGAL review of the work of Barnett, Davies, 
Charnley and MaoConaill'-! indicates that there existe a 
tendency to explain the lubricating conditions in synovial 
joints by either the lubricating properties of synovial 
fluid, or by the lubricating properties of the articular 
surfaces. The proponents of these hypotheses applied 
the théories of hydrodynamic lubrication or boundary 
lubrication, respectively. Neither of these theories can . 
explain, however, the lubrication in joints; both are 
much too crude for this purpose. The nearest approach 
‘to reality could be given, perhaps, by the recent elasto- 
hydrodynamic thoories".’, but even in these, when applied 
to synovial jointe, a discrepancy existe between the faotual 
evidenoe and the theoretical results. In fact, a discrepancy 
between the experimental and the calculated values of 
rates of ahear, or between the calculated and the experi- 
mental values of viscosity of synovial fluid, is of an order 
of 100,000. That the synovial fluid is mdeed required for 
proper lubrication and functioning of jointa may be 
judged from the effect of a fall in temperature on the 
increased resistance of jointe to movement, and also on & 
decrease in the exertible external force’. Both phenomena 
would be due to an increase in the viscosity of synovial 
fluid and, to some degree, also due to the changes in the 
elasticity of the cartilage. A decrease of the viscosity of 
synovial fluid and a change of the rheological characteris- 
tice of this fluid from the thixotropic type into & New- 
tonian was observed in cases of 
rheumatoid arthritis*-!!; in such cases the 
joint temperature was higher than antici- 
pated from relative clinical activity®. 

À. normal ovial fluid exhibits non- 
Newtonian, thixotropio, properties. Ite 
viscosity is low at high rates of shear, and 
it is (reversibly) at low rates of 
shear. the product of viscosity and of 
the rate of movement is nearly constant, 
synovial fluid is capable of carrying 4 
constant load; the load- properties 
of synovial fluid are independent of the 
rate of movement. The synovial fluid 
shows also same degree of elasticity". On 


" 
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di et shearing the congistenoy of fluid may increase!?:14, l 
e 


elastio properties of synovial fluid have two important 
consequences. First, the fluid cannot be squeezed out 
from the space between the articular surfaces: secondly, 
a sudden impact causes a development of transient and 
instantaneous dilatant properties which help to cushion 
the shock of impact on the articular surfaces. A aimul- 
taneous elastio deformation of the brin. decreases the 
preasure by increasing the contact area and by permitting, 
most likely, an existence of a fluid film of nearly constant 
thickness. The latter is promoted also by the synovial 
fat pads, which, as suggested by Barnett ef al.*1, reduce 
the thickness of film while not taking part in the actual 
load-bearing mechanism . 

Due to the elastic deformation (in the plane normal to 

the plane of the articular surfaces) of cartilage, the length 
of the contact area between surfaces is much increased. 
This permits the fllm thickness to be independent of load. 
Perhaps the term ‘contact’ is not exactly a correct one, 
as a of synovial fluid will be interposed between these 
surfaces. The degree of deformation in the will 
depend on the elasticity and the thickness of the cartilage, 
and on the load. F 

The elastio deformation of may exist also in 
the plane parallel to the plane of articular surfaces. The 
lateral-transverse movements of these surfaces decrease 
pee eee eee t existing in the film of synovial 

uid. 

. The velocity. gradient is decreased also due to the fact 
that only den iran) movements may exist in synovial 
joints. The thixotropic 

correspond to some equivalent équilibrium level of rate of 
shear, this level being much lower than the nominal rate 
of shear!*, 

It can be stated that so long as the synovial fluid is 
normal (that is, it is thixotropio and elastic) and so long 
as the articular cartilage remains elastic, the articulate 
surfaces are never in an immediate contact and, conse- 
quently, the boundary lubrication does not take place. 
The elasto-hydrodynamic lubrication involving lateral- 
transverse movements of the cartilage is paramount. 

If, however, the pathological changes in synovial fluid 
will deprive it of its content of hyaluronio acid and/or of 
the uronio acid-protein complex, the resulting decrease 
in viscosity and a ohare 
fluid will impair lubrication. A subsequent damage to 

. the articular surfaces, due to high friction, will consist of 
-lesions, fibrositis and adhesions. In the absence of a 
thixotropio and elastic (and wetting) fluid, only a bound- 
ary type. of lubrication may exist. 


some pathological c occur, in the first place, in 
the aadar FRE. Wh dé synovial fluid is still 
normal, a decrease in the degree of smoothness, elasticity 
and resiliency of the articular surfaces will affect the 
synovial fluid. A decrease in the normal (vertical) and 
lateral deformations of cartilage will lead to large increases 
in local pressures and to an increase in the velocity gradient 
across the gap between the opposing surfaces. Synovial 
fluid will be forced to perform under much higher rates of 
shear than under usual conditions. . Both phenomena, 
that is, the decrease in contact area and the increase in the 
rate*of shear, will lead to a degradation of hyaluronic 
acid—protein complex, in a manner analogous to mechanical 
degradation of polymers!':!*. A degradation of synovial, 
fluid (that is, a decrease in its molecular weight) will impair 
its lubricating p ies, will prevent its action as a 
ahook-absorber, finally, it will permit even this fluid 
to be squeezed out from the space between th gurfaoos. 
A decrease in the lubricating action of synovial fluid will 
lead to tear and wear of 1, and to an inorease of 
the intra-articular temperature’, which, in their turn, will 
cause a further deterioration of joint structure. 
The recent controversy between Charnley, on one hand, 
and Barnett, Davies and MaoConaill on the other, 


indicates the complexity of problems related to joint. 


5 \ 
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lubrication. The controversy, as indeed pointed out by the 
latter, is more of an argument about words than about 
things. However, somó aspects could be appraised. 

Charnley isright in saying that hydrodynamic lubrication 
18 not suited to a reaiprocal motion and that it is not 
achieved under large loads and small movementa; but the 
lubrication theory mentioned is based on the classical 
hydrodynamic theory and not on the modern modifications 
of the same. Charnley states that as the coefficient of 
friction is constant for all speeds of movement, the lubri- 
cation must be of the boundary type. This does not 
necessarily follow; because, as the product of the rate of 
movement and of the viscosity of synovial fluid is noarly 
constant, friction will derent only on the load, even if the 
olasaical hydrodyngmio ry of lubrication were applied. 
Barnett ei al. state, an the other hand, that one should 
not deduce from the fact that the boundary lubrication 
implies affinity between the lubricant and the surfaces that 
this affinity implies boundary lubrication. Barnett, 
Davies and MacConaill are correct in stressing that the 
essential characteristic of joint lubrication is the existence 
of a fluid film. They neglect, however, the importance of 
the resiliency of articular cartilage, which point is well 
appreciated by Charnley. Neither Charnley nor Barnett 
ei al. noted the existence or the significance of the lateral 
elastic deformations of articular surfaces. 

It should be evident that both the synovial fluid and the 
articular cartilage play an important in the joint 
lubrication. An application of the obsolete forms of 
hydrodynamio and boundary theories to the foregoing 
problem may be thus rather futile. 

7 , L. DINTENFABS 


Department of Medicine, 
University of Sydney. 
1 Barnett, O. EL, J. Bons end Joint Surg., 38, B, 567 (1055). 
law iy Davies, D. V., and MaoConalll, M. A., Brit. Med. J., 
"ON J., Proc. Symp. Biomechanics, 12 (Inst. Moch. Hng., London, 


4 Obaznley, J., Triangle, 4, 175 (1000). 
*MaoOonalll, M. à., J. Bone end Joint Surg., 98, B, 244 (1950). 
* Biok, HL, Proc. Tain, Oe. Gearing, 144 (Ius. Mooh. Hng., London, 


Orook, A. W., Natwre, 190, 1182 (1961). 

Horwath, 8. M., and Hollander, J. L., J. Oha. Invest., 88, 469 (1949). 
B., Dintenfass, L. (to be published). 

€ Moyer, K., J. Ohm. Invest., 98, 56 (1049). 

., Synovial Fluid Changes in Joint. Dissass 


BE 


i: 
P ; 
Es 


i 


Makromel. 
1 Weison, W. F., Kewsabwok s. Gemmi, 13, WT, 160 (1900). 


Effect of Tetanus on the Parental Behaviour 
in the Rat 

Previous experiments on the placental barrier to 
tetanus toxin in the reb revealed that mothers suffering 
from tetanus were able to deliver a healthy litter’. While 
some of these mothers cared for their new-born, others 
neglected them. The present investigation waa therefore 
undertaken to determine to what extent tetanus might 
affect parental behaviour, and the effect of this behaviour 
on the offspring. d - 

The cestrous cycle and the date of copulation were 
determined for 40 albino rata of the Wistar stram. At 
various intervals of time, 3—5 minimum lethal doses of 
tetanus toxin (supplied by courtesy of Lederle Labora- 
tories, Peace River, New York) (0-1 ml./100 g of body- 
weight) were injected mto the ius muscle or 
the femoral vem of each pregnant female. 
,animals were kept in breeding cages under standard 
conditions adapted for our animal quarters. The criteria 
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Table L Tos MITEOT oF TETANUS ON PAREXTAL BEHAYIOUR IN THE RAT 


3-6minhiminm jeu doses uf fotu torin were 


intravenously or intramuseulariy into each 


els Criteria of the parental behaviour were: 


, Cleaning the new-born, reérisval, and nursing of 


Group No. No. of antmals iiM Maternal symptoms Parental gave MEN cous No. of surviving young 
during delivery behaviour mother relative to the total 
1 14 70-144 h prior to parturition Generalized tetanus Poor to absent Av. 140-3 h igo iss 2/129 
2 10 52-72 h prior to parturition Advanced tetanus Limited ~AY. 145-5 h (180-158 h, saos 
3 6 24-458 h pror to parturition Beginning tetanus Good Av. 120 h (06-145 h) 49. 
4 8 0—144 h after parturttion None Good Av. 72-6 h (65—87 h) 70188 


of parental behaviour were determined by: nest-building, 
licking of vulva, cleaning of the new-born, eating of the 
afterbirth, retrieving, nursing and suckling’. 

In Table 1 groups of animals are tabulated according 
to the time of toxin injection and the resulta obtained. 
The greatest percentage of death among the new-born 
(88 per cent) occurred in Group 1. These animals ex- 
hibited symptoms of tetanus hypersensitivity and excit- 
ability during preparturitional nesting periods. ooo 
progressed to generalized spasticity of the body, the 

became too seriously handica to lick the 
el ae ca eee Pe 
tion was uneventful, with the exception of four cases eligi 
prolonged periods of labour and two deaths which oocurred 
during delivery as a result of tetanus. At birth, moat of the 
offspring were alive and appeared healthy. However, due 
to maternal neglect, the majority died while still wrapped 
in the fostal membranes attached to the placenta. In 
some instances the mother cleaned the young but did 
not eat the placenta. These conditions prevented effective 
nursing of the young. In group 2, milder symptoms of 
tetanus were present st the time of ition. The 
majority of these mothers were able to:liok the vulva, 
clean the young, and eat the afterbirth. Symptoms of 
tetanus, however, developed soon after 
delivery and interfered with the retrieving, nesting, and 
nursing activities. The young were found scattered in 
the cage, cold and starving. Only 47 per oent of the new- 
born survived the mother. 

In groups 8 and 4 the percentage of new-born survivals 
increased to 89 and 84 per cent respectively. Initial 

- symptoms of tetanus were present at the time of delivery 
in group 8 only, but in both these groups the symptoms 
of tetanus progressed to death. Here also, general 
tetanus prevented adequate maternal care. 

New-born rats, taken from each group and transferred 
to a foster mother, survived. Although histological exam- 
ination of the mammary glands indicated glandular 
activity in all four groups of the tetanus-mjected animals, 
this does not imply that milk ejection was not affected 
in some cases. Milk ejection is known to be inhibited 
by emotional stress, pain, disturbances of the autonomic 
nervous system, and electrical stimulation or lesions of 
the hypothalamus’. The stress of tetanus experienced 
by the mother during parturition might have inhibited 
mulk ejection in our . As a note of interest, 
pregnant rate injected with tetanus toxin prior to par- 
turition had & prolonged survival period as compared 
with postpartum injected rats. 

Lehrman’, in his detailed discusion of parental 
Eyer in birds and infra-human mammals, lists many 
external and internal conditions which influence the 
parent—young relationship. Mechanical prevention of the 
lieking phenomenon, trauma to the nervous system, 
hormonal changes, and various external stimuli could 
perhaps reproduce most of the behavioural deviations 
observed in our experiment. Tetanus toxin acts on the 
central nervous system by suppressing synaptic inhibition‘. 
It also effects higher nervous activity and disturbs the 
conditioned behaviour of the rat’. The convulsive state, 
locomotor and autonomio disturbances present in tetanus 

: may contribute to the effect of tetanus an maternal 

behaviour and lactation m the rat. : 
Although the present investigation of parental be- 
haviour in tetanus was of general nature, it adequately 


demonstrates that a neurotropic bacterial toxm can: 


influence considerably the_parental behaviour of the rat 
and thus effect the survival of the a ae 
per 168, 
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Sensory Deprivation and Augmentation 
in the Examination of Enzyme Adaptation 


THE formation of new enzymes in bacteria was first 
described by Wortman? in 1882. Since then the subject 
bas been extensively examined, and is now well recog- 
nized. For example, certain strains of Wach. coli do not 
possess the enzyme B-glucuronidase in detectable amounts. 

Tf these strains are grown in a medium containing glucuron- 

ides or related compounds they quickly synthesize the 
enzyme. This induction of enzymes haa been shown to 
involve other enzymes as well as B-glucuronidase and, 
furthermore, is due to actual new enzyme formation and 
not merely to increased enzyme activity nor to the 
emergence of & mutant strain (although this latter 
mechanism can also operate). The whole subject has been 
reviewed by Pollock’. The opposite phenomenon of 
enzyme repression, in which non-optimal amounts of a 
substrate in the bacterial environment result in & decrease 
or disappearance of the enzyme, is also well known. This 


“has been shown to be due to actual inhibition of enzyme 


synthesis®. 

Similar enzyme iidastion in mammals, in which it is 
usually known a8 adaptation, has also been 
extensively studied and there can be no doubt that it isa 
valid concept. However, the vast majority of experi- 
ments in mammalian enzyme adaptation have d 
upon alterations in dietary intake of substances (including 
parenteral administration), hormone administration or 
endocrine gland ablation. The subsequent enzyme 
assays were generally made on whole organs such aa liver, 
kidney, muscle, eto.*. The changes found are thus often 
difficult to evaluate in relation to the known fanctions of a 
particular cell which in theee organs are multifarious. 
Difficulties in producing a constantly high intracellular 
level of a substrate may well militate against an attempt 
to test the phenomenon experimentally as has been im- 
plied by Burnet and Fenner’. Some other means of pro- 
ducing this than the foregomg methods must be found, 
and it is suggested that enforoed changes in the rate of 
the normal activity of individual cells would be a more 
specific method. One drawback to such a procedure is 
that more than one enzyme system would be directly 
involved. Nevertheleas, the experiment would probably 
be worth while. For example, the injection of large 
amounta of pilocarpme in mice has been shown to cause & 
decrease in activity of alkaline phoephatase* and succinate 
deh: ' in the plantar sweat glands, also physical 
rotation of rabbits on special turntables causes an initial 


! 
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fall in succinate dehydrogenase and cytochrome oxidase 
activities in the neurones of Deiters’s nucleus". Repeated 
daily stimulation for 7 days, on the other hand, results in 
an increase in activity in these two enzymes. 

The inference to be drawn from these experiments is 
that excessive activity of a cell or tissue will result in an 
initial loas of enzyme either by protein catabolism as has 
been suggested’ or by loss into tissue fluids or secretions’, 
for example, urine and sweat. The enzyme is afterwards 
resynthesized and increasing amounts appear as the hyper- 
activity continues. It may then be supposed that the 
increased enzyme activity is robably the result of 
increased amounts of in ular substrate made 


Bu 


themselves. The most practical form this could take would 
be neuronal deafferentiation, for example, visual or 
auditory deprivation. Subsequent examination of the 
geniculate bodies and visual cortex might disclose enryme 
changes of disuse atrophy. : 

If, in fact, such changes were found signifloant li 
be thrown on the pathogenesis of transneuronal - 
ation. This is a phenomenon first described in the lateral 
geniculate body in 1913 by Minkowski", and despite 
several claims to the contrary" bad not been conclusively 
‘ghown to occur elsewhere in the nervous system until 
recently when it was found in the tri inal ganglion!!! 
and in the auditory pathways". In this condition section 
of the optic (trigeminal, auditory) nerve leads not only to 
degeneration of the primary neurones but also to the second 
and even third order neurones far removed from the site 
of operation (eye enucleation, aloohol injection of ganglion, 
ablation of the cochlea). The tion or atrophy in 
these higher order neurones is thus trans-synaptic and, 
although several explanations have been advanced, for 
example, reparative gliosis, none is wholly satisfactory. 
On the other hand, di atrophy with enzyme loss as 
envisaged here would provide a wholly adequate explan- 
ation subject to the proviso that for practical purposes 
these neurones form synapses with the corresponding 
lower order neurones and with no other part of the nervous 

In such & case deafferentiation leads to the non- 
receipt of stimuli by otherwise intact higher order neurones 
and reeults in disuse atrophy. The lateral geniculate body 
in man is stated to receive synapses only from the optio 
tract!s. Olaims to find transneuronal ion in 
puer paren. e E a CR ie 

or succesaful. Owing to the richness of intercon- 
nexions between nerve roots, nerve and sensory and 
motor neurones in the spinal cord together with the multi- 
focal origin of synapses on any one nerve cell, it would 
appear almost impossible to deafferentiate any single 
neurone completely in this situation. : 

In monkeys transneuronal d tion has been 
shown to occur as early as the 7th day following optic 
nerve section'*. In these animals all the cells of the lateral 
geniculate body project to the cerebral cortex and there 
are no association neurones, whereas in the cat, in which 
it takes some 68 days for traneneuronal degeneration to 
appear, the lateral iculate body contains many small 
non-degenerating whose axons terminate on nearby 
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neurones. Thess neurones possess an average of 40 
synaptic end-bulbs in contact with their surfacee!', and 
these may originate from association neurones’. Thus 
differences in the rates of onset of tranmeuronal degenera- 
tion between species are probably not due to species- 
specific metabolic differences but to differences in anatomi- 
cal richness of connexion. 

The hypothesis ted here can be summarized 
briefly. It is that the amount of activity of a given 
enzyme in a cell (or organ) is t, snier alia, on 
the overall activity of that cell It is, in a teleological 
sense, & bi ical manifestation of the economic principle 
of < ly and demand’. This hypothesis of supply and. 
demand can be extended back so that not merely 
enzymes are affected but also RNA, and possibly measen- 
ger RNA and ultimately DNA. This is to some extent 
supported by the work of Cook e£ al.!*, who ahowed that in 
degeneration there 
was & ive loas of Nissl*substance which contains 
RNA. They also found a decrease in the nuclear and 
nucleolar sizes. Furthermore, it has been shown that the 
rate of turnover of Nisal substance is accelerated by 
activity of the neurone:!*, 

imental procedures designed to test the hypothesis 
can be made using either sensory deprivation or sugmen- 
tation, but these techniques will, of course, only show 
whether the principle is tenable in the nervous system. It 
should be possible to devise other techniques enforcing 
under- or over-activity in other systems such as the loco- 
motor organs or digestive tract. 

, T. G. Scorr 
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. Protein Digestibility and Ingestion 
BaNpzBR: has directed attention to the importance of 
usage of terme adopted in 
icular to the dis- 
tinotion between 'apperent' ' as adjectives 
peer absorption and retention. Thus the ‘apparent 

i bility’ (AD) of a protein is the ratio of the difference 
of the ingested and fæcal nitrogen to the ingested nitrogen, 
expressed as & tage, while the ‘true digestibility’ 
Ni sree biu rie psu, enema 
dietary origin (the so-called io nitrogen, F,), which 
is subtracted from the total foal nitrogen; true digesti- 
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bility is therefore always greater than apparent digesti- 
bility. 

It is reasonable to assume that the true digestibility of a 
partioular protein, or foodstuff, is a constant figure, some- 
thing peouliar to the protein iteelf, and independent of the 
level at which it is fed, or the quantity consumed. It may 
also be assumed, and commonly is, that F, is constant 
&nd independent of dietary nitrogen intake (I). If theee 
assumptions are made it is easy to show that the relation of 
apparent digestibility to dietary nitrogen intake is hyper- 
bolic: 

AD = TD — F, (100/I) (1) 


There have been several reports in the literature of 
apparent digestibility varying with intake of nitrogen, or 
with percentage of nitrogen in the diet, which usually 
to much the same thing, i i 

constant? ; 


The results of Holemans and Lambrechte* and Phillips 
and Ladell’, both obtained from human subjecta, allow 
calculations to be made which permit curves of the 
described by equation (1) to be fitted; the results of doing 
so are shown in Fig. 1. The equations of the curves are, 
- respectively : 

y = 89-2 — 35:3 (100/z) (2a) 
/ and y = 88-7 — 6-84 (100/u) (25) 


and it is seen that they fit the experimental points closely. 
(The equations are obtained by calculating by the method 
of least squares a straight line regression of AD on the 
reciprocal of I. The negative slope of the line is then 
(—) F., and the intercept on the y-axis is T'D.) 

The units of the z-axis in the two parte of Fig. 1 are 
different, and are indicated in the caption. The curve in 
Fig. 1b was calculated from the observations represented 
by the black circles: the triangle ta an experiment 
in which a different source of protein was used but never- 
theless it fita the line well. 
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By comparing equation:2 with 1, the true di ibili 


- of the protein in the two experiments is seen to be 89-2 


cent and 88-7 per cent, and these values are indicated by 
horizontal dotted lines in Figs. 1a and b. Similarly, F, in 
weight) dae dioe ja sen to be 30 mg nitrogan/kg body- 


AT (Fig. 1a), and in the second 6-84 g protein/day 
(Fig. 1b). Phili and Ladell’ themselves estimate F, by a 
-different method to be 8-9 E protein/day; Holemans and 


Lambrechts’ estimated F, in their experiment to be 30 
mg puis iin. body-weight/day, and using this figure 
they cal values for true digestibility at each level 
needs their resulte arè plotted in Fig. la as open 
e ; 

Pellett* suggested that the rise in apparent digestibili 
from 56 to 80 per cant which he observed when his pic 
was transferred from a 4-5 per cent protein diet on which it 
had subsisted for over 6 months, to a diet containing 7:5 


, per cent protein, was due to an increased production of 


enzymes. While it has been conclusively shown 
that pancreatic function is depreesed in cases of severo 
protein malnutrition!!! it is nevertheless true that a 
substantial rise in apparent digestibility would be expected 
to have occurred for the reasons advanced here. What 
lends greater ppor, to Pellett’s interpretation is’ his 
observation that w. ereas the rise in apparent digestibility 
mentioned here was immediate, when the pig was re- 
turned to the 4-5 per cant protein diet the apparent 
digestibility took several weeks to return to the original 
low level, falling finally to 80 per cent in the week before 
the animal's death. Furthermore, if one attempts to 
construct a line for Pellett’s data in the manner of Fig. 1 
ib is immediately apparent that the change in the dietery 
level cannot of itself have been a sufficient cause of the 
change in apparent digestibility. 

The fact that it is possible to fit so closely a theoretical 
curve of the type described by equation 1 to experimental 
date argues that the assumptions on which equation 1 is 
based, namely, the constancy and independenoe of intake 
an of true digestibility and PF, are reasonably 
valid. 1t is suggested that the process of fitting such a 
curve to experimental pairs of observations of apparent 
digestibility and dietary nitrogen intake máy. in certain 


when 
conclusions are being drawn about the effloacy of 
digestion in experimental situations. 
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PHARMACOLOGY 


Cholinergic-Adrenergic Dual Action of 
y-Aminobutyric Acid Methylester on a 
Preparation of Toad's Sinus—Atrium 

Tue effects of y-aminobutyrio acid methylester, 
NH,.(CH,,0000H, (1), ite N-monomethyl .(IL) N- 
dimethyl (IIT) and N-trimethyl (LV) substituents were 
recently examined on the isolated heart of a toad by 
Takahashi. He re - the pon inotropio effect 
induced by (I) and (1I), no effect by (III) and the negative 
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carried out extensive investiga- 
tions on the characteristio re- 
sponse of the tr&ns-membrane 
potential of the toad’s atrium 
tissue on sympathetic and para- 
-sympathetic stimulation and also 
on the administration of adren- 
alme and acetylcholine’. They 
confirmed the cholinergic excita- 
tion through the typical pattern 
of the trans-membrane potential 
when adrenergic reaction of 
adrenaline was ended and sug- 
` gested one possible way to 
explain this phenomenon, such 
as acetylcholine release by 
administration of adrenaline’. 


Ios EO 
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inotropic effect by (IV). The induction of a quite opposite 
response by the difference of methyl moiety at the terminal 
nitrogen stimulated our interest to olarify the mode of 
action of these compounds. In this experiment & sinus- 
atrium preparation of a toad’s heart was used, of which 
double cannulm were so constructed that the Ringer 
solution perfused thoroughly the inner surface of sinus and 
atrium. The inner cannula was attached through rubber 
tubes to Mariotte bottles which contained normal Ringer, 
na ine-Ringer (0-01 mg/ml.) and dichlorisoprenaline 

-Ringer (0-02 . solution. Perfusion pressure 
Son pene and 0-1 ml. of the drug solution was 
injected into the tube to the cannula. Experimente were 
performed during Beptember-Ootober, 1901, and during 
February-Maroh, 1902. 

The results obtained in the normal Ringer perfusion 
were somewhat different from thoee reported previously. 
When the normal Ringer solution was perfused to the 
sinus-atrium preparation of the non-treated animals, (I) 
and (II) in a dose of 0-5-1 mg usually induced the positive 
inotropic response on autumn animals (Fig. Ic), but the 
spring animals showed the negative inotropic response 
(Fig. 1a), occasionally followed by a positive inotropic one 
(Fig. 1b). In every preparation either the positive or the 
negative inotropic response was stronger in (I) than in (II). 
Meanwhile (III) and (IV) showed simply the negative 
inotropic response in every case in both seasons, the 
potency of which was around ten times lgrger in (IV) (0-01— 
0-02 mg) than in (III) (0-1-0-2 mg) for obtaining a 60 per 
cent decrease of contraction. 

When the perfusing fluid was changed to atropine- 
Ringer solution, the negative inotropic effect previously 
observed by injection of these compounds, that is, (I) and 
(II) on spring animals, and (III) and (IV) in both seasons, 
disappeared, and the positive inotropic response occurred 
in the same doée of (I) and (II) (Fig. la and 16). On the 
contrary, when the DCI-Ringer was the positive 
inotropic response commonly induced by (I) and (II) on 
autumn anmmals was completely blocked and a negative 
inotropic effect came out (Fig. 15 and 1o). 

Concerning the cholinergic and adrenergic receptors 
Burn ei al.* have developed the concept of cathecholamine 
release induced by acetylcholine of-which action could be 
released by atropine on the rabbit &trium*. However, on 
the toad’s simus-atrium preparation with the atropine- 
Ringer perfusion, acetylcholine did not induce a positive 
inotropic effect even in the quite large range of dose used 
(0-01-250 pgm). Meanwhile, Japanese physiologiste have 


acid methylester (II) in the 
toad’s heart. The experimental 
evidence here suggests that the 
adrenergic and cholinergic receptors of the toad’s 
heart have a common part 1n response to the drug and 
there is probably neither a release of catecholamine 
induced by acetylcholme nor a release of acetylcholine 
induced by catecholamine. We believe that there is not 
enough differentiation of the adrenergic receptor from the 
cholinergic receptor in phylogenetically underdeveloped 
vertebrates. 

In addition, these compounds have & simple negative 
inotropic action on Langendorff's preparation of the 
guinea pig and dog’s heart lung preparation, especially 
prominent in (IV), which was prevented by atropine. 
Neither such dual activity nor the positive inotropic effect 
after atropine treatment was observed in the hearta of 
warm-blooded animals at all. 

We thank Dr. O. Ikeda, Daiichi Seiyaku Laboratory, 
for supplying the compounds used. 
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Histaminz-liberating Effect of Magnesium 
Deflclency in the Rat 

DrmgrARY magnesium deficiency in the rat gives rise, 
after a few days, to a characteristic peripheral vasodilation 
with erythema and cedama!. This change laste for about 
a week, and then re-appears later on. The signs 
of magnesium deficiency have been tentatively ascribed 
to a secondary vitamin B deficiency’ and have also been 
compared to human neurodermatitia*. However, it was 
shown recently that magnesium deficiency induces a 
decrease in the number of subcutaneous mast cells‘, as 
well as an impairment in mast oell regeneration’. These 
observations are indicative of a change in histamine dis- 
tribution that could be ascertained by measuring plasma 
and urinary histamine. 

Male Sprague-Dawley rate (100-110 g body-weight) 
were fed a magnesium-deficient casein diet’, and received 
demineralized water as drinking fluid; controls wero 
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given the same diet into which had been blended 0-6 g of 
magnesium sulphate per 100 g of diet. Metabolism cages 
were used for collection of urme; three rata were placed 
in each cage and urme samples were collected into 
containing 0-3 ml. of concentrated hydrochloric acid’. The 
free histamine in the urine was determmed by the guinea 
pig ileum assay; plasma histamine was measured by 
Lowry’s method’. 

As shown in Figs. 1 and 2, both urinary and plasma 
histamine increase significan in magnesium-deficient 
rata. This finding together with the fact that magnesium 
deficiency induces peripheral vasodilation!, mast cell 
d ulation‘ and a decrease in tissue histamine! 
indicates that an end histamine liberation occurs 
comparable with that o after injection of histamine 
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liberators such as compound 48/80 (refs. 9 and 10). 
There is yet no satisfactory explanation for this pheno- 
menon. The release of histamine could be a direct effect 
of the deficiency or the result of accompanying changes ın 
tissue concentrations of other ions such as calcium and 
potessium!!, Another alternative could be that the lack 
of magnesium induces a decrease in tho binding capacity 
of tissues for histamine, thereby causing & passive reloase 
of the amine. We are now testing these hypotheses in an 
investigation of the mechanism of histamine release. 

This work was supported by a grant from the Medical 
Research Council, Canada. 
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Tryptamine in the Blood and Urine of a 
Patient with a Carcinold Tumour 

Pariayts with the carcinoid syndrome typically show 
high blood levels of 5-hydroxytryptamine and increased 
urinary excretion of 6-hydroxyindolyl-8-acetio acid. 
Variants of the tumour have, however, Ln described in 
which the major secretion is 5-hydro hant, 

Recently, during studies of blood of a male patient with 
a carcmoid tumour with extensive metastases, an indole 
compound was detected which failed to give the fluores- 
cence or colour reactions typical of 5-hydroxyindole 
compounds. = 

is substance was not detected in similar examinations 
of blood samples from normal individuals or from another 
carcinoid patient. The identity of this compound with 
tryptamine was indicated by the following evidence:  . 

(a) Er values identical with authentic tryptemine on 
paper chromatograms in three solvent systems: (1) 20 per 
cent potassium chloride (w/v); (2) butan-1-ol/acetic 
acid/water (12:8:5 by voL); (3) propan-2-ol/aqueous 
ammonia solution (sp. gr. 0-88)/water (20 : 1 : 2 by vol.). 

(6) Norharman formation, detected by fluorescence 
charabteristios following condensation of tryptemine with 
formaldehyde and t dehydrogenation of the 
tetrahydronorharman with hydrogen peroxide’. 

This patient was also found to be excreting large 
amounts of tryptamine in the urine as estimated by the 
method of Sjoerdsma, Oates, Zaltzman and Undenfriend®. 
In a 24-h urine sample the excretion was 84 mg, which is 
about 1,000 times the normal level of 0-036—0-12 mg/day 
(ref. 8). It is of interest that the urinary indolyl-3-acetic 
acid and ite acid hydrolysable conjugates showed little or 
no rise above the normal concentrations, estimated by 
the method of Weissbach, King, Sjoerdama and 
Undenfriend‘. The uri indoly1-3-acetic acid was found 
to be 12 24 h (normal, 3-1-8-1 mg/24 h). After pre- 
liminary acid hydrolysis of the urine, the estimates 
increased to 15 mg/24 h (normal, 8:2-18-8 mg/24 h). 

Ro far as we are aware, this is the first report of the finding 
of tryptamine in human blood either in normal human 
beings or patiente with caroinoid syndrome. 
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This work was done with the help of Mr. Adam Smith, 
Western General Hospital; Edinburgh, whose patient this 
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H/EMATOLOGY 


Distribution of Haptoglobin among Thais 

HAPTOGLOBIN type distribution has been determined on 
682 Thais. All were normal, healthy male adults in tho 
Royal Thai Army. Almost without exception their place 
of birth was confined to the provinces of north central and 
north eastern Thailand. This area of the kingdom was 
chosen-for the survey as the one in which the population 
would be the most representative of the Thai people. It 
was felt thab in this region there would be a minimum of 
disturbance of the Thai haptoglobin gene frequencies by 
recent (that is, past several centuries) admixture with non- 
"Ehai groups such as Burmese, Chinese, or Malayans. The 
blood samples were heparinized and centrifuged the 
plasmas - transferred to merthiolated vials immediately 
after collection and- afterwards transported to our labora- 
tory. for electrophoretic analysis. ` bin type 
identifloation was accomplished by the Smithies vertical 
starch-gel electrophoresis procedure! with minor modifi- 
cations. : 2 : 


= -1 1 22 Hp Hp" 
Thais (present work). 63t 23 57 371 548 0M 
D "am 0 is 
93 377 539 
(rel. 3) 018 071 
and Australia (ref. 3) 107 12 108 341 580 048 
Malays (ref. 8) 280 08 51 360* 5&1 OM 078 
B 4) 349 — 14 60 350 575 034 OOS 
3) fig 18 18 146% 817 009 
Indians, United bd 
Btates (ref. 5) ™ 0 40 284 676 018 o8? 


+ Percentages shown for 2-1 haptosiobins inelnde for Melays and Indians 
in Malaya, 04 and 03 per omt, respectively, of type 3-1 muodised hepio- 
en abe do modified form were reported for the other 


‘The group studied appears to be a reasonably homo- 
geneous sample; the haptoglobin distribution obtained for 
the group as a whole js essentially the same as the separate 
distributions obtained by dividing the group into pro- 
vincial sub-groups. By contrast, preliminary studies on 
smaller groups of individuals from the extreme northern 
portion of Thailand near Burma indicate a somewhat 
different distribution. A summary of the resulta of the 
study appears in Table 1 along with the haptoglobin dis- 
tributions which have been reported for other Asian ethnic 
groupe'*. Based on the small numbers reported, the 
distributions of the Thai, Malayan, Japanese, and Chinese 
groups appear to be closely similar. The Thai, Malayan 


and Japanese groups, all with Hp! gene frequencies of ' 


approximately 0-24 according to present know , 
resemble each other slightly more than they resemble 

Chinese group, which has been reported"* to have an Hp! 
gene frequency of approximately 0-28. (Current inveeti- 
gations in our laboratory on a larger series of Chinese 
inhabitants of Taiwan that the frequency for their 
Hp? gene may prove to be slightly higher than the 0-28 
‘value reported earlier’.) The two small Indian groupe 
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examined in Malaya’ and the United States’ appear to 
exhibit a lower Hp! gene frequency than the other Asian 
ethnic groupe. With respect to haptoglobin gene type 
distributions the Thai, Malayan, and Japanese groups fall 
between the. Indian and Ohinese groups; however, 
because both the latter groups are huge in number and 
diverse in nature, they may be expected to show variation 
in distribution of haptoglobm genotypes. A more detailed 
presentation of the provincial distribution of the Thai 
haptoglobin types and their accompanying hæmoglobin 
typos will be presented elsewhere. 

e thank the medical offioers and technicians under 
Colonel Boon-Yang Vejjabool, Royal Thai Army Medical 
Corps, for collecting the blood specimens used in this work. 
The views expreesed here are our own and are not to be 
construed as official or ing the views of the U.S. 
Navy Department or the Naval Service at large. This 
work is being supported in part by contract Nonr-1228 (14) 
between the Office of Naval Research and Northwestern 
University, and in part by a fund provided under Public 
Law 480, Section 104 (o). 
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Catalase Activity in Young Red Cells 


Tug of ageing of mature red blood cells is 
thought to be related to a progreasive deterioration of 
one or more metabolic functions on which the morphol- 
ogical integrity of the oell appeers to 1. At present, 
there is msufficient evidence available to permit an 
identification of the critical processes within the cell that 
control and delineate its life span. Recent investigation ~ 
of this blem has been focused at the enryme-level, 
and it been reported that young red cels have 
increased levels of catalase’ as well as other enzymes?‘ 
which fall progreasively as the cells age. 

Investigations on red oell ageing carried out in this 
laboratory have provided evidence that another enzyme, 
giutamic-oxaloacetic transaminase (GOT), was markedly 
elevated in young ocells**. During clinical 
application of these findings to the evaluation of erythro- 
poiesis in anemia’, it was considered desirable to compare 
the red cell levels of GOT and catalase to detérmme 
which of these enzymes might provide the most sensitive 
indication of the tion of young cells mto the 
peripheral blood. It is the purpose of this report to 
present “data which sre not in accord with the presently 
accepted. view! that catalase is significantly elevated 
in young red cells. 

analyses were carried out directly on diluted 
hsernolygatee from washed red oells or on 
hamolysate i obtained after serial osmotic 
hsmolysis*. GOT was estimated by a slightly modified 
assay procedure’. 


et al.* without modification. The hæmoglobin content of 
the various solutions was estimated from the optical 
density at 540 mp, based on previous calibration with a 
manometric oxygen capacity method. When used, 
radioactively tagged red cells were obtained fram hæm- 


a z E "i 
Tablo 1.  RADIOAOTIVEFY, CATALASE amp GOT Act 
HLNNOLYSATB FRiOTIOXB AFTER BERIAL Omen ie T 


dioc ré vickesenpió): .— Moin 
Baline 
Fraction cono. Radio- » 
No. (%) activity GoT Catalase Soar al a 
a (8) ®©) 
E D 
1 0-9 168 2-23 0-76 0-06 
2 0-7 142 1-88 0-84 006 
8 0-6 131 1-65 0-91 0-04 
4 - O85 115 1-04 0-80 0 06 
5 0 525 1:30 119 0 85 0-06 
6 0 50 0-79 0-99 0-86 009 
7 0-475 0-22 0-80 0 03 0-60 
8 0-45 0-30 0-64. 0-68 94 
9 0-40 0-88 0-73 1-02 36 
10 0-35 133 0-97 1-00 4* 
n 0-25 1-50 1-51 1-02 10-6 
12 0-10 3-30 2-20 0-98 13 
Whole sample 10 10 10 


Table 2. GOT AND CATALASE AOTIYTTI IN WASHED Rup ONLL BAXTLAS 
FROM PATIENTS were NORMAL AND HIGH GOT-LEYRMLA 


GOT Catalase 
Subjects No. (0/100 mg Hb) (v/100 mg Hb *) 
Group 4 13 7390 J 1,182 
Group B 16 801 ) ETA 
(540-1,170) (600-1,320) 


atological normal subjects 6-10 days after the administra- 
tion of 10 uo. of ferrous-59 citrate. 

Successive exposure of washed red calls labelled with 
iron-59 to hypotonio saline solutions Tanging from 0-9 
down to 0-1 per cant has already been shown to produce & 
number of hemolysate fractions which reflect a rough. 
separation of cells of different ages in normal human 
subjects’* and in rate‘. Identical treatment of human 
red cells labelled with iron-59 provided similar results. 
A typical experiment (average of 2) in which the ratio-of 
specific radioactivity of coach sample to that of the whole 
blood is presented for each of the hzmolysate fractions 
(Table 1, ool A) indicates the adequate separation of 
young and old oella that this procedure can provide. 
Enzyme analyses were carried out for catalase and GOT 
activity m normal blood samples after exposure to the 
identical serial osmotic lysis. The elevated ratios of the 
GOT activity of the individual hsmolysate fractions to 


that of the whole unfractionated red cell sample (Table 1, ' 


ool. Oy reflect the increased enzyme activity due to the 
contribution of lysed young oells, substantiated by the 
Increased radioactivity ratios in the same fractions 
(Table 1, ool. A). This morease is clearly absent in the 
catalase data (Table 1, ool. C). The presence of two popula- 
tions of young cells, suggested by the high radioactivity 
ratios in the first 5 fractions, has already been obeerved!:*:19, 
Although there is no clear explanation for this finding, i’ 
may reflect an ‘infant mortality’! that is in no way 
related to the general oharacteristios of the majority of 
young oells. The low catalase ratios apparent in these 
same fractions reflect the lability of catalase in 
dilute solutione’. Separate experiments have shown that, 
under the conditions ‘imposed by the serial osmotic 
fragility technique, there is a 15 per cent loes of enzyme 
activity in the extremely dilute hamolysate fractions 1 
to 5 (Table 1). No such loss of activity could be 
demonstrated in the more concentrated fractions. 
Previous investigations have already indicated that 
red cell GOT-levels are markedly increased in peripheral 
blood samples containing increased numbers of young 
cells. In order to corroborate our findings that catalase 
activity is not significantly elevated under these oon- 
ditions, both enzymes were studied in a series of washed 
red cell samples from 29 patients with normal (A) and 
elevated (B) red cell GOT-levels. The results (Table 2) 
clearly demonstrate the absence of any significant 
difference in the mean catalase-levels of the two groups 
despite the clear indication of the presence of young red 
cells provided by the two-fold increase in GOT activity. 
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There are a number of possible explanations for the 
discrepancy between. these findings and those previously 
reported by Allison and Burn*; Although their findings 
are undoubtedly valid with respect to cholinesterase, and 
PoI ee the extremely limited number of 

inations of catalase activity provide some doubt 
as to the advisability of including this enzyme in their 
rather general conclusion. In addition, these investigators 
used erther reticulocyte-rich samples or normal red cells 
after they had been Their findings may 
thus have no bearing on the normal physiological ageing 
process of young, mature, non-reticulated erythrocytes. 
The present data, on the other hand, are derived from &. 
normal red cell population or from samples enriched with 
young oells without substantial reticulocytosis. Ths 
similarity in the findings with both types of samples 
indicates that catalase should not be included in the group 
of enzymes known to be increased in young, mature 
cells, decreasing with subsequent tn vivo ageing. 
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Ratio: Adenosine Triphosphate/Adenosine 


Diphosphate in Platelet-rich Plasma in 
Hamo gic Disorders (Von Willebrand 
and Glanzmann Disease) 


ADENOSINE triphosphate (ATP) is found in large 
amounts in blood Platelóte: and disappears rapidly during 
clotting’ while ADP increases; this nucleotide is able to 
aggregate plateleta*-*. ATP and AMP act as inhibitors in 
this reaction’:*. 

Therefore, I tested the amount of ATP and ADP in 
platelet-rich plasma in seven normal patients, eight cases 
of Von Willebrand disease. flve patiente with Glanzmann 
thrombasthenia—one with (type I) and four without 
(type IL) anomalies of glyoolysig'—six patients with a con- 
genital defect in a clotting factor: three AHG (VIII) 
deficiencies. one Obristmas factor (LX), one proconvertin 
(VII) and one Stuart-Prower (X) deflorency. Lastly, I 
treated six normal plasmas with an antieerotonio drug 
inducing in vitro thrombasthenia'. , 

Platelet-rich plasma was prepared as follows: blood 
was collected by venous puncture in silicone at 
4° O, centrifuged slowly (1,200 r.p.m. for 10 min) and the 

tent treated with perchloric acid (aqueous solution 
6 per cent). The supernatant, after centrifugation, was 
neutralized and filtered. The methods used for ATP 
determinations were those of Biochemica test Bohringer 
TO J and for ADP the Biochemica test Böhringer TO K, 
except for the fact that I used 0-08 ml. of DPNH inatead 


Table 1. PLAKMATIO Assays (WRAK VALUBS) " 
= Xo. of patients ATP ADP ATP/ADP 
Control Wo Wieso - 171% 6-23 144 
Yon Willebrand 8 711-53. _ 6-23 1:85 
Glanzmann - 

Type I 1 LY 425 0-4 
pe I : 4 847 4-16 2-03 
Y disorders of i 
blood coagulation 6 8-80 5-57 “1:57 
Experimental |. . 
thrombasthenis 6 8-23 6 61 120 


* In mg for 10! platelets. 
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Platelet-rich plasma ATP/ADP in 
ATP-Ievel (10! platelets) : 


15 >34 ; 
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Oontrol; Q, Von Willebrand; x 
E aring-Sednoed ; 
of 0-1 ml; all the measurements were made in a Jobin 
Yvon Maroo II hotómeter at 866 A. Results 
are in mg for 10" platelets (Fig. 1); the ratio 
ATP/ADP is on the right side in Fig. 1. 

The mean values (normal and pathological) are given in 
Table 1. The difference of the ATP amount between 
normal subjects and patiente with Von Willebrand disease 
is significant, and coeficient of correlation is 2-36 
(SH. < 5 per cent). The amount of ADP is the same in 
both (Table 1). In Glanamann disease with anomaly in 
[alien best typo T). EN dopromeod; in the other one 
(type LL), is decreased ; in any event the ratio ATP/ 
ADP is abnormal. In experimental thrombasthenia and 
in patients with blood coagulation disorders, the level of 
ATP and ADP is normal except the increased amount of 
ATP in the platelet rich plasma of one case of Stuart 
(factor X) deficiency. 

The significance of these resulta is still unknown, but it 
can be seen that the ratio ATP/ADP is abnormal (higher 
or lower than normal) in the cases with an anomaly in the 
cohesion of the platelete to the vessel wall**:!*. The aite 
of action of ADP on platelets, the opposite role of ATP, 
higher than normal in Von Willebrand disease, merits 


ATP (mg) 
ae 


, Glanzmann disease; 
A, blood coagulation disorders 
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PATHOLOGY 


Characters of Mammary Tumours in BALB/c 
. Female Mice Foster-nursed by C3H and 
RIII Mothers 
AÁNALYEIB of mammary tumours occurring in C8H, 
BALB/o;, and RII mice has indicated the existence of 
cae in the characters of neoplamms!-i* 


The question therefore arises: What causes the 
difference found in tumour behaviour in various strains? 
he pole re Pe ee oe ee Vi a dei d 
note that in O8H and BALB/c; strains, though i 
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MEANS OF 
M Brains 
Tumour obsracters cH BALB|e; R 
Oliiniea! duration short short long 
Growth-rate high high EN dnt 
Type af regulare  regular* regular 
to pregnancy abeen' rare 
pM aban nodules t plaques 
d pure pure 
* Bigmoldal, linear, parabolis or exponential curves. 


genetic origin is different, the behaviour of tumours ig 
y pedum In order to explain the results found, three faote 
special consideration, namely: (a) 03H and 
BALB[e; mice, which grow tumours with similar 
behaviour, carry the same milk agent (the BALB/o; strain 
is BALB/o foster-nursed by 03H), whereas another type 
of agent is responsible for tumours in RUIT mice; 
(6) mammary tumours showing the same characters 
as RII tumours have been observed in ROT x 057b and 
reciprocal hybrids, which bear the same milk agent B8 
their RIL parentib!*; (o) the existence of differences in 
behaviour between the ROI milk agent and that of other 
strains of mice has also recently been noticed by other 
investigators in different laboratories!*-^. This leads one 
to suppose that the mammary tumour agent, like a true 
genio particle, might be the carrier of a number of specific 
tumour characters. In order to test this hypothesis 
foster-nursing expérimenta are being performed. 

Two new lines of inbred mice have been established by 
crossed foster-nursing, namely: RII foster-nuraed by 
BALB[o,, and BALB/o foster-nursed by ROT. Prelim- 
inary results from the former line have been published 
eleewhere!*. The results obtained were in agreement with 
the working hypothesis suggested here. In fact, the 
behaviour of mammary tumours occurring in RII mice 
foster-nursed by BALB/c; closely ap hed that of 
BALB/é; tumours. The data so far available on the 
behaviour of tumours in the BALB/o line foster-nursed by 
ROI are given here.  ' 

A litter of five BALB/c mice removed from its mother at 
birih sas ensure to en UIE mother for uch At 
weaning, four BALB mioe were living, two 
Bede degunt Ends vao ruber dnd 
the line was then maintained by brother to sister mating. 
Now it has reached the seventh inbred generation and 
shows & high incidence of mammary tumours. Data 
concerning mammary tumours in breeding females already 
dead are given here. 

Of 52 breeding female mioe, either normally or forcibly 


-bred, 49 or 94-2 per cent developed mammary tumours at 


an average age of 238 days. The average number of 
tumours per mouse was two. All the animals with or 
without mammary tumours delivered litters. The 
average number of litters per mouse was 4:8 in mice 
normally bred and 7-2 in those forcibly bred. 

The behaviour of mammary tumours in BALB/o mice 
foster-nursed by RII, compared with that in ALB/c 
mice foster-nursed by O8H, is summarized in Table 2. On 
the right and left sides of Table 2 are recorded the 
characters of tumours grown in the and OBA strains, 
which provided the respective milk agenta to the BALB]o; 
Table 2. CHARACTERS OF MAMMARY TUMOURS IN HALB|e FEMALE MICA 

FOETKR-KUREED EHI MoTHxRS 


BY CBH AXD 
03H BALB BALB|y BMI 
ra (donor) — Usb (RIO) +- (donor) 
Gtinieal duration (days) 49 50 104 103 
Growth-rate (am per week) 0-281 0-125 0-185 
Type of growth frestar: A œi) 64:3 ets Er Ed 
TEM * 82 B0-3 
gehn Mow ij pure pure 
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In BALB/c mice foster-nursed by RIOT the clinical 
duration of tumours was 104 days, on average, and the 
average rate of tumour growth was 0-125 am per week. 
Partial regreasions were observed in 60 per cant of tumours. 
The type of growth was regular m 25 per'oent of tumours. 
Responsiveness to pregnancy was observed in 82 per cent 
of tumours. Preliminary histological studies have shown 
that tumours in these mice arise frequently in plaques and 
present varied pictures. 

The results presented here show that the behaviour of 
mammary tumours i in BALB/o mice foster- 
nursed by RIN closely approaches that of RIL tumours. 
By contrast, a striking difference in behaviour has been 
found between tumours which grow in the same strain 
(BALB/c) foster-nursed by different mothers (O8H and 
RIM). These resulta indicate that the tumour characters 
may be transferred from ono strain to another by means of 
foeter-nursing. 

This work was supported by a grant of the U.8. Publio 
Health Service, No. 0-3844 (C3). 
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Asbestosis In Non-Experlmenta! Animals 
in South Africa ] 

ASBESTOSIS has been produced in monkeys, rabbits and 
guinea pigs exposed to crocidolite, amosite end chrysotile 
asbestos dusts in experimental dust rooms!. No record of 
asbestosis occurring in non-experimental animals has been 
found, although Kiviluoto found anthophylhte asbestos 
fibres in the lungs of a cow from the vicinity of an asbestos 
mine’. He suggested that this finding supported his oon- 
tention that the mining process was not directly responsible 
for the inhalation of asbestos dust in those cases of 
bilateral pleural calcification in which there was no 
history of an industrial to asbestos dust. 

Recently it has been possible to examine the lungs of 
different animals which have lived m the vicinity of an 
asbestos mine or associated process. 

Donkeys. Two donkeys had worked on an amosite 
asbestos mine in the northern part of the Transvaal 
Province hauling ore from the mine to the reef picking 
plant. At autopsy the lungs and heart of one of these 
which had worked for ten years were removed and sent 
to this Unit for examination. Histological exammation 
showed the presence of an interstitial flbrogis associated 
with asbestos bodies and asbestos needles. A small part 
was taken from one of the lungs of the other donkey—the 
length of service of which is not known—and although 
preservation of the tissue was not good, numerous asbestos 
needles were found in histological sections after micro- 
incineration at 600° O. 

The finding of ashestosis in these donkeys is of interest. 
Although Heppleston* found reticulin fibrosis in the small 
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foci of dust deposite in the lungs of pit ponies from the 
steem coal mines in South Wales, the examination of the 
lungs of mules which had worked in the haulage ways of 
one of the South African gold mines did not show silicotic 
lesions. A considerable amount of dust, however, had 
accumulated in the tracheo-bronchial lymph glands. 

Baboon. A troop of baboons lives in the hills near onejof 
the crocidolite asbestos mills in the Kuruman area of the 
north-west of the Cape Province, and has been seen 
near the mill on a number of occasions. One of this troop 
was shot after killing some of the livestock on a neighbour- 
ing farm, and the lungs and heart were submitted for 
examination. Macroscopically the lungs felt firmer than 
those of a normal laboratory monkey, and on histological 
examination there were focal areas of interstitial flbrosis 
associated with asbestos bodies and fibres. 

Rattus namaquensis. In furthering the investigation 
which this Unit is undertakmg into the relationship of the 
inhalation of asbestos dust to the development of malig- 
nancy in general and mesothelioma of the pleura in par- 
ticular, an examination of the rodent population of 
different arees is being carried out. Twenty-three’ field 
rata of this species were trapped around the mill already 
mentioned and sent to this Unit by a member of the 
Department of Health. The rata were killed, and the 
thoracic organs removed. Histological examination of 
sections from the right lung showed definite evidence of 
asbestosis in eighteen and probable asbestosis in three rete. 

These rodents do not normally move more than 25 yards 
from their burrows‘; but it was noticeable that there were 
far fewer trapped than was expected from the number of 
nesta found. The mortality rate in this colony appears to 
be high, but this is probably not due to asbestosis. 
^ I thank Moears. C. G. Coetzee and A. J. Prinsloo of the 
Department of Health for trapping the smaller animals 
and for the care taken to preserve the specimens. ` ` 


I. WEBSTER 
Pneumoconiosis Research Unit, 
South African Council 
for Scientific and Industrial Research, 
Johannesburg. 

1 Wagner, J. 0. (to be published). 
1 Kiviluoto, B., Acta raéiol (Sioobhohm), Bapp. 194 (1960). 
* Heppleston, A. G., J. Path. Bed., 67, 34D (1964). 
* Coetzee, O. G., and Prinsloo, A. J. (personal communication). 


Tissue Mast Cells- 

WHILE examining the histology of tuberouloid and 
lepromatous skin lesions of leprosy, we noted that there 
were many cells containing acid-fast granules in the cyto- 
plasm, around the granulomatous collections, in the 
connective tissue and in relation to small capillaries in 
both types of the disease. These granules were spherical, 
and stained somewhat paler red than the acid-fast Myco. 
leprae with the Fite-Faraco modification of Ziehl-Neelsen 
stain using Harris's hsmatoxylin as counter-stain. These 
cells were rounded, oval, stellate or spindle-shaped with 
oval, rounded or bean-shaped nucleus. The cell mem- 
brane was indistinct, and in some cells the granules 
appeared extracellular. 

On staining the sections made from the same tissue 
blocks with Lison’s toluidine blue (differentiated and 
dehydrated with alcohol, cleared in xylol and mounted in 
balsam), it was found that the above cella corresponded 
morphologically and in distribution to the mast cells 
which were prominently shown by the red coloration of 
the cytoplasmic granules due to their &aloohol-fast 
-metachromasia with the dye. - 

Afterwards, we stained by toluidine blue and Fite- 
Faraco-hmmatoxylin respectively consecutive sections of 
various tissues containing fairly large numbers of mast 

. cells, namely, post-kala-azar dermal leiahmaniasis, lupus 
vulgaris, chronic dermatitis of non-specific etiology, 
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dermatitis herpetiformis, acne vulgaris, lichen planus, 
adenoma sebaceum, porokeratosis, peóriaais, metastatic 
carcinoma of the omentum, portal cirrhosis, and meeen- 
terio spreads from guinea pigs. In theee conditions 
moet of the mast oelle, the distribution of which was 
demonstrated by toluidine blue stein, showed acid-fast 
granules in the corresponding sections stained by Fite- 
Faraco-hamatoxylin stain. a 
Morphology, evolution. cytochemistry, functions in 
health and disease, etc., of the mast cells have been 
reviewed by Asboe-Hansen! and Riley’. It is generally 
: inules- contain an acidic 
closely -related to 


to contain histamine. 
that the granules contain a ce that shows an acid- 
fast/oharacter with the Fite-Faraco stain. 

In the course of his work on the early lesions of leprosy, 
Khanolkar! was the first to record the presence of certain 
cells that showed acid-fast granules (fuchsinophil oelle) in 
sections stained by the Fite-Faraco method. The morph- 
ology and distribution of these cells as described by him 
and illustrated with drawings in oolour in his paper 
appear to be identical with the mast cells seen m our 
tisgsne sections. Khanolkar regarded these granules as 
partly digested Myoo. leprae and the calls as adventitial 
cella or macrophages. 

Our observations indicate that theese cella are tissue 
mast cells, the granules of which have now been shown to 
contain among other substances an acid-fast material and 
that such mast cells are seen in & wide variety of conditions 
unrelated to mycobacterial infection. : 

P. C. Same GUPTA 
8. Guoex 
t of Pathology, 
School of Tropical Medicine. 


. ' Asbos-Hansen, G., In Intern. Rev. Cpéol, edit. Bourne, G. H., and 
Danielli, J. F. (Acedemjo Press, Mew York, 1964). 


* J. F., The Max Cells (B. and B. Livingstone, Edinburgh and 
RIM on, 1969). 
X" V. R., Indian Counc. Med. Res. Spec. Rep., No. 19 (New Delhi, 


Utilization of Cell Chromosome Number for 
diagnosing Cancer Cells in Effusion 


Tue karyological study of cancer cells has recently been 
a field of increased interest. While noting that most 
human cancer cells have abnormal idiograms, the various 
contributions have been concerned largely with the 
theoretical nature of cancer and have provided only a 
minimal amount of clinically useful information’. 
Jacob* has suggested that malignancy may be diagnosed 
by chromosome counts. It therefore appears worth- 
while to emphasize that determining the approximate 
number of chromosomes of cella frequently will provide 
accurate diagnoses of cancer. 


by the patient's hospital course. The cancerous effusions 
were primarily those with ovarian or uterine tumours, but 
algo included are effusions from patients with canoer of 
the stomach, hing and breast. 


The laboratory technique requires minimal 


The effusion fluid is slowly centrifuged, and the cell button 


is resuspended in 0-5 per cent sodium citrate for 20 min, 
the cells then fixed in 50 per cent acetic acid. The cell 
suspension is stained with acetic aroein and a drop of 
fluid then squashed between oover-slip and slide. Using 
a phase microscope, the preparation is searched for cells 
and a minimum of 10 cells must be counted. 

For the of ‘marker’ chromosome examination 
and stem line determination, it is necessary to photo: 
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chromosome . 
grams. This laborious step is not required 


been between 54 and 84. In these human cancer p 
tions, many different chromosome numbers were found 
and there was frequent absence of a clear-cut model 
number (stem line) of chromosomes. Idiogram analysis 
will often ahow unusually long acrocentric chromosomes 
which are apparently associated with cancer. i 
The fluids were evaluated at the same time with 
standard cytological techniques for cancer cells. The results 
are shown in Table 1. In 5 out of 16 examples of benign 
effusion, inadequate chromosome prep tions were found 
and no diagnosis could be made. only 2 of the 31 
cancerous effusions was this true. 


Table 1. Diíigxoers OF CANCER CELLS IN EFFUSIONS, USING CEROMOBOMAL 
x^ m AXD OYTOLOGIQAL 


effusions 3 26 5 31 2 2 


Five out of 33 ohromosomal preparátions of malignant 
cells were inoorreotly diagnosed, either because the tumour 
bad nearly normal chromosome petterns or because poor 
karyological technique obscured the total number of 
chromosomes. Fluids from two patients were incorrectly 
diagnosed as showing ‘no malignant cells’ by the cytological 
technique but were correctly diagnosed as cancer by 
chromosome analysis. 

Improved resulta could be obtained by short-term 
culture techniques and by more detailed analysis of the 
cell preparations. But such modifications change & simple 
technique into an expensive and laborious procedure 
which oan offer no competition for the standard cytological 
techniques. While a significant number of malignant 
effusions were called benign, no false positive diagnoses 
were made. : 

In addition to adding & simple oollaborative technique 
to the usual cytological procedures, chromosome study 
has the advantage of contributing knowledge to our 
understanding of cancer. 

This work was supported in part by a grant from the 
American Oancer Society Institution. 

Rosxar O. GoopLiI 

Department of Obetetrica and Gyneoology, 

Stanford Medical Center, 

Palo Alto, Oalifornia. 
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1 Bayreather, K., Natwre, 186, 6 (1060). 
* Hansohka, T., Cancer Res., S1, 057 (1061). 
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IMMUNOLOGY 


LA penering Having Technique for Concen- 
trating bodies in Serum 
Wans frozen serum is centrifuged, thawing due to air 
friction takes place and the heavier molecules are pre- 
cipitated. By this means it is possible to concentrate the 
proteins and electrolytes present in serum. 

- Bovine serum containing Brucella abortus agglutinins 
was placed in 10-ml. amounts in 10-ml. conical centrifuge 
tubes and the tubes were frozen overnight at — 10° C. The 
tubes were then centrifuged at 3,800 r.p.m. for 30 min at 


NATURE 


608 February 2, 1963  von..197 
Table 1 
Berum dilutions Sodium eontont^ 
Tac E Mie: 1 1/80 1/160 1/330 — 1/040 — 1/1290 1/260 1/6130  1/10,240 1/0480 1/40900  — (m.equiv.[) 
+ 20 
1 tL Fete LB B GGAG * a0 
3 Ttt +++ F444 ++++ 44 47 
4 t+ titt +++ b GB GR BERGER RR RRRORORRA FHHE d 115 
5 PEPE ttt Hee +++ Feet +++ 44A F444 FETE +444 + 272 
_ Control ttt +++ +++ +++ +++ F444 +++ + 136 
room temperature. A water clear, supernatant fraction , However, it seemed to us likely that one or more of these 


3) and & thick viscous layer remained. This fraction was 


Fractions obtained 2 x 10 mi. quantities of serum: 
Fraction 1, 7-2 ml. if et min at 3,800 r.p.m.; Fraction 

2, 4-2 ml. after 80 mm at 3,800 r.p.m.; Fraction 8, 2-0 ml. 

after 80 min at 8,800 r.p.m.; Fraction 4, 2-4 ml. = upper 
light yellow layer of sediment; Fraction 5, 1-8 ml. = 

lower deep amber layer. 

The serum fractions were kept at —10° O until used. 
These and a frozen control serum were allowed to thaw at 
room temperature ‘and were then well shaken and sub- 
mitted to a Brucella abortus agglutination test. - The. 
control serum had been taken from the same batch of 
serum and had been kept frozen at —10? O for 5 days. -` 
The Brucella antigen was standard concentrated Wey- 
bridge antigen diluted 1 in 10 with normal saline. Two- 
fold dilutions of serum were made ing at 1 in 40. 
Readings were made after 24-h incubation at $7? O in a 
hot-air incubator. ‘ 

An analysis of the sodium content of each fraction and 
the control serum was carried out using a Beckman flame 
Ee noone The results are contained in Table 1. 

By this method there was approximately an eight-fold 
increase of agglutining in the 5th fraction over the control 
serum. The sodium content was doubled. The length of 
time chosen for centrifugation was that required to ensure 
complete thawing of the sample. Rubber liners were used . 
in the centrifuge okete and these influenced the thawing 
time. ' 

Tho rate of thawing and the speed of centrifugation are 
factors which are likely to influence the rate of precipita- 
tion of the molecules, and these factors require further 
investigation. This technique may have an application 
in the concentration of toxins. B. A. Mo 


Department of Veterinary Medicine, 
Veterinary Oollege of Ireland, Dublin. 


Type-specific Immunity against Intra- 
cerebral Pertussis Infection In Mice 


It has been generally assumed that smooth strains of 
Bordetsila pertussis, recently isolated from human cases of 
whooping cough, belong to a single antigenio typet. But 
Andersen? showed that these freshly isolated strains may 
be divided into serologically different types. This hetero- 
geneity of the heat-labile utmogens, enabling type- . 
differentiation of strains, has confirmed by ga 
et al’, by Lacey, and by Preston and Te Punga’. 
strains possess a common heat-labile agglutinogen which 
Andersen designated 1; and they may possess one or 
more of a series of similarly heat-labile antigens which she 
numbered 2, 8, 4, 5. Andersen and Bentzon’ attempted 
unsuccessfully to demonstrate & relationship between 
agglutinogen-type of vaccines and their protective 
potency in mice. But their experiments were handicapped 
in two ways: first, their strains were of low virulence for 
mice; and secondly, they were using active immunity, Bo 
that, specific immunity to each sero-type would be par- 
tially masked by cross-immunity due to the common (1), 
antigen. . 


agglutmogens may be concerned with immunity, since . 
there is usually a close correlation between the protective 
potency of pertussis vaccine and ite ability to produce 

inin in mice’. But, like Andersen, we found that 
strains freshly isolated from children were all of low 
virulence for mice. In fact, we had only two strains 
which were virulent for mice, by mtra-cerebral injection: 
the Kendrick strain (W.18-828), which is widely used for 
intra-oerebral and antigens 1,2.3,4; 
and a unique strain (3538/2), which came to us origi 
from Dr. Btendfast, Lister Institute, and which wo had 
made sufficiently virulent by serial passage in mice—this 
strain was unique in that it possessed only the common (1) 
antigen. 

We were anxious to attempt cross-immunity 
mente with sero-types frequently isolated from 
for example, 1,8; and 1,2,4; but we were unable to 
enhance the mouse-virulence of these by passage. How- 
ever, we eventually succeeded in producing a mouse- 
virulent strain possessing antigens 1,8 by exposing a 
freshly isolated strain of this sero-type, in log-phase, to 
each of the following m io agents successively : 
5-bromo-uracil (1/250), ultra-violet light, and proflavine 
(1/85,000). In conjunction with the unique type-1 strain, 
this type-1,8 strain provided the possibility of determining 
the importance of the 3 antigen in immunity. Mice were 
passively immunized with type-specific (absorbed) anti- 
serum containing either 1 or 8 antibody, and then chal- 
lenged 2 h later with one or other sero-type as shown 
in Table 1. 


Mion wrre TYPN-SPROITIO (ABSORRED) 


Table 1. Pasarvm PROTBOTION OF 
ANXTIEERUM OOXTAINING Hram 1 OR 8 AXTIDODY 


of Anilbody No. of deatha/ Xo. challenged 
strain in serum d Xxp. i Total 
1 2 3 4 5 
pecus . 18/15 10/14 8/14 43/58 ) 
1 vob 4 1/4 5 14 1 
lod "js "Ga "unb Eu am un 
serum) . 18/15 7715 10/15 74 37/59 (03 
1 1 4 6 5 3/14 4 86 
a TO dw x4 Xbox: m mm 


It is olear that 1 antibody gave significant protection 
against challenge by the type-1 strain, whereas.3 antibody 
did not. Oonversely, both 1 antibody and 3 antibody 
protected significantly against the type-1,8 stram. (The 
mortality in mice which were pre-treated with normal 
serum was not significantly different from that in untreated 


both 1 antibody and 8 antibody signifloantly 
reduced the mortality from with the type-1,3 
strain, whereas 2,4 antibodies did not. Conversely, both 
1 antibody and 2,4 antibodies protected significantly 
against the type-1,2,4 strain, whereas 8 antibody did not. 

It is evident from Tables 1 and 2 that, although there is 
croas-immunity between is sero-types because af 
the common (1) antibody, there is also iflo 
immunity determined by the type-specific (2,8,4) anti- 
bodies. 
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Table 2. Passive PROTECTION OF MICH WITH 
AWTIRERUM OONTAINING HITHER 1 OR 3 OR 2,4 
Serotype 


No. Gaeta No: challenged 


0 (ABSORBED) 


of challenge Antibody 5 
strain in serum 1 2 3 4 5 
serum) . 13 7715 10/15 7/14 37/50 di 
1,3 1 2/14 5 3/15 3/14 3/14 
2,4 6/14 10/15 9/15 11/14 6/14 42/72 (685). 
: 3 B4 315 tü4 7/15- i14 18/73 
serum) . 2t 914 10/15 4 xd 63) 
1,2,4 1 ` . 1/12 0/15 4 41 
2,4 . ` 4 4 4 16/42 
$ . . 5 5 Sid 25/44 (57 


Considering the possible application of these findings to 
immunity in children, we'direct attention to the fact that 
unabsorbed immune sera may contain much higher levels 
o£ typo specin antibody than of common (1) antibody?:*. 
A immunized with type-1,2,4 strains may therefore 


develop very little immunity to type-1,8 infection. This - 


` may possibly account for the increase in the proportion of 
type-1,3 strains isolated in recent yeers**. Moreover, 
type-specific immunity may account for the different 
potencies of a single vaccine used in different localities’, 
depending Spe Beye pe oE tbe logal CS oman 
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RADIOBIOLOG Y 


Irradiation of Frult and Simultaneous 
Measurement of Respiration 

Faurr has often been irradiated for the purpose of 

E a ea 

L3, Fruit tissues, however, also lend 
erdt. for atudies in radiobiology; especially when 
high dose-levels are desirable to accentuate’ the primary 
cellular responses. Doses several orders of i 
higher than those normally found to be lethal to animal 
systems can be tolerated by the fruit tissues, albeit with 
consequent manifestations of an altered metaboliam. 

The respiratory rate of the whole fruit serves as & 
measure of the metabolic response induced by irradiation. 
Limitations in the physical facilities have often necoemi- 
tated a delay in the respiration measurements to various 
times after the exposure’. This may not only result ina 
misleading estimate of radiation but also impose 
a severe limitation in studies of radiobiology where. the 
critical need is to assess the initial radiation effect‘. 

A installed 32,000-c. oobalt-60 facility designed 
by the U.S. Atomic Energy Commission to deliver a 
uniform dose of radiation under controlled temperature 
conditions has been adapted for the simultaneous measure- 
ment of respiration during the exposure period. This is 
achieved by attaching twelve air lines to & water-tight 
chamber into which the samples are placed to be lowered 
into the irradiation field. Air in-flow and return linee 
may then’ be attached to six containers of fruit and the 
reapiratory rate followed with the standard Olaypool- 
Keefer’ technique. Temperature is normally maintained 
at 20° O, before, d and after irradiation. Dose 
distribution as with Fricke dosimeters was 
found to be within + 10 per cont with a dose rate of 
295,000 rads per hour. 


E 


NATURE 


509 




















Wig. 1. Respiration of o 


Rp gerer 


An example of fruit respiration oe irradiation is that 


elicited from Bing cherries as indicated by the bold trace 
in Fig. 1. The respiration rate rises with increasing dose 
excepting a plateau area near 500,000 rads. It is of interest 
to note that fruit receiving doses above the plateau-level 
decrease faster in post-irradiation respiration in contrast 
to the fruit receiving lower doses. Similar responses have 
been observed for oranges and lemons but with differing 
transition or ‘plateau’-levels of irradiation. As a possible 
explanation of this effect one may assume that the higher 
doses cause irreparable damage to the respiratory mechan- 
ism, whereas at lower doses the resultant stress elicits a 
continued, elevated respiration commensurate with repair 
are directed 


changes which underlie this metabolic response. 
The research is by the U.8. Atomio Energy 
Commission, contract No. AT(11—1)—-84. 
RogER J. ROMANI 
J. Bast, Bowras 
t of Pomol 
University of California, 
1 
Trannys end Techy d ed Preernton M Idi 
? Salunkhe, D. K., Koon. Bot., 15, 28 (1961). 
* Romani, R. J., van Kooy, J., and Robinson, Betty J., Food Irrad., $, 10 


(1961). 
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Increase of Strontium-90 and Casium-137 


In Japanese Leafy Vegetables due to the 
Russian Nuclear Tests, i961 

FArr-ouT radioactivity derived from tropospherio origin 
was detected soon after the Russian nuclear testa of Bep- 
tember and October, 1961, in the northern hemisphere. 
Contamination of milk and fresh vegetables by short-lived 
redionuclides such as iodine-131, xirconium-95 and 
ruthenium-103 was reported in Japen!. 

In the case of strontium-90 and cssium-187 also, fresh 
leafy vegetables are fairly sensitive to reflect a of 
contamination-level becatise of their direct foliar of 
radionuclides besides root absorption from soil. Spinach, 
cab hakusai (Chinese cabbage) and some other kinds 
of vegetables were sampled from about ten locations 

i over the country in May—June (before resump- 
tion of tests) during October in 1961, January and March 
in 1962. These samples were analysed for sirontium-80 
poros pid eee ome ut ee roe 
method and dipierylamine-oeerum chloroplatinate method. 
respectively. 
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DURING May 1001—JiEOH 1042 (po.|kg YRx&H WEIGHT) 


(pe. /ikg) Cs 
Sample May nun Oc. im Mar. -June at N Mar. 
961 1061 1062 1062 961 1901 1962 1068 
Hakusei 16 es 36 44 0e4 31 
10 11 24 40 
56 10 46 19 
31 96 29 154 
23 24 
Cabbage 17 15 98 18 76 43 
- 18 10 85 61 76 25 82 64 
3 11 10 16 16 
6 17 
13 ?0 
14 23 
Spinach 9 40 113 117 23 75 145 118 
136 42 75 178 064 Tt 154 143 
21 15 47 4 85 99 76 40 
16 102 57 58 138 25 
B 97 Á 299 30 .133 155 
90 72 126 42 
Misoel- 41 93 H 34 70 33 
Janeous 46 87 1*8 48 39 07 
13 37 
Average 24 32 71 99 41 44 02 70 


Results obtained are shown in Table 1. May—June 
samples in 1961 can serve as a background-level of con- 
tamination before resumption of nuclear testa in the 
,autamn of 1961. Asa rule, strontium-90 content of leafy 
vegetables shows considerable variation in most cases 
reported so far’. This seems to be caused by the variability 
of morphology, physiological conditions and environ- 


mental factors such as soil character, climate and fall-out - 


pattern. As seen in Table 1, etróntaum-90 content of the 


May-June sample in 1961 shows fairly narrow range of 


about 5-20 po./kg fresh weight except one, probably 
because of low strontium-90 fall-out rate during wmter and 
spring in 1961. The October 1961 sample taken just after 
the resumption of nuclear tests by the U.8.8.R. shows 
fairly higher value and wider range of strontium-90 
content (10—60 po. fresh weight) than the sample in 
May—June caused by a sudden increase of strontium-90 
fall-out in October 1961. In 1962 also, the similar 
tendency of increase is observed in January sample (10— 
110 po./kg fresh weight) and March sample (40-230 po./kg). 
Range of strontiam-90 contamination-level becomes pro- 
gressively larger and much higher values can be found 
more frequently than in 1961. 
fresh leafy vegetables in October 1961 does not seem to 
differ from that in May—June significantly. But, ın Jan- 
uary and March 1962, the level of cæmum-187 contamina- 
tion of the sample had markedly increased when com 
with that of the preceding year (Table 1). These iflcant 
increases of strontium-90 and oseium-137 in ‘fresh leafy 
tables should be due to the addition of the recent 

fall-out radioactivity which has produced direct con- 
tamination of the aerial part of these plants besides the 
accumulated deposition of strontium-00 and osmeium-137 
in soil. 

We thank members of the Prefectural Hygienic Labora- 
‘tory for their help in sampling. 

Ryvsnt lamrkAWwA 
Masako Ero 


National Institute of Radiological Sciences, 
Chiba City, Japan. 
1 Yamagata, N., af al.. Natwe, 193, 892 (1062). 
! FAO, Dietary Levels of Sirontium-90 end Camum-137 (FAO, 1062). ` 
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Protection of the Skin Homo by 
«-Acetamide Caproic Acid 


t-ÀMINOCAPROIO acid has recently attracted a oF 
deal of interest, mainly for its marked antifibrinolytic 
activity: it seems that it acte as an inhibitor of the trans- 
formation of proflbrinolymn into fibrinolysin, or a8 an 
antagonigt of the latter!3. 
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Table 1, BrxONTIUX-00 AND OXHIUM-137 OOXTENT OF JíAPAXESR Luarr 


Cesium-187 content of 
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Homożtransplant in the seventh day in untreated control rat. 
diffuse neoroms and no vascularization are present in the graft 





Homotransplant tm tbe fourteenth day in rat treated with 
Diffused vascularization 


Ex. 2. 
1s evident and no 
necrosis appears 


t-acetamide oapror acid. 


It has been shown here that c-amimocaproic acid can 
prevent anaphylactio shock in the guinea pig*, odema 
from dextran, egg albumm and kaolin, agar granuloma 
and histamine wheals in the raet! and, in a particularly 
striking manner, the Sanarelh-Sohwa&rtzmann reaction 
in the rabbit. 

One of us has been interested for gome time in the 
problem of grafts, and especially of akin grafte, in the 
rat!. 

The technique used for such grafts, which is now well 
standardized, is as follows: careful depilation of the 
abdomen surface of the rat (female rata Sprague-Dawley 
strain, weighing about 250 g, of homogeneous strain, bred 
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in this Institute, fed on standard diet); & reotengle of 
akin of full thickness ing 2-5 x 2 om is removed; 
this is substituted with another skin rectangle of identical 
dimensions removed from the same or from another 
animal. The extremities of the transplanted skin are 
sewn with silk No. 00. Some extra thread is left at the 
four angles; these threads are knotted together above & 
cotton wool pad, damped with physiological solution, 
which compresses the transplant: 

The operated area is protected by raising two folds of 
skin from.the sides and by sewing the edges with silk No. 2. 

The rata are narootired with ‘Nembutal’ (25 mg/kg 
‘Nembutal’ intraperitoneally). The ‘protecting oover 
may be ones whenever an inspection of the transplant 
18 deeirab 

With such & technique the homotransplanta are rejected 
in about 6—7 days. 

Practically all the autotransplants survived very well. 

Different groups of rata bearing skin homografts are 
treated with «-&oetamide caproic acid intraperitoneally, 
repeating the administration twice a day. The doses were 
progressively increased. The starting dose was 800 mg/kg, 
with a daily increase of 100 mg/kg, until & final dose of 
1:5 g/kg/day is reached. The animals do not seem to 
suffer at all for this treatment and show no signs of being 
1noonvenienoed. by the drug; in any event, the quantity 
administered is 10 times lower than the LD,,. 

The results are very evident: the homotransplante were 
observed until the 14th day and healthy. The 
skin has a pale pink colour, soft and elastic under pressure; 
the adherence of the extremities is also excellent. 

The veins of the homotransplant were observed after 
administration of China-ink in a femoral vem, and much 
better vascularization was observed than that of the 
homotransplant of & control not treated at the 6th or 
at the 7th day, when it was practically eliminated. : 

Similar results, although lees striking, are obtained 
when t-aminoceproic acid 1s used instead of «-acetamide 
caproio acid. 

The effects of ¢-acetamide caproio acid and «-amino- 
caproic acid on homotransplants of kidneys of the dog are 


bei estigated. 
now being investiga A fas 


G. FaoxrINO 
Institute of Pharmacology, 
Bd of Milan. 


: rx », Pletsober, A. P., and Sherry, 8., J. Biol. Chem., 884, 832 


*Fukutaks, K., Bhyla, K., Arakawa, T., and Kato, K., Blood, 15, 690 (1900). 

* Otto-Bervaxs, M., and Lecomte, J., O.R. Soc. Ihol., 158, 2060 (1961). 

! Amat, A,, Libro V. and Mariani, L, Ath C Nazionale Sociais’ 
Italiana d elogia. Sperrmentals, Padova, 1 (fn the prom). 


* Bertoni, A- Proto, M., and Rosano, À., pire Med. Lomb., 17, 214 


mn. Proto, AL, and Romano, A., Boll. Ses Ital. Biol. Sper. (in the 


DO and ‘Francescou!, "EK. Perelli Breolini, Ath eee Med. 
» 1T 19). 


Influence of the B Blood Group-histo- 
compatibility Locus in Chickens on a 
Graft-versus-Host Reaction 


Propvotion of nodular lesions on the chorioallantoio 
membrane of chick embryos after inoculation with adult 
fowl leucocytes has been described by Boyer!: These 
legions, appearing as raised yellow or white foci, are 
considered to arise from the interaction of donor lympho- 
cytes with foreign antigenic determinants b m the 
tissues of the embryonic host. The number of foci produced 
depends on the number of large lymphocytes in the 
inoculum! although immunization of the donor with 
embryonic tissue does not. enhance the ability to produce 
foci’. Two independent experiments with inbred lines 
indicated that single gene differences between donor and 
host could account for.chorioallantoio membrane foci 
production‘ as well as splenomegaly”. 
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Skin-graft investigations reported from this laboratory 
have shown that the B blood group locus is also a major 
histooompatibility locus’. Tho experiment reported here 
was designed to determine if the B locus Mech chorio- 
allantoic membrane foci production, and if so, to make a 
quantitative study of its effect. Peripheral blood leuco- 
cytes from mature birds of White Leghorn inbreds (line 
G) were deposited on the chorioallantoic membrane of 
14-day line G embryos. The technique used was similar 
to that described by Burnet and Boyer’. The inoculation 
consisted of 0-1 ml. of a leucocyte suspension prepared by 
resuspending the buffy layer of donor blood m Hanks’s 
balanced salt solution to give a concentration of approx- 
imately 3-5 x 104 leucocytes per mm.?. After four days, 
counts were made of the number of chorioallantoic mem- 
brane fooi produced. The embryos and adult leucocyte 
donors had blood-group genotypes designated B1/B', 
B*/B? and B!/B? so that nine donor-host combinations 
were used. 77 embryos from 13 hens were tested with 
leucocytes from eight donors. The results indicate that 
production of chorioallantoic membrane foci is due 
principally to B locus moompatibility, that is, when the 
embryo has a B allele (thus antigen) not also represented 
in the leucocyte donor. Membranes from the four B- 
imcompatible combinations yielded an average of 65 fooi. 
Theee foci were opaque and large enough to be easily 
recognized macroscopically. No foci of this nature were 
observed. when donor and host were B-compatible. On 
close inspection, however, a number of the membranes 
were found to contain some small and relatively translucent 
lesions, presumably due -to ‘weak’ histocompatibility 
antigens controlled by genes at other loci. 

Further evidence for B locus control of the graft- 
versus-host reaction was shown by marked splenic 
enlargement in the B-incompatible embryos. Spleens 
from 10 B-compatible embryos averaged 17:6 mg com- 
pared with an average of 38-8 mg for 10 B-inoompatible 


The second of the experiment was carried out by 
seca t Cate ce of ihe same D Genotypes ta Deforo 
(BiJB! B*/B* and B'/B?), but with two adult leucocyte 
donors from line G previously blood typed as B'JB*. A 
total of 220 membranes were examined in flve replicatee. 
All membranes exhibited the nodular foci previously 
described, although some low foci counts were observed 
in two of the five replicates. The mean foci count for 
B1/B}, B*/B* and B!/B* embryos was 69, 66 and 90, 
respectively. Mean differences due to host genotype 
proved to be statistically significant at the 0-05 level of 


( of foci counts from 538 
embryos produced by five hens is of interest. By shifting 
males in the breeding pens, embryos of the B1/B genotype 
were produced in one replicate and B!/B* genotype in. 
another. Mean foci counts (Table 1) for embryos of Dam 


. group a (two hens) and Dam group b (three’hens) appeared 


to be dependent on the B genotype being produced. 
Within cach replicate the B!/B* membranes yielded a 
considerably higher number of fooi than the B!/B! mem- 
branes.’ This difference ıs statistically significant at 
P « 0-01 for each donor. ; 


" 


Table 1. AYERAGR NUDER OF ÜHORIOALLANTOIO MXXSRAXE Foot FOR 
BYB? AXD BB! Host HXBRYOS OF THE BAWI DAXS WITH D'/B* LEUOOCYTE 


Doxors 
Host genotype B'/B* 
Dam 


Donor1 Donor 2 
149 175 
147 100 


A possible explanation for the greater number of foci 
on B1/B* membranes, following an ‘elective’ theory of 
antibody formation, is that the leuooeyte inooulum from 
the B*/B* donors contained immunologically compotent 
cells with preformed patterns, some to B, 
and others to B, antigenic determinants of the chick 


group 
113 b 


gb. 


1 An ‘instructive’ or template theory in 
tion must, on the other hand, presume that the B!/B! hoet 
antigens, being more foreign, stimulate proliferation of a 
greater number of donor cells which are analogous to each 
other. Further studies with chick embryos of known 
genetic constitution may provide evidence to support or 
invalidate certain assumptions basic to the two opposing 
theories. 

This work was supported in part by the National 
Science Foundation (grant G-888 ). 


Louis W. BSOHIHRMAN 
Arwa W. NogpSKOG 


Poultry Science Department, 
Iowa State University, 
Ames, Iowa. 
1 Boyer, G., Neture, 188, 827 (1900). 
*Bzenberg, A., and Warner, N. L., Narurs, 191, 920 (1061). 
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* Schierman, L. W., and Nordakog, A. W., Soience, 194, 1008 (1061). 
' Burnet, Y. M., and Boyer, G., J. Path. Bed., 81, 141 (1961). 


Effect of Certain Environments on the 
Carapace of the Freshwater Ostracod 
Cypridopsis vidua (Muller) 


A FREQUENTLY occurring problem in quantitative 
paleontology concerns the effect of environment on the 


shell of an organism. In an attempt to elucidate a micro- ` 


paleontological aspect of this question the effects on the 
carapace dimensions of C. vidua of the two environmental 


types ‘lime-rich, freshwater’ and ‘stagnant, freshwater’ 
were investi by experiments, backed up 
by biometrical analysis. As a standard of reference 


observations were also made on a i under 
a t diria population kept 

The original materal of the parthenogenetic species 
C. vidua was obtained from Lake Rinningen, Parish of 
T&by, Uppland, Sweden, on August 7, 1958. Throughout 
the experimenta pH and redox potential were oon- 
trolled with a Beckman pH-meter (model N). The 
investigations were based on the dimensions—length, 
height and breadth of carapace. 

The calcium carbonate of the shell of C. vidua is oom- 
posed of calcitet. A chemical analysis made by F. Man- 
heim and B. Brännstròm of the ino io residue of the 
shells from the three environments is given in Table 1. 


Table 1 
Environment Oa O00, MgOO, Undetermined 
Eier n 1% 17% 
Lime-rieh aa 10 8 


An appreciable difference in the relativo variability for 
the three dimensions for the samples from each of the 
environmenta could be established. This is here indicated 
by tho ooefficients of variation for adult carapaces 
(Table 2). 


Table 2. COHFYIOIKNTS OF VARIATION FOR ADULT CARAPAONS 


Environment No. tn sample Length Height Breadth 
Normal 365 2-94 + O11 4-04 + 018 602 + 022 
Stagnant 308 378 + 074 + 0-21 580 + 0-24 
Lime-rioh 581 693 + O21 806 +024 11-32 + O34 


These results suggest the possibility of 
in the respective variances. This could be confirmed by 
F-testa for pairs of samples and by subjecting the tri- 
variate covariance matrices of the adult samples and the 
samples of the final larval stage to a multivariate test for 
homogeneity of covariance matrices. The highly sig- 
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nificant value of y'= 1,128-22 does not support the 
hypothoms of equal covariance ‘matrices. Henoe, the 
car&paoe-morphologie covariance matrix of ostracods 
would seam to be sensitive to environmental factors. 

Highly significant i-valuee for the differences in means 
between the respective growth-stages of the stagnant and 
normal environments and the lime-rich and normal 
environments could be shown. The differences in means 
between the corresponding growth-stages of the stagnant 
and lime-rich environments do not give significant values. 
Nor are the multivariate T'-values for differences in the 
meen vectors of these samples signifloantly different. 
This the interpretation that the freshwater 
species Ü. vidua is morphologically equally affected by 
both an excesive calcium content in ite environment 
as well as excessively stagnant conditions. This is ex- 
preesed by a significant decrease in the carapace dimen- 
sions. (However, the ‘saturation density’ for the popula- 
tions living in the lime-rich environment was found to 
be three times that for the stagnant environment.) 

A reflexion of the variability in magnitude of the 
elementa of the carapace-morphological covariance matrix 
is provided by the results of the principal component 
analysis. This discloses that there is but slight stability 
in the components of eigenvectors for the samples of the 
stages of growth from the three environmenta. The study 
suggests that not only the first principal components of 
a carapace—morphological covariance matrix for ostracods 
is representative of the influence of environment on size, 
but also that in some way or other the second principal 
component is also correlated with environment. 

The morphological closeneas of the samples from the 
lime-rich and stagnant environments, compared with the 
samples from the normal environment, could be well 
brought out by canonical analysis of the entire data and 
by a generalized distance study. 

The complete investigation by R. A. Reyment and 
B. Brännström is to be published in Stockholm Coniribu- 
tions $n Geology (9, Pt. 5). The work was partially 
supported by a grant from the Swedish Natural Science 


Research Council; free oom time was mado available 
by the Swedish Board for puting Machinery. 
d R. A. Reyer 


Department of Geology, 
University of Stockholm. 
1 Kealing, R. V., Illinois Brol. Mon., 81, 1 (1951). 


Abbreviated Pelagic Life of Chilean and 
New Zealand Oysters ‘ 


Ovmsrmns of the genus Ostrea incubate their larva’ 
In O. edulis, for example, veligers are released from the 
female when 0-15-0-17 mm long, and afterwards undergo 
pelagic development, usually of 6-14 days, according to 
water temperature and food supply, before settling and 
metamorphoeing!-*. In O. chilensis Philippi from Ohile, 
however, larvæ from incubating females collected by the 
Lund University Ohile ition 1948-49 were examined 
by one of us (R. H. M.), the courtesy of Dr. ` 
T. Boot-Ryen and Prof. H. Brattstrem, and were found 
to be 0-45—0-49 mm long and to possess the eye spota. 
and foot which other species develop only at the end of 
their pelagio life. The other (P. J. H.), who is publishing 
elsewhere & fuller account of the life-history of the New 
Zealand mud oyster, O. lutaria Hutton, has observed 
similar larvae in that species. These larve, when released 
by the female in laboratory experimenta, settled almost 
immediately. In both species this probably also happens 
in Nature. 

Elimination of the usually wasteful pelagic phase is 
biologically useful, particularly in the low temperature 
and strong-tidal currente of areas like Foveaux Strait, 
New Zealand, where large oyster beds exist. 
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The introduction of the New Zealand species to Britain 
could be commercially important, as it might breed more 
successfully than O. edulis and certainly does so at lower 
temperaturés. Repopulation may even be possible of the 

exhausted Scottish beds, such as those in the Firth of 
orth, vharo formerly tharo may have been a local ram 
of O. edulis adapted to breeding ab relatively low tem- 
peratures. Experimente, including laboratory 
are in progrees ab the Marine Station, Millport 
oysters flown from New Zealand, to test this possibility. 
Precaution’ are being taken to avoid the introduction of 


R. H. Moran 


P. J. Hors 


1 Korringa, P., Arok. Néeri. Xoel., E, 1 (1041). 
"Cole, F A., Fish Invent. Lond. (1), 16 (4), 1 (1939). 
* Waugh, Q. D., Fish Inesei. Lond. (T), £1 (1), 1 (1957). 


Relation of Aroun Byer In Pear 
Blossoms to Invasion by E. amylovora 

baronon of ta by certain virus and fungus 

results m an increase in polyphenol synthesis 

and oxidation!:. This has been interpreted as a possible 

defence reaction by host tissue. Investigations of 

. registanoe of 


e Publ ce eene chen ue any 
and concentration of phenolic substances in pear might be 
of possible ce in influencing the -channels of 
infection and relative susceptibility of specific pear tissues 
~to fire blight caused by Erwinia amylovora. The relation 
of the arbutin-hydroquinone complex in pear blossoms 
to invasion by the fire blight organism is herein reported. 

Aqueous extracta of pear tissues were highly toxic to 
KE. amylovora. . A substance inhibitory to E. amylovora on 
bioassay plates was purifled by extracting aqueous 
extracta with ether. The ether residues were extracted 
with benzene, and the benzene residues sublimed at 173? 
C. Final identification of the purified substance on the 
basis of an infra-red analysis showed it to be hydro- 
quinone, which is toxic presumably as & semi-quinone. 
Hydroquinone occurs in pear princi in the form of the 
glucoside arbutin, which is readily hydrolysed into hydro- 
ee ee T A ORA on injury to the 

Chromatograms of aqueous extracts were made 
aarding to Kirkiam’s methods io determine ‘whether 
other phenolic materials were present in concentrations 
toxic to E. amylovora. Stripe were cut from the chromato- 
grams and bicassayed using H. amylovora as the teat 
organism. ee ap cao ee 
region corresponding with the Ry value of h 

Blossoms of P. communis were collected sho after 
opening and tested for antibiotic activity. The stamens 
and petals were removed and longitudinal sections 100— 
150% thick cut from the median part of the blossoms. 
These sections were bicassayed on poteto-dextrose-peptone 
agar seeded with a standardized suspension of JZ. 


Table 1. INMIBTMON Zones AROUND THE NECTARIAL REGION AS COMPARED 
RGCHPTAOLB oF MEDIAX LONGITUDINAL 


Varleiy 

D’ Anjou 01 mm* 0-5 mm 
01 , 09 

Hardy 01 0-7 


. ~ Bachi valne ls the mate IU MEE TODO HCM Zones were measured ai 


Points of measurements are 
praedi ie erenoes are all significant ab the 


1 per 
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amylovora. Also biana ware pico of tissue approxim- 
ately equal in size cut from both the nectarial region and 
the exterior region of the . After cutting, all 
tissues were frozen for 10 min, placed on seeded bioassay 
plates, and incubated at 28? O for 24 h. Antibiotic 
activity was measured by the width of the inhibition zone 
adjacent to the tissue. 

The bioassay of the longitudinal sections of the blossom 
showed that the rone of inhibition was much narrower 
around the nectarial region than around other parte of 
the bloesom (Fig. 1, Table 1). Often no zone could be 
detected around the nectarial region. The bioassay of 
equal-sized tissue segménts out from the nectarial and the 
exterior tissues of the receptacle gave results similar to 
those using longitudinal sections; slight or no zones of 
Sohibitoon Sera detested around: notarial tiisa Discos. 
whereas broad zones surrounded the exterior tissues. A 
chromatographic comparison of the arbutin concentration 
in nectarial and exterior tissues was made to determine 
whether antibotio activity was related to differences in 
arbutin ooncentration. No re difference in 
arbutin concentration was no This that 
antibiotic activity may be & function of the tion 
and activity of the enzyme, B-gluooeidase, rather than 
differences in thé amount of arbutin. 

Although many other natural openings occur on the 
blossom, E. amylovora usually enters through the noctaries. 
Here invasion and infection is Bo rapid that often the 
entrance af the 
that 
antibiotic activity is lower in nectarial tissue than in other 
exterior tissues. It is suggested that the arbutin-hydro- 
quinone complex may be one of the factors which influen- 
ces the progress of invasion and infection. 

D. O. HiLDHBBRAMD 
M. N. Bogmgoraü 
Department of Plant Pathology, 
University of California, 
_ Berkeley 4. 
1 Farkas, G. L., and Ktraly, Z., ile taco 44, 106 (1901). 
‘Moller, K. O., Pent edit. by Horsfall, J. G., and Dimond, A. E., 
1, £00 (Academie Press, New York, 1050). 
* Kirkham, D. 8., J. Gea. Mtorobiel., 17, 120 (1967). 
«Hildebrand, A. M., New York (Cornell) Agrie. Eup, Sta. Memoir, 807, 1 
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Effect of Didecyldimethylammonium Bromide 

against powdery Mildews and other Fungal 
3 lant Diseases 

OATIONIO surface-active agente are bae used as - 
bactericides, and in recent years. have been 
a number of fungi of medical importance}. pre pucr 
of this type have been included in investigations at this 
Station of chemicals of potential value for the control of 
fruit diseases, M EU hat apple mildew, Podosphaera leuco- 
tricha (Ell. and Ev.) Salm. Among these, didecyldi- 
methylammonium bromide (DDAB) was outstanding both 
for wetting of foliage and for disease control. 
experiments, it was used as the commercial 50 per cent 
liquid preparation that is already widely used in the food 
and beverage industries, but concentrations quoted here 
are in terms of active ingredient for all materials. 

' Using a settling-tower procedure for inoculation of 
apple rootstocks with pow mildew’, we have found 
that protection of young foliage against this disease is 
elated to the wetting power of the cationic surface-active 
agent used. Thus the well-known agent, cetrimide (cetyl 
tetradecyl trimethylammonium bromide), at 0-025 per 
cent, wets apple rootstock foliage only moderately and 
gives littl protection against mildew. DDAB, at the 
same concentration, seta such foliage extremely well and 
provides a high level of protection against this Se 

In & comparison of DDAB with the phenolic ma 
DNOP, obtained by hydrolysis of crude dmocap extracted 
from the American commercial wettable oder DDAB 
was intrinsically inferior as a proteotive'agent. However, 
the curative (post-infection) control given by 0-025 per 
rent DDAB applied 5 days after inocuauen was virtually 
complete. 

Experimente late in the season with heavily infected 
motetooks have shown that.one application at 0-05 per cent 
was sufficient to eliminate visible signs of sporulating 
royeelium for more than two weeks. 

gene the field ee of DDAB at 0-05 per cent 

lied at in of 10-14 days until the end of June to 

x's Orange Pippin trees gave significantly (P-€ 0-01) 
better control of apple mildew, as judged by secondary 
infections recorded in August, than one of captan plus 
dinocap, but produced more russet-blemish on some of the 
fruite. 

With the Bettling-tower technique on potted seedlings of 
barley, var. Plumage Árcher', more than 90 per cent 
control of mildew, Erysiphe graminis DO, was given 
without damage by protective applications of DDAB at 
0-05 per cent, dinocap at 0-005 per cent, and the organo- 
phosphorus fungicide, *W:P. 155’, at 0-02 per cant. 

In glasshouse tests, DDAB gave superior control of 
strawberry mildew, Sphaerotheca macularis (Wallr. ex 
Fries) Jaczewski, to that given by DNOP, dinocap, 
cetrimide, lime-sulphur, or actidione oxime. But in a 
late-season, small-scale field trial on the variety Cambridge 
bien E lime-sulphur and dinooep gave more lasting 


dad OM for oontrol of apple mildew are usually oom- 
bined with those for control of apple scab, ta 
were also begun with DDAB for control of this disease. 
In a glase-slide test with conidia of V. inaequalis (Cke.) 
Wint., germination was inhibited almost to the'same extent 
aa by oaptan at the same concentrations. In a test of 
curative action in the glasshouse on potted MM. 109 
apple rootstocks sprayed with various concentrations of 
DDAB 24 h after an optimal period for infection been 
given, control at 0-05 per cent was fully comparable with 
that to be expected-from 0-0015 per cent mercury as 
phenylmercuric chloride (PMO). 

Of the compounds examined by a glasshouse technique 
developed for examining the action of icides on 
sporulating lesions of Glososportum perennans er and 
Childs, DDAB has shown great promise, and at 0-05 per 
cent was almost equal to 0-1 per cent PMC in suppressing 
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spore production. The fleld trial on apples already men- 
tioned is designed to give evidence of field performance 
against mildew, scab and Gloeosportum. 

There was no indication that DDAB damaged apple 
foliage in the field, and in glasshouse tests on rootstocks 
concentrations up to 0-2 per cent were safe; the problem 
raised by the ruaseting of apple fruits will be examined 
further, in view of the apparent promise of DDAB (and 
perhaps of related compounds) as a fleld fungicide. 


A. H. M. Kinsy 
E. L. Frrox 


Plant Protective Chemistry Section, 


R. T. BuROnHILL 
4 - M. H. Moors 
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A Nematotoxin produced by the Nema- 
tophagous Fungus Arthrobotrys ollgospore 
Fresenius 
THs nematopagous fungus, <Arthroboirys P E 
Fres., captures nematodes by means of'adhesive hyphal 
networks. When a nematode has been snared, the fangus 
pierces the animal’s integument and produces a bulbous 
structure from which trophic hyphs grow throughout the 
body of the worm. Drechsler! attributes the death of the 
nematode to the severance of ita body by the 
infection bulb of the fungus. This view is not ahared by 
who found that the captured nematode 
becomes inactive before the infection bulb has completely 
developed. Duddi portà Shepherd's view and 
suggests that a toxin, aE oaran oe milling: may 
be secreted by the adhesive trapping organs and act 
externally, or that such a substance may be transported 
internally by way of the fine penetration peg through the 
nematode cuticle. Soprunov and Galiulina‘ claim to have 
detected a oe sane ee a hyphal network-forming species 

Mice paral, 
limo the Ne reporta and opinions regarding 
We act OaD of deal of iba eai ea uematade: hi un 
decided to in this aspect of the nematode host- 
parasite tionship. 

e fungus, A. oligospora, was cultured in a 0-8 per 
cent yeast-extract amended Ozapek’s broth at 26° O. 
Seitz filtered, sterile extracts this fungus had no 
apparent effect on the vitality of nematodes of Rhabditis 
sp. when they were immersed in the filtrate for ape ee a 


.to 24h. Sterile filtrates from crushed nematodes also 


no adverse effect on living nematodes which were im- 
mersed in various concentrations of them for similar 
por But, NR Ea EOE ig in a 

trate obtained fram ed nematodes which had been 
parasitized by the fungus, many of them became inactive 
and appeared to have been killed by some substance in 
the filtrate. After transferring the inaotivated nematodes 
to tap-water a number of them revived. 

In repetitions of the experiment it was found that 
about 30 per oent of the nematodes became inactive 
during a 2-h period of immersion in filtrates from fungus- 

nematodes and that practically all of these 
revived when placed in tap-water. If the nematodes were 
in the filtrate for 12-24 h, approximately half of them 
became mactive, and about 30 per cent of these were 
found to have died. They did not revive when placed in 
tap-water. 

Since the oamotio pressure of the lethal filtrate was far 
below levels known adversely to affect nematodes*, it is 
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postulated that the extract contained a nematotoxic 
substance. It is assumed that the fungus secretes a 
chemical substance which paralyses or kills nematodes. 
after they are caught by its.adhesive trapping organs, 
because only the filtrates from fungus-psrasitized nems- 
todes contained the nematode-inactivating substance. 
The relatively low toxicity of the filtrates may be attributed 
to dilution effecte. This, apparently nematotoxio, sub- 
stance is probably an unstable chemical compound because 
& nematode population in a Petri dish culture with 
A. oligospora will usually build tp again soon after the 
natural decline of the nematophagousactivity of the fungus. 

This work was supported by the National Research 
Council of Canada. 


Tz. H. A. OLTHOF 


Experimental Farm, 
Beriah Branch, Canada Agriculture, 
Soott, Saskatchewan. - 
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Isolation and Maintenance of Single je Spore . 
Lines of Peronospora tabacina 


WHILE germination of conidia of the fee M 
Peronospora iabacina Adam. has been effected on 
tobaoco leaf disks':*, it has not previously been possible to 
complete the lifo oyolo of the fungus on such disks because 
of their rapid deterioration. Sporulation investigations 
have been possible only by taking disks from leaves which 
had been infected previously and in which mycelium was 
well established?. Izard* has described a method for the 
growth óf P. tabacina on leaves and leaf disks in the 
laboratory, but in our experience this method has been 
unsuccessful with the Australian varieties of host and 
pathogen. Accordingly, we have devised the following 
technique. 

Following the report by Richmond and Lang‘ on the 
effect of kinetin on the survival of detached leaves of 
Xanthium pennsylvanioum, leaf disks (15 mm diam.) from 
Nioottana tabacum cv. Virginia Gold were floated, ventral 
side uppermost, on an aqueous solution of 1 pg/ml. 
kmetin. On this medium, the disks remain green and 
apparently healthy for approximately three weeks in the 
absence of infection. When kinetin is omitted from the 
medium, the disks show discoloration and yellowing after 
5-7 days. Approximately 2 x 10° conidia of P. tabaoina 
were applied in a drop of water to the centre of each disk. 
The disks were then incubated at 20° O under 800 ft.- 


candles of fluorescent illumination and a daily light regime - 


of 16 hlight and 8 h darkness. 

Some necrosis occurs under the drop of conidial suspen- 
sion after 2 days incubation'and this afterwards extends 
over the leaf disk surface in an irregular manner. This 
necrotic reaction does not occur on control disks under a 
water droplet and in the absence of conidia. Sporulation 
occurs after 6—7 days, the number of conidiophores pro- 
duoed increasing to & maximum over a period of 2-3 days 
from their first appearance. The conidiophores appear to 
be oonfined to the green portions of the disk and have not 
been observed to emerge from the nécrotic areas. 

After 7, 8 and 9 days incubation at 20° O.the average 
number of conidiophorea produced per leaf disk was 5-6, 
20-9 and 49-6 respectively (averaged over 48 disks). After 
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incubation of a similar number of disks for 9 days at 18°C 
and 25? O, the average number of conidiophores per disk 
was 0-3 and 19-0 y- 

When 2 gia QE et anes and nicotinic 
acids were added to the kinetin solution, the number of 
conidiophores finally produced was approximately double 
that oocurring when these vitamins were omitted. 

The infection of diaks from single spores was achieved 
following the isolation of aingle conidia on agar, using & 
De La Rue cutter. The percentage of successful ‘takes’ 
was increased from 21 per cent to about 50 per cent when 
such spores ‘were applied to leaf disks in a d oom- 
plete medium described by Shepherd and Mandryk’. 
Olones, isolated in this manner, have been passaged three 
times successfully, but some loes of viability of the 
organiam as measured by a reduction in the number of 
eonidiophores produced appears to occur during such 
eerial passage on to leaf disks. This difficulty has been 
overcome by transferring the first leaf disk infected by the 
original smgle spore isolate to the ventral side of a tobacco 
leaf. If the disk is attached closely to the leaf surface by 
means of a thin layer of 1 per cent Difco ‘Bacto’ agar, the 
mycelium from the disk grows readily into the leaf and 
abundant ion oocurs afterwards on the leaf surface. 
Alternati , the first crop of conidia produced on a leaf 
disk following single spore isolation may be used to 
inoculate tobacco seedlings grown in sterile culture 
according to S8temberg’. 

This technique allows the ready isolation and main- 
tenance of clonal lines of the pathogen. It opens the way 
to studies on the occurrence of physiological strains and to 
the possible isolation of biochemical’ mutants of this 
organism. 

Q. J. SHEPHERD 
FREDRIKA STUART 
M. MANDRYX 


O.B.IR.O., 
Division of Plant Industry, 


. Brit. Myon., Bec. 45, 253 (1902). 
Agric. Res., 7%, 81 (1947). 


MICROBIOLOGY 


. Lysogeny in Providence Strains and the 
Host-range of Providence. Bacteriophages 


BrocHmWMICALLY Providence strains are closely related 
to Proteus organisms, especially P. retigeri, and on these 
grounds the name Proteus inconstans has been 
for them}. The guanidine + cytosine content of 
dence strains is very similar to those of P. hauseri and P. 
retigers', and recently it was found that many Proteus 
iura retigert) phages productively lyse Provdence 

strains’. It was decided to investigate the reciprocal 
relationships, that is, to test phages primarily isolated on 
Providence strains for action on Proteus organisms. Media 
used were thoee previously used‘. Thirty-seven Providence 
cultures comprising 25 different serological groups were 
used. They are all National Collection of Type Culture 
strains and were kindly supplied by Miss Shona Wright of 
the t of Bacteriology, University of Edinburgh. 


‘In addition, 25 P. rettgeri cultures (17 locally isolated, 


8 N.O.T.C. strains) 17 P. morgani cultures (11 locally 
isolated, 8 N.O.T.O. strains) and 31 P. hauseri strains 
pee iously desaribed* were used in host-range experimenta. 

reiigeri strains can all be differentiated on the basis of 
susceptibility to a series of P. retigeri phages. The hauseri 
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strains were in the A morphological phase and all showed a 
positive Dienes phenomenon when matched against one 
another’, i 

_ Using each of the 87 Providence strains individually in 
an enrichment technique of sewage’, 84 phages were 
isolated against a corresponding number of the strains on 
first attempt. The properties of these phages are still 
being examined, but they can all be differentiated on the 
basis of their host-range. 

The demonstration of lysogeny in the 87 Providence 
strains was attempted by the use of the 8 methods pre- 
viously described‘, The only modification was that 
supernatants obtained by centrifuging the cultures were 
treated with 0-1 volume of chloroform instead of heating 
to inactivate bacteria. All 87 strains were used as possible 
indicators of phage activity. Twenty-three of the 37 
strains (62 per cent) proved lysogenic for other Providence 
Taas by one or more of the 3 methods of induotion used. 

strains represent 19 of the 25 serological 
Strain N.O.T.O. No. 9211 is tible to all 33 témpore 
phages. All phages wees eied by repeated single- 


P propagation in broth cultures of the host organiam. 
Sans : were stored above 0-1 volume of chloro- 
orm an 


ore use the latter was removed by bubbling 
the suspensions with sterilé air at 46? O. 

The host-range of the phages was determined by 
spotting drops of the suspensions on plates which had 
been bio: 1 ee seeded with enough test 
organism to giye a lawn of growth. The phage suspensions 
contained about 10? Pie pie formik particles/ml. Plates 
were incubated at 37° O for 4 h and then left at room 
temperature overnight before ing. Phages which 
showed reactions were then titrated simultaneously on the 
original host organism and on the new strain and the 
relative efficiency of plating calculated. : 

, Bixteen of the 34 phages isolated from sewage uo- 
tively lysed a total of 20 P. hausers strains. Most of the 
Ie ponga EOE of the strains and the phage 
isolated on N.C.T.O. strain No. 9297 lysed 8 of the Aauseri 
cultures. In contrast only one of the temperate Providence 
phages (phage from N.O.T.O. No. 9294) caused productive 
infection in hauseri strains. This phage lysed 5 different 
cultures. The efficiency of plating of the foregoing systems 
varied between 10-! and unity with most near the latter 
value. Six of the 17 P. morgani cultures were produo- 
tively lysed by one or more of the sewage phages. Some 
of the N.O.T.O. morgani strains were ‘kably sensitive 
to theee phages and strains Nos. 28165, ; 7381 and 
10041 etal gph le 21, 20 and 4 of the 34 phages 
respectively. efficiency of plating was often unity. 
None of the temperate Providence phages had any action 
on the morgan strains. Twenty-five of the sewage phages 
and 9 of the 28 temperate phages formed plaques on one 
or more of 21 of the P. retigers cultures. Six of the 8 
N.O.T.O. retigeri strains were susceptible to one or more of 
the temperete phages and the efficiency of plating varied 
between 10-* and unity. - 

The phage relationships of the kind demonstrated here 
have been taken’ to indicate close taxonomic relationships 
between the hoste involved and should strengthen the 
claim! for inclusion of Providence strams within the 
Proteus group of organisms. 

This work was aided by grente from the South African 
Council for Scientific and Industrial Research. 
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1 Falkow, B., Ryman, L R., and Washington, O., J. Baa., 83, 1818 (1962). 
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An Endotoxin-like Fraction extracted from 
the Cells of Candida albicans 


ENDOTOXINS are incompletely characterized cell surface 
complexes which account for some of the pathogenio 
pro ies of Gram-negative bacteria. Material with 
i biological characteristics has been identified in 
certain Gram-positive bacteria and in several plant and 
animal tissues!. The existence of a ‘toxic principle’ in 
virulent strains of Candida albicans has been suspected 
for about a decade’. A recent report by Hasenclever et al.? 
strongly supports the presence of such a fraction. Our 
studies of surface and subsurface antigens of this yeast 
suggest that several surface materials contained in the 
aqueous fraction after ethanol-ethyl ether or phenol! 
extraction of intact yeast oells included a substance or 
substances with toxic activity comparable with that 
observed by Hasenclever et al.*. This communication 
presents evidence that this is indeed the case. 

Antibodies produced in rabbita against intact oells of 
Oandida albicans variants 1529, an old avirulent laboratory 
strain, and the mouse-virulent strains of B811 and 207 
produced equivalent agglutination and crose-agglutina- 
tion. (Strains B311 and 207 were kindly supplied by 
Dr. H. F. Hasenclever, National Institutes of Health, 
Bethesda, who also.gave us details of his investigations 
prior to publication.) When cells which had been extracted 
with either ethanol-ethyl ether or phenol were used as 
antigens, the corresponding antibodies agglutinated 
homologous extracted cells to & greater degree than the 
heterologous strains. Antisera against untreated ce 
agglutinated extracted cells to the same extent as whole 
cells. In addition, Ouchterlony precipitin methods were 
used. The various antisera were reacted with the aqueous 
solvent-free extracts, which by themselves did not 
promote antibody production even with adjuvante. 
Antibodies against intact cells formed 2 precipitin lines 
with ethanol-ethyl ether as well as with the phenol 
extracts. These bands always displayed coalescence 
signifying the identity of the antigens derived from intact 

. When the immunodiffusion test was carried out 

with antibodies against extracted oella, 6 additional 
preoipitin bands formed when ethanol-ethyl ether extracts 
were used, and 7 with the phenol extracta. Six of the 
ethanol-ethyl ether precipitin aros were identical with 6 of 
the phenol extract bands. The phenol extract always 
formed an additional and distinct precipitin line with 
antibodies produced against the phenol-extracted cells. 
Chemical analysis of the extracts indicates the presence of 
protein and polysaccharides in proportions shown in 
Table 1. 5 

The endotoxin-like nature of the complex haptens 
extracted from mouse virulent strains B311 and 207 
became apparent clinically during the immunization 
rocedures. Rabbits which received intravenous solvent- 
ies preparations of both the ethanol-ethyl ether and 
phenol extraote and the extracted cells themselves mani- 
feated extensive necrosis of the skin around the sites of 
injection within 48 h. Similar severe skin reactions were 


Table 1. OOMPARIBOX OF HXTRACTS FROM MOUSE-YIRULENT AND AYIRULENT 
BrxAULMS albicans 


OF Candida 
Virulent Avirulent 
Property Alkohol Akohol Phenol 
other other 
(e) Antibody ting 
(Ou ) + + + + 
@) Antibody induction by 
oxtwacts ; — = = = 
o) Omrbohyüraie/nttrogen -~ T 6 [ 5 
0-2 mL of extract intra- 
venoualy kills miee with- 
in 12h - + = m 
(s) Tinira rongis administration 
ey projects 
10° of 
necrosis of 
akin in rabbit and mouse” + + i = 
+, Positivo. -—, negative. 
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observed when mice were treated with the same materials. 
When 0-2 ml. of the phenol extract of the mouse-virulent 
strains were injected into the tail veins of mice, 50 per 
cent died within 12 h. The survivors did not succumb 
when challenged intravenously with 10 million cells of 
the homologous ‘strain, a uniformly lethal dose m unpro- 
tected controls. Corresponding doses of the ethanol- 
ethyl ether extracts were not lethal to mice; but all 
animals go treated were severely ill for at least 2 days and 
subsequent chall with the number of yeasts fatal to 
unprotected controls failed to kill. The mouse-avirulent 
strain did not elicit any response in controls nor did 
extracts and extracted cells produce any ill effects. These 
findings, which are summarized in Table 1, suggest that 
material ing endotoxin is elaborated by strains of 
Oandida albicans virulent to mice. ` 

We thank Dr. Edgar Ribi, U.S. Publio Health Servioe, 
Rocky Mountain Laboratory, Hamilton, Montana, for 
advice. 
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Cytochromes of Pseudomonas saccharophila 
Liquip cultures of autotrophically grown Pseudomonas 


showed & Soret band, flavin trough and 
a single at 550 mp. Breaking the cells and fraotiona£- 
ing the extract into & soluble fraction and washed small 
particles', resulted in finding a spectra characteristic of a 
cytochrome o in the soluble fraction and the presence of 
cytochromes of the b and o type in the particles. Com- 
parison of the optical density of reduced-oxidized prepar- 
ations at 550 mu, shows the distribution of cytochrome o 
to be 77 oent in the soluble fraction and 28 per cent 
associa with particles. Difference spectra of the 
particles are shown in Fig. 1. No other cytochrome peaks 
were ever observed in cells and extracta of P. : 
Hand spectroscopic examination of icles in 50 per cent 
glycerol at the temperature of liquid nitrogen, as described 
by Keilin and Hartree’, showed only three bands, one 
ascribed to cytochrome b and the other two due to the 
splitting of the cytochrome o a-bend into two components. 
The two bands for cytochrome o were also observed with 
partially purifled cytochrome o from the soluble fraotion. 
Paeker* examined &notber hydrogen bacterium, Hydro- 
genomonas ruhlandii and only found & cytochrome 6 and o 
in whole cells. É 
On fractionating the soluble extract with ammonium 
sulphate, 18 per cent of cytochrome o preaipitated in the 
80-100 per cent saturated ammonium sulphate fraction 
and the rest was soluble in saturated ammonium ite 
solution. The second fraction was dialysed and 
ion maxima for this fraction were 550, 528 and 
417 my and in the case of the pyridine hsmochromogen 
550, 521 and 417 mu. Redox tial was measured 
using 8 ferrous—ferric oxalate couple’ and R’, at pH 7-8 was 
+ 0-08 mV. This cytochrome o preparation is slowly 
autoxidixed. Only two. other cytochrome o’s have been 
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observed with lower redox potentials, that of Ohromatium 
which has 2 hem groupe! and Desulfovibrio desulfuricans 
which has 2 heam groups per molecule’. The other unusual 
property of cytochrome o of P. saccharophtia is solubility 
in saturated ammonium sulphate solution which has also 
been baar yod with eytonhdtae Vs GP ene recu 
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Physical and Chemical Propertles of Two 
New Small Bacterlophages 


In recent years, several investigators have reported new 
bacteriophages which have s molecular weight about 100 
times Jess than the classical T-series of phages'*. Those 
small p which have been physically characterized 
are ro y spherical and have a molecular weight of 
46 x 10‘, of which 20-30 per cent is nucleic acid. The 
nucleic acid is either si DNA? or RNA*. 

We have been studying two small p which infect 
only male (F+ or Hfr) strains of bacteria. e phages were 
isolated from sewage and grown and purifled using oon- 
ventional methods. Both phages are resistant to DNase 
and RNase. One of the phages (fr) contains RNA and 
seems in many respects similar to f2 phage’. The other 
(fd) contains single-stranded DNA. It seems to have an 
unusual physical form. 

The fr phage is spherical in electron micrographs, with a 
diameter of 200-220 A. Its physical properties in solution 
are given in Table 1. Ite molecular weight is caloulated aa 
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41 x 10* using sedimentation and viscosity assuming a 
perfect sphere) and 4-4 x a ae and 
diffusion. The phage has 1-1 g water of hydration per gram 
phage from viscosity or 1:3 g water per gram phage from 
diffusion. Taking a mean molecular weight of 4-25 x 10* 
the unhydrated phage would have a diameter of 210 A. 
- The RNA content is 28-4 per cent (orainol method) which 

accounts for 97 per cent of the total phosphorus. Thus 

the phage contains 1-2 x 10 mol. wt. BNA The physical 
constants of the RNA isolated by a detergent-phenol 
method are shown in Table 1. The molecular weight 
calculated according to Scheraga and Mandelkern: 
P = 2:25 x 10*and> = 0:55 0.0./g (o-f., ref. 5) ia 1-8 x 10°. 
The RNA is therefore present as a single piece in the phage. 
The base tages are: A = 24-8 per cent, U = 23-7 
per cent, G = 27-1 per cent, O = 24-9 per cent. They are 
sufficiently distinct from those of f2 phage to suggest that 
Sr is a different 

Early electron micrographs of fd phage showed spheres 
embedded in a matrix of tangled fibrous material. Ona 
macroscopic scale, infective preparations were very 
viscous due to the presence of those fibres. It was 
assumed that these fires + were pili (ftmbris)* detached 
from the bacterial cell walla. However, during extensive 
attempts to clean the phage preparations by density 
gradient centrifugation, ion exchange chromatography, 
and shaking with a fluorohydrocarbon, infectivity was 
always found associated with high viscosity. Furthermore, 
it proved impossible to prepare pili from uninfected cells 
using methods which had been applied to prepare phage; 
and phage grown on pil fred mirana PHI showed Lik 
viscosity. We were therefore led to the conclusion that 
these fibres are in fact the phage. 

To test this hypothesis we submitted mixed solutions of 
jd and fr, or fd and 9X174, to ultrasonics for varying 

of time. As can be seen from Fig. 1, the infectivity 

of fd fell off extremely rapidly, while that of fr or eX174 
was scarcely affected. This sensitivity to ultrasonics is 
what one would expect for & long rod-shaped molecule. 

Electron mi phs of carefully cleaned preparations 
of fd show ene flexible rode, reminiscent of certain plant 


viruses’. e spheres present in earlier preparations 
were probably contaminating ribosomes.) The rods are 
o OX TH 
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about 7000 A long and about 50 A diameter. The 
physical constants of fd in solution are listed in Table 1. 
For a rod-shaped molecule the mass per unit length is a 
function almost solely of the sedimentation constant. 
The mass per unit length for fd is caloulated as 1,400 
mol. wt./A. Using length of 7000 A as determined from 
electron micrographs, the molecular weight of fd is 
9-8 x 10%. The molecular weight calculated from sedi- 
mentation and viscosity is 11-8 x 10°. The total ee 
of infective preparations divided by their mfeotivity ti 

gives a maximum molecular weight of 16 x 10* for ihe 

phage. Hence most particles are infective. 

The phage contains 11-6 per cent DNA (diphenylamine 
method), which accounts for 83 per cent of the phosphorus; 
the phage therefore contains 1:3 x 10* mol. wt. DNA 
(using a mean phage molecular weight of 10-8 x 104). 
The physical constants for the DNA isolated by a deter- 

i-phenol method are given in Table 1. Fram the 
Mandelkern equation, using B as for RNA and 
v = 0-58 o.0./g (ref. 9) one calculates a molecular weight of 
2-8 x 10+. THicwaven povera] oandidarstione euguess that 
ee DNA in solution is a more extended 
molecule than RNA under similar conditions; thus a 
larger B should be used and a smaller calculated molecular 
weight would result. The sedimentation constant of the 
DNA is similar to that found at the same ionic strength for 
$X174 DNA”, which has a molecular weight (from light 
scattering) of 1- :68-1:8 x 10*. The measurements indicate 
abeo DNA prem ones ee m ae paan. In 
low salt concentrations the DNA shows two ultracentri- 
fuge bands of about 189 and 159; the bands are replaced 
by a single band of higher sedimentation constant in high 
salt. This effect is similar to that found for 9X 174 DNA. 
The melting curve as followed by ultra-violet &beorption 
is typical of nucleic acid. The base 
peroen are: A = 24-4 per cent, T = 34-1 per cent, 
G = 19-9 per cent, O = 21-7 per cent. These are clearly 
not consistent with Watson—Orick base pairing. 
X-ray diffraction patterns of partially 
ls of fd show a strong meridional spacing at 
abou ji 10 À and a suggestion of a 60 A layer line spacing. 
The diffraction patterns can be interpreted in terms of a 
helical structure with a 60 A pitch and about six repeating 
units per turn. 
We thank Dr. A. Gierer for his constructive criticism 
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- REVOLUTION 


Fe ‘a nation of shopkeepers’ the British have shown 
little interest in improving the quality and efficiency 
of their retailing services to consumers. During the past 
decade, however, there has been a noticeable change, and 
many of the growing number of little boxes which line so 
many urban centres are themselves beginning to give way 
to various types of bigger stores and supermarkets. 
Although such changes have profound effecta on the 
national economy, they have hitherto attracted little 
notice from economists and others; lack of exact inform- 
ation has made it difficult to make even a general assess- 
ment of their significance. 


It is encouraging, therefore, to see a book which has 


been produced under thb mgis of the Twentieth Century 
Fund and represents a valuable study of distribution 
trends and prospects in Europe*. The .authors are 
specialists in the fleld of retailing and distribution, and, 
although the difficulty of collecting statistical information 
has been immense, the material brought together and the 
tentative conclusions should lead to much closer investi- 
gation and control of developments in the distributive 
trades. . 

Not only is there a lack of reliable information, but 
also what does exist makes comparisons difficult. Butchers 
and bakers, for example, may be retailing establishments 
in some European countries but not in others, and one 
which includes butchers in its census of distribution may 
not include bakers. Further confusion arises where whole- 
saling and retailing activities are described together in 
one unit in one country while they are separated in others 
according to the main activity. A still greater difficulty in 
assessing the place of retailing in the economy of different 
countries is the relative abeence of information on total 
retail sales and gross margins as well as the retail sales of 
individual concerns. This is largely bound up with the 
private nature of so many retail organizations and renders 
ib difficult to make accurate comparison of performance 
and, hence, forecast trends. 
change is blowing so strongly that a rapidly increasing 
number of retailers are beginning to make information 
available in order that they can measure their effectivencar’ 
against that of their competitors. 

Figurea produced by Jefferys and Knee, for example, 
show the overall contribution of the retailer to the 
European scene. In 1056, 11 per oent of the total European 
- labour force of 132 millions was engaged in one of the 
distributive trades. Of the 14,500,000 engaged in dis- 
tribution, 8,400,000 were concerned with wholesaling and 
the rest in retailing. These 11,100,000 persons were 

in 4,000,000 establishments. Not unexpectedly, 
the number of people employed in commodity distribution 
moreases (18-5 per cent were so employed in the United 
States in 1955) as the number of those employed in com- 
modity production decreases and, in Europe over the past 
forty years, the number in wholesaling and retailing has 


. increased by about 2 per cant. Among the more important _ 


reasons why the proportion of total manpower engaged 
in commodity distribution has increased compared with 
the proportion engaged in commodity production is that 
the volume of goods and services distributed per man-hour 
in distribution has risen much lees rapidly than the 
Future Treads. By Dr. 

Maamillen 


J 2 B Jeren Jerek Knee. gnt (London 
ames D. + D t 
and Co., Léd.; Mew York: St. Martin's Press, 1002.) 25e. 
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IN RETAILING 


volume of goods produced per man-hour in commodity 
production. The application of scientific techniques and : 
methods of distribution has been negligible compared with 
what bas been done in the field of production. It is surely 
remarkable that, in the National Productivity Year, those ` 
retailers in Britain who wish to apply method-study to 
their stores and shops can find no organized course con- 
cerned with training their employees in work-study 
specifically applied to retailing. Nor haa any of Britein's 
leading stores carried out any deteiled investigations to 
improve ite display, layout and methods of working even 
remotely with the admirable work carried out 
by the Dillon family in the United States. 

A further feature which reflects the importance of the 
retailer in the national life is that retail trade is increasingly 
becoming & source of employment for girls and women. 
About half the total number of people employed in 
retailing in Europe are female, and, equally significantly, 
many of them are married women who work part-time. 
The contribution of retail organizations to the national 
economy should be assessed not only by the extra purchas- 
ing power which these married women workers represent 
bub also by the contribution it makes to their individual 
lives. 

Although the number of people engaged in retailing 
has measurably increased over the past half-century, 
information produced by Jefferys and Knee support 
common observation that the number of establishments 
concerned with retailing has increased very little. The 
trend has been towards a average size of retail 
unit. Ix, Europe between 1080 and 1955 the number of 
retail establishments increased by about 10 per cent. 
The number of persons employed during this period 
increased from 2-8 per retail establishment to 2:7. Of 
more than passing interest is the fact that, in the United 
States in 1954 the average number of persons engaged 
per retail establishment was more than double that in 
Europe, 5-7 persons. This may explain why, in the 
United States, the galee per full-time person in 1955 were, 
at 20,000 dollars, approximately two and a half times the 
average for Europe and more than twice that for tho 
United Kingdom. On this basis, if sales per person in 
Europe approached the American level, the total man- 

required would be about 5 million full-time persons 
instead of the present 10 million; and, again not without 


consumption per head in the particular ; 
Although the vast majority of individual retail estab- 
lishmente in Europe are small one-man businesses, the 
tendency is for them to decline and the larger unite to 
grow. Jefferys and Knee extended their inquiries to see 
how the different types of large-scale retail organizations 
were increasing their efficiency and their effectiveness. 
Although the co-operative movement in Europe has, 
, continued to increase ite share of total retal 

trade, ita advance has, of late, been considerably slowed 
down and, mainly because of their method of government 
and direction, the Co-operative Society will probably go 
on losing ground to other large-scale retailers. Indepen- 
dent multiple-shop organizations, on the other hand, have 
developed rapidly since-1914 and particularly in the food 


* Distribulon in Great Britein and North Amarica. By M. Hall, J. Knapp 
and O. Winsien. (Oxford Untv. Press, 1961.) 
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trades. In the United Kingdom the number of multiple- 
shop branches had risen to 36,000 by 1939 against 22,000 
in 1814 with & steady increase in the number employed 
per branch. Equally, the variety-chain-store organizations 
have continued to increase their number of stores through- 
out Europe as well as the number of persons employed. 
While the multiple shop retailers have followed the 
traditional divisions between tradea—grocer, butcher, 
men's tailor, eto.—the variety-chain-stores have com- 
pletely reversed this policy and sell a wide range of goods 
from food to clothes, Ironmongery and, now, radio sete. 
This has been achieved despite intensive pressure from 
small and multiple retailers and oven against restrictive 
action by Government and local authorities. The growth 
of the variety-chain-stores has caused the well-established 
and traditional department stores to examine their mer- 
~ chandising and retailing policies as well as their location. 
Traffic congestion, parking difficulties, Increasing rents 
and rates are all adding to their diffloulties, and these will 
be further increased by the growth of mail-order firms 
which eell direct to the consumer and which have shown 
spectacular growth since the Second World War. About 


concerns. While their innate conservatism and desire ‘to 
keep their business to themselves’ makes change unwel- 
come, the threat of extinction is causing many small 
retailers to group together for cheaper bulk-buying and 
to make use of management services for mutual improve- 
ment. This co-operation, either through self-governing 
voluntary groups or through one of.the growing number 
of organizations which have been set up for this purpose, 
has, hitherto, been largely confined to the food trades, 
but is now spreading to others. Ite extension could well 
mean the preservation of many of the small-scale retailers. 
They have the advantage of close knowledge of their 
customers and of their customers’ wishes, and, if they 
employ staff, can ensure that such staff is fully utilized. 
These are advantages, however, which are unlikely to 
stay with them long unless they develop training arrange- 
ments like those of the bigger organizations. The latter 
are beginning to pay not only closer attention to the 
selection of suitable branch managers and staffs but also 
are beginning to devote much greater care to determining 
“the needs of their cusomers and what kind of service will 
beet meet theeeIneeds. 

Jefferys and Knee have not only performed a valuable 
servioo by gathering information. They have also used it 
to make forecasts which should be of value to all progres- 
sive retailers. Bo, too, has W. G. MoClelland, research 
fellow in management studies at Oxford and still a director 
of a large grocery multiple group. In a recent broadcast on. 
the Third Programme of the British Broadcasting Oor- 
poration, MoOlell&nd welcomed the spreed of self-service 
stores and supermarkets in the food trades and hoped 
that these developments would spread rapidly in the 
non-food trades. Small margins and & high volume of 
sales could enable non-food supermarkets to trade as 
profitably as their food equivalents; they could perform 
an equally valuable service to the community by keeping 
down the cost of living. The abolition of re-sale price 
maintenance could also enable efficient non-food retailers 
to strengthen their own positions and make a marked 
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contribution to pegging the cost of living. Price main- 
tenance has virtually disappeared in the grooery trade 
because manufacturers have seen that they could not 
compete against other low-cost producers; unless non- 
food manufacturers are prepared to follow the same- 
precept they will invite sharper competition from manu- 
facturers in similar fields who will arrange to sell products 
like refrigerators direct to customers. If the latter ten- 
dency grows, the non-food retailer will find himself not 
only without margins but also without products to sell. 

For most conclusions drawn by Jefferys and Knee there 
will be general approval. An overall increase of salos of 
up to 58 per cent by 1970 should be accounted for by a 
larger increase of sales in clothing, furniture, household 
appliances and other goods than in foodstuffs. More 
manpower will be required and the sales per person will 
increase. The number of eeteblishmente will almost 
certainly decrease in the next decade and the average 
size of them will increase; this will be even truer of 
foodstuff establishments than of others. The estimated 
increase in size of establishmenta will lead to a consider- 
able new fixed capital investment in retailing, and, 
according to Jeffery and Knee, in Europe as a whole this 
may well amount to a total of 16 billion dollars. The 
entrepreneurs in retailing may well be forced to reconsider 
their traditional ways of financing capital expenditure. 

But the greatest changes will have to come from the 
small retailers. In the next decade the multiple-shop 
organizationg, and especially the variety-chain-store 
firms, will increase their share of the total trade, and 
small independent retailers will only survive by ool- 
laboration in merchandising and in the management of 
their enterprises. Before this occurs there must be radical 
change in the attitude of the majority of small retailers; 
butchers, bakers and grocers must quickly learn to become 
managers. The standard of retailing needs to be built up 
until it is accepted as a service demanding special tech- 
niques which require to be studied and developed. A 
number of leading retail organizations m Britain have 
already used the services of management consultants with 
considerable success in a number of ways. Instead of. 
controlling stock by hunch, for example, operational 
research has been usec to control the number of lines a- 
warehouse may hold and to determine at what levels 
branch staffs may re-order; training courses have been 
devised to instruct branch managers how to keep stook- 
levela at an optimum. Electronic calculating machines 
are being regularly used to improve the information 
available to central buyers, while linear programming is 
now accepted as a means of reforming the means of dis- 
tribution from factory or warehouse td shop or store. 
Already twenty computers are in use in the larger retailing 
organizations in Europe, and, as the means for hiring 
computing service becomes more widely known among 
smaller retailers, the use of statistical information will 
become much more common. Inter-firm comparisons will 
be extended to provide comparative information not only 
about sales per person, but also sales per man-hour and 
sales per linear part of the counter, if the latter continue 
to exist. 

Before these fundamental changes come about much 
more attention will nave to be paid to means of producing 
trained and competent manpower. Fundamentally, the 
challenge facing retail organizations is one of management, 
and this is daily becoming more and more apparent to 
many of those who control retail companies. In the next 
decade, two main problems will confront retail directors 
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and these will only be surmounted by good management. 
The first is the supply of goods. The increasing role of 
the manufacturer in the branding, packing and adver- 
tising of consumer goods necessarily means much more 
. pre-selling to the consumer and will drastically change 

the role of the retailer. This has already occurred with 
tobacconista, and is now taking place with grocers. Tho 
trend is likely to continue over a wide range of non-food 
goods. Instead, therefore, of grocers and ironmongers 
who are expert in their particular commodities, the 
immediate future should provide managers of grocery and 
hardware shopa who are sufficiently informed to resist 
over-selling by manufacturers and'overstooking by them- 
selves. 

The seoond problem will leave the retailer even more 
vulnerable. This is one of costs and margins and only 
those managers of retail establishmenta who can bring a 
mathematical approach to buying and distribution, a 
systematic approach to display and layout in their stores 
and shops, and a budgetary form of control to their 
financial &coounting, can expect to attain high turnover 
with low margins. Moreover, unless shops and stores are 
organized and staffs are fully trained to provide genuine 
consumer satisfaction, they are still unlikely to succeed. 
Opening hours will have to be adjusted to make shopping 


possible and enjoyable, and this may mean changes in. 


existing law. A five-day week for staff and longer opening 
hours are both immediately possible, and here the appro- 
priate trade unions should see that the interests of the oon- 
sumer are put first. Of education and training for the 
retail trades in Britain little need be said other than that 
what is being done is even leen satisfactory than that for 
apprentices in industry. 

England has one old-eeteblished College for the Dis- 
tributive Trades, and Scotland a very new ane. Adequate 
training for staff is provided by one leading grocery firm 
in England and one in Scotland. Those in control of the 
bigger supermarkets talk but do not act—they are mainly 
concerned to provide 'ahelf-fillers'. Education for manage- 
ment in the retail trades is bedevilled by the number of 
proliferating bodies like the Institute of Grocers which 
have seb up their own courses in management and so 
. divert studente from the admirable and nationally reoog- 
nixed arrangements first promulgated by the City and Guilds 
of London Institute a few years ago. In contrast to 
Britain's belated recognition of the need for education 
and training in the retail trades, there is the work of the 
School of Retailing, a constituent college of New York 
University, which was founded some forty-three years 
ago, and is now internationally recognised for its graduate 
and postgraduate work*. The relationship of education 
' and training to productivity in retail organizations has 
been discussed by Prof. Harold F. Clark, of Columbia 
University, and Prof. Harold 8. Sloan, of Fairleigh 
Dickinson University f. They also show that it is the 
trained managers who provide education and training 
facilities for their staffs in order that they can faithfully 
serve the.customer. The future of retailing will depend 
on the quality of its management, and the experience of 
industry should now be used in the distributive trades to 
select and train individuals posseasing the kind of educa- 
tional background on which good management depends. 
Such trained managers could make a powerful contribution 
to the nation’s productivity. 


* Teekrical Sduontion, 4, No. 12 (December 1992). 


i Classrooms tn the Stores (Roxbury Press, Ine., Sweet Springs, Missouri, 
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“WILLIAM HARVEY'S LECTURES ON 
ANATOMY 


Lectures on the Whole of Anatomy 

By William Harvey. An annotated translation of 
“Prelectiones Anatomiae Universalis”, by Prof. C. D. 
O'Malley, F. N. L. Poynter and Prof. K. F. Ruseell. 
Pp. 239. (Berkeley and Los Angeles: University of Cali- 
fornia Preas; London: Cambridge University Press, 
1961.) 64s. 


Pe great work De Mortu Cordis was first 
published in 1628; but in the Latin manuscript of 
his Lumleian Lectures on anatomy delivered at tho 
Royal College of Physicians during 1616-26 we are able 
to read of his earliest tion of his views on the 
circulation of the blood. Indeed, in his dedication of 
De Mortu Cordis to the President of the Royal College of 
Physicians and to other learned physicians he writes, “on 
several earlier oocasions in my anatomical lectures I 
revealed my new concept of the heart’s movement and 
function and of the blood’s passage round the body. 
Having now, however, for more than nine years confirmed 
it in your presence .. . I have yielded to the repeated 
desire of all and the preasing request of some, and in 
this amall book have published it for all to see”. This 
shows quite clearly the importance of his lecture notes, 
and this translation presenta them in a form convenient 
and easy for all to read. Harvey’s manuscript is in the 
British Museum, having been presented by Sir Hans 
Sloane. In 1886 the Royal College of Physicians and 
Royal College of Surgeons published a facsimile reproduc- 
tion together with & transcription of the lecture notes; 
but the authors frequently refer to errors in this publica- 
tion. From the reproduction of several pages of the 
manuscript it is clear that accurate translation and 
presentation of the nofes must be very difficult indeed. 

Apart from the interest of this first acoount of the 
circulation it is revealmg to find that the College of 
Physicians entered the anatomical fleld so early (actually 
in 1565) and performed a function in organizing lectures 
that might rather be expected from the Company of 
Barber Surgeons, had that body been properly organized. 

Harvey deals with the whole of the body, except the 
skeleton, but his notes contain more than pure anatomy. 
His interest in comparative anatomy is shown by his 
reference to some eighty animals. We also realize that 
he was & busy practising olinioian and a pathologist. 
There are many references to the diseases of his patients, 
with names. Although he is presenting anatomy it is 
notable that his thoughts aro predominantly concerned 
with function; he is revealed as a physiologist. Thus he 
states: “Since the purpose of anatomy is to know or to 
recognize the perte and to know them through ther 
causes, and these in all animals, for the sake of which and 
therefore for this reason, (1) action, (2) use”. This pre- 
occupation with function, of course, finds its zenith in his 
presentation of the structure and function of the heart. 

In contrast to his ‘modern’ grasp of so many things 
in the body, it is interesting to see how much he still 
retained of the older, empirical teachings. 

The authors are to be congratulated on performing a 
classic task in presenting this book to the wide audience 
that must eagerly receive it. 

One unhappy feature mars this book. This is the use 
as & frontispiece of a coloured reproduction of the Rolls 
Park portrait of William . This was unknown 
until it was discovered by Sir Geoffrey Keynes and 
described in his Vicary Lecture in 1948. The home of 


-the Harvey family was unoccupied, derelict and severely 


damaged. Sir Geoffrey Keynes was able to arrange for 
the safe removal of the portrait and those of Harvey's 
brothers. They found a home in the Royal College of 
Physicians for some ten years and were than removed by 
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the owner. The portrait of Harvey was fraudulently 
exported to tho United States, where it was sold. Those 
responsible were heavily fined in a magistrates’ court in 
January 1962. 

Even though the portrait is of special interest in that 
it shows Wiliam Harvey as he was during the period he 
was compiling his lecture notes, it would have been more 
tectful not to have flaunted it so blatently with attribu- 
tions to ite present American domicile and ownership in a 
book touching so very closely on the Royal College in 
which Harvey delivered his lectures and which has so 
recently suffered the ignominious loss of the portrait. 

Russet, Brook 


ANTOINE FRANCOIS DE FOURCROY 


Fourcroy 
Chemist and Revolutionary 1755-1809. By W. A. 
Smeaton. Pp. xxi--288--7 plates. (Cambridge: W. 
Heffer and Sons, Ltd., 1962.) 40s.; 6.00 dollars. 

HIS book is the kind of foundation on which the 

history of chemistry will eventually be built. There 
are many volumes of laborious detail m which the wood 
cannot be seen for trees, and many full of enticing general- 
izations which serious research can easily disprove; but 
there are not many like this one which combines thorough 
scholarship with a grasp of how the particular subject 
fits into the general picture. It is common to find the 
history of chemistry presented in isolation, without 
reference to the industry, politics, society or educational 
system around it. Yet chemists are certainly not cut off 
from the world, and this book has the great merit of show- 
ing the life of a distinguished chemist as a whole, with all 
his varied activities and their influenoe on his scientific 
work. 

Fourcroy is, indeed, a particularly attractive subject— 
active both in chemical research at the crisis of the chemi- 
cal revolution and in politics in the France of Robespierre 
and Napoleon. His election to the Convention seems 
to have been 
the Committee of Public Instruction during the Terror, 
and then on the Committee of Public Safety, returning 
after an interval to serve on the Council of State under 
ed As the director-general of publio instruction 
i the Imperial University to control all educa- 

au ends elle va bese Pa ee Cnn Mastoe 
bot. was rejected probably because the Emperor needed 
the Church’s co-operation, and Fourcroy was a free- 
thinker. (80 was the Emperor, unofficially.) 

Fourcroy has often been held responsible for Lavoisier’s 
execution, or at least for not having done all he oould to 
save him. Dr. Smeaton argues, however, that the evid- 
ence on which Lavoisier was condemned was the same as 
that against all the Farmers-General of Taxes, and shows 
that Fourcroy actually risked his lfe in ing for 
Lavoisier at & meeting of the Committee of Public Safety, 
to which he had then no right of entry. There is no proof 
that the incriminating letters found among Lavoisier’s 
papers, which have been published by Prof. McKie, were 
ever reported to the authorities. 

Unfortunately, little is known of Fourcroy's private life 
and character, and the author-will no doubt be critacized 
for not having ‘brought his subject to life’. However, 
it is not & scholar’s part to produce imaginative reoon- 
structions without evidence. What he does bring to life 
most vividly is the world of chemical teaching and 
research in which Fourcroy was & leader. To understand 
the processes of formation of scientific theory, it is neces- 
sary to understand not only the few contemporary ideas 
which have survived but also all the concepta and 
attitudes, since forgotten, which seemed important at 

‘the time and were the context in which advances were 
made. Tt is in this that the author is particularly success- 
ful. 
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Fourcroy was a distinguished teacher and writer of 
text-books, and did valuable work, generally in collabora- 
tion with Vauquelin, on plant and animal chemistry, 
the application of chemistry to medicine, and on inorganic 
salts. He produced what may have been the earliest 
morae sere oF TATED, anal yale, and, like most 

French chemists of the time, was often, called on to apply 
his knowledge for practical uses. This book, which has 
good indexes, notes and copious bibliography, will cer- 
tainly become the standard work on ite subject. 

A. M. DuNGAN 


GEOPHYSICAL SCIENCES 


a de Geophysics U.S.S.R. - 
Edited by Dr. Nicholas Rast. Pp. 429. (London and New 
York: Pergamon Prees, 1962.) 1005. net. 


Fundamental Problems 
Relatlon to Geophysics 
Proceedings of a postum held at the Faculty of 
Sciences and at the Institut de Mécanique Statistique de 
ls Turbulence of the University of Aix-Marseille, Septem- 
ber 4-9, 1961, Marseillea, France. Edited by Francoise 
N. Frenkiel. (International Union of Geodesy and Geo- 
physics and International Union of Theoretical and 
Applied Mechanics. Reprinted from the Joumal of 
Geophysical Research, Vol. 67, No. 8.) Pp. iv+284. 
(W eahington, D.C.: American Geophysical Union, 1062.) 
o 3 


Earth, Sea, and Air 
A Burvey of the Geophysical Sciences (Addison-Wealey 
Series in the Earth Sciences.) By Prof. Jerome Spar. 
Pp. vi4 152. i Massachusetts and London: 
Addison-Wesley Publishing Co., Ino., 1962.) Paperback 
14s.; Hardbound 285. 


W* still know too little about geophysical studies in 
the U.8.8.R., and Dr. Rast’s translation of a 
selection of Soviet papers on applied geophysics is to be 
weloomed. There are four papers on seismic methods, 
two on gravity, five on electrical methods and six on 
bore-hole loggmg methods. Undoubtedly, the most 
useful articles for Western readers concern the methods 
of electrical prospecting, on which the literature in Western 
countries is sparse. 

The presented at & symposium held in Marseilles 
during September 4-9, on ‘Fundamental Problems in 
Turbulence and Their Relation to Geophysics’, and 
originally published in the Journal of Geophysical Research, 
have now been published together in book form under the 
editorship of F. N. Frenkiel. The value of this publication 
need scarcely be emphasized. 

Earth, Sea, and Air is a survey of geophysics intended 
for a course in a liberal arta college in the United States. 
Prof. Spar feels that the arts man needs somo knowledge 
of science if he is to be effective in the or admini- 
strative work in which he will later be engaged. This 
notion is, of course, still quite foreign to the English 
university or to the grammar or publio school sixth-form 
on the modern or classical side. The book is quite a good 
one, emphasizing well the exciting human quest which 
any scientific fleld, if treated historically, represente. It 
would be an interesting experiment to use such a book as 
the basis of a course in an arts department of an English 

Slightly irritating Americanisms crop up; for example, 
on p. 41 we read of the founder of geology William (Strata) 
Smith. It is also rather out of date and treate as an 
article of faith that the Earth was once molten, but then 
almost every geologist believes this, in spite of strong 
geophysical and geochemical evidence to the contrary. 
This, however, is poetio justice, as geologists are fond of 


In Turbulence and Thelr 


- No. 4867 February 9, 1963 


quoting, for the discomfiture of the geophysicist, Kelvin's 
celebrated ‘proof’ that the age of the Earth was only some 
tens of millions of years. While rejecting this, they seam 
notwithstanding to have swallowed whole Kelvin's idea 
of a cooling Earth. Only in recant times does this idea 
seam to have been effectively challenged. 

8. K. RUNOORN 


NON-LINEAR OSCILLATIONS 


Nonlinear Osclllations 


By Dr. Nicholas Minorsky. Pp. xviii+714. (Princeton, 
N.J.: D. Van Nostrand Company, Inc.; London: D. Van 


Nostrand Company, Ltd., 1962.) 107s. 


HIS encyclopedic volume, of more than seven 

hundred pages, is the moet extensive treatment so 
far published in book form on the theory of non-linear 
oscillations. It will undoubtedly become the standard 
reference work on the subject and no applied mathe- 
matician can. afford to be without it. The book, contain- 
ing thirty-one is divided into four parts and 
only a brief outline of the contents oan be given. 

In Part 1 (eight chapters) topological methods are 
discussed, and the theory is based largely on that of 
Poincaré. The theory of stability is developed, especially 
in relation to the ideas of Liapounov. Part 2 (nine chap- 
ters) deals with quantitative methods and is largely 
concerned with the classical theory of approximations. 
The ssymptotic methods of Krylov-Bogoliubov-Mitro- 
polsky, both for autonomous and non-autonomous 
systems, ia presented in detail. The highlight of Part 2, 
however, comes in Chapter 16, which is concerned with 
the stroboscopic method. This method was developed 
by the author himself who, in 1953, was awarded Le 
Priz Montyou by tho French Academy of Sciences for 
this work. Part 8 (eight chapters) is given to the study 
of the oscillations of nearly lineer systems, and it is based 
almost entirely on the stroboscopic method. There are 
chapters on synchronization, non-lmear resonance, para- 
metric excitation and oscillations caused by retarded 
actions. The next chapter introduces the concept of a 
parameter space and discusses, in this space, the topology 
of Lienard’s equation: 


B+ f(z + g(z) = 0 


where f(x) is a polynomial. Part 4 (six chapters) is oon- 
cerned with relaxation oscillations, a subject where a 
wide departure from the near-linearity of Part 8 frequently 
holds. Because of this departure entirely different 
methods from those of analytic approximations are 
necessary. The discontinuous theory of relaxation oscilla- 
tions is presented and it is applied both to electrical and 
to mechanical problems. Asymptotic methods are then 
discussed, including that of i Littlewood and 
that of Dorodnitzin. The book concludes with a chapter 
on piecewise linear idealization. 

A feature of the present work is the detailed exposition 
of the outstanding Russian contributions to the subject 
over recent decades. There are many references to the 
original papers and every research student in this fleld 
will need to use this book. The applications of the theory 
are chiefly in mechanics and electricity, fields where an 
immense amount of experimental evidence has been 
brought to bear on the theory. It has happened that the 
mathematical models that have been constructed in these 
fields have been particularly robust. This has not so far 
been the case with model making in the flelds of biology 
and econometrics, where many non-linear phenomena 
also oocur. However, the applications of the theory to 
biological fluctuations and to econometric recurrent 
processes are discussed and the limitations of the models 
are pointed out. L. 8. GODDARD 
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ENGINEERING ASPECTS OF 
SUPERSONIC AIRCRAFT 


Supersonic Engineering 

A Symposium held at tho Royal College of Advanced 
Technology, Salford. Edited by J. T. Henshaw. Pp. 
viii--264. (London : William Heinemann, 1962.) 685. 


this book Heinemann, with the assistance of Mr. J. T. 

Henshaw, who has edited the contributions, have bound 
within one volume a series of lectures delivered at a con- 
ference which was held in May 1961 at the Royal College 
of Advanced Technology, Salford. Having myself spent 
tedious hours trying to obtain ecientiflo papers presented 
at similar conferences and made available only to those 
present, I am always pleased when I see that a publishing 
house has been bold enough to make a book from this 
kind of material. i 

The subject-matter of this book is far more specifle 
than its title would suggest, for it deals almost exclusively 
with the engineering aspecta of the supersonic transport 
aircraft and, so far as one can expect within ite 264 
pages, provides a comprehensive survey of as widely 
varying topics as the basio aerodynamics, the structure 
and materials likely to be used in ite design, the noise 
worthiness and the power planta and their aerodynamics. 
The book is introduced by a chapter which outlines the 
problems poeed by the supersonio and there are 
sections dealing with the stability and control and with the 
economics of operation. To my knowledge it is the first 
work to be published which attempts to cover the complete 
subject in this way. 

In preparing this book, no attempt has been made to 
produce an academic text-book, something clearly 
impossible within the few pages, but rather its objective 
has been to present a synopsis of the many problems facing 
the engineer and by so doing, to stimulate the interest of 
those, as the book says, “experienced ustes”, who 
are at present in the aircraft industry. is it probably 
will do quite successfully for the book is very readable 
and is almost devoid of mathematical analysis. However, 
I would criticize it on the grounds that it probably has 
gone too far in ite attempt to make the exceedingly oom- 
plex problems appear simple if tackled with sufficient 
common sense. I also find that the lack of rigour in most 
of the contributions makes it very hard to decide when 
an author is stating a well-established fact or his own 
point of view, valuable though that may be. To this 
end, liberal use of references would have been most 
welcome, but unfortunately they are completely absent 
from more than half the contributions. This is even 
more regrettable when one considers that the aim of the 
volume was to stimulate the interest of engineers, which 
implies that they will follow up with a more detailed study 
in their own field if they know where the information 
can be found. J. K. Harvas 


HISTORY OF VISCOSE RAYON 


The Beginning of Rayon 
By Edwin J. Beer. . 2086+13 plates. (Paignton, 
Devon: Phoebe Beer, orton Manor, Shorton, 1962.) 
205. 
SE rayon was the first man-made fibre to reach 
the mass market. The pioneering work, which made 
this possible, began 60-70 years ago and is associated 
with the names of Croes, Bevan, Stearn, Beer, Topham, 
Tetley and many others. With the exception of Beer, 
these pioneers have vanished from the stage, and such 
accounts of the beginnings of visooee rayon as have 
appeared are based on the recollections of the generation 
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succeeding Beer and his co-workers, that is, they are based 
to & considerable extent on hearaay. The author, Mr. Beer, 
has made available in his book, his own recollections, 
reinforced by extracta from his diaries and old lettera, 
over the period covering the last few years of the nine- 
teenth oentury at Kew until a year or Bo after Courtaulds 
ea fed up a plant at Foleshill, then just outside Ooventry, 
m : 

.. The author's laboratory notebooks were handed over to 
Courtaulds many years ago and have disappeared. I 
myself do not think that this is very important except 
in so far as it would lead to greater precision in all i 
priorities to ideas and the people responsible for them. 
After reading the book, one is left with a feeling of respect 
for Mr. Stearn, ‘Mr. Stearn’s chemist'', that is, the author, 
and their colleagues at having succeeded in developing a 
technology for producing a fibre from viscose, a liquid 
material which varied in colour, viscosity and spinna- 
bility, according to the source and nature of the wood pulp, 
the purity of the chemicals available to them and the 
ambient temperature. 

The book is, therefore, a valuable source on the early 
history of viscose rayon. The information presented is 
not in reted, that is, the author makes quite clear 
when he is quoting from his diary and letters and when he 
is commenting on other sources of information or hearsay. 
However, ju from the point of view of the book’s 
stated purpose, it is too long and discursive, containing 
many interpolations of the author's experiences, par- 
ticularly in India, after leaving viscose. I consider 
that tho ease of following the development of viscose 
Tayon would have been considerably improved if the 
author had organized his material better. On the other 
hand, if he had, the reader might have missed much 
information about social conditions at the turn of the 
century and about the experiences of the author, who 
certeinly is in many ways an exceptional man. 

L. A. WISEMAN 


PROGRESS IN BIOCHEMISTRY_AND 
PHYSIOLOGY 


Annual Review of Biochemistry 

Vol. 31. Edited by J. M. Luok and Associate Editors: 
.F. W. Allen and G. Maokinney. Pp. viic-731. (Palo 
Alto, California : Annual Reviews, Ino., 1962.) 8.5 
dollars. 


Advances In Comparative Physlology and Biochemistry 
VoL 1. Edited by O. Lowenstein. Pp. xii+302. (New 
York: Academic Preas, Inc.; London: Academic Prees, 
Ino. (London), Ltd., 1962.) 86s. 


Vo 31 of Annual Review of Biochemistry begins 
' with an autobiographical chapter by Dr. Mansfield 
Clark, whose studies on hydrogen ions and oxidation- 
reduction have contributed so much to biochemistry. 
Most of the 21 reviews in this volume are on subjecta 
usually covered each year, bub there is ab least one 
Ho si an article on germ-free animal research (O. 
Miokelsen). This deals with the subject from ita begin- 
nings, which seam to go back to i ta designed to 
test Pasteur’s suggestion that an animal could not live 
‘m the germ-free state. The suggestion proved to be wrong, 
and to-day there are about a dozen centres, most of them 
in the United States, where colonies of animals are main- 
tained in a germ-free condition, that is, free from all 
detectable organisms, whether pathogenic or not. Germ- 
free rata and mice have been shown to have practically 
normal life-spans, and chickens, monkeys and guinee 
pigs have also been successfully maintained in a germ-free 
state for long periods. The technique can be used to 
throw light on many problems; for example, the effect 
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of a germ-free upbringing on wound healing or on sensi- 
tivity to subsequent infection, or the role of the intestinal 
flora in animal nutrition, particularly as regards vitamin 
requirements. Other reviews of general interest deal with 
polypeptide hormones (K. Hofmann), inborn errors of 
metabolism (J. Larner), and insect nutrition (H. L. 
House). There are three chapters on nucleic acids and two 
on different aspects of immunology. 

Adeances in Comparative Physiology and Biochemistry 
is @ new serial publication. Volume 1 contains reviews 
on the following subjects: digestive enzymes (E. J. W. 
Barrington), the amine oxdases of mammalian blood 
plasma (H. Blaschko), temperature receptors (R. W. 
Murray), neuromuscular physiology (G. Hoyle), animal 
luminescence (J. A. C. Nicol), and respiratory mechanisms 
and their nervous control in fish (G. M. Hughes and G. 
Shelton). The reviews are illustrated with many figures. 
Most of the contributions in the present volume come from 
university departments of zoology in Great Britam. In 
planning future volumes, the. editor will, no doubt, be 
looking to authors from other departments and other 
countries to write some of the reviews. This new publica- 
tion has bean planned to keep physiologists and biochem- 
iste abreast of present-day work in the comparative 
branches of their subjects. It has made & good beginning. 

D. O. Harewon 


CANCER CHEMOTHERAPY 


Biological Approaches to Cancer Chemotherapy 

A Symposium held at Louvain, June 1960, under the 
auspices of Unesco and the World Health Organization. 
Edited by R. J. C. Harris. Pp. x+431. (London: 
Academic Press, Inc. (London), Ltd. ; New York: Academic 
Presa, Inc., 1961.) 96s. 


TAE flors of tho organitori ‘ot the Louvain Sym 
posium to deffno the meanmg of chemotherapy in 
relation to cancer enabled the contributors to this book to 
range over a wide variety of biological and biochemical 
topics related to cancer therapy. This has the advantage 
that the reader is stimulated by many theoretical 
approaches to the alleviation or cure of cancer. 

Most of the thirty-one contributions are directed towards 
answering one or more of the followmg questions. What 
are the differences between normal and cancerous tissue 
and which oellular functions are most suitable for thera- 
peutic attack ! What considerations affect the design and 
transport of drugs having a specific effect on malignant 
cells and can any steps be taken to protect the organism 
against undesirable side actions ? t methods, other 
than surgery and externally applied radiation, may be 
used in the treatment of the disease ? Because relatively 
little progress has been made in the chemotherapy of 
most forms of cancer, the answers to these questions are 
necessarily speculative. Danieli, in the introductory 
paper, suggests that the differences in properties between 
normel and malignant tissue are such that & drug, to be 
effective, will have to act on two or more of these diffor- 
ences. 

Several papers aro concerned with aspects of oell or 
tissue life which are potentially useful as pointe of ahemo- 
therapeutic attack. Thus homeostatio (or feedback) 
mechanisms, steroid hormone-pyridine nucleotide inter- 
action, the dependence of epithelial tissue (from 5-day-old 
chick embryos) on the underlying mesochyme in tissue 
culture, and lysosomes are subjecta for discussion. De 
Duve speculates on the induced rupture of the lysosome 
as & method for destroying malignant cells. 

It appears from the articles by Bergel and by Larionov 
that dhay and their colleagues are concentrating on the 
problem of how cytotoxic chemicals may be transported 
specifically to their site of action. Both are synthesizing 
drugs in which a nitrogen mustard moiety is attached to a. 
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peptide chain, and both claim successes i trans- 
planted. tumours in experimental animals. papers 
concern the metabolism of drugs in general, their intro- 
duction into normally impermeeble cells by pinocytosis 
or ion transport, and the way in which drug resistance 
arises. Jacobson reviews the inactivation of olinically 
useful antifolic acid antagonists by leukeamic and other 
cells and suggests ways by which this inactivation may 
be circumvented. 

Four potential methods of tumour control, which can 
only loosely be called chemotherapy, are also discussed. 
The mani tion of the hormonal environment in the 
control of tumours of the endocrine glands and their 
dependent tissues is practised widely in clinical medicine. 
Furth and Mühlboek detail some of their expermental 
work, the former using primary mammary tumours in 
the rat and the latter lanted ovarian tumours in 
the mouse. Secondly, the existence of specific antigenic 
groupings in cancer cells is reviewed. It is accepted that 
chemically induced tumours of rodents contain antigens 
not demonstrable in the corresponding normal tissue, but 
the position with ‘spontaneous’ tumours is leas certain. 
Thirdly,-the induction of cancer by viruses and the possi- 
bility that viruses will be found which specifically destroy 
tumours is discussed. Finally, Kimoaita and Maisin both 
review the inhibition of azo dye cancer in the rat liver. 

It is noteworthy that one of the most pressing needs in 
the investigation of cancer chemotherapy, that is the 
lack of an adequate method for the biological testing of 
drugs, is discussed in only one paper. Garattini and 
Palma are more concerned with the determination of 
general toxicity than with the vestigation of the reactions 
of a wide range of tumours. 

There is & considerable variation in 
standard of papers in this i 
their subject m the most 
results of experimental work. They all combine to pro- 
duoe fascinating picture of the difficulties of the problem 
and of the methods used to overcame them. 

The editing of these proceedings is not of the standard 
normally expected in a book of this quality. There are 
several phical errors, a lack of consistency in the 
use of ab iations for chemical and biochemical sub- 
stances and sometimes a failure to record the meaning 
of these abbreviations. The lack of firm editmg and 
careful grouping and linking of the contributions has 
resulted in a collection of papers rather than in & useful 
guide to present trends in cancer chemotherapy. 

D. B. Cuaysow 


the scope and 


ECOLOGY FOR STUDENTS 


Introduction to the Study of Anima! Populations 
By H. G. Andrewarths. . xvii+281. (London: 
Mothuen and Co., Ltd., 1961.) 30s. net. . 


[xe eS es 
ecology in a text-book of moderate size and cost; 
authors are practically obliged to develop selected sectors 
of it, and omit others . Their purpose must 
be to convey to the student the principles underlying the 
inter-relations, distribution and numbers of animals, and 
to give him at the same time an introduction to the 
methods by which knowledge can be advanced. To 4 
considerable extent these objects can be achieved inde- 
pendently of the actual material and context chosen for 
illustration. 

Dr. Andrewarths’s book is based on the well-known 
and much larger work of Andrewartha and Birch, Ths 
Distribution and Abundance of Animals (1964). It is 
divided into a section on “Theory”, which occupies about 
two-thirds of the book, and a “Practical Course", consist- 
ing of twenty interesting and varied experiments to be 
carried out in the laboratory. The mam emphasis in the 
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theoretical section is-on the environment; and for ‘the 
most pert the context chosen is the kind of terrestrial 
environment that man has influenced in varying degreog 
for purposes of crop and animal husbandry. It is a world 
that comes closer than most to the doors of the average 
university department; ita predominant inhabitants are 
insects, and its ‘natural’ populations are those that are 
not being directly subj to human intervention or 
control, though they may be living in fields, orchards or, 
cultivated soils. 

Against this background the environment is broken 
down into four major componenta, namely, weather, 
food, other animals and a place in which to live. A chapter 
is devoted to each of these; they ocoupy respectively 
43, 82, 13 and 8 pages. In this case, doubts are likely to 
arise as to whether the picture they convey does give the 
student reel insight into the basio attributes of environ- 
ments in general, as they affect the individual. If ho 
tried later to apply the same principles to analysing quite 
different environments, let us say those of a whale, a 
termite or a tapeworm, Dr. Andrewartha's components 
might be found lacking in realism, and not always mutually 

istingui le. For a carnivorous cetacean, Where is 
the line drawn between food and other animals; or, for an 
internal parasite, between weather, food and & place in 
which to live? The last component especially seams to 
provide an umbrella for miscellaneous factors not analysed 
at all, or not readily assignable to the other three. In 
one place (p. 16) the environment as a whole is said to 
comprise "everything. that may influence [the animal’s] 
chance to survive and multiply”, a definition that gives 
the appearance of overlooking the great complementary 
influence that heredity and physiology are likely to have 
on survival and reproduction. 

In the practical course each experiment is worked out 
in full; tables of actual measurementa are given, and where 
a iste the latter are subjected to a useful range of 
statiatioal testa; permissible conclusions are drawn and 
commented on. Use is made of populations of such 
common laboratory animals as Paramecium, Tribolium, 
Calandra, and mice; or of snails, wood-lice and insecta 
collected out of doors and brought into the laboratory; 
with a little improvization the experiments could be 
adapted for use almost anywhere. They will give valuable, 
experience in laboratory methods. Quantitative observa- 
tion and experiment in the fleld, however desirable as a 
supplement, often present almost insuperable difficulties 
at this introductory level. V. C. Wuxau-EDWARDB 


` PLANT CHEMOTAXONOMY 


Chemotaxonomle der Pflanzen 
Eine Übersicht über die Verbreitung und die Bystematische 
der Pflanzenstoffe. Band 1: Thallophyten, 
Bryophyten, Pteridophyten und Gymnoepermen. Von 
Prof. R. Hegnauer. (Lehrbücher und Monographien &us 
dem Gebiete der Exakten Wissenschaften. Chemische 
Reihe, Band 14. Pp. 517. (Basel und Stuttgart: 
Birkhauser Verlag, 1962.) 96 D.M. 
"Tons book intends to supply information of mutual 
interest to workers studying the morphology of plante 
and those concerned with phytoohemistry, who have kept 
apart because their methods and terminology are different. 
The author, who uses the classifications of Gilbert M. 
Smith, and partly of A. Engler, points out that the 
presence of similar compounds in & variety of planta does 
not necessarily imply a close phylogenetio relationship 
because a substance may owe ita origin to entirely different 
metabolio se For example, some fungi develop 
cyanio acid but they do not produce it by enzymatic 
liberation from glycosides, as do higher planta (p. 138). 
The chapters dealing with-the chemistry of each group: 
are preceded by brief anatomical descriptions and followed : 
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by comments in which the findings are surveyed and 
correlated with those reported for other groups of planta. 
Frequently, addenda contain information published in 
recent papers, up to 1961. 

The chemical parts are divided according to compounds 
like pigments, volatile oils, carbohydrates and fats, and 
are subdivided according to localization, for example, 
carbohydrates in membranes and in the extracellular 
space, or according to chemical prinsiplea, such as deriva- 
tives of phenol, resorain, hydroquinone, pyrogallol. The 
great seasonal variation in the concentration of active 
substances is mentioned for Tarus, Ephedra and some 
other plante. Often, structural formule are given 
and metabolic pathways outlined. Occasionally, the 
presence of a compound and ite derivatives in various 
groups of plants is tabulated, for example, for chryso- 
phanol. Biological actions are noted, some not well 
known, like the anthelmintic effect of algae (p. 86 ff.), the 
antibiotio activity of purme derivatives (p. 148) and of 
certain kinds of moss (p. 189), and the fall in blood preesure 
caused by a chemically unidentified alkaloid from the 
root of Ephedra (p. 459). 

Both morphological classification of plante and the 
grouping of phytochemical date meet with great problems. 
For example, Cronquist considers that the classification 
of the plant ki adopted in this work has outlived 
its usefulness is now disappearing from the text-booka. 
The relevant chemical literatarre, too, varies in its approach 
as the biogenesis of plant constituents is widely studied 
and the concept of chemical races developed. This book 
i8 & weloome source of information to those interested 
in botany, pharmacognosy, pharmacology and bio- 
chemistry. L. WELK 


A SURVEY OF PALESTINE’S 
VEGETATION 


Plant Life of Palestine 

lerael and Jordan. By Prof. Michael Zohary. ("Chronice 
Botanica" : New Series of Plant Science Books, No. 38.) 
Pp. xi+ 262. (New York: The Ronald Press Company, 
1962.) 8 dollars. 


O write a balanced and succinct account of the 
vegetation of Palestine is probably one of the most 
dificult tasks that can confront an ecologist. Even in 
ita pristine, undisturbed condition, a country with such 
diverse topographic, edaphic and climatic features must 
bave exhibited complex vegetation patterns; but when 
one super-imposes roughly ten thousand years of varied 
and intermittent interference by man and his beasis, 
then Nature and artifice combine to produce a situation 
What the pristine vegetation of Palestine was really 
like will probably never be known with certainty, but 
this in no way derogatea from the value of an observant 
n&turalist's deductions. For this reason, everyone who 
is interested in the vegetation of the eastern Mediter- 
ranean and the Near East will welcome Prof. Zohnry's 
book, which, it must be added, fully acknowledges all the 
diffloulties, and outlinea the present characteristics of 
Palestine plant-life, and ita possible antecedents, with 
commendable impartiality and restraint. It is also very 
much to the author's credit that he has been able to 
view the subject from so many aspects, in the space of 
so few pages, without loss of clarity. 
- To phy, soile, clmmate, floristics, life-forms and 
all more important plant-societies of Palestine are 
dealt with in considerable detail, and, for good measure, 
we are then offered valuable, and very instructive, chap- 
ters on ecological behaviour, and on the relationships of 
man with the vegetation, all this rounded off with an 
excellent list of references and index. One might wish, 
perhaps, that Prof. Zohary had relaxed a little, and 
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freed himself a little more from the strait-jacket of 
Continental phytosociology. He is at his best when 
recording plain facts and personal observations—tho 
unexpected dormancy of deciduous trees during the most 
favourable season for growth; the anomalous behaviour 
of the carob tree, or the failure of tall trees and bushes to 
invade protected areas of batha and garigue—and one 
hopes that his successful completion of this book will now 
encourage him to set about writing a more leisurely. 
contemplative one, with ample di ions on the quirks 
and oddities of plant behaviour in Palestine, and specula- 
tions on the history and relationshipe of Palestine plants 
and plant associations. Such scientiflo ruminations would 
be & valuable supplement to the factual austerities of 
the present volume, and, coming from one with such 
extensive fleld experience in the Palestine area, would be 
an important contribution to that remote but most 
alluring of goala—an all-embracing survey of Mediter- 
ranean vegetation and ita history. R. D. Murkxra 


MYTHOLOGY OF THE ORIENT 


Oriental Mythol 

The Masks of God, Vol. 2. By Joeeph Campbell. Pp. x+ 
561--23 illustrations. (London: Secker and Warburg. 
1962.) 50s. 


ik Volume 1 of The Masks of God, adversely reviewed in 
Nature (187,7; 1960), was an unsatiafactory hotch-potch, 
with this second volume Dr. Campbell executes a tour de 
force. Concerned now with the mythologies of the great 
civilizations of India, Ohina and Japan, Dr. Campbell 
has plenty of literary, historical and archwological evidence 
to guide him in identifying what he most happily calls 
the mythological ‘signatures’ of these civilizations. No 
longer basing his argument on supposition, pseudo- 
biology, and inadequate ethnographio reporta, he moulds 
his analysis consistently on the firmer ground of ‘social 
representation’. His main point is to show how, as much 
to-day as in the past, the Kast is dominated by monistio 
thought: the individual, a monad or parcel of monada, is 
but an illusory projection of the social or moral order on 
one hand, and the divine order on the other. Indeed, 
the individual only begins to be relevant when merged 
with the void, when nothing becomes nothing. 

In Western eyes this last is more than & paradox: it is 
& contradiction without meaning. ‘Quite so I the Easterner 
might comment: and the gulf between different modes 
of un ing remains. In contrasting this Eastern 
‘signature’ with the Western—where the notion of the 
individual bestrides the world—Dr. Campbell seams to 
attempt, rather uneasily, to bridge the gulf. Since both 
modes of thought had a common source—in Sumer, that 
first of all flights into the civilized condition—he seems 
to say, and since, through several millennia, the civiliza- 


, tions of the East have flowered because of fertilizing 


influences from the West, a rapprochement is possible. 
Perhaps. Certainly this volume in itself could be a step 
away from Kipling’s dictum. 

One says ‘could be’ rather than ‘is’ because, though the 
reader will find this book & mine of information, not only 
are syntheses such as this two-edged and inherently 
vulnerable to attacks from many quarters, but also this 

rtioular volume is both too long and too short. The 

ormer because the central statement is apt to be lost in 
a plethora of detail and a rather diffuse style, and the 
latter because specialists will quarrel at the use and 
interpretations of their particular contributions. Never- 
theless, here is a book worth reading and worth keeping 
for dipping into. One looks forward to Volume 3, which 
is to consider Western mythologies, and then—may one 
hope for & brief and concise statement ? 
K. O. L. BURREDGE 
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THE INTERNATIONAL RESEARCH AND DEVELOPMENT CO., LTD. 


"s International Research and Development Oo., 
Ltd. was formed in December 1962 as an independent 
organization undertaking & wide range of scientific and 
technical operations for industry and Government agencies 
in the United Kingdom and overseas. The directors are: 
Lord Fleck (chairman), Dr. H. M. Finniston (managing), 
G. M. Baker, Dr. A. T. Bowden and Sir Harold Mullens. 
The secretary is W. A. Ranson. 

The company was first established in April 1059 as the 
Nuclear Research Centre of O. A. Parsons and Oo., Ltd., 
at Heaton, Newoastle upon Tyne. At that time it was 

incipally concerned with special aspects of the research 
t required by one of the consortia author- 
ild nuclear power stations in Britain. It soon 
became apparent, however, that the trained manpower, 
disciplines, facilities and techniques appropriate to nuclear 
investigations could be applied to a wider spectrum of 
established and advanced industrial activities. To assist 
industry to maintain itself in the van of technological 
progress, the Centre extended its services to include such 
Interests a8 masers, lasmadynamics, super- 
conductivity and solid-state physica. 

International Research and Development Co., Ltd, 
places a staff of 500 at the disposal of organizations which 
require technical assistance in the fields of engineering, 
metall , physics and chemistry. This staff includes 
230 uate scientista and technical personnel with 
professional qualifications. . 

The laboratories are on a six-aore site within two miles 
of the centre of Newcastle. The main block of laboratories 
and offlocs contain metallurgical, physice, computing and 
basic engineering facilities as well as administrative and 
supporting services (Fig. 1). In separate buildings are a 
materials fabrication laboratory, an engineering laboratory 
and a 140-ft. test tower. Tho floor space totals more 
than 180,000 sq. ft. 

The laboratories were formally opened by the Right 
Hon. F. J. Erroll, President of the Board of Trade, on 
January £1. 

The following are general descriptions of some of the 
activies and facilities of International Research and 
Development Co., Ltd. 


Metallurgy 
Metallurgical research is carried out in laboratories 
well equipped for mechanical creep and corrosion testing, 
metallography, electron microscopy, X-ray diffraction and 
materials fabrication. Rare and refractory metals and 
alloys with nuclear and non-nuclear applications, as well 
as the common metals, are the concern of the Metallurgy 


Group. 

Physical metallurgy. An important part of the metal- 
lurgical effort has been concentrated on materials for fuel 
elements for the natural uranium] ox gas-cooled type 
of nuclear reactor. Investigations of uranium have been 
directed to the understanding and prediction of ite growth 
and swelling under irradiation, its response to heat treat- 
ment when alloyed, ita creep behaviour when subjected 
to cyclic temperature variation and its behaviour when 
transformed to the higher temperature B-orystalline state. 
As the addition of small amounts of alloying elementa 
may improve various ies of uranium, assessments 
are being made of different binary and ternary additions. 
This Group is equipped to prepare thermal equilibrium 


As the can containing the uranium in & reactor must 
maintain ite integrity under arduous operating conditions, 


the mechaniam of intergranular cavity formation in 
magnesium alloys under slow rates of strain has been 
examined. Other investigations have been concerned. 
with the effecta of heat treatment and alloy composition 
on grain size, creep strength and ductility in magnesium- 
base alloys. 

For reactor systema other than the magnox type, 
various aspects of the metall of beryllium, zirconium 
and appropriate stainless steels have been studied. 

Outside the nuclear fleld, investigations have been made 
of brazed jointa, of welds in ferrous and. non-ferrous metals, 
of non-ferrous alloys with niobium additions and of super- 
conducting materials such as niobium-xriroonium, vans- 
dium-gallium and niobium-rhodium. 

Engineering metallurgy. The greater part of the engin- 
eering metallurgical work concerns the examination of 
materials for large-scale engineering applications. 

The present trend in heavy angino Cing i to 
increased size and to wider working ranges of temperature 
and preesure has added to the importance of the selection 
and assessment of materials, and in the Company many 
investigations are devoted to high- and low-temperature 
materials in & variety of atmospheres (steam, air, carbon 
dioxide, eto.). 

General investigations are made of processing tech- 
niques, including assesaments of new methods of mechani- 
cal and heat treatments, such as &usforming in modern 
steels. Operations investigated range from the specialized 
braxing of small components to the welding of large sections 
of heavy electrical plant and large diameter ipework for 
marine use. Among other investigations are relating 
to frictional wear in large bearings and gas seals, erosion 
of turbine blades by impact with condensed-steam drop- 
leta, surface breakdown during electrical discharge and 
factors cae Re loss and magnetic permeability of 
various . 

The extensive test facilities include equipment for tho 
examination of stress rupture, for the selective high- 
sensitivity measurement of creep up to 750° C and for 
measuring mechanical properties down to —200° C. 
Among.the methods used for investigation and non- 
destructive testing are eddy currents, hot stage microscopy, 
magnetio behaviour, ultrasonics and potentiostatic meas- 
urements. 


Non-Metallic Materlals 


anng dne does a ie cou. 
be loosely defined as high melting-point inorganic oom- 
pounds, are the metal oxides, carbides and nitrides. 
Oergmios are of interest in modern technology mainly 
because they can be used at high temperatures, but their 
hardness, low electrical conductivity and, in the case of 


nuclear ceramics, good stability under irradiation are 


also important properties. 
The fabrication and properties of uranium dioxide, 


‘uranium carbide and uranium  oxide/steinlees steel 


cermets have been investigated in the Company’s labora- 
tories. ‘These materials were prepared from powders 
by either sintering, melting, a mechanical hot-working 
technique such as swaging or rolling. or a combination of 
these processes. Properties such as thermal conductivity, 
thermal expansion and mechanical strength bave been 
measured up to 1,000? O. In some high-temperature 
applications, for example, the magnetoplasmadynamic 

erator, the volatility of ceramics becomes appreciable. 

e volatilities of a large number of oxides have been 
measured st temperatures up to 2,300? C. 
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Fig. 1. Tbe International Hesearoh and Development Co., Ltd , Newoastle upon Tyne 


Other work includes tho measurement of the electrical 
and thermal properties of magnesia powders for mmeral- 
insulated cable, the growth of ceramic single crystals 
suitable for laser operation and the measurement of the 
thermionic emission of some materials stable at high 
temperatures. 

Oxide semiconductors, especially materials with largo 
positive and negative temperature coefficients of resist- 
ance, are being examined over certain temperature rangos. 
Theee materials are expected to have many technological 
applications in temperature measurement, control circuits 
and switching. 


Chemlstry 


The corrosion behaviour of metals, alloys and non- 
metalic materials is especially important in engineering. 
An examination of the corrosion reaction between gases 
and solids, particularly thoee encountered in nuclear and 
conventional power plants (including gas turbines), is 
under way. 

Mild, low-alloy and &ustenitio steels are being subjected 
to extremely long-term (up to 15,000 h) corrosion tests in 


carbon dioxide/monoxide mixtures in the ranges 150—300 


Ib./in.! and 450°-750° O. Similar tests in steam at atmo- 
spheric preasure and up to 650° C are being made on low- 
alloy and high-chromium ferritic steels, austenitic stainless 
ed niekel-ohromium alloys and various hard metals 
towards the development of new and improved materials 
for advanced steam-power generating plant. Steam 
corrison experiments are also being carried out on nowly 
developed. zirconium alloys. Advanced techniques used 
in these experiments include interference microscopy for 
surface profile effect and radioactive tracers for diffusion 
measurements. 


The corrosion of steels in flowing water of controlled 
pH and oxygen contents, with and without y-irradiation, 
is also being examined. 

Facilities are available for the detailed examination 
of the many types of reaction between solids, liquids and 
gases. A section is devoted to research and development 
on advanced chemical analytical techniques, including 
infra-red absorption spectroscopy, flame spectrophoto- 
metry, gas chromatography and the use of radioactive 
tracers. In addition, facilities exist for the routine chemical 
analysis of many industrial products. 

The mechanisms and kinetics of the oxidation of 
graphite in air and the inhibiting effect of various oom- 
pound additives on such oxidation are being studied. 
The aim of these experiments is to provide a volatile 
compound suitable for injection to extinguish a graphite 
fire under accident conditions. An investigation is also 
being made of the corrosion/erosion processes which occur 
at graphite anodes as used in the electrolyms of brine. 

Investigations have been made of the thermal decom- 
position of carbon monoxide in carbon dioxide/monoxide 
mixtures, especially of the characterization of certain 
iron-bearing catalyste and the conditions under which 
they are effective. The carbon deposited in this catalytic 
‚decomposition of carbon monoxide at about 550° C is 
graphitized to a degree equivalent to that obtained with a 
thermal graphitization temperature of about 2,000? C. 
Simulation of carbon monoxide breakdown under irradia- 
tion has been achieved using an electron discharge, and the 
resultant carbon sub-oxides are being characterized using 
infra-red spectroscopic analysis. 

Development work is being conducted on the production 
of graphitized carbon by the catalysed decomposition of 
carbon monoxide and on water purification by ion 
exchange and electrodialysis. 
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Engineering ; 

Engineering covers & wide range, and varies from the 
construction of a large reactor test core to the investiga- 
tion of sticking fuel element end fittings, and from the 
cooling of power transformers to the performance of gas- 
lubricated ings. 

Reactor projects. The building costs and safety require- 
ments of nuclear reactors are such that before any reactor 
is built the satisfactory long-term behaviour of all oom: 
ponents must be proved. This i sometimes of 
complete circuits, at other times of individual oom- 
ponente, requires à large amount of specialized experi- 
mental plant. : 

Dragon reactor. The high-temperature gas-oooled reactor 
concept, on which the O.-H.O.D. 20-MW Dragon project is 
based, involves radically new designs of core and fuel 
elements. The fuel elemente are of highly enriched 
uranium dispersed in graphite and are clad in imperme- 
able graphite. The test plant, designed and oonstruoted 
in the Oompany, represents a section of the reactor oore 
and oconsista of seven elements, each of seven hollow 
graphite rods. The elemente are electrically heated and 
subjected to the conditions of gas flow, ture, 
pressure and heat rating expected in the reactor; the total 
electrical heat input to the test oore exceeds 3-5 MW. 
Exxtensive measurements of gas and surface temperatures, 
gas flow and pressure, vibrations and strains will give 
information on the thermal and mechanical behaviour of 
the reactor core. The continuous removal of oxidizing 
impurity gases from the helium is also being investigated. 
Tho information obtained should help to solve many other 
problems associated with the use of high-preasure helium 
in large vessels and helium in contact with graphite at 


high temperatures. 

Steam-generating heavy -water-moderated reactor (SGH W). 
An alternative to the graphite-moderated gas-oooled 
reactor of the present British programme is the 
water-moderated steam-generating reactor with ite many 
variants of moderator arrangement. The proposed fuel 
element for the heavy water (SGH W) reactor is a closely 
spaced multi-rod cluster. As the design is y based on 
experience with single rods the experimental testing and 
. determination of burn-out flux are of great importance. 
The Company has designed and built a test rig to simulate 
the operation of one complete fuel channel at reactor 
conditions of flow, pressure and ture. The test 
section, containing an electrically heated multi-rod fuel 
element delivers & steam-water mixture into the main 
circulation loop. The heat input of more than 1 MW is 
supplied to all the rods except one, which is designed to 
allow a hot patch to be operated up to ‘burn-out’ heat 
fluxes. 

Fuel clement development. Engineering aspects of fuel 
element design fall into two sections: thermal and mechani- 
cal. In both cases important contributions have been 
made in the Compeny’s laboratories, notably in the 
introduction and development to an advanced stage of the 
polyzonal spiral fuel element now being used in nuclear 
power stations in the United Kingdom. 

The output of any reactor fuel element is m general 
subject to the two major limitations of maximum per- 
missible cladding temperature and maximum perrmiseible 
fuel ture. Hxcludmg metallurgical problems, 
the first of these limitations is largely governed by the 
efficiency of the heat transfer mechanism between 
cladding and coolant. ‘Investigations have bean made 
of the heat transfer characteristics of radial and longi- 
tudinal finning snd, in particular, a form of spiral fin- 
ning in which the oooling gas is oontmually being 
forced to leave the space between the fins and mix with 
the main coolant stream. New surface configurations are 
investigated in open-circuit air rigs or in high-pressure 
carbon dioxide closed loops to simulate design operating 
conditions of temperature, pressure and rating. 
The results are processed by the Company's digital 
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computer to yield-the Stanton number, friction factor 
and Reynolds number which represent non-dimensionally 
the heat transfer, pressure drop and mass flow respectively. 

Full facilities exist for the espa eer dee 
testing of proto fuel elements. vestigations in 
progress include ee amination of the modes of failure 
of end assamblies under excessive compressive or tensile 
loadings, the relaxation of the can with respect to 
the uranium rod during thermal shock and cycling, 
the possibility of bowing of the element durmg its 


lifetime and the sticking of element end fittings during 


operation. The test furnaces vary in size from thoee 
required for a fuel end assembly to others capable of 
containing a full 30-ft. long stack of elements with the 
temperature varied along the length to simulate a reactor 
channel. To examine the rattling and vibration of fuel 
elements in coolant gas flow, single and stacked elements 
can be exposed to circulating cold carbon dioxide in & 
three-column vibration rig in the test tower. In this rig 
gross movements are observed through transparent 
windows between the mild steel duct sections, while fine 
movements are measured with capacity probes, acceloro- 
meters and strain 3 E 

Eon c on hot elementa 


Test equi 
Company for the study of all these problems. 

Instrumentation. To meet the requirements of power 
stations, the Company has undertaken tho design, develop- 
ment and supply of many instrumented systems of 
recording and control. 

The Company has provided a large proportion of the 
instrumentation for nuclear reactors in the United 
Kingdom and overseas, having undertaken all phases 
from design to on-site maintenance. Typical installations 
include in-pile temperature, neutron-flux and gas-monitor- 
ing systems to take detailed measurements without 
interference with the normal charge and cpanel e of fuel 
elements. The associated data handling and overall 
automatic control equipment has also been built by the 
Company. f ; 

Instruments designed for a wide field of applications 
range from a simple fail-safe water detector to & capacit- 
ance-operated displacement indicator measuring to an 
acouracy of 0-001 in. in an environment of 1,000° C and 
1.000 Ib./in.*. 

Solid-state devices are being used in the equipment 
as much as possible to increase reliability and reduce 
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maintenance. Control, systema for d.c. machine-tool 
motors of up to 10 horse-power have incorporated silicon- 
controlled rectiflers, which have also been used in alarm 
annunciator systems and in &.-o. power regulators. Regula- 
tors of up to 20-kW rating have been manufactured, and 
design studies completed for ratings up to 600 kW. 

The many items of electronic equipment designed and 
built for specific purposes have included simulators for 
the study of reactor control problems and for the training 
of reactor operators. 


Physics 


The work of the, Physics Group includes some of the 
more fundamental research and more novel investigations 
being made by the Company, including magnetoplasma- 
dynamic conversion of heat directly into electricity and 
the superconductivity of materials at low temperatures. 

Direct generation of electricity. Anticipating the eventual 
development of large-scale steam turbo-alternator plant 
to overall thermal efficiencies of about 45 per cent, it 
follows that any future performance improvement must 
be achieved through a radical change in technique. It 
appears impossible to better the performance of the steam 
plant at the temperature range over which it operates; 
consequently, interest must be directed towards utilizing 
higher temperature heat sources in conjunction with 
energy conversion which do not i i 

coc require highly 

The magnetoplasmadynamic generator, in which electri- 
cal energy is extracted from a plasma flowing through a 
transverse magnetic field, falls into this category and, of 
the presently known energy conversion techniquee, 
appears to offer the most attractive possibilities for multi- 
megawatt power requirements. Therefore, the magneto- 
plasmadynamio generator has been selected for study as a 
long-term project and an experimental closed-cycle plant 
has been built by the Company. This has a mixture of 
helium and cæsium aa the working fluid and will operate at 
temperatures of 1,600°-2,200° O. As helium, or other 
chemically inert gas, would probably be used as the 
coolant in very high temperature nuclear reactors, such 
as might be developed from the O.E.C.D. Dragon project, 
this research is closely related to nuclear flasion power. 

A number of supporting experiments to evaluate plasma 
basic parameters are in progress, and diagnostic tech- 
niques include microwaves of 3 om, 8 mm and shorter 
eee spectroscopy and the use of Langmuir-type 
probes. 

Experimental investigations are being made on the 
cesium -neutralized diode and also on a type of thermionio 
power generator in which space charge neutralization 1s 
produced by an auxiliary plasma discharge. Such therm- 
lonio generators are suitable for specialized applications 
in which powers from & few watts to a few kilowatts are 
required. Thermoelectric power generators for outputa 
up to a few hundred watts are being designed and con- 
structed for applications in which their silence and reliabil- 
ity characteristics are particularly attractive. 

Applied physics. The measurement of the physical 
properties of materials and a better knowledge of the solid 
state are important spheres of activity in applied physics. 
Work includes investigations of superconductivity, lasers 
and materials with large positive temperature coefficienta 
of resistance, and measurements of thermoelectric proper- 
ties, thermal conductivity and expansion, radiation 
emissivity, magnetostriction, hysteresis logs and electrical 
resistivity. Emphasis is placed on relations between the 
physical properties, examples being the correlation of 
thermal expansion with irradiation grain growth in 
uranium and the correlation of changes in Seebeck 
coefficients of metals and alloys with cold work. The 
application of physical principles to the development 
of modified eddy current techniques is under way, as 
are other non-destructive methods of testing for general 
use. 
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The existence of metals which show zero electrical 
resistance at tures near the absolute zero (usually 
m liquid helium which boils at about 4:2? K) has been 
known for many years. However, it is only recently 
that compounds and alloys have been discovered which 
have practical use in the construction of superconducting 
solenoids for producing high magnetic flelds (greater than 
50 kilogauss). Since Joule losses are eliminated and 
current desities can be extremely high, these promise to be 
more compact and economical than mmilar equipment 
using conventional techniques. 

Many aspects of applications of superconductivity are 
being studied, including the design of refrigeration systems 
to produce the necessary low temperatures, feasibility 

iea of superconducting transformers, and the physical 
factors associated with the superconducting properties 
of selected materials produced by the Company. Prototype 
superconducting magnete and transformers bave been 
constructed and tested. 

Orystallograph4. | Orystallographioal research in the 
Company mainly concerns microstructural problems 
related to the performance of materials. 

One major project is aimed at understanding the basic 
mechanism of the oxidation of graphite. Flakes of natural 
graphite have been examined in the electron microscope, 
both before and after oxidation, to determine the part 
that lattice or surface imperfections play as sites of active 
oxidation. The frequent concentration of oxidative 
attack in long narrow channels, changing direction in a 

hic manner and with an impurity particle 
at the head of each channel, seems to mdicate that catalytic 
oxidation is takmg place. In this work an important 
facility is a specimen stage which permits the heating of 
graphite, or other materials, in a controlled atmosphere 
inside the electron microscope at temperatures up to 
1,300° C, so enabling the oxidation process to be observed 
directly. The electron zmioroeoope is also used for the 
monitoring of crystallite size during the graphitization of 
thin films of amorphous carbon prepared by vacuum 
evaporation. 

Another typical investigation has been the relating of 
microstructure to magnetic ies in evaporated 
films of iron—3-25 per cent silicon, the type of alloy used in 
transformer core sheet. 

The X-ray laboratory inoludes diffractometer and 
miorofocus unite. Subjects examined have included the 
evaluation of lattioo parameters for uranium carbides 
with different carbon contents, the determination of 
preferred orientation in uranium and beryllium, and the 
examination of various corrosion products and deposits 
in oils. 

Irradiation. Experimental irradiation equipment has 
been developed and built by the Company for operation 
in research reactors of various organizations at home and 
abroad. 

A typical project is the undertaking, in conjunction 
with the Nuclear Power Group and the Italian organ- 
izations Agip Nucleare and O.N.E.N., of a series of irradia- 
tion teste in the Euratom high-flux research reactor at 
Ispra. Specimens of enriched uranium and uranium 
alloys, manufactured by the Company, are irradiated to 
high burn-up in rigs, each of which consists easentially of 
& water-cooled assembly containing ten doubly canned 
stainleas steel capsules in a helium atmosphere. Each 
capsule is capable of accommodating up to three specimens 
which are immersed in liquid sodium for improved heat 
transfer. Temperatures are carefully monitored and a 
‘thermal-history’ rig outside the reactor identifies effecta 
due to temperature alone. Theoretical studies include the 
evaluation of the uranium-285 enrichment necessary to 
achieve a given burn-up of fissile material in a fixed 
irradiation time, and the assessment of nuclear changes in 
the specimens as & function of irradiation dosage. Radis- 
tion shielding requirementa and the radioactivity of rig 
components after irradiation are also calculated. 
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Health physics. All work with radioactive and toxic 
materials in the laboratories is constantly monitored by 
the Health Physics Section. This Section also advises on 
^ safety procedures for new techniques or materials and, 
as a publie service, assists external organizations. 


Theoretical Services 


The Theoretical Group carries out mathematical 
xis sgt of problems which arise during practical 
research, and provides a service for the performance of 
routine calculations. It has a variety of analogue com- 
puters and a Ferranti Pegasus digital computer. 

One of the major theoretical contributions has been an 
analysis of the of uranium, under thermal cycling 
and under irradiation, based on the assumption that 
deformation is locally homogeneous and that the differ- 
ence in the j 


has been applied to prediot tbe rate of oollapee of 
hollow fuel elements under external preasure, the rate of 
bowing of steoked fuel elemente, and the swelling of 
uranium caused by the formation of bubbles of gaseous 
fission products. 

There is an exceptionally flexible anal computing 
service, using computers designed and b in the Com- 
pany. These are used to simulate many operations and 
can be readily programmed to study overall automatic 
control equipment and the dynamic behaviour of engineer- 
ing plant and systems, such as boilers and turbines. 

The computing services are frequently used in design 
studies. "These have included inveetigations of vibrations 
in large bearings and stresses\in bodies of unusual shape, 
and the design of transformers, dry cooling towers and 
magnetoplagnadynamio power generators. 


High-Voltage Laboratory 

At present most of the high-voltage work at the Com- 
pany concerns corona investigations. Both fundamental 
and practical studies are being made of corona discharge 
effects in solid insulation and liquid-immersed insulation 
assemblies. Electrical measurement aspects of corona 
i are also examined to evolve diagnostic tech- 
niques to determine the nature and extent of possible 
i and di damage, not only in small 
samples but also in complete assemblies. An extensive 
investigation has been made of the breakdown mechanism 
in high vacuum. S 
. A typical investigation is that of the ters 
affecting gas evolution in an electrically stressed oil gap, 
leading to the eventual breakdown of the oil. Other 
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projecta include investigations of conduction currents 
and the amseemment of practical aspects of insulation 
processing. 

To facilitate low-level discharge measurements the 
main Corona Laboratories have heen screened, reducing 
the external radiofrequency disturbances from 40,000 uY 
to 6 pV at 1 Mojs, and & corona-free high-voltage busbar 
system has been developed to avoid direct interference 
from the test equipment. 

Equipment is available for experimental techniques 
involving direct recording of corona pulses by ultra-fast 
oecilloeoo and for pulee amplitude ency analysis 
using counters. High-voltage bri dispersion 
meters and equipment for the calibration of all instru-. 
ments is also available. Voltage sources include a 300-kV 
insulated tank transformer, noise free up to 150 kV, & 
150-kV stabilized d.-c. supply and several snaller high- 
voltage sets. 

Production Facilities 

The specialized engineering facilities and the i one 
gained in the preparation of test and experimen equip- 
ment enable the Company to manufacture prototype and 
early production models of many components and instru- 
mentation units for outside organizations. 

Among the items the Company produces for nuclear 
purposes are irradiation rigs and instrumentation, nuclear 
fuels (including high-density uranium carbides), reactor 
simulators, experimental test rigs and many other reactor 
components. Products with an engineering bias include 
ailicon-oontrolled reotifler units to control furnaces and 
motors, machines to measure the of materials in 
vacuum, water-cooled heaters of ratings up to 25 kW/ft.- 
length and vacuum tantalum furnaces operating at 
up to 2,200° O. More specialixed products, usually 
designed for particular requirements, include aro jete. 
devices based on lasers, semiconductor devices, rare 
metal alloys (including superconducting materials) and 
equipment for plasma physics and cryogenics. 


Client Relationship 


ie. prelimi 
study is required, this proposal is submitted to the client 
without financial obligation. 

All work is confidential and senior staff have 
Government security clearance appropriate to their work. 
Any patent arising from a project is the property of the 
client. 


NATURE OF STRONG RADIO SOURCES 


By Pror. F. HOYLE, F.R.S., and Pror. WILLIAM A. FOWLER 
California Institute of Technology, Pasadena, California 


N a recent paper! we have considered the possibility that 

masses of gas, 10* M o to 10* M o, may accumulate at the 
centres of galaxies, and may behave as stars. The exist- 
ence of such objects is supported theoretically by the 
energy requirements of strong radio galaxies, ~ 10 ergs 
or more", which seem. to demand large aggregations which 
either draw on nuclear energy or on the very oon- 
siderable gravitational energy that oan arise in a massive 
body of stellar dimensions. The reason why gravitation 
can play a decisive pert in the evolution of a very massive 
body is that the gravitational energy depends on |Q|= 
GM/R, where G is the gravitational constant, M the 
mass, and R a characteristic dimension. Since gravite- 


tional energy depends on the square of the mass, it can 
be of decisive importance for bodies in the range 10* M o- 
10* Mo, whereas it is in general unimportant in ordinary 
The view that such objects can exist is supported 
obeervationally by the Seyfert galaxies‘, which 
nuclei having dimensions of ~100 parseo containmg gas 
in violent dynamical motion with velocities from ~ 1,000 
km geo- to ~ 5,000 km sec-!, the total dynamical energy 
of the gas being of order 10** ergs. The energy in emission 
lines amounta to ~ 10" ergs sec, corresponding to an 
astronomical i of about —19. In ref. 1 our 
consideration of the ‘hydrogen-burning phase for a star 
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of mass ~ 10 Mo showed that the magnitude is in the 
region of — 18. Moreover, the total energy output from 
the whole hydrogen-burning phaso is ~ 1087 ergs, which is 
of the order observed in the galaxies. 

Wo may add that although Seyfert galaxies appear at 
first sight to be uncommon objecta, comprising perhaps 
1 per cent of all major galaxies, their very short lifetimes, 
as galaxies with nuclei in eruption, imply that ther 
number taken over a coamological lifetime of ~ 10" years 
is high. To explain the observed frequency of Seyfert 
galaxies it is nocessary that the average major galaxy 
(mam >~65 x 10% Mo) shall undergo an outburst 
10-100 times during ita lifetime. 

_ Two or threo of the Seyfert galaxies are radio sources of 
intensities intermediate between normal galaxies and the 
strong sources, Our suggestion is not therefore that the 
observed activity explains tho strong sources, but rather 
that the observed activity in Seyfert galaxies is a weak 
example of the process that gives rise to tho 
sources—explicitly (hat lames o6 — 108 M re A 
in the strong sources rather than 10*-10* Mo. 

In our former paper! we considered evolution beyond 
helium burning, u to temperatures of T, = 1 or 2 (T,isin 
unite of 10* K). e were concerned with comparing the 
loss of energy due to neutrino emission and the energy re- 
leased by the burning of oxygen-16. Our aim was to show 
that the latter was greater than the former, and that an 
explosion could ensue from catastrophic oxygen burning, in 
analogy to what wo have found! for stars with masses of 
~80 Mo. Our conclusion was that such explosions could 
occur, and we termed them super-supernoves. However, 
ib has on further investigation that this con- 
clusion, m the form in which we stated it, was erroneous. 
The energy required for the creation of electron-positron 
pairs, which we had found at M ~ 80 Mo to be lees than 
the yield of energy from burning oxygen, turns out to 
play & dominant part at very large masses. It entirely 
overwhelms any form of nuclear energy generation, which 
therefore cannot lead to an explosive outburst of a really 
massive star. This is not to say that very massive stars 
cannot undergo violent disruption, but that the cause of 
disruption does not lie in a sudden nuclear energy genera- 
tion at T, c 2, as it probably does in ordinary super- 
nove. 

During burning of hydrogen and helium the ster is 
entirely convective (ib being assumed that convection 
is not inhibited by a magnetic field). During these phases 
the ratio B of gas preasure to total preasure is <1, and the 
density is proportional to M-1/°7", both for a particular 
element of material as the star evolves, and also fram 
one element to another at any moment. The radius R of 
the star is proportional to Af1/* and to the reciprocal of 
the central temperature 7',; in fact: 


5-8 x 10° /* M wi 
AS Wm rs gm 
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(1) 


where (7',). is 1n unita of 10° deg K. During burning of 
nee (T4)e = 0:07, so that R ~ 8 x 10% (M/M oy 1 
am. radius is about seven times smaller than this 
during burning of helium when (7), 0-5. 1 
After burning of helium to oxygen-10, which laste for 
~ 104 or lese, the central temperature rises. As 
(T, approaches unity, neutrino losses shorten the 
evolution time to about a day. This, however, is the 
main physical effect of the neutrino losses, since pair 
creation then dominates energy considerations. With 
pair creation dominant we have the following formula, 
deduoed on the basis that the star is still in approximate 


hydrostatic equilibrium as a polytrope of index n = 3: 


~ 180 


p= ECs My 


ak, (2) 
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> 180 — 3A/M 1/3 
p = 130 x 101 + P2 K,) T T, g om^ 


and equation (1) becomes: 


m 5.8 x 10° M m 180 ves yet 
RS m rs) Dog Ks), 


Here p = density, 8 = ratio of gas preasure to total 
pressure, y. = mean molecular weight, 0 = m,o!/kT' and 
K,(0) = 40°K,(0), K, being the modified Hankel function 
of order two. Note that K,(0) is normalized to unity as 


0 — 0, T — c. At low temperatures K,(0) approaches 
zero. In equation (1^), o deaignates centre. The foregoing 
expreasions have been derived on the assumption that the 
electron-proton pairs are much more numerous than the 
electrons a&seociated with nuclei but are still strictly 
non-degenerate. More soourate expressions for pairs 
dominant bud not necessarily non-dogenerate can be 
derived on the assumption that the chemical potential is 
zero for electrons and positrons in which case K,(0) is 
replaced by various series expansions involving K,(n8), 
n= 1I1,2,8, . At T, ~ 1 the foregoing expressions 
are sufficiently accurate for M/Mo > 5,000 and at 
T, ~ 2 for M/Mo 2 100. The expression for B is inde- 
pendent of the assumption that the star is a of 
index n = 3. The numerical coefficients in the i 
expressions are not too sensitive to this assumption. 
As T, approaches 2 the energy necessary for pair creation 
must be gu rp c MM HO IDE 
by oxygen burning, as it is in sterg with M ~ 80 Mo. 
This leads to a departure from hydrostatic i 
and the above formula relating p and T is no longer valid, 
the density rises without the temperature keeping step. 
In this connexion we have derived the folowmg curious 
result. For a normal star all equilibrium states poesees 
negative total energy, that is, leas energy than a dispersed 
state at infinity. But in the case of very massive stars, 
with T, high enough for pairs to play a critical part, the 
equilibrium state has poertivo total energy. We find the 
exceas_of energy, Q, compared with the dispersed state, is: 


Q = 410 < pdlnE/dlnT > (8) 


where again [N| is the absolute magnitude of the total 
gravitational energy of the star. The average must be 
taken throughout the star. But, since B and dinK,/dlnT 
are everywhere positive, the average is positive. In 
deriving this result we included the rest mass of the pairs. 
If this not been included we should have obtained a 
negative value, as in the normal case. However, since 
pairs annihilate on dispersal our would seem 
to be correct. At M = 10* Mo the rest mas of the pairs 
is comparable with that of the origmal nuclei when high 
temperatures are reached. r 
Ib is emphasized that hydrostetio equilibrium was 
assumed in obtaining the above result. An actual star 
need not be in hydrostatic i i the obtain- 
ing of a positive value demands that an actual star cannot 
be in equilibrium once pairs dominate over the electrons 
that were originally present. For the total energy cannot 
become positive, except poasibly m the case of an explosive 
release of nuclear energy—and for very massive stars 
this is not the case. Henoe an actual star implodes. 
Lack of mechanical equilibrium implies that dynamical 
velocities are generated. For the masses under considera- 
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tion, these velocities are not greatly below the speed of 
i Thus, tho velocities are of the order of, but lees 


light. s ; 
than, (GM|E)!h. Using the equation (1^) for R: 


Mo aa (EV Tri BE"), m 


For M/Mo = 104, (T4), = 2,0 ~ 8, E, ~ 0-28, (GM [B 
c 7 x 10° om sec, while for M/Mo = 10* the velocity 
of light is approached closely. 

Two possibilities now arise. First, an idealized case of 
2|Q| — Mo. As this limit is general relativity 
must be used, and the effect of radiation on the gravita- 
tional field must be considered. 

A more likely practical situation is one in which the 
ster is rotating or does not possess strict symmetry and 
in which portions of the star break away from a central 
mass. The simplest case is one in which two pieces break 
_away, moving in opposite directions, leaving & central 
mass that ultimately condenses to the relativity limit. 
Such & central mass must always bo present, since energy 


InB8B. 
Wo seo that masses perhaps of order 10' Mo can in 
i j le to c. The 


Even nuoleer , yielding 6 x 1024 ergs g in the 
case of h; ing*, requires an outburst involving 
10* M o. this mass is not impoesibly high, h 

burning is not an process, as has formerly been 
pointed out’. The elements, carbon and oxygen, 


but these materials yield only 5 x 10°" ergs g-!, and the 
hedens wees Gan Tees 

situation is made worse by the circumstance that upwards 
of 10“ ergs is very likely required for the most powerful 
radio sources. On any reasonable basis as to the efficiency 
of production of radio waves, the energy required lies at 
maximum in the range 10*:-10*! ergs, and this seems too 
much to attribute to the burning of the light elements. 
Our opinion is thet only &hrough the contraction 
of a mass of 10'-10* Mo to the relativity limit can the 
energies of the strongest souroès be obtained. 

_ Finally, the materials ejected have an i beering 
on nucleosynthesis, particularly in their relation to what 
we have called the r-proceas'. There is strong evidence 
that the r-process nuclei were built from seed nuolei 
immersed in a sea of neutrons: to build the heaviest nuclei 


temperature). This led us to propose’ that the r- 
arises from a mixture of neutrons and puris, a 
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that for sufficiently low density only & very small fraction 
of the helium is able to build to carbon-12, and this amall 
fraction we took as our seed nuclei. Eum 
really able to keep the density low em: or case 
M~ i considered. 


out difficulty. 

A further satisfactory feature is that a difficulty oon- 
cerning the absolute amount of r-prooees material is also 
resolved. So long as we took væ occurring at a 


Our ous estimates of the age of the Gelaxy are 
changed by these considerations. On the basis of the 
observed abundances of thorium-232, ura&nium-236 and 


over an interval 7 to 8 x 10° 
ior to the formation of the Solar 
System 4 to 5 x 10° years ago. This seta & low limit on 
the age of tho Galaxy equal to 12 x 10* years with an 
unoerteinty of the order of 2-3 x 10* years. We pe 
the r-process in stars with masses just above 1°5 o for 
which the evolution time is ~ 


nucleosynthesis 
years in duration 


toy = 19*] x 10° years 


Small stars which formed early in the history of the 
Galaxy and which still exist because of long evolutionary 
lifetimes will contain heavy elementa previously produced 
in the rapidly evolving massive stars. The abund- 
ance distribution among heavy elements and their 
isotopes in these old stars will differ considerably from 
that in young stars. Elements and isotopes produced in 
the r-process will be relatively over oompared 
with those produced in the s-prooese!'-. 

i will be peculiar in that a short time 


manganese, 
the isotopes of these elements. Co: 
spectra and young-star spectra shoul prove to be most 
significant in this respect. 
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EVIDENCE FROM ISLANDS ON THE SPREADING 
OF OCEAN FLOORS 


By Pror. J. TUZO WILSON, O.B.E. - 
Institute of Earth Sciences, University of Toronto, Toronto, 5 


dq es question whether the continente have been 
fixed in approximately the same relative position 
ance their creation, or whether they have moved has been 
debated for fifty years. Perhaps the reason that this has 
never been settled 18 that much more is known about the 
continents than about the ocean floors, where the decisive 
evidence deri liee. If the Earth haa been rigid, the 
history of the ocean basins should parallel that of the 
continents and large parts of the ocean floors should be 
old; but, if continents have moved, those of the 
floors exposed by the motion should not be older than the 
time of drifting. Explorations of the ocean floors may 
settle this matter, but in the meantime information has 
been sought from the literature published about ocean 
islands. This article deals with the evidence Bo obtamed 
of possible horizontal motions of islands. Vertical motions 
have been discussed eleewhere!. Only those islands have 
been considered which lie in the main ocean basins, 
beyond continental shelves, island arœ and the andesite 
lme*. This excludes such islands as New Zealand, Fiji 
and the West Indies. Consideration has been given to 
tho poesibility that there may or may not have been 
continental drift, but that if it has occurred it could have 
done so in an infinite number of ways. Special attention 
has been directed to the hypothesis that, if continente 
have moved, the motion may have been due to the action 
of convection currents rising under mid-ocean ridges 
and descending under the system of young mountains 
and islands arcs. 

Table 1 lista islands for which fossiliferous limeetones 
provide ages and a few islands dated by other means. 
The oldest datea reported for each island are given, but 
they are, of course, only minimum ages for the islands. 
J. L. Kulp’s time-scale has been used’. Madagascar, 
Seychelles and Falkland Islands, which are well known 
to be atypical, will be omitted from this discussion. 

Fig. 1 is a frequency diagram of the results. It makes 
a remarkable contrast with a similar diagram for oon- 
tinents which would be close to the dotted lme shown on 
the diagram**-**. 2 : 

One immediate reaction to this apparent youth of the 
islands is to suggest that the ocean basins are nevertheless 
permanent and old, but that the study of islands is & poor 
method of sampling the floors. Another possibility is that 
continental drift has occurred as suggested by A. Wegener 
and A. L. Du Toit; that F. A. Vening Meinesz, A. Holmes, 
D. T; Griggs, R. B. Dietz, H. H. Hess, 8. K. Runcorn 
and others have been correct in their advocacy of convec- 
tion currents; and that the youth of the islands reflects 
the youth of the ocean floors. 

To help make a choioe between these alternatives, the 
distance of each island to the nearest point on a mid-ocean 
ridge was measured. The resulta for the Atlantic and 
Indian Oceans are given in Table 1 and plotted in Fig. 2. 

Fig. 2 shows that the distance of islands from the ridge 
increases with the age of the islands. Although tho 
correlation is not perfect ıt seems adequate to suggest as 
one possible explanation that many ocean islands have 
originated over the mid-ocean ridges and that the older 
ones have been steadily carried away from the ridge. In 
the Atlantic Ocean it is noticeable that ax active or very 
recently active volcanic islands lie along the ridge. They 


are Jan Mayen, Iceland, the Azores, Ascension, Tristan 
da Cunha and Bouvet. On the other hand, islands with 
Cretaceous rocks, the Bahamas, Fernando de Noronha 
and Cape Verde, lie close to continents, while islands of 
Miocene to Eocene age, like the Faeroe, Bermuda, Saint 
Helena and Madeira, lie at intermediate positions. All 
these are inactive. 

One interpretation of the cause of this observation 18 
that convection currenta are rising in the mantle under 
the mid-ooean ridge, that greater heat there tends to 
produce volcanoes, but that horizontal motion carries 
the volcanic islands away from their source in the ridge 
80 that they become extinct and progressively older with 
distance from the ridge. 

The distances for the Faeroes and Iceland are short, 
but this may be due to the fact that, if the Atlantic Ocean 
spread, it must have done 8o by the least amount in the 
north. Another contributing factor was hape the 
opening of Baffin Bay, which it is in to discuss 
elsewhere. Another exceptional island is Ohristmas 
Island (Indian Ocean), which has moved far considering 
the age of ite oldest rocks, but, of course, ita real 
age may be greater, and Andrews‘! has suggested that 
this may be the case. 


Table 1. Tum OLDEST DATES, DIMTAXOBE TO THE MID-OCRAN RIDGH, AND 
APPARENT MAXIMUM ERATES OF MOTION FOR SOME OCHAN ISLANDS 
Apparent 
Island(s) Oldest t Tate of Refs 
s agos o 
c meaa 
(om/yr) 
Atlantio Oooan 
Jan Mayen Pliooene 10 0 0 + 
Ioeland Booms 50 150 08 M 
Faerocs Eoceno 50 000 12 6 
Axores Miocene 300 1-5 7 
Geary TE Q. ED: ee 1,900 f P S 
Q. Verde Is. pero 120 3/200 18- 10 
F. de Noronha L. Cretaceous 120 2,000 17 11 
Bermuda Is. Hoo, or Olig. 36 2,200 1 12 
Bahamas L. Cretaceous 120 3,000 2-5 13 
Asoension o 1 150 16 14 
Batnt Helena Miocene (?) ?0 TOO $6 15 
Tristan da Ounha — 18 0 0 16,17 
Bouvet 1 0 0 18,19 
Falkland Is. Pre-Devonan 1,100 (*) 3,100 = £0 
Indian Ocean 
Kerguelen Xhoeene 20 1,200 60 21 
Heard Palsooens 60 1,500 2-5 22,23 
Madagascar Precambrian 2 700 1,800 » i 
Seyobelles Precambrian "600 700 — 26 
Providence ea rine 36 1,000 Ad 27 
Christmas Boosne 50 3,700 T4 ?8 
` Paoifio Ocean 
Bala-y-Gomez Pheistooene 1 20 
Nasa Seamount Mioceno 20 29 
Erben Seamount Miooene 20 30 
Hem Seamount Middle 90 31 
Cretaceous 
Cape Johnson Middle 90 31 
v obi ive $5 as 
Trok ulano £0 3 
Sylvania Hoosne— 60 34 
t Paleocene 
Jaluti Middle Tertiary 82 35 
Upper Hoone 40 36 . 
Owan pa ertiary is ^o 
Oook 1s Oligocene io z 40 
Muse moon E Hi 
(Tuamotm Is.) N 
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Our method of dating islands is not precise, nor is it 
to be supposed that if drift occurred that all islands would 
have travelled at the same rate. Since the discovery of 
older rocks on islands would reduce their apparent rates 
of motion, the rates calculated and shown in Table 1 are 
maximum values. The average value found for the 
maximum possible rate of drift is 8-5 om per year. It is 
in ing that this is of the same order of magnitude es 
utara given for the rate of continental drift. 8. K. 
Runcorn“, after di i various estimates of the 
possible rate of motion, concludes that 8 om a year is 
the most probable value. Having regard to these uncer- 
teinties, the analysis suggests that, the farther an ocean 
island is from & mid-ocean ridge, the older it ia likely to 
be, which supporte the view that the floors of oceans may 
have grown by aprang from the mid-ooean ridges. 

No such simple pattern is apparent in the Paoiflo 
islands. The lanation may lie in some combination 
of the fo. i Esters: (a) the continents are advancing 
over the borders of the Pacific Ocean; (b) H. H. Heas*’ has 

& reoent in the pattern of mid-ocean 
ridges in the Paoiflo; (c) data for the Paoiflo are poor, 
there being leas dates per unit area than elsewhere, and 
moet of those which are available were obtained by drilling 
or dredging; (d) another complexity is discussed elsewhere 








100 


75 50 25 0 
Time B.P. (m.y.) = 


2. Graph of oldest ages for some islands In the Atlantic 
a Iul Oocane equine dutonce ofthe inenda from Ho nearesi 
potni on a máid-ocean ridge 
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which that some Pacific islands did not start 
at the mid-ocean ridge*’. 
Examination of bathymetric charta shows that islands 


- oocur most commonly on the mid-ooeen ridge at pointe 


where the ridge both direction and intersects a 
branch ridge. Iceland on the Wyville-Thomson Ridge, 
the Azores on the Azores Rise, Gough Island on both t 

Walvis Ridge and on the Rio Grande Rise and Easter 


Island at the point of intersection of several ridges are 
examples of i so situated. 
If one the ocean basins as permanent, one can 


take the view that all the ridges have formed over fractures 
and that places where fractures intersect are likely to be 

i favourable for extrusion. This could explain 
the growth of volcanoes and islands at those places. This 
theory has the disadvantage that it does not explain why 
the branch ridges are aseismic or why they are quite 
different in character and appearance from the mid- 
ocean ridge. Sdme branch ridges, like the Azores and 
the Nazca Ridge which passes through Easter and Bala-y- 
Gomez Islands, seem to be chains of volcanoes and sea- 
mounts quite unlike the mid-ocean ridges. 

If, on the other hand, convection is occurring, it is 
reasonable to believe that bends in the mid-ooean ridge 
are associated with deflexions in the current system and 
that at such places reduced pressure or deeper fracturing 
may cause extrusion of more lava than elsewhere on the 
ridge. This could determine the location of volcanic 
islands on the ridge. 

Convection also introduces horizontal motion. This 
would slowly move voloanoes away from their sources 
on the mid-ocean ridge, so that those voloanoes would 
cease to be active. sources would remain fixed over 
the vertical currents and would produce fresh volcanoes. 
Thus, in time, each source on the mid-ocean ridge would 
produce & chain of progressively older extinct volcanoes, 
or perhaps two such chains, one on either side of the mid- 
ocean ri (Fig. 3). Here is a possible explanation for 
a ee et Grande. This proposal 
co be tested because the oldest seamounts on the 
branches should lie farthest from the mid-ooean ridge. 
All such branches might be flow linee. This hypothesis 
Ledges ie the general paralleliam of all the rises on 
either side of the Atlantic. The well-known herringbone 
pattern of the ridges could be an expression of the fact that 
Africa and North America did not move directly apart, 
but that each had & northward component of motion as 
well. For Africa at least palmomagnetic evidence has 


es 
a>. 


(a) (b) (c) 


3. Some posible patterns of convection, showing bow obains of 
Rae ee 
cores of cells 


p 


a ee 


The pattern of the Paciflo is much leas clear, but some 
suggestions can be made for the eastern part of the Paciflo 
basin. The line of seamounts which extends east and then 
north-east from Easter Island may be its flow line. Part 
of it is called the Nazca Ridge. H. W. Menard'* has 
shown it as a fracture zone but R. L. Fisher™ has called 
it a line of seamounts. The Cooos Ridge off Colombia is 
nearly parallel with the Nazca Ri and'may be part of 
another flow-line. On the other the West Ohile 
Rise which joins Easter Island to the great fault through 
the Strait of Magellan may be a fault scarp. 
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Sketoh of assumed convective flow from the mid-ocean 
trregular, cylinder with 


Fig. 4. 


Thus the pattern of distribution of mid-ooean islands 
of different ages is considered to favour the hypothesis of 
spreading apart of some ocean floors and the pattern of 
aseiamic ridges may be flow-lines indicating directions of 
recent movement. It is considered that at the contacte 
of mid-ocean and aseismio ridges with continents there 
are often areas of flood basalts, as in the Parana basin, 
Mexioo, Ethiopia, Greenland and Scotland. This is 
probably not coincidental and may provide a means of 
dating the start of continental separation in various 
localities. , : 

On the assumption that convection currents rise under 
mid-ooean ridges and sink under continental mountains, 
a map attempting to portray the probable pattern-of 
horizontal flow has already been published"!. If the 
aseismic ridges are flow-lineg, more control is available 
and a more precise map (Fig. 4) based on this assumption 


has been p 15, The chief is in the north- 
eastern part of the Pacific Ocean. e new pattern of 
convection is not a torus, but one | cylindrical cell 
twisted about the Earth. Both ends of this cell lie off 


the west coast of North America. One end pinches out 
off Mexico where the East Pacific Rise reaches the Cor- 
dillera, the other end is broad and sheared off against the 
Cordillera of United States and Canada. The San Andreas 
fault and other structural features striking north-west 
may be consequences of this shearing. 

If this view is adopted ıt seems likely that the Austral, 
Society, Tuamotu, and Hawaiian Island chains also lie 
along stream lines and that the progression in age of the 
islands along each chain is due to this cause. The Hawai- 
ian Islands and some of the other chains are exceptional 
in that their source does not lie on the mid-ooeen ridge. 
A fuller discusion of this** suggesta that chains of islands 
oould still be formed if the souroe of lava lay within the 
stable cores of convection cells of the type shown in Fig. 3c. 

The recent disoovery* of Miocene rocks on u 
supporte, but does not prove, the view that the Hawaiian 
Islands have been formed successively over a common 
source beneath the present position of the Island of 
Hawaii, and that they have been successively borne 
away toward the weet. The dates given by Menard et al. 
indicate that the rate of movement is not greater than 
10 om a year. 
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* Kulp, J. L., Soience, 138, 1106 (1961). 

1 Wordle, J. M., Trens. Roy. Soe, Edin., H, 741 (1920). 








to the continental mountam system. The convection folded, 
ends west of North America ws 


B., Mus, Nat. Hi, E b, Muse. 
ing comer B., Mes Dept. Geol. Geog., Heykjewh, huc 


* Walker, F., and Davidson, O. F., Trens. Roy. Soc. Edin., &8, 869 (19096) 
1 Krejci-Graf, K., Frankfurt Geol., 80, 1 (1980). y 

* Ribeiro, O., Soc. Geol. Portugal Bwll., 7, 113 (1058). 

* Hausen, H., Acts Geog. (Boe. Geol. Fennia), 15, No. 2 (1956). 

S O99. N., Conf. Intern. Africanistas Ooideni., Sess, 6, Sho Tomé, 


Almeida, Y. F. AL, Brarü, Dis. Geol. « Miner., Mono.,13, 1 (1055). 

L. V., Amer. J. Sa , Ber. 4, 88, 189, 381 (1914). 

P Newell, N. D., Geol. Soc. Amer., Spec, Paper, 08, 503 (1055) 

“Daly, R. A., Amer. Acad. Arts Soi., Proc., 60, 1 (1925). 

P Daly, R. A., Amer. doad. Arts Soi., Proc., 68, 81 (1927). 

1* Anon., Nature, 194, 1119 (160%). 

7 Gam, I. G., Now Soienbist, 14, 210 (1001). 

* Anon., Polar Record, 8, 256 (1066). 

4 Anon., Geog. J., 78, 537 (1028), 

M Boed, F. B. O., Ths Geology af iks BERN Empire, socii od. (London, 


= Aubert de la Rus, H., Ckromigue wes d'Outre-Mor, Paris, H, 102 (1050). 
“Lambeth, A, See Waler T: snd Proc., 88, 14 (1052). 
+ 4, 13 (1957). 


19 


Ji 


i 


m 


u Repelin, J., O.R. Acad. Soi., Paris, 19. 167 Gia 
T., in The Earth as a Plana, edit. by Kutper, G. P., 151 (Ohloago, 


. Bull., 60, 561 (1049). 

. Ago Studies, 0.38 reina wont Tab: 

A MomegrapA om Christmas Island, Brit, Mus. (Mat. 
Hist.), London (1900). 

“ Runoorn, B. K, "rini pude 311 (1962). 

en eh ee 

M. N., « al. (preprint, 1 

EE Odes Pees Ge de MR) 

u Blackett, P. M. 8., Clogg, J. i., and Stubbs, P. H. B., Proc. Roy. Sec. London, 
£66, A, 201 (1900). 

4 Menard, H. W., Saience, 188, 1737 (1900). 

n Wilson, J. T., Nature, 198, 135 (1002). 

m Menard, H. W., Allison, R. O., and Durham, J. W., Science, 138, 806 (1962). 


wo.4»e; February 9, 1963 


OBITUARIES 


Dr. J. L. Pawsey, F.R.S. 


Dn. Joemem Lana PAwBEY, Australia’s pioneer in radio 
astronomy, died in Sydney on November 30, aged fifty- 
four. Dr. Pawsey was assistant chief of the Division of 
Radiophysios of the Commonwealth Scientiflo and Indus- 
trial Organization, which he had joined early 
in 1940 and where he directed the Division’s radio 
astronomy work durmg the seventeen years preceding 
his death. During 1962 he was to have taken up a new 

i in the United States as director of the 
National Radio Astronomy Observatory ab Green Bank, 
West Virginia. It was during a preliminary visit to the 
United States early in 1962 in preparation for this appoint- 
ment that he became seriously ill, and it was only due 
to the medical akill and devotion given him the 
efforts of his American colleagues that he li long 
enough to return home to his family and indeed to socom- 
plish a final work—the editing of a large collection of 
radio astronomical works shortly to be i He is 
survived by his wife, two sons and 4 ter. 

Dr. Pawsey’s interest in radio astronomy began while 
working on radar developments during the Second World 
War when confidential reports became available of the 
discovery of radio-frequency radiation from the Sun. 
After the War he began exploring these emissions and 
soon. discovered that metre waves from the Bun consisted 
of two components—e basic thermal component from the 
Sun's million-degree corona, and a much more intense 
variable component which he accurately located in the 
vicinity of sunspots. From the impetus of these observa- 
tions he began to form around him a group of physicists 
and engineers which was to play a leading part in the 
evolution of the new science of radio astronomy. Dr. 
Pewnmey devoted moat- of hia- timo to encouraging mud 
stimulating this group, guiding them with i ible 
patience and skill into a series of crucial experiments 
which helped to reveal the nature of the radio universe. 
The first unambiguous demonstration of the existenoe of 
radio stars, their first identifications with visible objects 
(nebule and galaxies as we now know), the mapping of 
the sky over a great range of frequencies, includmg the 
21-cm emission of hydrogen, the detailed exploration of 
the complex emissions from the Sun, quiet and dis- 
turbed, and the interpretation of solar bursta in terms of 
eae c dmi 
the con i made by his group during his years of 
i ip. His interest in the astronomical results was 
matched by his interest in the of the teoh- 
niques required for obtaining them (he had, during the 
flvo years before the War, been intimately connected 
with the development of the original television system at 
Alexandra Palace), and again his group became known 
for novelty of approach to instrumental problems— 
various types of interferometers, the solar io spectro- 
graph, the grating aerial array, the Mills Croes and the 
multi-channel hydrogen were all developed 
for methods of obtainmg higher and higher angular 
resolution, his interest lay more in the lication of the 
principles Uf inrbiaintey han fi the conventional 
‘big-dish’ approach; but when the decision was made to 
build a 210-ft. radio telescope for the Laboratory, he 
first-class receiving equipment needed to ensure ite 
gu 


group for his ability to simplify complex problems and 
situations by pointing to the heart of the matter, for his 
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Dr. Pawsey will be particularly remembered by his | 
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willingness to discuss any aspect of a problem at all times 
at any level, and for his decisive and positive criticism 
of any manuscript or project put before him. He will 
also be ramambered by his many friends across the world 
for his absolute integrity and honesty throughout his 
work and personal lifo. 

Dr. Pawsey was made a Foundation Fellow of the 
Australian Academy of Science in 1954, and was elected 
Fellow of the Royal Society in the same year. Ho was 
awarded the Lyle Medal of the Australian Academy in 
1954, and the Hughes Medal of the Royal Society in 
1960. International recognition of his work was signified 
by his election as president of the Radio Astronomy 
Commission of the International Astronomical Union 
between 1952 and 1958. 

His publications, though extensive, give no indication 
ledgmenta at the conclusion of scores of papers written 
by other authors. His most comprehensive work, in 
collaboration with Prof. R. N. Bracewell, is the classical 
text-book on Radio Astronomy. 

Dr. Pawsey was a graduate of the University of Mel- 
bourne, where, in 1981, he won an 1851 Exhibition 
Scholarship to take his Ph.D. at the Cavendish Laboratory 
under Lord Rutherford. One may sense something of 
Rutherford's influence both in his love of the simple 
direct experiment and in his achievement of establishing 
the kind of group in which every member acquires the 
confidence and individuality to play his part im inter- 

. P. WoD 
Prof. John J. Bittner 


national research. 

EXPERDMHNTAL Mammary tumour pathology suffered a 
great loss by the death in Minneapolis, on December 14, 
1961, of Prof. John J. Bittner. 

Born on February 25, 1904, in Meadville, Pa., he was 
educated at St. Stephen's Coll (now Bard), Annandale- 
on-Hudson, New York, where he earned his A.B. degreo 
in 1925. He received his M.S. in 1929, and Ph.D. in 1930, 
at the University of Michigan. 

Bittner was assistant in canoer research (1927-80) in 
the University of Michigan; research associate (1930—40) 
and assistant director (1940-42) at Roscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Maine; George Chase 
Christian professor of cancer research and director of 
cancer bio. (1942-61) and professor of experimental 
pathology (1957-61) in the Medical School of the Univer- 
sity of Minnesota; consulting associate scientist of the 
Sloan-Kettering Institute (1956—81). 

Until about thirty years ago, it was generally agreed 
that mammary cancer in mice developed as the result of 
hormonal stimulation acting on susceptible tissues having 
the hereditary factor. In 1933 the situation of the causa- 
tive factors of mammary tumours in mice began to change 
because the staff of Roscoe B. Jackson Memorial Labor- 
&tory announced the discovery of & non-chromosomal 
influence of maternal origin, which played & decisive part 
in the development of spontaneous mammary tumours in 
mice. 

In 1986, Bittner wrote in & famous preliminary report: 
“Should further study demonstrate that the incidence of 
mammary gland tumours in mice may be affected by 
nursing, an explanation may be affered for the so-called 
extrachromoeomal] influence as a cause in the development 
of this type of neoplasm”. 

Bittner’s major discovery (1939) was to identify this 
extrachromosomal influence with nursing, that is, with 
the milk factor. 
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So it was shown that spontaneous mammary cancer in 
mice usually resulted from the interaction of three 
causative factors: hormonal stimulation, inherited sus- 
ceptibility, and the milk-borne mammary tumour 
agent. 

Bittner also contributed to the discovery of an inherited 
hormonal influence. In 1944, when reciprocal matings 
were made between animals of the cancer-susceptible A 
(low incidence in virgins) and O8H (high incidence in 
virgins) strains, it was demonstrated that the hormonal 
pattern associated with the genesis of mammary cancer 
in virgin females was transmitted to the F, females, 
maintained as virgins, which had high incidences of 
mammary canoer. Bittner (1945) termed the hormonal 
mechanism responsible for the induction of 
cancer in virgins “the inherited hormonal influence”. 

“The inherited hormonal influence . . . is probably the 
result of the action of multiple genes. The same genes 
probably do not produoe the inherited susceptibility and 
the inherited hormonal influence." 

Apart from these contributions, which opened entirely 
new flelds, he wrote many other papers—245 in all— 
which made valuable contributions to the knowledge of 
mouse tumours. 

- As may be expected, Bittner was the recipient of man 
honours and he was much sought after as a lecturer: 
among these were the Alv Prize, College of Phys- 
iciana of Philadelphia (1941); Comfort Crookshank Award 
and Lecture, London (1951); Bertner Award and Leoture, 
University of Texas (1957); honorary D.Sc. from Bard 
College (St. Stephen’s) (1950). 

In 1957 Bittner visited Perugia to participate in the 
Second International Symposium on Mammary Cancer. 
It was a great satisfaction to him to be the recipient 
(together with Alexander Haddow and Leonell O. Strong) 
of an honorary degree in medicine and surgery, from the 
University of Perugia, on July 29 of that year. 

On February 23, 1961, when Dr. O. Meredith Wilson 
waa inaugurated president of the University of Minnesota, 
Bittner was in a position of honour. In fact, he partici- 
peted on behalf of one of the two oldest institutions 
represented, leading the academic group by wearing the 
gown of the Perugia University Medical School, incident- 
ally with a colleague dreased in an Oxford (England) 
robe. On Thursday, February 16, 1961, Ths Minneapolis 
Star published & three-column article illustrated with 
coloured photographs of Bittner and other doctors in their 
academic gowns as they would appear at the inaugura- 
tion. 

Bittner returned to Perugia in June 1961 to participate 
in the Ciba Foundation Symposium on Tumour Viruses 
of Murine Origin (June 21-28) and the International 
Conference on the Morphological Precursors of Canoer 
(June 26-30), and to attend the centenary celebrations 
of.the chair of morbid anatomy in the University of 
Perugia, as the representative of the University of 
Minnesota. 

I would lke also to recall the exceptional brightness 
and intelligence of his eyes and his jnimitable charm. He 
was fond of his house and garden and was an enthumastio 
photographer. 

He is survived by his wife, formerly Mary Esther 
Mahaffy, two daughters, Mary Margaret (Mrs. Merlyn C. 
Bowker) and Elizabeth Ann (Mrs. Edwin H. Loague), 
two sisters, Katherine (Mrs. Leonell C. Strong) and 
Josephine (Mrs. George E. Turnbull) and & brother, Mr. 
Guy C. Bittner, to all of whom their many friends extend 
their deepest sympathy. Lucro SEVÉRI 


His family, his numerous professional associates and 
friends, others who liked him personally, and many more 
who were stimulated by his writings learned with sorrow 
that Prof. John J. Bittmer had died on December 14, 
1961. Some of Bittner’s fundamental contributions to 
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cancer research and his background have already been 
summarized by Dr. Leonell O. Strong in the April 1962 
issue of Cancer Research. Added emphasis of deserved 
international scope is placed on Bittner’s contributions 
to cancer research by Prof. Lucio Severi in the preceding 
obituary. 

To-day’s investigators in cancer biology must realize 
indeed that the foundations of their discipline were laid 
by a few gifted researchers, such aa Bittner, making a 
series of basic discoveries with keen intuition and pai 
taking observation. Bittner's important findings not 
depend on the extensive instrumentation now so much 
used in oncology. His achievements demonstrate the 
pioneering application of uncomplicated experimental 
technique to olearly formulated problems, even in a fleld 
as complex as is the inquiry into the nature of cancer. 
The impact of Bittner's findings cannot be positively 
correlated with the cost of his instrumentation or with 
his laboratory space in square feet. 

Bittner's long series of studies on the development of 
mammary tumours in mice has probably stimulated 
canoer research on a world-wide scale as much as any 
other single series of observations. His long-continued 
and scarcely fashionable insistence, particularly during 
the past decade, on a mammary tumour ‘agent’ rather 
than a ‘virus’ reflected his sound caution when faced with 
tempting premature extrapolation. While documenting 
painstakingly, throughout a lifetime, the part played by 
what we now call the Bittner agent, he also devoted 
careful observation to the factors interacting with his 
agent. 

In a virus-conscious era of oncology, it is scarcely sur- 
prising that the question whether the Bittner agent is 
indeed a virus or a cytoplasmic ‘gene’ or iole' is often 
posed. Such semantic contro revolving around as 
yet inconclusive data must not detract, however, from 
Bittner’s important disclosure of the part played by an 
infective agent in the esis of & mammalian neoplasm. 

We may remember, free. that the Bittner of Bittner- 
agent fame consistently concerned himself with the part 
played by endocrine and metabolic factors in mammalian 
carcinogenesis. Two pointe are particularly pertinent. 
First, he emphasized that mammary cancer in the mouse 
can develop in the absence of a demonstrable agent, and 
that the burden of proof for assuming that the presence 
of an infective agent constitutes a sins qua non for mam- 
mary carcinogenesis in the mouse resta with those who 
make this claim. Secondly, he devoted much research to 
the question as to whether the agent exerted ita effect 
via the endocrine. ` 

Basic contributions by Huseby and Bittner related in 
this connexion to endocrine mechanisms of breast cancer 
in the mouse. Many others, too many to name, are 
indebted to Bittner for the opportunity to co-operate 
with him, as I am. 

Bittner's scholarship in the field of inquiry into the 
nature of canoer was indeed an invaluable asset not only 
to those privileged to work with him, but also to many 
others who came or wrote for his advice. He was open- 
minded to new approaches and willing to lend his un- 
reserved support to explorations of unconventional fields. 
The resolution of several temporal of physio- 
logy and pathology at different levels of mammalian 
organization Hania Gor have been possible without his 
guidance and help. In later years, Bittner’s activities 
also included the support of the work of others by making 
available his inbred strains of mice. He kept up 
with the literature in a rapidly developing field which he 
had so greatly stimulated and remained active in the 
laboratory for seven years following a first coronary 
occlusion, which preceded the second, fatal one. He died 
on his way to work. He lives in the history of biology 
and medicine with those endeavouring to understan 
organisms and their diseases by dint of painstaking 
observation. Faant HALBERG 
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NEWS and VIEWS 


The Geological Soclety of London: Awards 


Tus following awards for 1963 have been made by 
the Geol ial Society of London: Wollaston Medal, to 
Dr. F. A. Vaning Meineez, emeritus professor, University 
of Utrecht, for his pioneer researches in geophysice, notably 
in measurements of gravity at sea, and his studies of 
isostasy and thermal convection in the Earth; Murchison 
Medal, io Mr. N. L. Faloon of the British Petroleum Co., 
Ltd., for his application of geology to exploration for 
petroleum throughout the world; Lye Medal, to Prof. 
T. N. George, University of Glasgow, for his researches on 
carboniferous stratigraphy and peleontology and work in 
the fleld of evolutionary peleontology; Bigeby Medal, to 
Prof. W. B. Pitcher, University of Liverpool, for his work 
on igneous and metamorphic rocks, particularly in north- 
wost Ireland; Wollaston Fund, to Dr. G. M. Brown, 
University of Oxford, for his contributions to 

and mineralogy; Murchison Fund, to Mr. E. H. Francis, 
Geological Survey of Great Britain (Scottish Office), for 
his contributions to i hy and volcanism, especially 
in the Midland Valley of Scotland; Lyell Fund, a moiety 
to Dr. GG P. L. W , Imperial College of Science and 
Technology, for his researches on the voloanio rocks of 
Iceland and Northern Ireland; and another moiety to 
Dr. A. E. M. Nairn, Turner and Newall Fellow, King’s 
College, Newoastle upon Tyne, for his researches m the 
field of palwomagnetism and palmoclimatology. 


The Institute of Physics and the Physical Soclety: 
Appointments and Awards 


Tum following appointments and awards for 1968 have 
been made by the i of Physics and the Physical 
Society: Guthrie Lecturer, Prof. L. F. Bates, Spencer 
professor of physica at the University of Nottingham. The 
Lecture be delivered during the International Con- 
ference on ism to be held in AATE rin during 
Beptember 7—11, 1984; The Thomas Young M and Prize, 
jomtly to Prof. G. H. Townes, of the Massachusetts 
Institute of Technology, and Prof. A. L. Schawlow, of 
Stanford U: ity, California, for their work in origmat- 
ing the principle of the optioal maser; The Duddell Medal 
and Prize, to Prof. B. N. Brockhouse, of McMaster 
University; Ontario, Canada, for his work on the lattice 
dynamics of crystals and the development of the three-axis 
crystal spectrometer used in this work; Ths Charles Chee 
Medal and Prize, to Dr. M. N. Hill, of the University of 
Cambridge, for his work in marine ysion, particularly 
in connexion with the lication. of seismic method in 
the deep ocean; The Vernon Boys Prize, to Dr. 
K. D. Froome, of the National Physical Laboratory, for 
his oontributions to i physics, particularly 
his determination of the velocity of light, his invention of 
a source of continuous short waves and his method for 
&ocurate measurement of length. 


Mining and Mineral Technology at the Imperial College 


of Science and Torney : 
rof. J. C. Mitcheson, C.B.E. 


JAxmS Oncor, MrroHEsSON, who retires on September 30, 
has been professor of mining and heed of the Department 
of Mining and Mineral Technology at the Imperial College 
of Science and Technology since 1952. This critical period 
has coincided with the contraction of many of the mining 
schools in the Western World, and it is in a large measure 
due to Mitchesan’s leadership that the Royal School of 
look and taken a full part in the expansion of the Imperial 


College. A man of absolute integrity, he combines firmness 
of purpose with kindness of nature in a manner which 
has earned the respect and affection of both his colleagues 
and his students. He came to the Royal School of Minea 
with an established reputation as an administrator and 
expert in the economics of coal mining and quickly won 
the confidence of the metalliferous mining industry. A 
past-president of the Institution of Mining Engineers, ho 
is now vice-president of the Institution of Mining and 
Metallurgy. To his academic and profeesional duties have 
been added many public responsibilities, including that 
of chairman of the Safety in Mines Research Advisory 
Board and, since 1961, chairman of the Geological Survey 
Board. However, his principal interest has long been 
mining education in all its forms and, characteristically, 
his activities in this fleld have extended far beyond the 
Imperial College. For these and other publio serviooe— 
all y and modestly given—he was awarded the 
O.B.E. in 1961. Mitcheeon was Dean of the Royal School 
of Mines from 1959 until 1962, during which timo the 
rebuilding of the School was planned and initiated. His 
experience, judgment and rare human qualities have had 
an important influence on the course of mining education 
in Britain. 
Prof. R. A. L. Black 

Pror. R. A. L. BLAOE, who is to succeed Prof. J. C. 
Mitcheson, has spent most of his professional life in South 
Africa. He was, however, born and brought up in England, 
being educated at Stowe and the Bchool of Mines 
(Imperial College of Science and Technology). His 
university course was interrupted by the outbreak of war 
when he volunteered for the Air Branch of the Royal Navy, 
in which he served as a member of air crew and was 
awarded the Distingui Service Cross. At the earliest 
moment after hostilities ended he returned to the Royal 
School of Mines and, graduating with honours in 1948, 
he immediately joined the staff of the Central ing and - 
Investment Corporation in Johannesburg. This 
finance house controls a number of iniportant mines, and 
Black was given a wide practical experience of under- 
ground mining operations before being called to head 
office. Here he was appointed assistant to tho consulting 
engineer with responsibility for the development of a 
research programme covering rock mechanics and ground 
control Following a short period of actual mine manage- 
ment, he was in 1956 appointed to his present position as 
Chamber of Mines professor in mining engineering in the 
University of the Witwatersrand, Johannesburg. Since his 
appointment, Black has i the uste 
courses, changing the emphasis away from the teaching of 
applied technology towards a better grounding in the 
sciences and basic engineering principles. At the same 
time he has developed & postgraduate school together with 
a regearch unit largely engaged in studying problems 
arising out of mining at great depth. His own especial 
fields of interest are in rook mechanics and explosives 
engineering. In addition to his academic activities Black 
has been dean of the University Residence, where Mrs. 
Black and he have most su provided a ‘home’ for 
some 160 students and 20 members of staff for the past 
four years. 


The U.S. Natlonal Bureau of Standards 


Ds. Egwmer K. Sucre has been appointed chief of the 
Upper Atmosphere and Space Physics Division and 
Robert W. Knecht chief of the Ionosphere Research and 
Propagation Division at the Boulder Laboratories of the 
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National Bureau of Standards, U.S. Department of Oom- 
merce. These divisions are part of the Central Radio 
Propagation Laboratory. 

Dr. E. K. Smith 


De. Sarra succeeds C. Gordon Little, who was reoently 
appointed chief of the Central Radio Propagation Labor- 
atory. Since Joining the Burean’s staff in 1951, Dr. Smith 
has investigated such ionospheric phenomena as sporadic- 
E, F-region anomalies and studies of the atmospheric 
refractive index for non-ionized gases. 

Mr. R. W. Knecht 


Mn. Kwacut succeeds Dr. Smith as chief of the Iono- 
sphere Research and Propagation Division. He jomed 
the National Bureau of Standards in June 1949 immedi- 
ately on graduation in physics from Union College in 
Schenectady, New York. After an initial assignment in 
Washington, he was transferred to Alaska, spending eight 
months at Barrow Radio Propagation Field Station and, 
afterwards, two years at Anchorage as physicist-in-charge 
of tho North Pacific Radio Warning ice. Smoo his 
return from Alaska in 1954, Mr. Knecht has worked 
primarily in the fields of ionospheric physics and solar- 
terrestrial relationships. He was formerly chief of the 
Sun-Earth Relationships Section. After loring the 
possibilities of a satellite-borne top-side sounding oxperi- 
ment for IVO Mtn the ionosphere, Knecht promoted the 
development of Topsi, the U.B. fixed-frequency top-aide 
oe satellite scheduled for launching in the first half 

1963. 


Sclentific and Technical 
Government 


ACOORDING to Sorenitfic and Technical Personnel in the 
Federal Government, 1959 and 1960, the professional 
scientiflo and technical staff in the Federal Government 
increased by 26 per cent to 156,000 between 1954 and 
1960 (NSF 62-26. Pp. vit+79. Washington, D.O.: 
Government Printing Office, 1962). The Department of 
Defence employed 37 per cent of these, 56,100 m 1959 
and 57,400 in 1960, more than two-thirds being engmeers. 
The Veterans Administration employed about 29,000 in 
1960, mostly m health oooupations. The total included 
about 27,500 women in 1959, mostly in health profesaions 

‘where about 58 per cent were women, compared with 
3,000 or almost 8 per cent in science and less than 1 per 
cent in engineering. The number engaged in research 
and development was relatively stable during 1958-60, 
and in 1960 about 44,000 were in research and develop- 
ment, about half in the Department of Defence. Of the 
53,000 scientific personnel m 1960, 18,000 were m the 
physical sciences and nearly 22,000 in biological sciences. 
Non-professional scientific and technical staff in the 
Government increased by 11 per cent over the period 
1958—80 from 75,200 to almost 83,500, more than 35,800 
in 1960 being in engineering and 11,500 in mechanics. 
Almost 36,000, or 48 per oent of the total, were in the 
Department of Defence and only 14,200, or 17 per cent, m 
research and development. 


Problems In the Communication of Sclentlfic and 
Technical Information 


Ix Beptember 1962 the De ent of English and 
Liberal Studies of the Welsh Oollege of Advanced Tech- 
nology began an investigation into the problems involved 
in the communication of scientific and technical informa- 
tion. A circular letter was sent to & group of fifty-four 
research centres and companies, inquiring what forms of 
writing they required and what difficulties and weak- 
nesses, if any, they encountered. All the thirty-one com- 
panies which replied expressed their concern with the 

+ standards in technical writing, and nineteen sug- 
gosted a visit to discuss the subject, while seven submitted 
detailed opinions or documentary evidence. `AH. the 


Personnel In the Federal 
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companies welcomed the Department's positive measures 
to train undergraduates in written and spoken com- 
munication and were willing to co-operate in the investi- 
gation. Some were interested in suggestions for short 
courses for their graduate personnel, either in the college 
or in the companies themselves. A circular letter inquiring 
about the prevalence of communication problems in 
science and engineering departments in universities and 
colleges of advanced technology is bemg sent out to all 
such colleges and to selected universities, and the writing 
of reports has been discussed with tho professors of 
chemical, civil and electrical engineering in the University 
of Nottingham, where much interest in standards of 
writing was shown. Staff in scientific departments at the 
Universities of Leeds, Liverpool and Reading has also 
been approached, and it is proposed to make inquiries of 
& number of national research centres and institutes and 
of more companies. Experimenta have already been made 
with testing methods m recent college courses and exam- 
inations, and consideration of the philosophical problems 
involved in the proceases of written communication will 
commenoe shortly. 


Mental Health Book Review Index 


Tue Mental Health Book Review Index contains a list 
of books relating in some way to mental health, and the 
title of each book is followed by references to reviews of 
the book which have appeared in the appropriate journals. 
Volume 7 deals in this way with some 800 new books and 
there are also included new reviews of books which have 
been referred to in previous volumes (Pp. xii+ 66. 
Flushing, N.Y.: Miss Lois Afflerback, Paul Klapper 
Library, Queens College, 1962. Annual subscription, 8 
dollars). The fleld of mental health is widely interpreted 
and covers not only psychology and psychiatry and 
sociological aspects, but also a good many books of 
general cultural interest. For example, the present 
volume includes Sir Charles Snow’s Rede Lecture on 
The Two Cultures and the Soientifio Revolution, J. P. 
Sartre’s Being and Nothingness and Teilhard de Chardin’s 
The Phenomenon of Man. In these days when it is in- 

i difficult for workers even to know what -is 

lished in their own field, not to mention in allied 
isciplinesg, this publication serves a very valuable pur- 

. The Index is sponsored, among others, by the 
World Federation for Mentel Health. : 


Animals 


Tua aim of the new magazine, Animals, published by 
Knowledge Publications, Ltd., at 2s. weekly, commencing 
January 8, is expreesed by the editor-in-chief, Armand 
Denis: “. . . to interest you in every aspect of tbe 
animal world". The main appeal is visual, well.over half 
the space being given to pictures, four-fifths of whioh are 
superb colour photographs. Si Julian Huxley and Bir 
Solly Zuckerman are patrons, and there seam to be links 
with the World Wildlife Fund, although what these may 
be is not made precisely clear. The editorial board 
includes the Duke of Bedford, Gerald Durrell, Bernard 
Grzimek, Nicholas Guppy, Gavin Maxwell, Alan Moore- 
head, Peter Soott and Niko Tinbergen. The editor is 
John Chanoellor, and the consulting editor Michael 
Tweedie. The text is lees informative than should be 
expected for the price, an outstanding instance bemg an 
800-word article on the giant panda, which seams mainly 
concerned with how little we know of this species while 
failing to give as much as is known. (Perhaps somebody 
will one day explain why the giant panda was not named 
as one of the world’s rarest animals until it was 
as the symbol of the World Wildlife Fund (British 
Branch).) There is also a tendency for error and mis- 
statement, not always trivial and sometimes needless, to 
creep in, and to maintain our interest in the animal 
world it may be necessary to bring the textual matter 
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more closely into accord with the high standard of the 
arb work. 


Estimation of Calcium In Biological Materlal 
Tux adaptation of the flame-photometer to the estima- 
tion of calcium in biological material has proved difficult 
because of serious in from other ions commonly 
present. Sodium and phosphate ions are specially trouble- 
some, sodium enhancing and phosphates inhibiting the 
intensity of tho calcium flame. Other ions also mterfere 
in varying degrees of severity. The intrinsic simplicity 
of flame-photometry, however, has made worth while the 
development of several techniques for isolating calcium 
ions free from interfering material. G. E. Trout, of the 
University of the Witwatersrand, Johannesburg, has 
recently described'an improved technique whereby the- 
calcium is purifled by means of ion-exchange chromato- 
hy on fine-meeh resins (South Afric. J. Med. Sci., 
7, Noa. 1 and 2; July 1962) It is particularly suitable 
for the estimation of calcium in tissue ashes. The method 
has been extensively tested with a synthetic mixture of 
Control of Ticks on Livestock 
Ix 1958 an panel on tick-borne diseases of 
livestock was i ‘by the Food and Agriculture 
Organization, the first meeting of this body being held m 
November of that year. The recent publication, The 
Control of Tioks on Livestock, ia the first to be provided 
by tho panel (FAO Agricultural Studiss No. 54. Prepared 
by B. F. Barnett. Pp. viit+115. Rome: Food and Agri- 
culture ization of the United Nations; London: 
H.M.8.O., 1961. 5s.; 1 dollar). The whole subject of tick 
control is reviewed very thoroughly, and this booklet can 
claim to cover the whole of the subject from the angle of 
the fleld veterinary officer. It contains a select reference 
list of titles dating from 1941. The nine deal 
with reasons for controlling ticks; control of parasites off 
the host; control of parasites on the host; timing of 
ixodicidal applications; ixodicides; deterioration and 
depletion of ixodicidal washes and estimation of their 
concentration; resistance of ticks to ixodicides; toxicity 
of ixodicides; and a summary. Eight very important 
pages were left unprinted in the copy received for review; 
this may also apply to two other pages at the end of the 
book. It is to be hoped that this has not happened with 
other copies. 


Courses supported by the U.S. National Sclence 
Foundation 


Unmpz the title Science Course Improvement Projects 
the National Science Foundation has issued a booklet 
listing and describing the courses designed to improve the 
teaching of science and mathematios as well as engineering 

by the National Science Foundation (NSF 
62-88. 1: Courses, Written Materiale, Films, Studies 
by the National Sotence Foundation. . 64, 
Washington, D.O.: National Science Foundation, 1962). 


é } secondary 
schools, thirdly with technical institutes, and fourthly 
with college and university projects. Under these heed- 
ings, they are arranged according to disciplines. The 
information covers courses, written material, fllms and 
investigations. ; 

The Simon Population Trust 


THE Simon tion Trust was formed following a 
bequest of £15, from the late Lord Simon of Wythen- 
shawe. The objects of the Trust, designedly formulated 
in broad terms, are: (l) to promote & better under- 
standing of the problems of world population and resources ; 
(2) to encourage such research, education or other actions 
in any part of the world as may contribute to the adjust- 
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ment of population to resources. The need had long been 
felt for &n objective and independent body, non-partisan 
and of broad sympethies, which could give encouragement 
and adequate financial support to promising initiatives 
from any quarter, and which could enable new growmg 
points to develop until a comprehensive and well-balanced 
provision existed for meeting this important need of 
modern civilization. By the terms of the Trust, tho 
Trustees are enabled to give support to a wide range of 
projects. However, as yet they are not in a financial 
position to subsidize basio researches such as bave yielded 
the oral methods of contraception- which are now on trial. 
The objectives which the think are at present 
worthy of support include the following: birth control in 
place of abortion; use of midwives; improvement of 
methods acceptable to Roman Catholics; local manu- 
facture of contraceptives; reversible sterilization in 
males; travelling fellowships. Further information 1» 
obtainable from the Simon Population Trust, 69 Eccleston 
Square, London, 8.W.1. 


Announcements 


Pror. W. M. Farpanx, of Stanford University, has 
been awarded the 1968 Oliver E. Buckley Solid-State 
Physios Prise of the American Physical Society, for his 
work on the properties of helium-3, and especially for 
po ap ae discovery of flux quantization in super- 
conductors. 


Tua Office of Documentation has issued a booklet sur- 
veying the scientific information activities of the National 
Academy of Sciences—National Research Council (Pub- 
lication 1081. Pp. vi+49. Washington, D.O.: National 
Academy of Sciences-National Research Council, 1962). 
These are described under the divisional subject heads 
and, besides listing the various Committees concerned 
and information services, the booklet lists the various 
publications available. 

Tua fifteenth international ium on “Crop 
Protection" will be held at the State icultural College. 
Gent, on May 7. Further information oan be obtained 
from Prof. J. van den Brande, State Agricultural 
College, Coupure Links, 283, Gent. 


Tua Plant Phenolics Group is izing & symposium 
on ‘Methods in Polyphenol Chemistry” at the Dyson 
Perrins Laboratory, Oxford, during April 2—4. Further 
information can be obtained from the honorary secretary. 
A. H. Williams, Research Station, Long Ashton, Bristol. 

AN international symposium on ‘Physical Processes in 
Radiation Biology” Wea held at Michigan State 
University durmg May . Further information can be 
obtained from Mr. Bruoe Alderman, Room 24, Kellogg 
Center, Michigan State University, East Lansing, Michi- 
gan. 

THs spring meeting of the British Society of Rheology 
will be held at the College of Aeronautics, Cranfield. 
during April 17-19. The subject of the meeting will be 
"Duetility in Metals and ite Relation to Fabrication 
Processes’. Non-members of the Society are invited to 
participate in the meeting. Further information can be 
obteined from Mr. R. Pearce, Department of Materials, 
Cranfield, Bletchley, Bucks. 

Tas British Radio 8 py Group 1s organizing a 
conference on ‘Ions, and Irradiation” at tho 
Physics Department, University of Keele, during April 
8-10. The topics covered will include the experimental 
and theoretical investigations of both bound and free ions; 
the relation of such investigations to optical, infra-red and 
microwave masers; the use of microwave spectroscopy to 
detect effects produced by irradiation at radio, microwave 
or optical frequencies. Further information and registra- 
tion forms are available from Dr. D. C. Lainé, Physics 
Department, University of Keele, Staffs. 
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GEOLOGICAL ASPECTS OF COMMONWEALTH ECONOMY 


HE eleventh Inter-University Geological Congress 

was held in the De t of Geology, University 
College, Cardiff, during January 8-5. The subject of the 
congress was “Geological Aspecta of Commonwealth 
Economy” and more than 120 delegates from at least 
20 universities and colleges attended. 

The first speaker was J. H. Bean, of the Geological 
Survey of the Federation of Malaya, who described the 
iron deposita of Malaya. He pointed out that iron ore 
has been worked on a commercial scale in Malaya ainoe 
1921, but since the Second World War the industry has 
been greatly expanded and now makes a significant 
contribution to the national economy. About eighteen 
different iron ore deposits are being worked at the moment, 
- nearly all being located in the proximity of the coast. 
The iron deposits are found in a wide variety of host 
rocks—quartaite, schist, quartz porphyry, limestone, 
andesite, agglomerate, shale, 
common to most of them is that they are associated with 
granite, The primary iron ore mineral is usually magnet- 
ite (Fe,O,), leea frequently haematite (Fe,0,), and in one 
deposit it is siderite (FeOO,). Mr. Bean described several 
of the important deposits and then went on to consider 
the genesis of the iron minerals. He thought the fact 
that iron ore deposits almost invariably lie close to ite 
masses indicates a genetic relationship. In povera] uote 
magnetite and hematite sre associated with different 
phases of mineralization. Thus, in the Kedah Peak area, 
on the north-west coast of Malaya, magnetite is associated 
with the pegmatitea while the hæmatite appears to be of 
a later hydrothermal origin. In the Ipoh deposit, 100 
miles farther south, magnetite is associated with high- 
cp pé qiue silicate minerals, such as garnet and epidote, 
while the hematite is devoid of such minerale, presumably 
indicating formation at a lower temperature. Probably, 
the mineralogy of any particular deposit depends on the 
time of concentration of the mineralizing solutions in 
relation to the magmatic cycle, with magnetite forming 
from early solutions and hmmatite from later ones. 
Finally, Mr. Bean pointed out how the lithology and 
structure of country rocks control the location and form 
of ore bodies. Thus, tabular ore bodies are formed in 
well-bedded shales, but where the rock is of a structureless 
nature the ore body is irregular. Again, in folded areas 
ore is usually located along the limbs of folds but rarely 
along the crests. 

The second paper was given by D. Ostle, of the Atomic 
Energy Division of the Geological Survey of Great 
Britain. Mr. Ostle discussed prospecting for atomic 
energy minerals. He pointed out that in recent years 
most attention has been directed at uranium, thormm 
and beryllium-bearmg minerals, and that some work 
has bean done on the geological environments in which 
helium can be to occur In economic concentra- 
tions, since this element is of potential value in gas-cooled 
reactors. Mr. Ostle discussed in detail methods of radio- 
metric' prospecting, particularly streesing the role of the 
aeroplane in this respect. Aeroradiometric surveys can 
log radicactivity from a height of 500 ft. above ground- 
level and, properly used, this technique is an invaluable 
time saver. Where an ares is covered by drift normal 
radiometric survey techniques are useless, and one means 
of overcoming this blem is by determining the amount 
of radon in gro air. Mr. Ostle described other geo- 
chemical techniques of prospecting for atomic energy 
minerals, including systematic sampling and analysis, by 


fluorimetric and colorimetric means, of uranium in 
natural ground waters. He also remarked on the selection 
of geologically favourable areas where these prospecting 
techniques can be most profitably applied. Thus, it has 
been found that in igneous rocks, uranium and thorium 
are concentrated in rocks of acidic osition. 
No deposits of any significance have ever been found in 
basic igneous rocks. 

In the afternoon session, Prof. J. G. O. Anderson, of 
University Oollege, Cardiff, dealt with the role of geology 
in hydro-electric development. He began by saying that 
pein civil engineering excavations have greatly 

i geologists, it was not until comparatively recently 
that widespread use was made of geological information 
in the design and structure of major engineering works. 
Yet the engineering geologist has probably just as impor- 
tant & part to play as the mining and the oil geologist. 
The use of geology in saving money and ensuring safety 
in the carrying out of major works can be just as important 
as in locating mineral and energy resources. In the 
past 25 years this has become more widely recognized. 
and in the United States an Association of Engineering 
Geologiste has been founded. Prof. Anderson continued 
by saying that geological knowledge has three main 
applications in the construction of major hydro-electric 
developments. The first is in choosing dam and power 
station sites where the necessary structure can be built 
with minimum cost and maximum long-term safety. 
Where the geology of & dam aite is not taken into acoount 
the result may be the collapse of the dam. The disaster 
at Dolgarrog can be cited as an example where only a 
very superficial examination of the geology of the dam 
site ‘was made, leading to serious weaknesses in the 
foundations and abutment. The second application of 
geology to hydro-electric development is in choosing 
tunnel routes which afford the optimum geological 
conditions and avoid structures li to cause special 
diffloulty and even danger. Prof. Anderson cited many 
examples, including the Loch Sloy and Rheidol hydro- 
electric schemes, where a geological investigation had 
indicated alternative tunnel routes of greater potential 
efficiency and safety, at no extra cost, other than that 


-origmally planned. He concluded his address by pointing 


out that the third application of geology to hydro-eleotrio 
development lies in the location of suitable constructional 
materials as close to the major works as possible. 

In the evening. Dr. P. G. Harris, of the University of 
Leeds, dealt with recent voloanic eruption on Tristan 
da Cunha. Dr. Harris, a member of the expedition sent 
by the Royal Society to the island, outlined the volcanic 
history of the island, and with the aid of slides traced the 
evolution and effecta of the recent parasitic voleano. A 
short film of the volcanic eruption was also shown. 

The congrees continued the next morning, January 4, 
with a paper by Dr. W. Idris Jones, director-general of 
research at the National Coal Board, on fuel gases in the 
coal measures. Dr. Jones said that the presence of 
methane in cosl-bearing strata has been a constant 
hazard to coal-mining throughout ita history. A complete 
understanding of how methane is stored and emitted by 
ooal and ite surrounding strata is still lacking, and research 
is now being directed to increase fundamental knowledge 
of the coal/methane relationship. In recent years, 
techniques have been developed that make it posmble 
to drain gas from seams or worked-out areas, and pipe 
it to the surface as fuel. Dr. Jones claimed that Britain 
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said that posaibly, 
would become part 


gas 
p challenge. 
ost into the & ere every yoar 
mines may provide about 10 per cent of Bribein's 

gas requirements. Dr. Jones also reported on fuel gases 
which can be derived from coal seams by gasification 
in situ, the gas produced being led to the surface through 
boreholes. ‘This involves carbonizing the coal by trans- 
mitting heat through it under close control, & technique 
which has been very successfully used in the U.8.8.R. 
Dr. Jones conaluded by pointing out that both, teohnicues 
require a knowledge of geometry and physical proper- 
ties of the strate in order to exploit natural conditions 
and obtain maximum yield of gas. 

A comparison of oil aooumulation conditions in Trinidad 
and the Canadian Prairies wae jointly given by P. Fitz- 
gerald-Moore and Dr. J. Weeda of the Shell International 
Petroleum Co. Dealing first with the Canadian oil fields, 
Mr. Fi d-Moore pointed out that oil had accumulated 
mainly in Upper Palieoroio and Mesozoic sedimenta. The 
oil basin lies between a mobile belt and a shield. The 
general geologioel history is of clinal warping of the 
crust, followed by mountain building and foredeep sedi- 
mentation, which has migrated shieldwards in time. Oil 
was found in epicontinental deposits bordering tho 
miogeoeynoline, and in quartz sandstones of the early 

phase which border, and are derived from, the 
shield. This latter oil becomes heavier towards the 
shield and forms an important tar belt. Mr. Fitzgerald- 
Moore stated that other accumulations of oil have been 
found in transgressive sands of the foredeep, derived from 
the craton, and regressive sands of the foredeep, from & 
Cordilleran source. He also described the tectonic struo- 
ture of the area, in particular, some remarkable flat-lying 
thrusts in Palwozoico strate. Mr. F -Moore 
pointed out that the deeper structures of the Cordillera 
are unknown but he thought there had possibly been a 
décollament between the crystalline basement and the 
overlying Palmoroio rocks. 

Dr. J. Weeda turned to the Trinidad oil field but first 
placed it within the framework of the Orinoco Basin. 
This is easentially Tertiary in age and has followed the 
same general geologi history as the Canadian Basin, 
although the latter involves far less crustal downwarping. 
Dr. Weeds said that oil was found in tho transgreesive and 
regressive sands in the Orinoco Basin, but in is case the 
transgressive sands derive from the Cordillera, and the 

gands from the craton. There was also an 


L. O. Noakes, the British Commonwealth Geological 
Liaison Officer, on underground water in Australia. Three- 
I of the Australian continent, said Mr. Noakes, 
has been described as an ‘arid zone’. Although the zone 
supporta only 2 per cent of the population, it provides 
40 per cent of Australia’s mineral wealth, and 30 per cent 
and 25 per cent of the beef cattle and sheep population 


respectively. Underground water supplies have played ' 


an extremely important pert in the exploitation of mineral 
resources and the development of ral farming. Mr. 
Noakes commented that the of the arid zone 
divides it into well-marked areas of differing water 
potential, A quarter of the zone overlies compact, 
orystelline Pre-Oambrian rocks of low ground-water 
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potential. In this area water accumulates mainly at the 
interface between weathered and unweathered rock, and 
in jointe and fault zones. A sixth of the zone is underlain 
by the more permeable Upper Pre-Cambrian rooks, which 
thus possess a higher und-water potential. More 
ies major sedimentary basins, 
such as the great Artesian Basin, which have a high water 
potential. An appreciable ie daa of the underground 
water in these areas, Mr. oakes suggested, may be 
‘foasil water’, derived from pluvial periods hundreds of 
thousands of years ago, and retained in the rocks ever 
since. _ Finally, there are small areas where crystalline 
Pre-Cambrian rocks are overlain by recent unconsolidated 
sediments, which act as aquifers. The speaker pointed 
out that water problems in Australis may be common to 
a number of States, and this has resulted in the recent 
founding of the permanent Inter-stato "Underground 
Water Conference. Finally, Mr. Noakes emphasixed 
one of the moet important and interesting problems in 
hydrogeology, namely, the establishment of a ‘water 
balance’ in artesian water supplies. This ensures, first, 
that these supplies are not depleted by excoasive usage, 
and secondly, that they are used to their maximum 


capacity with natural replenishment. 
Mr. J. W. Pallister, commissioner of the Geological 
Survey of T. yika, delivered the final lecture of the 


congress on ‘ ‘Geological Survey and Economic 
Development in East Africa". He said that the social 
and economic development of the East African territories 
can be divided into four phases, and in each the official 
Geological Surveys have played an important and dis- 
tinotive part. The first phase broadly occupies the early 
1920's, when the Surveys were established, to the onset 
of the Second World War. e period the Surveys 
were mainly assisting and stimulating the small mining 
industries which were largely interested in exporting such 
minerals a3 gold, tin, mica, copper, lead and diamonds. 
Mr. Pallister emphasized that the Surveys were busy with 
many ad -hoo investigations, and there was little oppor- 
tanity for systematic geological mappi During the 
Second World War—the second period of economic 
development—there was a demand for special strategic 
materials such as wolfram, graphite, kyanite and niobium 
minerals. Local industries, out off from normal sources of 
supply, also developed local raw materials. Tho third 
period, which occupies the post-War years up to inde- 
dence, saw an increased interest in the natural resources 
of Africa by both the British Government and the local 
population. During these years the Surveys embarked 
on long-term systematic mapping. After some years of 
P ing, the partial withdrawal of interest by large 
outside mining concerns compelled the Surveys to under- 
take the prospecting and amessing of potential mineral 
deposits beyond the point when private interests would 
normally take over. is also comcided with a tendency 
for the local population to take an increasing part in the 
prospecting and exploiting of smaller deposita. With 
independence, Mr. Pallister pointed out, the new countries 
are eager to develop their natural resources. This develop- 
ment is dependent on outside Governmental or inter- 
national agencies for funds, and the basio geological 
information required by these kinds of organizations 
has stimulated systematic mapping of the geology. Mr. 
Pallister concluded by saying that the Geological Surveys 
have always played an important part in developing water 
supplies. Not only have new water supplies been devel- 
SpE ia aroue on unti E dal but 
in areas where sources, although sufficient in quantity, 
are badly contaminated and seriously affect the health 
"of the local people. 

On the last day of the congress, fleld excursions were 
arranged to two local coal-mines—tho Cwm and Nantgarw 
Collieriee—end also to the Llanharry Iron Ore Mine. 
Other field trips which were arranged had to be cancelled 
beoause of poor weether. M. J. WiraoWx 
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PAL/EOMAGNETIC STUDIES IN THE U.S.S.R. 


N the U.S.S.R. intensive paleomagnetio studies began 
I in 1953. Since that year three palsomagnetic con- 
ferences have been held and & special Palsomagnetic Com- 
mission formed at the Institute of Physica of the Earth. 
A special taak entrusted to this Commission is the collec. 
tion of paleomagnetio data for further studies and 
generalirationg. One of the first comprehensive and 
A on etiem in the U.8.8.R. was the 
memoir by Khramov! on the peleomagnetio correlation of 
sedimentary formations in Western Tur ia, ranging in 
age from the Lower Jurassic to the Quaternary. Besides 
its main object this study opened up other problems, such 
as geochronology on a wider scale, the rate of sedimentary 
accumulation and the problem of the continental drift. In 
the introduction and in the first chapter Khramov gives a 
brief history of otio research and a detailed 
description of the methods used. The last-mentioned 
subject haa provided material for a special book written by 

ramov and collaborators’. Another important publi- 
cation is that by Kalashnikov’, who begins by providing 
the general setting of the problem (pp. 1242-1257) and by 
giving & succinct review of the achievements in thia field 
outside the U.S.S.R. This study, Kalashnikov claims, 
demonstrates beyond any doubt that there exists a 
definite functional relation between the orientation of 
magnetic vectors of rocks and their age. Many problems, 
however, such as the causé of reverse polarity and of the 
part played by the continental drift, remain still un- 
solved. 

In the second part of this work (pp. 1257-1279) the 
author gives a moet valuable of the results of 
palmomagnetic studies in the U.8.8.R. during the 
decade. This consists of the tabulation of date 
relating to 111 collection localities, involving more than 
5,000 oriented and measured specimens of rocks ranging 
in age from the Cambrian to the Quaternary. Against 
each locality item are given the values of declination and 
inclination of the magnetic vector and the calculated 
values of the co-ordinates of the North Pole. Those data 
are then represented on eleven polar projections of the 
northern hemisphere, one for each geological period. The 


average values of the positions of the North Pole during 
each period are used to provide a background for the 
construction of the polar migration curve. The greater 
scatter of points relating to the polar position during the 
Lower Palæozoic era necessitates the separation of the 
migration curve into two widely separated sectors, one 
based on the data of the European part of the U.8.8.R. 
and the other of the Asiatic part. The main migration 
curve with its European sector extension is in general 
alignment with the migration curve constructed on the 
basis of data from West European and British localities. 
but, ag the summary diagram shows, differs widely from 
the migration curves based on American and Chinese data. 
This suggesta the influence of continental drift. Such a 
world-wide marshalling of palsomagnetic date and com- 
parison of the polar migration curves ia a great achieve- 
ment. At the same time Kalashnikov pointe out that to 
be fully acceptable these results must agree with the 
results of palsoclimatology and palsogeochemistry. He 
does not discuss the data of paleogeochemistry, but with 
regard to the data of palgoolimatology he claims that so 
far as the U.S.S.R. is concerned such a correlation has 
been achieved, as shown by the material publiahed by 
Forsh and Khramov*, Rukhin* and Strakhov*. Among 
problems still remaining unsolved are the problem of the 
continental drift, of the possibility that the Earth is 
increasing in size in time, of the velocity of polar migration 
and ite variation in time (the average velocity of polar 
migration as oalculated by Kalaahnikov for the span of 
500 m.y. is about 2 cm per annum). S.I. Towxmrarr 


1 Khramov, A. N., '"Pakeomagnetio Correlation of Sedimentary Formations”, 
| Trens. AU-Union Petroleum Sol. Hes. Geol. Prosp. Insi., Leningrad (1968). 


1 Forsh, N. N., and Kimo A i '""Palsomagneium and Pakeoelrmates 


on Russian and Periods", C.R. 
(Dokisdy) Acad, Sa. U.S.S.R., No. 1, 187 (1061). 

*Rukhin, L. B., Fowndetions of a General Paloeopeogrepky (Gostekhizdat, 
Moscow, 1059). 


*Btrakhov, N. ML, “Foundations of the Theory of Lithogenesis", 1, Pwd. 
Acad, Soi. U.5 S.R., Moscow (1900). 


TROPICAL H/EMATOLOGY 


N international ium on “Tropical Hsmato- 

l ' was held at the Prinoe Leopold Institute of 
Tropi Medicine, Antwerp, during November 80- 
Deoember 2. 

The inaugural academic session was presided over by 
the Governor of the Province of Antwerp, president of 
the- Administrative Council of the Institute, who wel- 
comed the participants among whom were many foreign 
hematologista. 

In his opening lecture, Prof. P. G. Janssens, director of 
the Institute, dealt with the perspectives offered by the 
proposed installation at Antwerp of university faculties; 
on the other hand, he emphasized the responsibilities of 
official bodies in the cular problems raised by the 
medical aid given by Belgium to the developing countries. 

The Academic Lecture was given by Prof. J. Van Riel, 
of the Institute of Tropical Medicine, the subject being 
“The Great Stepe of Pro in Public Health’. 

The first working seasion, presided over by Prof. J. 
Schneider (Paris), was concerned with tropical hyper- 
eosinophilias. This was discussed by Dr. A. M. Smit 
(Amsterdam), Dr. M. Fernex (Basle), and Profs. W. Mohr 
(Hamburg), A. F. Essellier (Zurich) and P. G. Janssens 


(Antwerp). From the discussion it appeared that though 
many of the hypereosinophilias contracted in the tropics 
can be explained by helminth infestations, many cases 
remain enigmas. Infestations by parasites of which 
natural hosts are animals are responsible, at least in part, 
for the appearance of the syndrome. It was also emphas- 
ized that the eosinophilia of helminthiasis is a reflexion of 
the tissue mastocytosis found in these cases, in which 
allergy seems to play only a minor part (so-called ‘resorp- 
tion eosinophilia’). 

The second working session, with Prof. Mohr (Ham- 
burg) in the chair, discussed blood groups and blood 
transfusion. Prof. J. Schneider (Paris) dealt with tropical 
diseases transmitted by blood transfusion; of these, 
malaria is the most frequent, the other tropical diseases 
being seldom or only very rarely transmitted by this pro- 
cedure. Prof. J. Jadin (Antwerp) dealt with blood groups 
in Congolese. The pygmoids posseas genetic ABO frequen- 
cies very different from the negroids. Certain negroid. 
tribes seamed to have cross-bred. with the pygmoids, 
especially in Kivu and in the north of Equateur Province. 

The third working session, under the presidency of Prof. 
Lambin (Louvain), was devoted to tho serum proteins of 


No 434; February 9, 1963 


hsmatological importance. Profs. G. Oharmot (Mar- 
aeilles) and R. Vargues (Tours) dealt with African maoro- 
globulinemias. They showed that, in Africa, macro- 
globulinsmia secondary to first stage trypanosomiasis, 
tubereuloid leprosy and to malere is not: uncommon. 
All their cases of macroglobulinsamia were confirmed by 
ultracentrifugation. Drs. G. Van Ros and M. Van Sande 
(Antwerp) and R. Druet (Usumbura) then disoufsed the 
serum haptoglobin and transferrm groups in White and 
Negro peoples as demonstrated by electrophoresis on 
starch gel. The frequencies of the genes determining these 
groups has been established as well as the existence of 
certain uncommon types in Negro peoples. It was also 
stressed that anbaptoglobinsmia was common in carriers 
of the sickle-cell trait. Fmally, Drs. Van Sande and Van 
Ros also dealt with the value of agar-gel electrophoresis 
in hamatology, especially in the determination of the 
types of haptoglobin and transferrin, and in the detection 
of abnormal hemoglobins. 

The fourth session, with Prof. J. H. P. Jonxis (Gronin- 
gen) in the chair, was concerned with the investigation of 
foatal hemoglobin. Prof. A. B. Raper (Bristol) men- 
tioned the factors delaying the passage of fostal erythro- 
poiesis to that found in adulte. Prof. J. Sonnet and Dr. 
M. Michaux (Leopoldville) described in detail a case of 
persistence of fostal erythropoiesis in an adult, and Dr. 
G. Helderweirt (Antwerp) demonstrated that the detec- 
tion, by a personal method, of Rh + fostal red cells in the 
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blood circulation of pregnant and delivered Rh - women 
enables us the better to understand and supervise Rh 
immunization during pregnancy. 

The fifth seasion, presided over by Prof. A. O. Allison 
(London), discussed tropical anmmias. Prof. T. A. J. 
Prankerd (London) deecribed two methods of detecting folic 
acid deficiency. One of these determines the concentration 
of folio acid in the serum using L. cassi, the other measures 
the excretion of formimino-glutamio acid in the urine 
after the administration of histidine. Dr. H. R. Marti 
(Baale) reported observations made on the symptomato- 
logy of thalassemia in 200 patients showing either the 
alpha- or beta-forms. Dr. H. Knüttgen (Hamburg) gave 
& report on the phagocytic activity of the oells of the 
bone marrow in malaria. Finally, Dr. H. M. Gilles (Liver- 
pool) dealt with the epidemiological and clinical aspects 
of the ansamia caused by hookworms. 

The sixth and last session, under the presidency of Prof. 
A. Dubois (Antwerp), considered the abnormal hemo- 
globins (Hb). Prof. J. H. P. Jonxis (Groningen) described. 
the molecular structure of these Hb’s, and Prof. P. 
Boivin and L. Hartmann (Paris) their antigenic speci- 
ficity. Prof. A. C. Allison (London) dealt with the relation- 
ship between the hsmoglobinoees and deficiency in ery- 
throcytic .glucose-6-phosphate dehydrogenase. Finally, 
Profs. E. Silvestroni and I. Bianco (Rome) described the 
varieties of human Hb and of thalassemia reported Bo 
far from Italy. G. Van Ros 


QUASI-CONTINUOUS OUTPUT FROM A RUBY OPTICAL MASER 


By M. S. LIPSETT and Dr. L. MANDEL 
Department of Physics, Imperial College of Sclence and Technology, London, S.W.7 


EVERAL workers^* have observed that reducing the 

crystal temperature may suppreas the relaxation 
oscillations (or spikes) in same ruby optical masers. As 
the fluoreacence line-width narrows the energy is made 
available to fewer resonator modes, and the interval 
between successive spikes is progressively shortened 
until they merge and quasi-continuous output resulte. 

We wish to report observations of a similar effect, 
but at room temperature and for quite different reasens. 
We have observed quasi-continuous output from a ruby 
optical maser oscillating with a very non-uniform distribu- 
tion of energy along the length of the maser rod. 

Our observations were made on a ruby rod 2-5 mm in 
diameter and 8-76(7) mm long, faced with spherical surfaces 
in what was to have been a near-confooal configuration. 
The radii of curvature of the reflecting surfaces were found 
to bo 8-84 mm and 8-09 mm. The detailed optical proper- 
ties of this crystal are nob known. Such maser crystals 
are, of course, far from optically perfect?*. The ruby 
was excited in the usual way by a linear flashtube in an 
elliptical cylinder reflector. Part of the emerging maser 
light beam was sampled by means of & beam splitter and 
directed to a ‘fast-response photocell from which the 
temporal development was recorded. At the same time 
a magnified i of each face was photographed in turn 
(through'& red to remove background light) with a 
single-lens reflex camera. 

Fig. 1 illustrates the kind of temporal behaviour that 
was observed at room ture, while Fig. 2 shows a 
corresponding set of photographs of the reflectors. It 
should be noted from Fig. 1 that, although the maser 
light fluctuates fairly strongly, ita intensity does not 
approach sero for several hundred psec. Similar 
behaviour was observed both for input ies near 
threshold and well above threshold. Near threshold, 
where a few well-defined spikes might have been expected, 
the output lasted for 50 useo or leas. 


Tho photographs of Fig. 2 show the mode pattern at 
both ends of the maser rod. Maser light diverges from 
tiny areas on one surface to a broad area on the other 
surface and re-converges to conjugate pointe on tho first 
surface. The maser modes are therefore cone shaped. 
Fig. 8 illustrates the sttuation. s 

Some features of these modes are somewhat puzzling. 
For example, the bright pairs of spote always occurred at 
the reflector of smaller radius of curvature, even for quite 
a variety of reflecting coatings. A possible reason for this 
preferred direction is that the reflector of greater radius of 








Fig. 2. Photographs of both ends of the maser for the same 
Hote the symmetry about any 


curvature more nearly matched the spacing of the sur- 
faces‘. Our measurements were not sufficiently accurate 
to confirm this possibility. 

To understand why the output might be quasi-continu- 
ous for these conical modes let us consider how the 
rate of stimulated emission varies along the length of the 
resonator. We note from Fig. 2 that the energy density 
associated with the mode varies from ono surface to the 
other by a factor of about 50. Since the probability of 
stimulated emission is proportional to the energy density, 
the rate of depletion of the metastable level—and there- 


fore the relaxation cycle—varies appreciably along the, 


orystel. In any elementary region of tho crystal typical 
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relaxation oscillations may be occurring, 
but the sum of all such contributions from 
the crystal leads to a fairly continuous 
output. Burch’ has analysed the convergent 
wave-front kind of resonator and has pre- 
dicted the possibility of quasi-continuous 
maser output for oertain energy distribu- 
tions (Bee also Pao). These conditions 
appear to have been met in our obeerv&- 
tions. 

The observed modes were much more 
asymmetric than one might have expected 
from the geometry of the ruby. However, 
the resonator dimensions were such that 
the reflector spacing was intermediate 
between the two radii of curvature. It has 
been shown by Boyd and Kogelnik’ that 
this is one condition on the resonator 
leading to modes with high diffraction losses 
and, as will be seen from Fig. 2, the diffrac- 
lion losses are indeed high at one face. An 
equivalent conical resonator’ can be formed 
by a spherical reflector and apair of plane reflectors arranged 
as shown in Fig. 3b. Evidently a spherical reflector can 
behave as a large number of such pairs of planee—at 
least to a first approximation of small areas—when the 
maser prefers to oscillate in highly asymmetric modes. 

One can probably obtain similar behaviour by other 
reflector configurations. The most obvious choice is a 
maser rod faced at one end with a plane reflector and at 
the other with a spherical reflector having a radius of 
curvature equal to or slightly greater than the length of 
the crystal. Exact matching of the dimensions may 
lead to excessive energy densities at the plane reflector. 
Burch’ has suggested an alternative scheme with one 


' concave and one convex reflector. If the foregoing 


explanation of the quasi-contimuous output is correct in 
principle, any configuration giving rise to modes with a 
non-uniform distribution of energy might be expected to 
reduce the tendency of maser crystals to exhibit spikes. 
This point should not be too difficult to investigate and 
might provide a clue to the design of ruby optical masers 
for producing continuous oscillations. 

e are grateful for technical assistance from Mr. B. 
Bates and Mr. R. V. Shack. The work was supported 
financially by a grant from the Department of Scientific 
and Industrial Research. 
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LOW-GRADE METAMORPHIC ROCKS FROM THE PRINCE CHARLES 
MOUNTAINS, EAST ANTARCTICA 


a By D. S. TRAIL 
Bureau of Mineral Resources, Geology and Geophysics, Canberra 


P 


ITH few exceptions the rocks so far deecribed from 

the East Antarctio Shield are high-grade meta- 
a pack predominantly gneisses, granites and granulites, 
in granulite or the almandme amphibolite facies of 
metamorphism as defined by Fyfe, Turner, and Ver- 
hoogen!. Small exposures of low-grade metamorphic 
rocks have been described from Western Dronning 


Maud Land (long. 0°) (ref. 2), from Mount Sandow (long. 
101° E.) (ref. 8), and from Oates Land (long. 156° E.) near 
the boundary of the Shield® 

In the southern ranges of the Prince Charles Mountains 
low-grade metamorphic rocks have recently been dis- 
covered by the Australian National Antarctic Research’ 
Expeditions. The rocks crop out withm an area of 2,000 
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sq. miles (5,000 km?) around the Fisher Glacier. They 
may be continuous with similar rooks at Wilson Bluff, at 
the head of the Lambert Glaciar. 

papa uei, us ar ss aia ye or 
the coast of East Antarctica between 45° E. 80? E., 
and the numerous nunataks within 100 miles of this coast- 
line^*. These rocks are gneisses, granulites, and foliated 
granites, with biotite, garnet and pyroxene as their 
principal ferromagnesian minerals. The northern ranges 
of the Prince Charles Mountains are formed by similar 
high-grade metamorphios; they also contam a low-lying 
aree of Permian sediments’. 

Low-grade metamorphic rocks were first discovered in 
this sector in 1957 when M. Fisher, an Expeditions sur- 
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veyor, was landed at Mount Stinear, in the southern 
ranges of the Prince Charles Mountains, where he collected 
slate and mica schist from moraine fringing the mountain. 
M. Mollor, an Expeditions iologist, collected meta- 
sandstone from morame in the 
Nunataks in 1958 *. Later in 1958, I. McLeod was landed 
at Wilson Bluff, near the southern termination of the 
Prince Charles Mountains, where he found outcrops of 
mica schist, quartzite and amphibole-bearing rocks, 
quite unlike the high-grade metamorphios typical of the 
East Anterotio Shield®. 


up 
facies. These low-grade metemorphio rocks are intruded 
by large bodies of massive biotite granite and by basio 
dykes. Moraine near these mountains contains 
of dolomitic marble and large blocks of jaspilite and 
hematite. 
D. Trail extended the investigation south of the Fisher 
Glacier in 1961. Mount Menzies, a massif 18 miles across, 
i of dominantly 


metamorphosed rocks. Slate and phyllite are common in 
the morame on both mountains. 
The structure of Mount Bayliss that a major 
and high grodo 
on of seismic 
traverses between Mawson and the N 
Goodspeed and Jeeson* show a deep rock-surface depres- 
sion between tho gneiss at Binder’s Nunataks and the 
Goodspeed Nunataks. This depression 


The low-grade schists are the meta- 
hosed equivalente of rich sands and silts which 
would be produced the erosion of terrain composed 
of the dominantly aci gneisses. 
Evidence for two of metamorphism has been 


obtained from the coast of Kemp Land between long. 60° E, 
Here, basio 


and have a faint, discordant foliation’. 
Starik ei al.1* have obtained values between 400 million 
for the absolute ages of various 


and 500 million years for the latest metamorphism in 
East Antarctica. 

The low-grade metamorphic rocks have probably been 
involved only in the latest, Lower Palmozoic episode. 
They may be considerably younger than the high-grade 
metamorphics, many of which have been repeatedly 
metamorphosed in successive orogenies throughout the 
Proterozoic era. 

In moraine at Mount Rymill, Ruker’ discovered frag- 
mente of unmetamorphosed sandstone and shalo with 
Glossopteris and otber fossil planta, referred to the Permian 
by Mary White. These unaltered rocks may be exposed 
in situ in mountains at the head of the Lambert Glacier. 

I thank I. MoLeod for guidance and R. Ruker for 
information. I also thank W. R. MoCarthy, of the 
Australian Mineral Development Laboratories, for the 
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io determinations of rock and metamor- 
Su uo cin m P UE PE 

My colleagues and I are grateful to fellow members of 
the Australian National Antarctic Research Expeditions 
for their support and assistance to geologists in the fleld. 

Publication of this communication is authorized by 
the Director, Bureau of Mineral Resources, Australia, 
and by the Director, Australian National Antarctic 
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RIPPLE MARKS 


By Pror. J. E. HEMINGWAY 
Department of Geology, King’s College, Unlversity of Durham, Newcastle upon Tyne 
i AND 


A. M. CLARKE 
Production Department, Natlona! Coa! Board, Gateshead, || 


A VALUABLE new classification has recently been 
by Allen! for asymmetric ripple marks, 
based tially on their external form and scale. Allen 
has also offered an explanation of how straight and trough 
(eio) aroes-stratifloation is generated. This is based on his 
own and other selected observations of straight and lin- 
guoid asymmetric ripples in shallow seas, estuaries and 
rivers. Allen’s mechanism involves overstep by the 
advancing foresete of a ripple on to the upstream (stoas) 
slope of the succeeding downstream ripple, which itself is 
being synchronously eroded up to the moment of ite burial. 
His figures (4 and B) show that if this mechaniam is 
correct, the erosion surfaces, which form the boundaries of 
the sets of cross-strate generated from a society of aggrad- 
ing ripples, must always be oblique to the regional deposi- 
tional dip of the de . Furthermore, if his ions 
relating the depth of water to the thickness of individual 
sets or unite or crose-strata are to be accepted, the dip of 
the upper boundary of the set must always be greater than, 
or equal to, the dip of the stoss side of the ripple or dune. 

In making his assumptions Allen appears to have dis- 
regarded two commonly observed phenomens: (a) the 
ubiquitous field observation, that in both large and small 
scalo oroem-stratifloation the lower boundary of the oroe- 
stratified unit or set is generally parallel and not generally 
oblique to the regional depositionsl dip, as evidenced by 
pen ng and i plane-ooncordant stratified 
ormations; (b) the phenomenon referred to as ‘kolking’ 
by Blasius? and 'pot-holing! by Simons ei al.* and what, 
following Simons e£ al.*, may be termed ‘toe-blasting’ of 
the front of an advancing dune or asymmetric ripple. 

When the net effect of deposition and erosion in a 
fluvial or distributary dune system is positive (for example, 
the system is aggrading) any explanation of the i 
bedding structures must therefore take account of these 
two phenomena. 

The results of preliminary examinations of both i 
and festoon types of oross-stratification on the north-east 
coast, in tho Jurassic at Whitby (N.G.R. NZ 898115) and 
elsewhere, and the Oarboniferous at Seaton Sluice 
(NZ 3476) and Hawick (NU 2617) and in numerous other 
exposures in other systems, may be represented as 


follows: 

(1) Festoon cross-strait, ion (Big. 1). The morpho- 
logical element responsible for festoon cross-stratification 
appears to consist of the lower segment of a nearly circular 
trough the axial line (that is, tho line formed by the inter- 
section of the axial plane with the surface of the trough) 
of which may be inclmed at various angles in the plane of 
the regional dip. The erosional furrows appear to be 
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formed by the trace of this inclined trough across an 
-earliez: surface parallel -to the~-regional -dip. . Allen -hab 
already -directed -attention to the offset super-position of 
the furrows as a consequence of the surface pattern of a 
society of Imguoid dunes. 

The foreset deposita filling the furrow consist of a con- 
formable series with the same shape and inclination as the 
trough element responsible for the furrow. Thus the 
foreseta are seen to be conformable with the base of the 
furrow when viewed perpendicular to the main current 
direction in Fig. 1. The section parallel to the main current 
direction Z in Fig. 1 illustrates one of the causes of the 
apparent irregularity of thickness: displayed in those 
exposures of festoon croee-stratifloation in which the unit 
boundaries are parallel. It also shows one of the causes of 
the apparent concavity of much of the cross-strata in such 


Oblique sections across sete of festoon trough croes- 
stratified unite reveal a wide range of forms. The section 
at imately 20° to AB (Fig. 2) is similar to & e of 
tro croes-stratification recently described by en* 
from the Benni Beds of the Lower Old Red Sandstone of 
the Black Mountains, and by Zhemchuznikov e£ al.* from 
the Carboniferous of the Donets Basin and in contem- 

alluvial sediments by Shantzer*. Zhemchuznikov 
ei al* ascribe this type to the upper part of the main 
channel in shoal and peed pou (Tablé 2). 

Basin-like (sio) bedding similar to that sean in sections 
perpendicular to the main current direction festoon cross- 
stratification is attributed’ to inshore marine conditions 
as in sandstones and coarse siltstone (Table 3). 
aS shows & vertical section at approximately 70? to 

: this also appears to have been considered as having 
cra ctive environmental significance by Zhemchuznikov 
ei al". 

Botvinkina’ has also given a detailed morphological 
classification of cross-stratification. This sete out as 
individual types many forms which are identical to those 
seen in the varyingly aligned transverse sections of festoon 
croas-stratification. Olearly an appreciation of the orien- 
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„tation -of the plane of. dissection .of;this. structure in both 
--patural- sections and borehole cores is fundamental to 
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their interpretation and effective classification. i 

The variety of festoon cross-stratifloation illustrated in 
Figs. 1-8 occurs when the dip of the axial line of the 
foreeeta is greater than the maximum dip on the sides of 
the furrows. Slightly different cross-sections may be 
constructed when the maximum dip on the sides of the 
furrows is greater than that of the arial line of the foresets. 
Other types differentiated by Botvinkina’ belong to 
sections from this latter case. 

(2) Straight or rectilineal oross-siratifioation (Fig. 4). 
The only required modification of Allen's explanation of 
how straight cross-stratiflcation is is that it 
should be adapted to explain the parallelism of the 
individual seta with the regional depositional dip (Fig. 4). 

It may be that differences in the depths of the advancing 
Tae are the principal factor controlling the height of 

large-scale festoon cross-stratified unite. Tf this 1s the 
case then the systems elucidated by Simons e£ al.* aro 
generally applicable, and consequently the differences in 
the depth of ‘toe-blasting’ may control the thickness of 
successive units of straight croes-stratification. 

Tn conclusion, the mechaniam proposed by Allen for the 
generation of cross-stratification is not acceptable for the 
exposures we have observed. However, croes-stratiflca- 
tion with individual sets oblique to the regional deposi- 
tional dip have been observed, but only on & small scale. 
The latter we believe are related to ripple drift, and we 
refer to this type as drifted oroee-stratifloation or cross- 
drifting. 


1 Allen, J. B. L., Nature, 104, 107 (1062). 
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DECOMPOSITION OF TRITIUM-LABELLED ORGANIC COMPOUNDS 


By Dr. E. ANTHONY EVANS and F. G. STANFORD 
Radlochemical Centre, Amersham, Bucks, “ 


HE very rapid progress which is being made in the 
application of tritium-labelled organic compounds 
for many physical and biological investigations! has 
the publication of this article on the decomposi- 
tion of tritium-labelled organic compounds. A more 
general account of the self-decomposition of 
labelled with radioactive isotopes has recently been pub- 
lished*, with special reference to sugars labelled with 
carbon-14. 
tritium eompounds, the short range* (0-7 mg/oam?) of the 
weak f-radiation (maximum energy* between 17-5 and 
19-4 keV and mean energy’ 5:52 keV) and the long half- 
life* (12-8 yoars) of tritium, enables compounds labelled 
with this isotope to have & very wide variety of uses 
ranging, for example, from luminous paint’ to radio- 
. Tho half-life of tritium, although conveniently 
long for most experimental uses, represents a decompo- 
sition rate of approximately 5 per cent per annum in the 
storage of compounds, due to the natural decay 
of tritium to helium, that is, primary (internal) deoom- 
position’. 
Specific Activity and Types of Molecules 


- In any organic compound CO,HaX (where X is any 
element or group of elemente other than hydrogen), the 


replacement of one hydrogen atom per molecule with 
tritium results in the compound OsHw-,TX (the letter T is 
used to represent a tritium atom) having a specific activity 
of 29-12 c./m.mole. When considering the decomposition 
of such labelled molecules one must recognize two types: 
(a) molecules which ere labelled at gne pase only, that 
i i ich have multiple 


applications of tritium- organic compounds, iso- 
topic abundances of leas than 10 per cent are normally 

i and in the majority of cases the tritium ebun- 
dance in & molecule varies from 0-1-1 per cent only. The 
activity associated with one molecule of a tritium com- 
pound containing one atom of tritium is approximately 
5 x 10-* o. and the energy available from tritium oarre- 
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sponds to 0-88 eV/atom/day. This energy is much lees 
than moet bond dissociation energies’; about 4 eV are 
normally required to rupture a bond. 


Primary Decomposition 
_When the tritium stom of a mono-tritiated molecule 
disintegrates, helium is produced leaving a non-radioactive 


tritium atom would give rise to radioactive recoil frag- 
menta if the tritium atoms did not disintegrate at tho same 
time, which is unlikely to occur and ultimately only non- 
radioactive decomposition producta will arise by primary 
(internal) decomposition. Consider for example the 
labelled amino-acid glycine-2-T (NH,.CHT.COOH); prim- 
ary (internal) decompoeition due to naturel deoay will not 
dor deer M tan This is shown by the 
in T& l, ine-2-T ining radiochemi 

pure even after 2] Lelong Maru. id 
The atomic and molecular consequences of radioactive 
deoay for tritium and one or two tritiated hydrocarbons 
have bean examined’, For the simple tritiated hydro- 
carbon methane (CH,T) the predominant process is one 
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in which neutral helium-3 separates leaving a positively 
charged methyl group, namely, OH,*, and leas frequently 
hy drogenatoms are also split off leaving CH,*, OH+ and 
C+. Similar results have been obtained with tritiated 
ethane giving rise to positively charged ethyl groupe, 
C,H,*. These results are in direct contrast to the behaviour 
-of tritium?*. In molecules of TH, the pure B-amission fails 
to dissociate, which remain as (He,H)*. It seems likely, 
therefore, that in tritiated molecules of greater complexity, 
primary (internal) decomposition will give rise to neutral 
helium-8 and positively charged groups which may 
further loose hydrogen atoms. For the more complex 
molecules no information is yet available regarding the 
nature of these non-radioactive decomposition products, 
but they could possibly be conveniently studied by using 
doubly labelled molecules, labelled, for example, with 
carbon-14 and tritium. The proportion of the breakdown 
fragments labelled with carbon-14 could then be detected. 
However, unless the specific activity with respect to both 
isotopes is very high, the recoil fragments would have to 
be carefully sorted from the singly labelled molecules 
remaining. 


Table 1. DECOMPOSITION OF TRIMUTED AXINO-ACIDA 








Spealfie ~Tempera- Method Radtocbemtoa)! 
Compound activity Ago ot Botvent purity 
(months) nt. Co analysis systems (per cent) 

DI-Àlapme- 1,180 4 A solution Room P.O. 1, 2 and 3 100 
Di Abaine TG 1,180 12 Solid 0 P.C. 1, 2 and 3 90 
DI-Alantne- 36 30 Bolid Roam. P.O. 1, 2 and 3 100 
L-Argtntne-T(G) 17 15 Bolid Boom P.O. 1, 2, 3 and 4 100 
DL-3,4- T(G) 213 7 Solid 0 P.O. 1, 2 and 3 100 
Glycine-2- 176 17 Bolid ` 0 PO: Land 3 300 
Glycine-2-T 176 17 Aqueous 0 P.O. 1, 2 and 3 100 
oe arty m | 5 Aum DH prime] ik 
DL- Lousie- K 106 18 Bd ^ Room P.C. 1, 2 and 3 93 
DI-Leucine- 102 7 Bold Room D.A. — 100 
I-Leuctne- 197 18 Bolid 0 P.C. 1, 2, 3 and 7 06 
DI- T 151 2 Aqueous 0 P.O. 1, 2, 3 and 7 100 
DL-Leaains-4,5-T 5,400 7 Aqueous solution 0 P.O. 1, 2, 3 and 7 75 
Di-Leucine-4,5-T 576 10 A — 40 P.O. 1, 3, 3 and 7 90 

‘Mothiontine- 18 8 Bod ^ Room D.A. — 86 
DI1-Methiontne- *8 8 Solid —40 D.A. — 90 

AMethtontne- 148 1 Boltd 0 D.A. — 83 
DL-Methlontne-T 148 1 y solution 0 D.A. — 100 
DL-Keihlonme- 148 18 —40 P.O. 1,2 and 3 97 
D1-Methiontne- 145 16 Bolid —40 P.O, 1, 2 and 3 97 
DL-f- Phenylalanine- 126 25 Boitd Room P.O. 1, 2 and 3 97 
e prianie. nes 16 ATE solution Room ae 1, 2 and 3 3 
D ada nine- Room — 
L-Proltne- 141 T Bo 0 P.O, 1, 2 and 3 100 
DI-Bermne-T( 138 12 Botid 0 D.A. — 100 
DL-Berine-T( 138 14 Solid 0 P.C. 1, 2 and 3 96 
DI-Tryptophan- 658 3 Bolid Room DA -— 100 
DL-Iryptopban- 658 9 Bolid Room D.A. — 9T 
DI-Tryptophan- 658 18 Bolid Room D.A. -— 94 

Tryptophan- 658 24 Bold — 40 P.C. 1, 2 and 3 96 
DL-Tyroaime- 243 2 Sollid Room P.C. 1, 2 and 3 100 
DL-Tyrosme- 434 10 A solution — 40 P.C. 1, 2 and 3 OS 
L- 163 10 Bold 0 P.O. 12and3 97 
DI- - 69 28 Bold 0 P.0. 1, 2 and 3 
















Compound 

Adenosine- 
Adenocoe TA 199 
Adenoatne- 080 
5- 552 
Oytidme-T(G 159 
Deoxyursiine L(G S Sas 
Guanostne- 407 
Ec el 
Thymidine- a2 
Thymldtne-8- 2,500 
Thymidine eT 1400 
Thymidine-6-T 4,400 

dine oT 14100 
m T 14,100 
U 1,080 
Urtdtne- 1,060 
iui 3,000 
Uridine- 3,000 









k 









































Tempera. 
ture 
eo 
— 40 D.A. — 
— 40 DA. — 
— 40 P.C. 8,9,10,11 and 1 97 
0 P.C. 6, 8, 10 and 11 100 
0 P.C. 8, 9, 10 and 11 100 
— 40 P.C. 8, 9, 10 and 11 100 
— 40 P.C. B, 9, 10 and 11 85 
Boom DAL — 87 
— 40 D.A. — 90 
Room D.A. — 83 
— 40 P.O. 8, 9, 10 and 11 98 
0 P.O, 8, 0, 10 and 11 85 
Room P.O, 6, 8, 10 and 11 100 
— 40 D.A. — 96 
0 D.A. — B5 
0 P.O, 8, 9, 10 and 11 92 
— 40 P.O. B, 9, 10 and 11 00 
Room P.O. 8, 9, 10 and 11 100 
0 P.O, 8, 9, 10 and 11 98 
0 P.C. B, 9, 10 and 11 91 
— 40 P.O. B, 9, 10 and 11 85 A: 
— 40 P.O; 8, 9, 10 and 11 T5 
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Table 3. DEXOONPOSITION OF TETMATED PURINE AND PYRIMIDINES 
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15 
8 
34 — 
234 — 
28 — 
2 — 
7 22 and 3 
11 22an13 
15 2 and 3 
7 22 and 3 
27 and 23 
17 and 23 
7 14 
Solvent Systems. Upper phases (where applicable) were used, ascending Whatman No. 1 ieri rue Papers were air-dried 
before elution and before scanning. Oomipornaa Wer AUR on to vrais concestatn a£ 20 Gov in mL solvent. Note that acid eluents 
of cse. 
L - acid/water 120 : 30 : 50.  -uitisotfammonafenter 80 :d (10. 8. m- ter 1:1:1. 4. Phenollethanol 
ammonia 150 : 40:10. 5. tsri.Butanol/formio aoid/water 140 : 30 : 30. 6. 100 :5:10. 7. leri.Butanol/wa 
eh 80:80:40:8. 8. a-Butanol saturated with water. 0. f- jammonta 172:18:10. 10. le: 
acid 130 : 37 : 83. 1L Mthyl acetate saturated with phosphate buffer at pH 6-0. 12. »-Butanol/ethanol/5 N anmone :30 : 150. 
90 Per cont aceto ackd/paraffin 100 : 1. E EIS 35:10:20 : 25. 15. -Propanol/methanol/water 15 : 82 : 
* 16.2 39. “10. sod 20 11. podium acota hydrochloric aed 7 : 120 : 00. 18, »-Bu 


:20. 20. 100 : 40. 21. Ethyl 


ceni ohirio 
priidine/eater 190 10:40. Ei fanolfwater 14710 140, AH. x Buianol/dksran miraied wih N-ammonia 4:1. 24. sec. 
aekdi(traoe crane uinci wa 1 25. Xyiene/ methanol 225 : 75. 29. betrokum other (P.P. 100 130" 0). 
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Table 6. BUMMARY OF THM DECOMPOSITION RATES OY 
TROTTED ORGAMIO 

























much 
Compound class Tomp. (max.) 
: ec (per oent 
L per ann) 
Aaids—altphatio 100 Bolid Room 6 
000 Solid 0 100 
aromato 200 Boltd Room 5 
Alkaloids 250 Solid Room 10 
Amino-aaids 200 Boltd 0, 40 5 
2:00 Aqueous soln. | 0, -40 5 
500 Aqueous soln, —40 10 
2,000 Aqueous soln. | Room 30 
5,000 Aqueots soln. | 0 $0 
Halidos—alkylor aryl E. Li — 40 5 
, Room 5 
phatio or aromatic or d 
m 100 Solid Room 20 
100 Solid —40 10 
200 Solid —40 20 
400 Bold Room 40 
#8 | itor. | - | % 
QqU6OU$ 80 —40 5 
4,000 Aqueous 0 10 
im iemzk| -g | d 
50 - 80 
Purines 100 Room 5 
Solid —40 5 
Pymmidines 100 Bolid Room 5 
1,000 A soln, | 0, -40 5 
17000 | Bald -4 » 
, —40 30 
Bterolds 100 Benzene soln. | Room 5 
200 Solid Room 10 
300 Benzene saln. | Room 10 
3,000 Bold Room 15 
3,000 Benzene soin. | Roam 5 
Sugars 500 Bolid 0 10 
500 Aqueous som. | 0 5 
500 Aqueous soln. -- 40 5 











ition should be 
minimal at infinite dilution, but the groea effects of varia- 
tion in concentration have yot to be studied in detail. 


Secondary Radiation Effects 


The decomposition or transformation due to the reaction 
of a labelled molecule with a reactive species, for example, 
free radicals or the excited decomposition fragments of 
primary decay, presenta the most serious problem in the 
storage of tritium compounds. Such secondary radiation 
effects give rise to radiochemical impurities which can 
often present a serious disadvantage to the tracer com- 
pound user. This is especially true for experimenta, for 
example, on the metabolism or some analytical use of 
tritium compounds, the results of which can only be 
deemed reliable if the tracer labelled compounds are of a 
high radiochemical purity. Fortunately for many uses 
the presence of a few per cent impurity is not necessarily 
an embarrassment, but it is obviously most desirable to 
know the exact radiochemical purity of the labelled com- 
pound before use. 


Chemical Decomposition 


All organic compounds are thermodynamically unstable, 
but chemical decomposition at room temperature, for 
many compounds, is usually very alow and can be slowed 
even further by storing the compound at low temperatures. 
In radiochemical investigations the presence of chemical 
non-radioactive i ities is not normally a handicap; 
but for work invol the absorption or reaction rates of a 
particular labelled compound. these chemical impurities 
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may prove embarrassing. As chemical decomposition oan 
give rise to radiochemical impurities, compounds are often 
stored at low temperatures to reduce this type of deoom- 
position to a minimum. 


Storage 

The numerous tritium-labelled compounds described in 
this article have been kept as weighed crystalline solids, 
freeze-dried solids or dissolved in solventa at concentra- 
tions approximately 1-5 mo./ml. Ampoules contained air 
or were sealed $n vacuo, although there is at present no 
evidence to suggest that the preeenoe of a small volume of 
air affecta the stability of compounds not normally affected 
by oxygen. 


Methods of Analysis 


Two methods of analysis were used for determining the 
radiochemical purity of the tritiated compounds. 

(1) Dilution analysis (D.A.), which is carried out by 
diluting a small weight of the labelled compound with 
about 1,000 times its weight of carrier. The mixture is 
homogenized im a suitable solvent, the solvent evaporated, 
the sample dried and the specific activity measured. The 
compound is recrystallized several times until the specific 
activity is unchanged on two successive recrystallizations. 
When possible a suitable derivative is prepared and the 
specific activity of the pure derivative measured. If all 
the specific activities are identical the compound can be 
regarded as radiochemically pure. Care must be taken to 
ensure that all samples are dried to the same extent or 
inaccurate values will be obtained. This is especially true 
with compounds which contain water or solvent of orystel- 
lization. Derivatives must be selected carefully and 
reactions which involve the substitution of non-labile 
hydrogen atoms in the labelled compound should be 
avoided, Tritium measurements were carried out by com- 
bustion of samples to tritiated water by the Schdniger 
lechniquou and the otivity seoanei. dn af liged 
scintillation counter (Ekoo Electronics No. 612). The 
overall of this method was + 7 cent. 

(2) Liquids and gases wero uota €) gas-liquid 
chromatographio (G.L.C.) analysis’ and the radiochemical 
purity was assumed to be no better than the chemical 
purity (+ 5 per cent). Other compounds were examined 
by paper chromatographio analysis (P.C.) in the solvent 
systems described in the Tables. The tritium activity on 
the developed chromatograms was determined with a 
2x-gas , flow (argon-10 per cent methane) proportional 
chromatogram scanner“, Identical resulta were obtained 
on scanning both sides of a paper chromatogram. The 
accuracy of this method was about + 5 per oent and the 
limit of detectability approximately 1 uo. 


Results 


The Tables contain a selection of trittum-labelled organic 
compounds for different classes of compounds at a variety 
of specific activities. All the compounds studied were 
radiochemically pure when firat prepared and their 
subsequent rate of decomposition under various storage 
conditions has been determined. 


Conclusions 


By an examination of the Tables it can be sean that the 
decomposition of tritium-labelled compounds can be 
minimized by storing the compounds dissolved in a suit- 
able solvent. Chemical and secondary radiation decom- 
position are reduced by stormg below room temperatures. 
For many compounds the storage in aqueous solution 
appears to be a most suitable method for reducing decom- 
position rates. In numerous cases there does not seam to 
be any great advantage in storing the compound at 
— 40° O than at 0? O. At low temperatures there is the 
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additional blom of sublimation of the protecting 
solvent to parte of the tube, if there is a tem ture 
gradient, leaving the substanco unprotected; Bon 
examination is then i - 


high gpeciflo activity > 1o./m.mole appear to be one of the 
more sensitive classes of compounds, the rate of decom- 
position when stored under the beet oonditions being 
0-5 — 1 per cent per month. As moré labelled compounds 
are prepared there will obviously be some members of a 
particular class or group which will be found more sensi- 
tive to radiation effecta than others within that class. For 
example, the amino-acid methionine is slightly more 
sensitive to radiation effects thin other amino-acids of 
the same specific activity and uridine-T is one of the more 
sensitive of the nucleosides. 

There are a number of anomalies, for example thymi- 
dine-6-T at high speciflo activity (4 or 14 o./m.mole) 
appears to keep better at room temperature in aqueous 
solution than at —40? C. This may be due to & shorter 
life of reacting species (for example, free radicals) at room 
temperature than at — 40° O giving lees time for secondary 
decomposition to occur, but at present the anomaly is 
unexplained. 
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It is hoped that this article will guide the many users of 
tritium-Inbelled compounds in seleoting the best method of 
Btorage at present known. There is obviously much more 
information to be obtained ing the mechanism of the 


in our laboratories and a more 
ition of individual compounds will be reported 
on at a later date. . 

Wo thank Dr. John R. Catch and Mr. D. A. Lambie for 
their interest and the United Kingdom Atomic Energy 
Authority for permission to publish these results. 
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EFFECT OF IONIZING RADIATION ON ADENINE IN AERATED AND 
DE-AERATED AQUEOUS SOLUTIONS 


By Miss J. J. CONLAY 
Fondation Curie, Institut du Radlum, Paris 


HE radiation chemistry of the nucleic acids and their 

constituents has been investigated by various 
workers}. It is known that in these macromolecules 
susceptible to iation damage, and that the purines are 
leas radioeensitivo than the pyrimidmes'*, which one 
would expect from the increased resonance of their 
structure. Pyrimidine attack is enhanced by a factor of 
approximately 2-5 in the of oxygen, and is a 
result of peroxidation at the 4 : 5 bond?. Peroxides are not 
found, however, when purines are irradiated in aerated 
solution!*. This article is concerned with the estimation 
of the extent of radiation damage to adenine in aqueous 
solution, both in the and in the absence of 
oxygen, and the identifloation of the primary products 
formed. 7 

10- M solutions ,of adenine in triple-distilled water 
were irradiated at room temperature, m the presence of 
oxygen, with 40 kV X-rays and under vacuum with 
cobalt-60 y-rays. Total doses in the 800,000 r. 
were given. The resulting solutions were subjected to 
ion exchange chromatography, using a 12-mm column of 
*Dowex-50' and eluting with 2 N hydrochloric acid, a 
technique which has already been described‘. Typical 
elution di are shown in Figs. la and 6. 

In both cases the major product appears in section B, 
and these fractions were collected, lyophilized and the 
product subjected to descending paper chromatography 
in various solvents. Section B was thus shown to contain 
a single product of which the Rr in three solvents and 
absorption at different pH corresponded with 
those of 8-OH-adenine. This compound was i 
for oomperison by reacting 4,5,6-tri-NH,-pyrimidine with 
phosgene in alkalme solution. When mired with the 


synthetic compound, the irradiation product was insepar- 
able by column or paper chromatogram. 

On similar treatment, section A yielded traces of 
hypoxanthine, more in the &beenoe than in the presence , 
of oxygen. Other degradation producta were certainly 
also present here, which have not been identified. 

No products were detected in section C when the 

of however, this section was found to 


paper chromatogram, 
ultra-violet light (2537 A). by 
spraying the with Fink’s reagent’ (0-5 N 
sodium hydroxide followed by a solution of p-dimethyl- 
aminobenraldehyde) which reacts to form a coloured 
complex with pyrimidines saturated at the 4:5 bond. 
Mich!'s reagent’ (an ethanolic solution of eosin saturated 
with mercuric chloride) which gives a red-violet coloration 
with purine derivatives, also gave a negative result with 
this uct. Bince it shows no ultra-violet absorption, 
the phoric group in the pyrimidine ring must have 
been changed, which, if it is & implies 
saturation of one of the double bonds in this rmg. For 
stearic reasons, and considering the electronic structure 
of the molecule, i$ seems unlikely to be the 4 : b bond 
as in the case of the pyrimidines, but more probebly tho 
1:6 or 2: 8 bonds. 

Nothing was detected in the fractions after the unreacted 
adenine, but on eluting the column afterwards with 
0-25 N sodium hydroxide, 4,5,6-tri-NH,-pyrimidie was 
found. This is to arise fram the formamido- 

imidine y noted by Hemat, which would readily 
ose the CHO group in 2 N hydrochloric acid. Contrary 
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to Hems’s resulta this compound appeared in the preeenoo 
as well as in the absence of oxygen; but it may well have 
been that in this case tho aerated solutiona were not fully 
oxygen saturated throughout the irradiation time. 

The resulta show the same primary reaction in both 
cages: attack by an OH’ radical at Ce, which is the position 
of highest electron density when the molecule is ap hed 

4 order ia 


results 
obtained, the scheme as shown in Fig. 2 is suggested for 
the reaction in the absence of oxygen. 

In the presence of oxygen, though the primary step is 
the same—the secondary products may differ. Reactions 
due to OH" radicals will be unchanged but the H: radicals 
should be largely converted to HO,. The formamido- 
pyrimidine should not, therefore, be formed. If hydro- 
peroxides are formed as a result of HO,’ attack, they must 
immediately decompose, as they have not bean detected. 
If the HO,’ radicals are not thus directly responsible for 
the augmented base attack in the presence of oxygen then 
Renee ee Ca eas provenit 
recombination with OH’, and thus leaving more OH* 
radicals free to attack the solute molecules. 
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10 $0 80 40 50 60 TO 80 90 100 
Fraction No. 


1. Ion-ex phy of trradiated adenine and 
8-OH-adenins n Oe OD *"Dowex-50.  Hlution with 
2N agd. Fraotion volume 3 5 mL/10 min. optical denmty 


at ma, a, After rrradiation of 100 ml. 10-* M adenine solution, in 

the absence of oxygen, dose = 440,000 r.: b, after radiation 

107 M adenine solution, m the of oxygen, dose = 800,000 r.; 

o, after irradiation of 40 mL 10-* M 8-OH-adenine solutaon m the presence 
of oxygen, dose = 800,000 r. 
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It is notable that when adenine reaota with OH radicale 
from Fenton’s reagent, the 8-OH compound is also the 
product formed’. Other possible primary reactions include 
deamination at O, producing hypoxanthine, which is 
found to a slight extent, or substitution in position 2 
giving isoguanine, which ap also to be present in 
trace quantities in section C, in aerated solutions. No: 
trace of the N, oxide which is produced by oxidation with 
hydrogen peroxide!? was found. 


Tape 1. Hy OF COMPOUNDS ON PAPER CHROMATOGRAMS 
s-Butanol: methanol 
#-Batanol : n- $ add 
Itne lene (n ipi 05:25 
: h With 30 oent 
TS es Eas 4:1. pd aie 
solution) 
Adenine 0-55 061 The solvent was 
8-OH-adenine 0-48 0-31 allowed to run off 
B 0-48 0-32 paper i therefore F p's 
Hypoxanthine 0-40 0-49 caloulated, 
A 0-39 0-49 corresponding pos 
fue 0-23 0-53 dons of rix and 
4,5, tri-NH,- 0 45 o 
PEUM g MN 
0-21 0-38 








Adenine 203 219 260 257 

8-OH-adentne 271 — £78 245 

B £76 — £77 245 

pou. cé on oo m 

[ 220 250 

4,5,6-tri -NH,- a x 
pyrimidine 287 240 180 240 


G(-adenine) was found to be approximately 0-85 for 
aerated solutions and 0:35 for de-asrated ones. The ratio 
is thus eae with that for the pyrimidines but the 
values are lower in agreement with the data already 
known. (G{8-OH-adenme) was approximately 0-15 in 
oxygen and 0-05 under vacuum. (These measurements 
were made using values for the extinction coefficients 
as follows: adenine Amax 208 mp, Emax 18,1001. mole-cm-!; 
8-OH-adenine Amsx 272 mp Emax 10,800 1. mole-cm-.) 
The G values indicate that 8-OH-adenine is more sensitive 
to radiation than adenine itself, if it is the major primary 
product formed. This was confirmed when a solution of 
8-OH-adenine (10 M) was irradiated in the presence of 
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oxy; and under the same conditions as adenine. The 
solution subjected to column chromatography 
(Fig. lc) showed that G(-8-OH-adenine) is approximately 
twice the value foe G(-adenine), and that the product in 
section .4 from irradiated adenine solutions is a secondary 
ct resulting from attack on the 8-OH-adenme. The 
product in section A has not been identified; but in 
solution it is yellow in colour and shows an 
maximum in acid solution (pH ~ 1) at 335 my and a 
minimum at 208 mj. There may be more than one pro- 
duct present here. It is interesting to note, in this con- 
nexion, that the N, oxide of adenine has also been found 
to be destroyed more rapidly by ultra-violet light and 
ionizing radiation than adenine, which seams to be one 
of the most stable purine derivatives. 
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RECOVERY FROM RADIATION INJURY: A PROPOSED MECHANISM 


By Da, ROBERT F. KALLMAN 
Department of Radiology, Stanford University School of Medicine, {Palo Alto, California 


XPERIMENTAL evidence has emerged over recent 

years which better defines the course of recuperation 
following injury to certain kinds of cells caused. by ionixing 
radiation. Biological systems varying widely in com- 
plexity have been examined ate ae somewhat different 
conditions, and have yielded resalts which appear to agree 
qualitatively, if not quantitatively. Tt is the purpose of 
this article to point out the common thread running 
oe dM EDU 


Irradiating i 
as the ability to form macrooolonies, Elkind! has eed 


the effect on survival of single, acute radiation exposures 
with doses given in two fractions. V lengths of 
time were allowed to intervene between the or oon- 


ditioning, dose and the second, or test, dose. Easentially, 
the net effect of a given dose delivered in two fractions 
was never 8o great as when i$ was delivered singly. The 
effect on surviving oells of the first of two fractions disap- 
peared completely by approximately 20 h, that is, recuper- 
ation was complete. Elkind has sub-divided this 20-h 
period into two phases: (1) recovery, meaning changes in 
survival response after an initial exposure, which changes 
oocur during the period of division delay; (2) repair, 

ing changes in per cent survival that involve re- 
po on by viable cells. A charaoteristio and well- 

fine structure was described for the n ion 
kinetics during the first few hours following i irradia- 
tion, that is, the recovery period. This consisted in the 


to a minimum shortly before 10 h, and finally again 
a wai D Ede e. 

progreesion of sensitivities may be described qualita- 
tively in other ways, equivalent to Elkind's description. 
Thus one may substitute the term 
for surviving fraction in certain of 
dose-survival graphs (for example, Fig. 7 im ref. 1). 
Alternatively, the term J, defined as residual injury, 
would be roughly equivalent to the reciprocal of surviving 
fraction (Fig. 1, curve 1). (The terms, residual injury J, 
and conditioning dose Do, are used out this article 
as -established and defined by G. Sacher in Radiation 
Biology and Medicine (edit. by Claus, W. D., 283, Addison- 
Weasley, 1058).) It will be sean that the level of residual 
injury falls to a minimum shortly after exposure to condi- 
tioning irradiation, then rises to & maximum, and then 
falls until it fmally reaches the level characteristio of an 
unexposed population. Elkind has presented an attractive 


hypothesis to account for this kind of behaviour, largely 
on the basis of changes in extrapolation number inflicted by 
the conditioning irradiation : recovery, he concludes, consists 
in the return of a radiation-altered extrapolation number 
to its original value, that is to say, the reappearance of 
the shoulder of the survival curve of the sensitive cells. 

The kind of recuperation kinetics, that ig, the qualitative 
shape of the residual injury curve in two-fraction experi- 
menta described, is similar to that observed in 
at least three other biological systems. As Elkind has 
pointed out, two-fraction acute lethality ts in 
mammals have yielded similar curves. Mole* originally 
described an initial maximum in residual injury followed 
by & minimum before the approximately tial fall 
in two-fraotion injury curves (Fig. 1, curve 4). OBA mice 
were exposed to & conditioning doee of 400 r. and were 
tested with second doses at intervals of 6 h-20 days later. 
His findings have since been amply confirmed by Storer 
and Sanders (Fig. 1, curve 5) (unpublished data, cited by 
Elkind!) and by myself and Silmi (Fig. 1, curve 3) 
(unpublished). Tt must be noted that acute death of an 
animal at the LD,, in whole-body irradiation experimenta 
reflects radiation depopulation of vital tissues, notably 
the blood-forming system, to just below a critical number 
of sensitive cells. The likelihood that the shape of this 
injury decay curve is attributable to changes in the 
probability of survival per unit radiation dose of bone 
marrow cells after conditioning irradiation is well sup- 
ported by the recent findings of Till and MoCulloah*. 
Thus, bone marrow ocells irradiated in vivo, allowed to 
recuperate in their normal environment before 
to a second radiation dose, and tested by their abili 
form visible clones in the sploens of irradiated Be 
mice exhibited a pattern o Mou See oM 
described here: an initial minimum in residual injury 
occurred at 5 h with a subsequent maximum at 10-15 h 
(Fig. 1, curve 3). 

In a series of experiments on spontaneous Mammary 
tumours of mice, wet! have found indications of the same 
kind of tion pattern, though on e greatly expanded 
time scale . l,curve 6). When solid tumours, $n stu, 
Nut clin a conditioning dole uf [-120 E wap as 
apparently higher degree of residual injury at the fourth 
day than at the second day thereafter. In these experi- 
menta, the criterion of radiation effect was 50 per cent 
cure, that is, the dose estimated to cure 50 per cent of 
tumours as determined by interpolation between the cure 
rates for a graded series of doses. 

From a comparison of the ‘smooth’ curves in Fig. 1, 
which have been plotted freely from the available date, 
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relatively insensitive (D, about 160 rade). 
(The notetion used for differ- 
ent periods in interphase is, as established 
in present-day usage, G, to denote the 
immediate post-mitotic, pre-DNA synthetic 
period, S to denote the period which 
DNA is synthesized, and G, to denote the 
post-DNA synthetic, pre-mitotic period.) 
Quantitative estimates of the radiation 
sensitivities of these major stages relative 
to early G, the leest-eenmtive state, would 
therefore Do: M {= 2-57-fold, late G,-carly 
S = 1-80-fold, and G, = 1-18-fold. Those 
differences in radiosensitivity were evidenced 
by changes in the slopes of the survival 
curves rather than m the olation num- 
bers which varied between 1:5 and 2-6, not 
correlated with phase. (In the most recent 
experiments the different survival curves 
were carried down to leas than 0-01.) Un- 
doubtedly, these findings are m themselves 
mean estimates of sensitivity in the various 
major stages identified; owmg to technical 
difficulties in achieving and maintaining 
higher possible degrees of synchrony, not 
to mention the difficulties associated with 
the ability to resolve small differences in 
survival curve slopes or extrapolation num- 
bers, small radiosensitivity differences be- 
tween immediately adjacent stages cannot 





Fig. 1. Curves showing the change in effectiveness of a second dose of radiation as a be detected with high precision or confidence. 
function of time between frst second dose. All data havo been converted to the Using & oompletely different technique 
Own arlibmetde tine index as became, with tho difieent abeam] iaa acne e based on pulse-labelling asynchronous popu- 
EAE MM MEAT Do ame Atanes BE OMM axia- All curves are lations of L cells and ascites tumour cells 

and in with tritiated thymidine, Dewey and 


Humphrey* have furnished Sunline and 
quantitative’ confirmation of the preceding 


curve bed); urre 4, (o, varbilo oond Gow, OBA mouse honte let 
mapa) mum i T second dose, mouse acute lethality, Mole ord sensitivity. contrast. Ver. 
D Ea 400 r + Tarlable second dose doen, O pee acate lethality Storer and Chi er of In howe : 


m E E uM RA oe M pacera 
phenomenon, ioning irradiation evokes this pattern 
of early refractoriness succeeded by a rise in sensitivity 
prior to a final monotonic course of recuperation, The 
liberties taken in the choice of abscissal scales in Fig. 1 
were deliberate—so that this conclusion might be the 
more apparent. 

For the majority of mammalian oells that have been 
tested quantitatively after both tn vitro and in vivo 
irradiation, D,’s have been reported in the range of 
100—150 rads and e lation numbers from approxim- 
ately 2 to 10. The majority of cell populations thus far 
studied must, until proved otherwise, be assumed to be 


essentially asynchronous with respect to the positions of ` 


the component cells in the generation cycle. That is to 
say, at any given instant an asynchronous cell population 
will contain cells in all stages of mitotic and mterphase 
activity, the exact proportion of cells of any given stage 
being dependent on the duration of that stage. For 
example, if the stage of DNA synthesis lasta, say, 8 h 
and the cell cycle averages 20 h in duration, 40 per cent 
of the cells in a random tion would be expected to 
be in DNA synthesis. e concept that cell radiosensi- 
tivity varies according to the position of a cell in its 
generation cycle has been bolstered by the findings of 
Terasima and Tolmach*’. When HeLa oells were syn- 
ohronized by selective means and homogeneous popula- 
tions of such were irradiated during different parte of the 
cell cycle, it was found that, with respect to loes of repro- 
ductive integrity, radiosensitivity changed continuously 
and mitotic (M) cella were most sensitive (D, about 
70 rads), early G, cells were mini 
beout 180 rads), cells ing from late G, to early 8 
were very sensitive (D, about 100 rada), and G, cella were 


sensitive (D, ' 


hamster oells!?, subjected to the 
same kind of radiation treatment and 
analysis after pulse-labellmg with thym- 
idine, showed a different order of p 
radiosensitivities. Moreover, for these cells, the phase- 
dependent order of sensitivities differed for ultra-violet 
as compared with cobalt-60 y-radiation. Further work is 
necessary in order to resolve these differences between cell 
as well as kind of radiation. 
is difficult conceptually to reconcile typical mam- 
rabia cell survival curvogb1*i5 which are characterized 
by an initial shoulder followed by a straight line down to 
low surviving fractions with any population that is not 
homogeneous. But it has been ghown"'1^!* theoretically 
that mixed ulations may indeed exhibit net survival 
curves which cannot easily be distinguished from those 
expected for homogeneous populations; the first decade 
of a survival curve is the portion in which the shape will 
reflect mixtures of sensitivities fram different sub-popula- 
tions such as here, and, unfortunately, it is 
this very region in which insufficient data are available. 
Although earlier evidence indicated different periods 
in the oell cycle when division delay is manifested, it 
appears most likely that those cells the ultimate reproduc- 
tive integrity of which is unimpaired by irradiation but 
which are delayed in their passage through the division 
cycle i this delay some time during the G, 
period. As shown by Whitmore e£ al.*, cells in stages 
other than G, will progress through the generation oycle 
at & rate close to the normal until they reach the point of 
the reversible blockage in G,. They will then remain at 
that point until they have recovered from the injury 
responsible for division delay. The preceding is based on 
i with L cells; and it may be remarked, paren- 
thetically, that there is now some evidence for acceleration 
of the passage of certain cells through the S stage during 
the period when they are actually being irradiated’. 
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In addition to a dependence of surviving fraction on 
radiation dose and phase of the generation cyclo, the 
duration of reversible division delay is also doee-depend- 
entite- and probably phase-dependent as well. Tera- 
sima and Tolmach*’ also reported phase-dependent 
differences in mitotio delay as a function of generation 
stage of irradiated cells. Thus, mitotio delay is minimal 
for cells irradiated in G, and increases as they pass through 
S and G,. In confirmation of Whitmore e al.!*, ib was 
also reported that the major portion of mitotic delay 
occurs in the G, period. Furthermore, the duration of 
division delay would appear to be correlated with the 
normal absolute length of the division cycle as well as 
with the amount of radiation absorbed, so that cells which 
normally experience longer generation times will not 
emerge from the dose-dependent division block as rapidly 
as will those with shorter division cycles’. 

It must be kept in mind that the populations of cells 
which have been used in the study of phase-dependent 
radiosensitivity, as well as dose-dependent division delay, 
are relatively homogeneous with respect to the duration 
of the generation cycle and, correspondingly, its several 
sub-divisiong or phases. In marked contrast to this is 


the situation. in à neoplastic cell population, particularly 
as found in a spontaneous animal tumour. e owe to 
Mendelsohn” the knowledge that cells of spontaneous 
mouse mammary tumours are indeed an extremely hetero- 
geneous population with respect to generation time. 
Making cellular autoradiographic measurements of 
tritiated thymidine for up to 10 days, Mendelsohn found 
that doubling times as long as this maximum infusion 
period of 10 days were not uncommon. Tumour doubling 
times were normally distributed with the majority falling 
between approximately 4 and 18 days. Presumably, 
these doubling times are reflexions of the generation times 
of the component tumour cells. Even though cells which 
do not incorporate the label over infusion iods of 
maximum duration might be regarded as non-dividing or 
incapable of division, it is unquestionable that some cells 
require approximately this great an interval (> 10 days) 
between periods of DNA synthesis. It is significant that, 
despite this marked heterogeneity in ion times, 
the durations of S, G, and M are relatively constant; it is 
the G, period that is capable of varying from cell to oell 
and ranges from hours to weeks in the growth fraction of 
these tumours", 

wea ee evidence, the following hypothe- 

is : 

(1) That fraction of a cell population the future repro- 
duotive integrity of which is damaged, but not 
destroyed, by a first dose of radiation, that is, the 'sur- 

i fraction’, will nevertheless i division 
delay of duration 

(2) The 
depend on the probability of survival per unit dose 
relative to each oell'a generation stage; thus, immediately 
following initial irradiation, there will be fewer survivors 
in those states characterized by greater radiosensitivity 
or higher probability of death per unit dose, and the 
balance of oells in the population will be shifted toward 
a greater proportion in the relatively resistant states than 
at the beginning of irradiation. 

(8) Recent evidence’ !* supports the assumption that 
the duration of division delay depends not only on dose 
but also on state of the cell; the closer a cell is to the 
point of blockade in G,, the longer the division delay per 
unit dose. (If the findings of Des and Alfert!' are gener- 
ally applicable to other types of cells and other radiation 
dosea, the S compartment would be depleted faster than 
others.) One would then predict the following course of 
fluctuations in the proportions of cells in the major 
compartments in an exponentially i ous 
population: a possible initial dnb rhe gode 
ment, with G, decreasing at least as rapidly, owing to the 


onal to absor dose. 
of cella exposed to a first dose will 
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with the normal rate of passage through S. 

Throughout the succession of compartmental 
changes, G, would be expected to increase to approxim- 
ately 100 per cent by virtue of the accumulation of all 
oells which were in earlier stages st the time of irradiation 
and which would be expected to be blocked during this 
generation stage. (The essential features of thia proposed 

of events are hically illustrated in Fig. 2 
of the 


by Painter Robertson™.) . 

ing, on the other hand, that all oella experi- 
ence division delay strictly in proportion to dose and with 
no dependence on generation state at the time of radiation 
exposure, surviving cells would progress through the 
division cyole until the point of blockage oocurs sometime 
during G,; this is contrary to the most recent evidence, 
but must be considered as well as the preceding, alterna- 
tive, point. 

(5) During the course of this compartmental shift, it is 
predicted that the overall radiosensitivities of the result- 
ant mixed populations will change &ocordingly. As the 
ion of ocells increases in G,, therefore, and particu- 
larly while it decreases in late G,-S and M, the net or 
overall sensitivity of the mixed population would approach 
that of a pure population of G, calls. Since the avail- 
able evidence indicates that G, is a relatively resistant 
phase, such a population would be expected to suffer 
leas loess of reproductive integrity per unit dose than the 

(6) As menti in (2) here, owing to the relatively 
greater radioreaistance of early G, cella, conditioning doses 
large enough to kill all but & few cells would leave survivors 
predominantly in G,. Thus, while the more sensitive late 
G,-8 compartment would be severely depleted promptly, 
this same compartment would tend to be renewed with 
time from the surviving G, pool. This kind of redistribu- 
tion, leading to a temporary repopulation of late GS 
would therefore tend to lower 


than in the starting population. In other words, a state 
of refractoriness relative to the sensitivity of the unirradi- 
ated population would have been induced. 

(8) Jt is attractive to assume that because cells are, in 
a sense, synchronized by radiation in so far as they are 
blocked at a common. stage, Ge they may also be then 
synchronized in their escape from the blook. This is 
entirely consistent with the sequence of events outlined 
in (8) here: Cells irradiated close to the block point in Gy 
experience longer delays than their younger counterparts 
and thua, in effect, ‘wait’ for these younger survivors to 
reach the same stage. Because of the tendency for the 
cella which reach the block latest to be delayed least, 
there should be a greater than normal proportion of calls 
entermg~the next mitotio division. i 
evidenoe!*-*-** for a kind of 
mitosis in the first post-irradiation division. If this 
were to follow, as a general rule, it would provide a partial 
explanation for the relatively rapid fall in radioresistanoe 
toward the end of the refractory state: the presence of a 
pulse of such mitotic cells would tend to increase the net 
population sensitivity and thus ‘mask’ the resistance of 
the as-yet-unreoovered blocked cells. This is supported 
by the recent report of Painter™ that the mitotic overshoot 
in HeLa cells at 7—9 h post-irradiation is made up largely 
by oells which were in 5 during irradiation. It is likely, 
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however, that soon after the reversibly blocked cells 
emerge from G, they assume an asynchronous progres- 
sion; and that in a relatively short time—no greater than 
the mean generation time, perhaps—each of the com- 
partments of the generation oyole will contain roughly 
the same proportion of the total population as existed in 
the random population prior to inrtial irradiation. 

It is suggested, therefore, that the finding typified by 
Elkind's ‘recovery’ is related to this shift in the propor- 
tions of cells in the different oom which are 
characterized by different sensitivities. Indeed, the fact 
that radiosensitivity fluctuates in this way in the several 
systems already noted points to the universality of this 
phenomenon. The possibility must also be entertamed 
that this state of relative population refractoriness may 
be produced by the accumulation of cells in a state other 
than the normal G,—a non-normal state which simulates 
G, but differs in that it is a perturbed G, which is none the 
lees characterized by a lower-than-average radiosensitivity. 

(9) The foregoing considerations deal principally with 
the event occurring in hours to ps a very few days 
after initial, or conditioning, i iation. The subsequent 
reouperative events, designated by Elkind as ‘repair’, 
may be postulated to be of a different nature and, as 
Elkind has suggested, concerned largely with repopulation 
by surviving cells which have resumed their normal course 
of generative activity. 

lf the proposed interpretation is valid, several observa- 
tions take on a different aspect. Although the radio- 
therapeutio literature is, unfortunately, lacking in oon- 
trolled quantitative date on clinical material, there are 
many radi ists!'-* who find that fractionated 
treatments delivered leas frequently than daily are at 
least as ’succeasfal as a course of strict daily irradiation. 
While these and other regimes of radiotherapy may owe 
their success to different reasons (for example, altered 
tumour oell-stroma relationship, etc.), it may well be 
that daily irradiation of many tumours serves to shift an 
increasingly larger proportion of cells into these stages of 
lower radiosensitivity 80 that the later the fractional dose 
is administered in a given course of treatment, tho lees ite 
tumoricidal efficiency per given number of tumour cells. 

A particularly interesting extrapolation of the foregoing 
concerns the expected effects of dose protraction, or 
decreased radiation intensity, on asynchronously growing 
cell populations. Assuming the hypothesis to be valid, 
ib would be expected that soon after continuous protracted 
irradiation is initiated, there would be some critical 
Maximum overall time of during which the 
maximum lethal effect could be produced. As dose rate 
decreases and overall exposure time increases, however, it 
would be expected that surviving cells would tend to 
accumulate at & relatively leas sensitive point of reversible 
mitotic blockade. This would result in a net decrease in 
lethal effectiveness with dose rate, the population survival 
depending on the balance between tho rate of eecape or 
reversibility of some ocells fram the block with the rate of 


NATURE 


February 9, 1963 VoL, 197 


production of the same kind of block in other cells. As 
Thomson and Tourtellotte?* initially demonstrated, the 
LD,41, of mice increases steeply as the dose rate falls 
from ~ 10 r./min to ~ 3-5 r./min—that is to say, as the 
irradiation time increases from ~ 1h to ~8h. 

In addition, Brown 6 al?! and myself?! have found 
that the significantly lowered lethal effectiveness of radia- 
tion delivered continuously over ~ 6 h (~ 2 r./min), aa 
compared with single doses given in leas than ~} h, is 
quantitatively the same as tho effectiveness of two or 


discussed further at this point. 
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NATURE OF THE PHOTOREACTIVABLE ULTRA-VIOLET 
LESION IN DEOXYRIBONUCLEIC ACID 


‘By JANE K. SETLOW and RICHARD B. SETLOW 
Blology Divislon, Oak Ridge National Laboratory, Oak Ridge, Tennessee 


T has been shown by Wulf and Rupert! that ultrá- 

violet-induced thymine dimers in Eoecherichia coli 
deoxyribonucleic acid (DNA) can be split by treatment 
with a yeast oxtract in the presence of ‘light’ of longer 
wave-length. Such treatment can partially reactivate 
the biological activity of ultra-violet-inactivated trans- 
forming DNA!. These experiments strongly suggest, but 
do not prove, that some or all of the-biological photo- 


reactivation of DNA, aa well as ita chemical photoreactiva- 
tion, arises from the elimimation of thymine dimers 
by the yeast extract and visible light. 

The answers to two questions are of interest: (1) Does 
the biological reactivation caused by the photoreactivating 
yeast extract Involve thymine dimers, and, if so, (2) is the 
splitting of thymine dimers sufficient to account for all 
the increase in biological activity observed? The bio- 
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logical damages in transforming DNA that are caused by 
large doses of 2800 A radiation are partially reversed by 
irradiation at 2390 A. This reactivating effect has been 
quantitatively correlated with the splitting of a fraction 
of thymine dimers that resulte from a shift in the equili- 
brium of dimerized and undimerized thymine—thymine 
sequences’. We have attempted to answer these two 
questions by determining the biological effect of 2390 A 
reactivation on photoreactivation with yeast extract. If 
the yeast extract increases biological activity by re I 

thymi dimerization, DNA inactivated by 2800 

irradiation and then treated with yeast extract should not 
show the reactivating effect of 2390 A irradiation. The 
magnitudes of the maximum reactivation by 2390 A 
irradiation and by the yeast extract after various doses 
of 2800 A radiation should indicate how much of the 
biological effect of the yeast extract is caused by thymine 
dimer splitting. , 

Methods of ultra-violet irradiation, the transformation 
assay and the description of markers have been given 
previously**. The yeast extract was according 
to the method of Rupert*. (We thank Dr. F. J. Bolum 
for preparing the yeast extract.) Photoreactivation was 
carried out at 37° on volumes of 0-4 ml. contained m the 
2-cm diameter depressions of white porcelain spot plates. 
The illuminated solution contained final concentrations of 
0-5 ugm/ml. DNA and 0-25 mg/ml. protein from the most 
active ammonium sulphate fraction of yeast extract. 
Photoreactivating radiation was supplied by two General 
Electric 15-W ‘blacklight’ bulbe, filtered so as to eliminate 
all wave-lengths leas than 8250 A. Tho incident intensity 
was about 7,200 ergs/mm'/min. The minimum illumina- 
tion time for maximum photoreactivation was found to be 
lees than 2 h for all the mactivating doses used. Illuming- 
tion times actually used for maximum photoreastivation 
were 128 min. The efficiency of the yeast preparation for 
photoreactivation was unchanged after 2 h of illumination 
at 37° without DNA. 

Figs. 1 and 2 show the results of an experiment m which 
transforming DNA imactivated with various doses of 
2800 A radiation was afterwards to maximum 
p ivation, to 2390 A radiation, to photoreactiva- 
tion before 2890 A, and to 2800 A radiation followed by 
ph i It can be seen (Fig. 1) that when the 
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2. Photoreactivation with and without previous $390 A 
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2800 A irradiated samples have been photoreactivated, 
subsequent 2890 A irradiation brings about a decrease 
in survival. However, when 2800 A inactivated samples 
have not been photoreactivated following these large 
doses, 2390 A irradiation brings about an increase in 
ae Since the 2390 A radiation apparently reverses 
2800 A damage by breaking thymine dimers!, and because 
prior ivation eliminates the reactivating effect 
of the 2890 A, we may conclude that at least some of the 
biological effect of the yeast photoreactivating preparation 
also involves breaking thymine dimers. 

Fig. 2 indicates that transforming DNA exposed to 
2800 A followed by 2300 A radiation may be further 
photoreactivated, but the final activity is somewhat less 
than that found after 2800 A followed by photoreactivation 
alone. The 2390 A irradiation does not break all the 
thymine dimers’, and thus we may conclude thet subse- 
quent photoreactivation produces a further increase in 
activity because of further of thymine dimers. 
The lower activity found after 2800, 2390 A and photo- 
reactivation indicates the production of non-photo- 
reactivable damage by 2890 A irradiation. 

If the yeast photoreactivating preparation repairs some 
type of DNA from 2800 A irradiation other than 
that repaired by the 2890 A radiation, we would expect 
maximum photoreactivation following 2800 A roactiva- 
tion to result in a survival higher than that expected 
from splitting the remaining thymine dimers. Moreover, 
since we may assume that moet types of damage increase 
with dose, there should be relatively more photoreactiva- 
mioa alir iget al a A DEEA a a 
of the 2800 A doge-curve after 2390 A reactivation and 
photoreaotivation should be less than the 2800 À 
dose-curve after reactivation by 2890 A irradiation alone. 
Fig. 8 shows survival-ourves after 2800 A irradiation with 
and without 2390 A reactivation and photoreactivation. 
(Similar data wore used previously* to oaloulate that about 
50 per cent of the biological damage at high doses of 
2800 A is due to formation of thymine dimers. Tho 
results in Fig. 3 yield a figure closer to 70 per cent.) It is 
seen that the slopes of the 2390 A reactivation and 2390 A 
reactivation plas photoreactivation lines are approxim- 
ately the samo. This is interpreted to moan that the 
yeast photoreactivating preperation has little or no 
biological effect except that resultmg from breakage of 
thymine dimers. Confirmation of this conclusion is ` 
provided by a comparison of the survival-level after 
maximum photoreactivation of 2800 A damage with that 
expected if all thymine dimers were split. An estimate 
of this latter survival may be made graphically from a 
plot of reactivation of biological activity md 
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relative absorbance change versus 2390 A dose, m which 
the scales are adjusted so that the maximum o in 
survival coincides with the maximum change in abeor- 
bance’. The survival-level corresponding to complete 
restoration of the absorbance may be read from the 
graph. For a dose of 5 x 104 ergs/mm! at 2800 A, as in 
a previously published graph", this survival-level is about 
2 per cent, which is close to 2-3 per cent, the actual 
survival-level found after maximum photoreactivation 
following this dose. 
100 
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The conclusion that photoreaotivation involves only 
splitting of thymine drmers makes it probable that the 
proportion of photoreactivable damage varies with 
different wave-lengths of inactivating radiation. Fig. 4 
shows that this is indeed the case. Inactivatmg doses of 
2800 A and 2390 A radiation were chosen so as to yield 
somowhat similar survival-levels. It can be seen that at 
the smaller doses thore ıs little difference in the maximum 
photoreaotivation obtamed, but at the higher doses there 
is & much er increase in acti from photoreactiva- 
tion of the 2800 A irradiated DNA. It is apparently 
more the initial dose than the mitial survival-level which 
determines the point at which the. photoreactivation of 
2390 A and 2800 A radiation damage becomes different. 
The survival-levels of the streptomycin marker at the 
small doses are similar to the survival-levels of the 
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cathomycin marker at the large doses, but there is appre- 
ciable difference in the photoreastivabiltty of 2300 A and 
2800 A damage only after large doses. Theso data ma 
be interpreted to mean that at high doses of 2800 
radiation there is & relatively higher proportion of damage 
due to reversible thymine dimerization than at high doses 
of 2380 A radiation. 

We have shown that the only photoreactivablo lesion 
in transformmg DNA is the thymine dimer, and that it is 
breakage of the thymine dimer which restores the bio- 
logical activity. Although the thymine dimer is probably 
the most important photoreactivable lesion in cells, rt is 
not the only one, for damage to RNA, which contains no 
thymine, 18 known to be photoreactivable'. 

This work was carried out under the auspices of the 
Union Carbide Corporation of the U.S. Atomic Energy 
Commission. 


bir. 5 L., and Rupert, O. 8., Bioohem. Biophys. Res. Comm., 7, 287 
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'Setlow, J. E, and Betlow, R. B., Proc. U.S. Net, Acad. Sei, 47, 1619 
* Jagger, J., in Rediahon Protection and Recovery, edit. by Hollaender, A. 
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LOCALIZATION OF TRITIATED ‘DIGOXIN’ IN THE MYOCARDIAL 
CELLS OF FROGS AND DOGS BY AUTORADIOGRAPHY 
COMBINED WITH ELECTRON MICROSCOPY 


By Dr. JOHN R. SMITH and Dr. HARRY A. FOZZARD* 
Cardiovascular Divislon, Department of Medicine, Washington University School of Medicine, St. Louis, Missouri 


INCE the application of autoradiography for use with 

the electron microscope, the technique has been 
extensively developed and used!-* for the localization of 
isotopically labelled substances within living ocells. 
Recently, Waser‘ utilized the technique for the localiza- 
tion of tritium-]abelled digitoxin by light microscopy. In 
this article we present a method for the localization of 


* Natlonal Hoart Institute Disease, Dopait- 


Fellow m Cardiovascular 
ment of Medicine, W. Univermty (1061-63). 


tritium-labelled ‘Digoxin’ by electron microscopy in the 
myocardium. The method depends on the precipitation 
of radio-“Digoxin’ within the cells in order to retain it 


eo) 


$n situ during the preparation of the tiasue. (The ‘Digoxin 
was kindly supplied by Dr. Stanley Bloomfield, of Bur- 
roughs Wellcome and Co., Ino.) 

The usual methods for fixing and drying tissue for 
electron microscopy utilize solutions of ethanol, but 


this procedure resulta m extraction of the alcohol soluble 
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Figs. 1-4. (1) Appearance of exposed silver 
the emulsion was not removed. ( x c. 7,500) ) Antoridiographofa 
“Digoxmn’ localized nearer z 


(3) Autoradiograph of tritiated 
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fiom tritiated ‘Digoxin’ mixed with ‘NT B' Lquid emulsion, exposed for 4 days and 

foal site of tritiated ‘D 

(xe 7,500) (4) Autoradiograph of tritiated ‘Digoxin 
tbe sarcolemma, 





4 


developed.  Celaimof 
{goxin’ localization (atthe .{ rons ofa myofibril) (x gre 
' typionlly related to al 


bands. Only ooonsionally was a silver giain at 


‘Digoxin’ from tissue. The glycoside is, however. com- 
pletely insoluble in acetone. By light microscopy it can 
be seen that addition of 50 per cent acetone to an alooholic 
solution of ‘Digoxin’ results in ita immediate preerprtation. 
For this reason. acetone was used for tissue dehydration 
in our procedure. 

Initial studies for the localization of cardiac glycosides 
were carried out on the hearts of bullfrogs (Rana cates- 
biana). It was considered advantageous to use this tissue 
because of the simplicity of preparation and the precision 
with which the cells may be sectioned longitudinally for 
study with an electron microscope. The hearts were 
excised and with Ringer’s solution (at room 
temperature) through & cannula introduced into the right 
atrium. Contractions were recorded by simple writing 
levers and kymograph, or by direct observation. When 
stability of the heart beat was assured, the tritiated 
‘Digoxin’ (66-4 uoc./mg) was added to the reservoir in 
0-l-mg quantities at 10-20 min intervals until evidence 
of digitalis toxicity was clearly manifest (auriculo- 
ventricular dissomation, idioventricular rhythm and final 
ventricular standstill). Usually, 0-5 mg was introduced 
into the perfumon fluid before signs of extreme digitalis 
intoxication were evident. In later experiments dog 
hearts were studied. Starling heart-lung preparations 
were set up in the usual way, and tritiated “Digoxin’ waa 
administered into the venous reservoir in Ü-1-mg quan- 
tities at 15-20 min intervals until digitalis poisoning 
ooourred. A dose of 0-9-1-2 mg of tritiated ‘Digoxin’ was 
required to produce digitalis mtoxication. 


When the influence of the glycoside was plainly evident 
in the lhvmg heart, the ventricles wero out away and 
trommed for tissue blocks. The ventricles of the frog 
hearts were cut into l-mm wide longitudinal strips with 
razor blades and fastened to appheator sticks with insect 
pins under alight stretch. The coronary arteries of tho 
dog hearts were flushed with 50 per cent &cotono and 
10 per cent formalin solution prior to romoval from tho 
chest. Small longitudinal blocks were excised from tho 
papillary and trabecular muscles and fixed to applicator 
sticks 1n the same manner. 

The muscle specimens, thus pinned. were immersed ın 
a mixture of 50 per cent acetone and 10 per cent formalin 
for 30 min for preciprtation of the glycoside and partial 
fixation. Thereafter the specimens wero transferred to e 
fixmg solution of 1 per cent osmium tetroxide buffered in 
*s-Collidine"" for 1:5 h. After the fixing period, tho musclo 
was dehydrated in successive changes of 50, 75, 85, 95 
and 100 per cent acetone for 20-mm periods oach, and 
was then carried through mixtures of equal parte of 
acetone and toluene, pure toluene, and equal parte of 
toluene and methacrylate for 20 min each. The tissues 
wero finally immersed m 70-30 butyl-methyl methacrylato 
(several changes) for not less than 1 h before final embed- 
ding in gelatme capsules. On subsequent sectioning, rt 
was evident that the tissues wore adequately fixed, and 
very thin sections were readily obtained. 

Sections were cut in the usual way with a Portor-Blun 
microtome, and were mounted on 200-mesh steel grids 
coated with ‘Formvar’ or ‘Parlodion’. When dry. tho 


Trifsm. Dismtegretvens / M mete 





sections were dipped in a 1 : 5 dilution of E. K. Co. liquid 
emulsion, ‘NTB-3’; the excess emulsion was removed by 
lightly touching the edge of the grid to filter 

coated grids were then 

Petri dishes 


the underlying cells in an electron microscope, we adapted 
the method of Revel and Hay* to remove tho gelatine of 
the emulsion coat so as to render it transparent 
to the electron beam and to enhance the discernment of 
cellular detail. Therefore, the grids with mounted speci- 
mens were immersed in 0-1 sodium hydroxide for 
approximately 1 h. These grids were then placed in dis- 
tilled water for 10-15 min to rinse away the sodium 
hydroxide and were allowed to dry on filter pa i 
_ In order to measure the amount of tritiated ‘Di 
in tho tissues and the loases from the tissue during the 
fixing and drying processes, these fluids and the tissue 
were using a liquid scintillation counter. With 


», 


xin 


in a toluene solution of 2,5-diphenyloxazole and 1,4-bis- 
2-(5-phenyloxazolyl)-benxene. 
The resultant autoradiographs are sufficiently clear so 


] From the microgra phs of emul- 

the tritiated ‘Digoxin’ without 
i the resultant exposure of silver 
grains may be seen as fine, irregular traceries (Fig. 1). 
These samo patterns of emulsion exposure may be readily 
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recognized in the autoradiographs of the myocardial cells. 
on of the micrographs likewise Indicates that 


evidence of radioactivity along the sarcolemma, and only 
rarely does it occur in the 
chondria. 


out excessive loss of ‘Digoxin’. It is unfortunate that the 


Examination of many autoradiographs of myocardial 
cells treated with tritiated ‘Digoxin’ demonstrates that 
the radioactivity is usually found in relation to the A 
bands of the myofibrils. Very little activity appeared to 
be localized in the other sub-cellular structures. It is not 
certain that the location of the radioactive ‘Digoxin’ in 
the cells is actually the physiological site of action of the 
drug, but its specific concentration in the area of the 
myofibrils is strongly suggestive of this, and is at present 
under investigation. 

This work was carried out with a grant (4-519) from 
the National Heart Institute, U.S. National Institutes of 
Health. 
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INHIBITION OF VIRUS MULTIPLICATION BY FOREIGN 
NUCLEIC ACID 


By Z. ROTEM*, R. A. COX and Da. A. ISAACS 
National Institute for Medical Research, Mill HIII, London, N.W.7 


HE oells of many vertebrates can be indnoed to 

synthesize interferon by infecting them with many 
different viruses. In trying to understand what is the 
wir deles ce igor ele qe dun 
i t finding is that for many different cell-virus 
e Varum is not essential for the 
production of interferon. Thus interferon production 
^ * Permanent address: Israel Institute for Biological Research, Neas Ziona. 


can be induced by inactivated viruses!+, by live virus 
inoculated into oells which do not virus multipli- 
cation* , or by growth of infected 
which do not allow virus multiplication’. This would 
imply that the stimulus to make interferon is provided by 
part of the virus particle that enters the cell. 

There is some indirect evidence to suggest that the 
stimulus might be viral nucleio acid. Influenza virus 
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-Table L AXTIYIRAL AOTION OF OHIGK axp Mouss RNA OK VAOGIXIA VIRUS GROWN IK OHICK AKD MOUER CELLE 
Chick calls 
Mean count Plaque eounta Mean count 
96, 111, 115, 121, 190, 122 116 353, 814, 313, 328, 323, 300 310 
21 17 78, 8% 80 
T9 244, 174 259 
103 300, 317 $09 
123 6, 10 (faint) 8 
105 40, 45 
97 323, 282 $08 
19 161, 179, 174, 185 175 
5 122, 119 126 
11 192, 172 182 
11 0,0 0 
14 35, 23 19 











particles containing virus nucleic acid are able to induce 
virus interference whereas particles lacking nucleic acid - 
are not’. Tho ability of influenza virus particles to Induce 
production of interferon oan be abolished by prolonged 
irradiation with ultra-violet light, which damages the 


viral nucleic acid without affecting si y the anti- 
génic or enzymatio (neuraminidase) activities of the par- 
ticles*. However, if viral nucleic acid is the stimulus 
to make interferon this poses an awkward problem, since 
both DNA and RNA viruses are able to induce its pro- 
duction. This suggested a hypothesis—that the essential 
stimulus to make interferon might be nucleic acid that was 
‘foreign’ to the oell*. This reports a test of this 
hypothesis which involves use of non-viral nucleic 
acids. It was soon found that non-viral ‘foreign’ nucleic 
acids induced production of either very small amounts of 
interferon or no detectable interferon, as measured by 
interferon liberated from cells. In order to test therefore 
whether small amounts of interferon were being produced. 
inside the cells the experimental methods were modified 
80 that the direct antiviral action of foreign nucleic acids 
was measured on cells. 

In imi experiments chick embryo fibroblasts 
were first treated with foreign nucleic acids for various 
periods of time, then infected with virus, overlaid with 
nutrient agar and viral inhibition measured by the 
roduction in plaque count. A number of different pre- 
parations of RNA and DNA showed viral inhibitory 
effecta (Table 3), but only when very large amounts of 
nucleic acids (1-10 mg per plate) were used. The anti- 
viral action of nucleic acids in animals has been previously 
roported’*; but with the low degree of viral inhibition it 
was difficult to understand the mechanism involved. A 
second technique used was to suspend the nucleic acid in 
M sodium chloride, as is carried out when initiating infeo- 
tion by viral nucleic acid''. This technique gave pre- 
liminary indications that heterologous, but not homo- 
logous, viral nucleic acid inhibited virus growth, but the 
degree of viral mhibition found was small and inconstant. 
A third technique used was to mix the nuoleio acid with 
protamine which was thought to increase the uptake of 
nucleic acid by oella'*. A difficulty experienced in this 
work was that protamine iteelf is apparently an unooupler 
of oxidative phosphorylation’? and shows an antiviral 
action’ that somewhat resembles that of interferon!*. 

Recently the technique used was modified so that 
instead of pre-treating cells with nucleic acid, the nuoleio 
acid was present in the medium during the whole time the 
virus was multiplying. With this modification regular 
and reproducible viral inhibition by heterologous nucleic 
acid has been found. 

The assay method used was an adaptation!’ of the 
teobnique of Postlethwaite!’ by which vaccinia virus 
induces plaques in cell monolayers kept without an agar 
overlay. Two types of cells were utilized. Primary 
cultures of 10-day-old chick embryo fibroblasts were 
used 24 h after seeding 4-om Petri dishes with 9 x 10° 
cells. cultures of 18-day-old mouse embryo 
fibroblasts were used 24 h after seeding Petri dishea with 


2 x 10¢ cells. The nucleic acids were chick RNA, obtained 
from the livers of 3-week-old chickens, and mouse RNA 
from the livers of 4-6-week-old mice. The RNA was 
extracted from the ribosomes by the guanidinium chloride 
technique of Cox and Arnstein!*. 

An assay was carried out &s follows. The nutrient 
medium was removed from the cells and replaced by 4 
maintenance medium consisting of 99-7 per cent Gey’s 
buffered salt solution, 0-05 per cent yeast oxtract and 
0-25 per cent lactalbumin hydrolysate, in which the 
nucleic acid under test and vaccinia virus, diluted to give 
about 100 plaques in chick calls, were ded. The 
plates were incubated for 42-48 h at 37° in an atmosphere 
containing 8 per cent carbon dioxide, They were then 
romoved, tho. call sheets tainod fop [mn enn Oe 
cent crystal violet, washed and drained to dryness. 
plaques were counted with the help of either a hand-lens 
(if plaques were clearly visible) or with about ten-fold 
magnification in a viewmg box. Ohick and mouse RNA 
wero tested at the same time with chick and mouse cells, 
so that ecesentially what were com were the effects 
of heterologous and homologous A. 

Tho results showed a striking viral inhibition by hetero- 
logous RNA with a smaller inhibition, or a lack of inhibi- 
tion with homologous RNA. Two experiments illustrating 
this are shown in Table 1. In four experimenta in which 
the chick and mouse cells were tested at the same time 
this type of result was found, and in a number of additional 
experimenta in which, for technical reasons either the 
chick or the mouse ocells did not provide good cell sheets, 
it was always found that heterologous RNA showed 
definite viral inhibition whereas homologous RNA at the 
same dosage showed a weaker effect or no effect. The 
degree of viral inhibition produced by homologous RNA 
was variable. Thus in Exp. 1 of Table 1, chick RNA 
(50 y/zol.) showed definite antiviral activity in chick cells 

mouse RNA at the same dosage showed no antl- 
viral activity on mouse ocells. In Exp. 2 of Table 1 there 
‘was minimal inhibitory activity of homologous RNA. 
The reasons for this behaviour of homologous RNA are 
discussed below. When very small doses of protamine 
were added (ly protamine + 100y RNA) the antiviral 
action of the heterologous RNA was reduced and homo- 
logous RNA plus protamine showed no viral inhibition or 
showed occasionally enhancement of viral growth. When 
experiments with nucleic acids were carried out in stop- 
pered bottles with no added carbon dioxide the antiviral 
action was leas than when cells were kept in parallel 
in open Petri dishes incubated in an atmosphere of carbon 
dioxide. In another experiment the time at which the 
nucleic acid was added to the cells was varied but with 
the same technique of assay!* used throughout. Pre- 
treatment of cells with nucleic acid for 6 h before virus 
was added gave a much weaker antiviral effect than when 
the nucleic acid was present along with the virus. 

It is known that the oells of 6-day chick ombryos aro 
lès sensitive to the antiviral action of interferon and 
produce lower yields of interferon than tho cells of 10-day 
chick embryos!*. If the antiviral action of heterologous 


` 


ndo 
- "56 
RNA were mediated through production of small amounts 
of interferon, it should be leas evident when tested in 
7 9-dày-old than in 10-day-old chick embryo cells. Two 
experiments were carried out both of which clearly showed 


"this to be the case. The resulta of one of the experiments 


. is illustrated in Table 2. It is clear that the cells of 6-day 
chick embryos (7 days old at the time of assay) were leas 
sensitive to the antiviral action of interferon and also 
to that of mouse RNA than the ocells of 10-day chick 
embryos (11 days old at the time of assay). 


Table 2. ANTIYIRAL Action oF Mouss RNA AND CHIOX IXTERFYXMROEK ON 
6-DAY AND 10-DaY CHICK CELLS 


10 Pay ORE eslls 


— 161, 179, 174, 185 175 110, 105, 129, 107 113 
" 00 0 72 e 


35, 13 2 108, 104 108 
0,0 O — 80,42 (fat) 36 


Another point that is known about interferon is the 
fact that some viruses are more sensitive to ite antiviral 
action than others". This was difficult to test with the 
present assay since very few virusea produce plaques 
without an agar overlay. However, it was tested by the 
less-sensitive technique by which cells were treated with 
nuoleic acid before being infected with two different 
viruses. The results shown in Table 8 indicate that 
Chikungunya virus was more sensitive than Newcastle 
disease virus to the antiviral action of both interferon and 
DNA from calf thymus. 


+ 


Table 8. Error oF TREATMENT WITH NOX-YIRAL DNA AND IFTHEFIRON 
ON THE ABILITY OF CHICK EMBRYO FIHROBMLAFTS TO GROW CHIKUNGUNYA 
AXD NEWOASTLS DIENASE VIRUFEG 


Xo. of virus with 
virus disease virus 
P xd 58 mg/ml. 1 86 
ymus 
140 mairal. 6 75 
Ohtek interferon 0 96 
1/100 dilation 3 102 
Control — 12, 16 104, 128 


DNA was prepared by the technique of Kay æ al. (re. 21). 


The findings with 6-day chick oells and with the two 
different challenge viruses furnish indirect evidence that 
the antiviral action of nucleic acids may be mediated 
through the production of interferon. More direst 
evidence for this was sought by treating chick embryo 
fibroblasts with 1007 of mouse RNA for 3 h at 87°, washing 
the cells twice, removing the RNA and replacing it with 


VIRUSES, GENES 


RIGIN of viruses. My suggestion! that the patho- 
ganesis of viruses involves primarily an interference 
inflicted on the metabolism of the host by the expropria- 
tion of nucleotides by the virus from the host had 
expreased earlier by Pirie", who has recently suggested 
further* that viruses “‘(1) . . . can be the extreme form of 
degeneration of micro-organisms so that, from merely 
being able to multiply in a host, they have become totally 
perasitio and dependent on the host’s synthetic systems. 
(2) They can arise in a cell when, as a result of an &bezra- 
tion in meteboliam, it produces a structure robust enough 
to withstand normal scavenging , and able to 
act as a model for further synthesis. (3) They can be 
structures with qualities similar to those needed in 
possibility (2) but coming into the cell from outside—from 
another species, for example. 
“Of these three possibilities (1) and (8) are probably the 
most generally accepted. The possibility that anything 
‘similar to the viruses we now study was a stage in the 
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maintenance medium in which the cells were then inou- 
bated overnight at 37°. This medrum was then tested for 
when it showed a weak but definite antiviral action. This 
effect could have been due to a new substance oed 
by the oells or to some residual mouse RNA. owever, 
the former lanation was favoured when it was found 
that ohiok oe re-treated with this material and then 
challenged with Chi ye virus showed dofinite viral 
inhibition. In addition, the mhibitory substance produced 
was found to be non-dialyseble, stable at pH 2, inactivated 
by moubation at 37° and pH 2 for 1 h with 10 y/ml. of 
pepam, stable on heating at 60° for 80 min but largely 
inactivated by heatmg at 100° for 5 mim. In all these 
properties it resembled. interferon. 

The weak antiviral action of some preparations of 
homologous RNA (Table 1) might be accounted for by the 
fact that neither the mice nor the chickens used in these 
experimenta were inbred. It is possible, therefore, that 
small differences would be present between the extracted 
“RNA and the RNA of the homologous animal cells. This 
point is now under investigation using sologous and 
homologous RNA with cells from two inbred strains of 
mice. However, so far as they go, the present experiments 
favour the hypothesis that interferon production occurs 
as & réaction of calls to foreign nucleic acids. 


1 Isaacs, A., and Lindenmann, J., Proc. Roy. Soo., B, 147, 258 (1057). 

2 Oantell, K., Arch. gesemts Virwaforack., 10, 510 (1061). 

* Glasgow, L. À., and Habel, K., J. Ep. Med , 115, 503 (1962). 

7 J., Burke, D. O. and Isaacs, A., Bri. J. Exp. Paih., 88, 
651 (1057). 

* Greaser, L, Proc. Soc, Fay. Diol., 108, 799 (1061). 

* Rniz-Gomes, J., and Isaacs, A., Virology (in the press). 

1 Paucker, K., and Henle, W., Virology, 6, 198 (1958). 

* Burke, D. O., and Isaacs, A., Dru. J. Fay. Path., 39, 78 (1958). 

’ Isaacs, A., Nature, 198, 1247 (1901). 


~ 199° T. B., Wright, H. N , and Bieter, R. N., J. Pharmacol., 107, 233 
(ie) 


u Wiem, K. A. O., and Colter, J. 8., Virology, 15, 118 (1061). 

7 Amos, H., Broken. Biophys. Res. Comm., B, 1 (1961). 

ls rrr Wi L., and Hanson, J. B., Biechem. Bophys. Hos. Comm., 7, 

H Green, KL, Stahmann, M A , and Rasmussen, A F., Proc. Soc. Exp. Dhol., 
83, 641 (1953). $ 

P Isaacs, A., Cold Spring Harbor Symp. Quant. Dol. (m tho press). 

1 Gifford, G. L, Toy, B. T., and Lindenmann, J., Virology (in the prosa) 

17 Postlethwaite, R., Virology, 10, 466 (1900). 

4 Cox, B. A., and Arnstein, H. R. V., Brookem J, 83, 4P (1901). 

1* Isaacs, A., and Baron, 8., Lemos, il, 046 (1060) 


bed À., Burke, D. O., and Fadeeva, L., Bre. J. Exp. Path., 39, 447 
a . 
lar Feat rr s o 8., and Dounee, A. L., J. Amer. Chem. Soo , 
1724 (1961) 


AND CISTRONS 


evolution of more elaborate organisms, though often 
touted, need not be taken seriously. Present-day viruses 
demand so much from an environment before they can 
multiply in it that they are improbable components of 
the pre-biotio world.” 

Pirie’s pronouncement that substances like viruses need 
not be considered seriously by those interested in the 
origin of life must have bean made with his tongue in his 
cheek, because he is only too well aware of the fact that 
the basic hypothesis which directs the scientific activities 
of most of the foremost geneticists and biochemists of 
the present time is founded on precisely that assumption. 

Receptor-hypothesis of gene-action and gens-structure. 
I** have proposed the receptor-hypothesis of gene-struc- 
ture ing to which the gene comprises: (1) a side- 
chain of DNA embedded in the histone backbone of the 
chromosome; (2) a segment of RNA, corresponding to the 
exposed DNA segment which is transcribed im situ and 
bound to the DNA segment by hydrogen bonds; (8) the 
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receptor, which is an adjacent side-chain on the histone 
comprising a folded protein which resembles the enzyme. 
The application of the inducer to the outer surface of the 
receptor produces an excitation which passes from the 
receptor to the DNA side-chain and causes the release of 
messenger RNA. Mutations in the receptor are heritable 
changes in the coiling of the receptor which determme 
which one of one or more inducers may act as initiators 
of adaptive enzyme synthesis. The nuoleio acid compon- 
anta of the chromosome replicate according to the Watson- 
Crick theory of nucleotide-pairmg; but the chromosome, 
as a whole, is a coacervate’ and each new chromosome is 
produced by coacervation of all the respective components 
from the nuclear vacuole. The specific folding of the 
protein is heritable and the protein in each parent receptor 
directa the folding of the protein which is ooacervated 
on ita lateral surface to produce the ‘new’ receptor. The 
structural DNA holds the RNA measenger in a relatively 
stable complex, but the union of Inductor with the receptor 
makes the complex unstable and leads to the release of 
messenger RNA. Induction and cessation of enzyme 
synthesis is an automatic homeostetio process boginning 
when the inductor or inductors make contact with the 
receptor, and ceasing when all the inductor molecules 
have been altered by the induced enzyme. Aocording to 
this hypothesis, gene-syBtems are exclusively adaptive. 

Viruses as fragments of gene-systems. On the basis of 
the recent biochemical advances which have specified 
the relation between genes and proteins, one May assume 
that vegetatively transmitted, non-infective RNA and 
DNA (prophage) are segments of nucleic acid which are 
somehow resistant to the ribonucleases and the deoxy- 
ribonucleases which must abound im the cytoplasm to 
prevent the replication of either RNA or DNA im the 
cytoplasm. Under normal conditions, the replication of 
DNA and the transcription of RNA from DNA must be 
confined to the nucleus in a region free from nucleases’. 
The controlling devices which lead to the emergence 
from the nucleus into the cytoplasm of a limited number 
of specifo RNA templates must be capable of being 
reversed almost completely from instant to instant. An 
enzyme needed for a few seconds or minutes in the life- 
cycle of a miaro-organism may be exceedmgly detrimental 
a few moments later. The activity of the nucleases makes 
the cytoplasm particularly rich in nucleotides, and any 
nucleic acid which persisted in the cytoplasm would be 
presented with an abundance of the materials essential 
to its replication. If & segment of RNA, which was 
relatively resistant to the cytoplasmic ribonuclease, 
appeared in the cytoplasm, it might (after replication) 
become attached to a ribosome and effect the transcription 
of & protein which could envelop and protect the repli- 
cated RNA segment as soon as it was detached from the 
ribosome just as the TMV—RNA (ref. 9) virus is protected 
by a protein particularly resistant to proteases. 

One might expect, as Pirie suggesta, that the RNA 
templates which develop into viruses generally origmate 
in another species. Parallel oorf&iderations suggest that 
DNA viruses are segments of ‘structural’ DNA capable 
of surviving in the cytoplasm to transcribe RNA templates 
which, when attached to ribosomes, could control the 
transcription of these proteins, which comprise the 
envelope essential to an infective virus particle. Neither 
the RNA nor the DNA viruses would be expected to have 
an independent life outeide the cytoplasm because only 
the cytoplasm can supply the ribosomes, the enormous 
pool of nucleotides, the amino-acids and the energy 
sources necessary for their replication. The growth of an 
infective virus would be expected to come to a final end 
when the stored reserves present in the host were ex- 
hausted. On this hypothesis, viruses may not be oom- 
pared with the functional genes of higher organiams, but 
only to parts of gene-systems. Instead of genes which 
have taken up a cytoplasmic existence, viruses represent 
nucleic acid fragmenta of gene-systems which are normally 
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destroyed in the oytoplasnt by: the natural scaveng- 
ing processes. They are related only to the structural 
DNA and the template or messenger RNA of the gane- 


system. 

Vegetatively propagated viruses (like prophage or 
kappa) which persist in the host from generation to 
generation without producing particles capable of initiat- 
ing infection and which replicate at a rate more or lees 
in synchrony with the replication of the cell may be looked 
on as persistently transmitted itary ‘garbage’. 
outside the normal metabolic requirements and, henoe, 
dispensable, and only slightly, if at all, detrimental to 
the host. 

Bacteriophage as an end-to-end sequence of structural 
elements. Although a single gene carries only a single 
structural element capable of ifying the amino-acid 
sequence of a single protein, & iophage requires & 
variety of different proteins to produce an infective 
particle, and must be capable of producing many different 
RNA templates which specify a variety of different kinds 
of proteins. Thus, the bacteriophage virus must comprise 
a linear array corresponding to the end-to-end attachment 
of a number of different structural elements arising from 
many differant and probably rearranged nucleotide 
sequences derived from structural elements of pre-existing 
genes. Since each single gene-system controls the syn- 
thesis of only a single enzyme (or a single protein) the . 
amount of nucleic acid present in a would be 

to be much less than that in a bacteriophage, 
which must specify the synthesis of a great variety of 
different protems. 

Mapping and crossing-over in chromosomes and id 
viruses. Tho receptor-hypothesis (which is consistent 
with the Taylor—Freees’® model .of the chromosome) 
implies that there are, at least, two different kinds of 
croas-overs; (1) those which occur in the histone backbone 
between genes; (2) those between nucleotides in the 
structural DNA within a gene. The theory suggests that 
the former are much more frequent than the latter, and 
it also implies that synapsis at meiosis is controlled by tho 
mutual attraction of two exposed complementary single- 
stranded DNA side-chains. Thus, the phenomenon of 
two-by-two pairing in triploid synapeis, described by 
Darlington", in which one of three chromatids is excluded 
at any given level, is finally comprehensible. 

Mapping and crossing-over occurring in viruses has no 
direct relation to the mapping of genes on the chromosome 
because, in mapping genes, the cross-overs which are 
counted are only the relatively numerous breakages and 
reunions in the histone backbone of the chromosome 
occurring at the four-strand stage between the genes, 
while in the mapping of bacteriophages (and structural 
elements of genes) the much rarer cross-overs which are 
counted are those which occur between two nucleotides 
within a nucleotide sequence to produce & change in the 
nucleotide sequence. (Gene-conversion, which resulta in 
non-reciprocal recombination, involves loss, alteration or 
transfer of receptors.) 

The cistron. The cistron" of a bacteriophage comprises 
that ioular portion of the nucleotide sequence which 

i the amino-acid sequence in & single one of the 
proteins essential either to protection from the cytoplasmic 
nucleases or the development of a mature infective particle. 
A cistron becomes non-functional when a deletion occurs 
in a region of the segment essential to the structure of its 
specific protein. A cistron is identified as a limited on 
within which respectively over. ing deletions produce 
the same defective phenotype. the deletions present 
in two different defective bacteriophage mutants overlap 
In a given cistron, no amount of recombination between 
two mutant bacteriophages can produce & functional 
infective particle. The test for the identification of a 
cistron, therefore, reserbbles the test for allelomorphism of 
genes, but this operational similarity does not equate 
genes and cistrons. 
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LrwDEGREN'8 suggestion that I might have made a 
comment without wholly serious mtent is not likely to 
commend itself to anyone who knows me. Nevertheless, 
the comment that he finds surprising may be worthy of a 
little amplification. Even supposing Lindegren is right 
in saying that the idea that viruses resemble an early 
stage in biopooais, is basio to the activities of the“‘foremost 
geneticists and biochemists of the present time”, it is not 
necessary that we should all accept the idea. To argue 
the contrary seems to be carrying the principles of 
democracy, and the validity of anything agreed by major- 
ity vote, too far. Heretics may not be often right, but 
the history of science suggests that they sometimes aro. 

One essential quality in any system pro as an 
early stage in biopocsis is that it should have been able to 
carry out ite characteristic activity, whatever that was, 
in the absence of more highly integrated vital forms. The 
absence of this capacity is the characteristic unifying 
quality of the viruses. It may be that there are undis- 
covered systems (in the sea, for example) with some virus- 
like qualities but able to engineer their own synthesis 
without the help of a host. lt will be time enough to 
discuss the relationship between such a system and the 
accepted viruses when it has been discovered. Tho 
discovery may be diffloult for so far it is not we who have 
found viruses, it is viruses that, by modifying the behavi- 
our of hosts in which we are interested, have found us. 
As I have remarked, reviewing a discussion on the origins 
of life’: “It is unfortunate therefore that so much atten- 
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tion was devoted at the Symposium to viruses and auto- 
trophio bacteria. The former are irrelevant because they 
do too little, and the latter because they do too much. 
Viruses only exist by courtesy of the synthetic mechaniams 
of a more elaborate host cell, which has a normal meta- 
bolism that is concerned with making a wide range of 
substances such as polysaccharides, steroids, peptides and 
also nucleoproteins. The viruses about which we have 
any chemical information: seem to be predommantly 
nucleoprotem. There is no reason to thmk that when a 
virus invades a cell it does more than upset the normal 
cell metabolism, so that the cell then makes copies of the 
invader instead of making the things it was accustomed 
to. The manner in which this switch over is brought 
about is not yet understood. It is the central problem of 
virus research, but it has no close connection with bio- 
poesis. Autotrophs, on the other hand, contain mechan- 
isms for making every typo of molecule used in biochamis- 
try and they do this without help from any other organism. 
This implies a biochemical complexity and competenco 
greater than that of man or of the other organisms that 
have to get vitamins, amino-acids, and so on, pre-formed 
by other organiams. The apperent morphological ampli- 
city of an autotroph should not mislead us into looking 
on it a8 & primitive form. AI these capacities could not 
have developed simultaneously, but are more likely to 
have been slowly accreted in response to the competitive 
stresses of one or two thousand mullion years of evolu- 
tion." 

Two further comments may be made on Lindegren's 
communication. The three ways in which viruses could 
reasonably be to originate were all discussed 
by the virus workers in the 1980’s and, in my opmion, 
gome viruses have arisen in each way. Lindegren’s 
picture of gene structure and action 18 plausible but may 
well be too precise. Scientists rarely discover a phenome- 
non outside the domain of their interest. This is tho 
era of the nucleic acids; phenomena involving them are 
therefore very often discovered and very readily credited. 
When general interest moves, perhaps to initiating the 
intensive study of fats or the renewed study of specific 
polysaccharides, other mechanisms 1 to those 
dependent on nucleic acids will probably be found: and 
these mechaniams are just as likely to be primitive as 
mechanisms based on nucleic acids. 
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QUANTITATIVE HISTOCHEMISTRY OF SUCCINATE DEHYDROGENASE 
IN TISSUE SECTIONS 1 


By G. R. N. JONES, A. J. MAPLE, E. K. AVES, J. CHAYEN and Pror. G. J. CUNNINGHAM 
Royal College of Surgeons of England, Lincoln’s Inn Fields, London 


o Neca methods of estimating succinate dehydro- 
genase quantitatively in tissue sections have been 
described’, such techniques do not appear to have been 
widely In these communications tetrazolium 
salts have been used as electron acceptors, and enzymatic 
activity has been estimated by relating formazan produo- 
tion to the area of the section at constant thickness. 
The main disadvantage of these methods is that the 
thickness of sections is not easy to control accurately or 
to measure directly; thus determinations of activity as 
related to area of section will inevitebly reflect variations 
in thickness. Greater aocuraoy can be gained by the 


use of more sections per tissue determination, but the 
method can thereby become cumbersome and tedious. 
In the present investigation a simple and more accurate 
method is described in which formazan production is 
related to the total nitrogen content of the section 
iteelf. 

Portions of liver taken from male August rata fed on a 
diet low in protein and supplemented with methionine 
were frozen and sectioned at 8u by the controlled-tampera- 
ture freezing sectioning technique’. The sections were 
mounted on slides and dried at room temperature for 
10-15 min prior to incubation, which was carried out in 
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25 ml. of solution in Coplin jars. The jars were mam- 
tained at 87° © in a water bath in the dark. The solutions 
contained sodium succinate (0:05 M), sodium phosphate 
buffer (0-05 M) at various pH values, neotetrazolium 
chloride (0-75—0-80 mg/ml.) and ethylenediamine tetra- 
acetic acid (0-001 M). The time of incubation was usually 
lh. The reaction was stopped by placing the slides in 
distilled water; after & further rinse in distilled water the 
slides were dried and used immediately or stored un- 
mounted in the dark for not longer than two weeks. 
Small of glass bearing the intact sections were 
cut from the slides. Each square was placed in a 16 x 
150 mm ‘Pyrex’ test tube. The-formazan was extracted 
by adding 0-5 ml. of 10 per cent n-heptanol in ohlorine- 
free sym-tetrachloroethane. Extraction was usually 
rapid, but if the section was folded it was sometimes 
necessary to wait 15-20 min to obtain total extraction. 
The extinction of the formazan solutions was measured 
at 550 my in a Hilger spectrophotometer with a microcell 
attachment (volume of microcella, 0-25 ml., path-length, 
10 mm). Solutions of the formazan obeyed the Beer— 
Lambert law up to extinction values of 1:2. The colour 
of the solutions was fairly stable, but faded by 0-5-1 per 
cent in 80 mm.  Exoeee solvent was removed with a 
Pasteur pipette; the sections were washed with a few 
ml. of ether, and dried at 80?-00? C for at least 2 h. 
The micro-method of Long and Staples’ has been made 
more sensitive in order to estimate the total nitrogen of 
each section. To each tube was added 0-1 ml. 72 per cent 
orio acid. A ‘Teflon’ chip was added to prevent 
umping and loes of acid during digestion’. The acid 
was refluxed gently at 195°-200° O for 90 min and cooled. 
0-5 ml. water was added and the tubes were cooled in a 
refrigerator. 1:0 ml. chilled Nessler’s reagent was added, 
and the absorption of the solution was read at 450 my. 
Under these conditions 0-5 umoles of nitrogen gave a 
reading of approximately 0-60 in the spectrophotometer. 
Nessler’s reagent was prepared according to the method 
of King* except that an equimolar proportion of sodium 
iodide was substituted for potassium iodide’. Areas of 
sections were obtained by tracing the projected outline 
of the stained section on paper at a ten-fold magnification, 
and by measuring the area of the tracing with a plani- 
meter < g 


A typical set of results is given in Table 1. The spectro- 
photometric readings for both the formazan and nitrogen 
values are sufficiently high to be determined gocurately. 
When enzymatic activity is related to the total nitrogen 
of the section, the peroen: deviation is + 2-7, but when 
the activity is related to area of the section the - 
centage deviation becomes + 6:0, that is, more 
twice as great. It can also be seen from the table that 
there is an approximate correlation between formazan 

uction per unit area and section thickness as given 
total nitrogen per unit area; in other words, thick and 
thin sections show high and low activity respectively. 
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1h incubation at $7* O ; formazan extracted with 0-5 ml. 10 per cent s-heptano! in tetrachlorocthane 
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Sections incubated in a medium from which succinate had 
been omitted gave a very weak reaction, which was about 
0-5 per cent of that obtained in the presence of substrate. 
Formazan deposition was obtained only on the section. 
The pH activity curve of succinate dehydrogenase with 
neotetrarolium as electron acceptor is shown in Fig. 1. 
Five sections were used for each point on the graph. 
When succinate was omitted from the medium a negligible 
Teaction was recorded. It has been found that the in- 
clusion of sodium azide at a concentration of 0-01 M 
enhances the production of formazan under anserobio 
conditions. Several workers!* have directed attention 
to the qualitative histochemical finding that cyanide 
produces an identical effect when substituted for azide. 
The enhancement of anaerobio activity was attributed 
to the blockage of the cytochrome system which was other- 
wise possibly activating traces of oxygen still present 


despite anaerobiosis, thereby penu E Wa a for 
electrons at some site on the transport i 
From Fig. 1 the pH optimum of the suocinste dehydro- 
lium reductase system is 8-0. A visual 
examination of the unmounted sections showed that it 
was evident that the intensity of tho stain at pH. 7-4 was 
very much stronger than that obtamed at pH. 6:8, but the 
staining reaction between pH 7:4 and 8:0 was so similar 
that it was impoesiblo to make any assessment of where 
the pH optimum lay. It can, however, be seen from the 
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Fig. 1. Variation of sucoinate dehydrogenase activity with 


H; sections 
ted tn neotetrazolfum-auecinate mixture for 46 min 
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graph that the activity at pH 8-0 is 50 per cent er 
than the activity at pH 7-4, and that the dieu i 
activity of adjacent pointe is very slight. It is often 
difficult to asseas microscopically tho intensity of a dehydro- 
ganase reaction. Granular deposition is generally taken 
as being indicative of enzymatic activity, but under given 
conditions with the same material the size and number 
of formazan granules can vary. Qualitative comparisons 
may not be necessarily valid even when differences 
between sections are apparently clear. Moreover, sections 
of different thickness which have been treated in the same 
way can show considerable differences in intensity of 

ini both microscopically and to the naked eye. 
When such sections are subjected to the procedure de- 
scribed and formazan production related to total nitro- 
gen the agreement between the values obtained is very 

O80. 

No comparison of enzymatic activity at this, the 
cellular level, has as yet been made with succinate de- 
hydrogenase activity as determined with neotetrazohum 
in an homogenate preparation, but a comparison with the 
results of Slater! shows that the activities reported here 
ate of the order of two-thirds of those obtamed at the 
homogenate-level. Ja&rdeteky and Ghok reported a value 
of 0.27 pg formazan produced per pg nitrogen per 
hour, but their nitrogen determinations were performed 
indirectly on untreated sections. 

The amount of tissue needed for each sample is very 
amall, and is but fraction of the amounts required for 
assay by manometric methods. It is, however, of the 
game order as that required for methods involving a 
direct measurement of rate of fumarate formation". 
The accuracy obtainable here is probably no better than 
+ 7 per cent. It is likely that the error arises largely in 
the nitrogen determination; further work on this is in 
progress. The outstanding advantage possessed by this 
technique is that it is posaible to examine microscopically 
the section itself before analysis and, if , to 
examine a serial section stained with hmmatoxylin and 
eosin. With standard biochemical procedures the sample 
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is homogenized, and the only histological appraisal of the 
material which can be made must rest on pieces removed 
from the material prior to a treatment which often involves 
disruption. The danger then exista that tho histological 
section can give information which is no more than an 
approximation to the real composition of the sample. At 
present this quantitative method is probably not suffici- 
ently sensitive for different areas of the section to be 
analysed separately, but this should be possible when 
the ni estimation method is made more sensitive 
and reliable. 

The potential value of this quantitative microtechnique 
18 considerable, even if it is used only as a means of micro- 
sampling for enzymatic assay. It is streased, furthermore, 
that this technique enables dehy: to be studied 
at the level of the intact cell instead of at the level of 
individual cellular components at «various stages of 
isolation after the cell has been disrupted. The simul- 
taneous combination of a quantitative enzymatic determ- 
ination with direct microscopical examination of the 
material studied should reduce experimental ambiguity 
of tissue sampling when heterogenerty is a problem, 
especially in the study of tumours. 
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the British Empire Cancer Campaign. We thank Mr. 
H. J. Cotes, without whose generous gift of a spectro- 
photometer this work could not have been acoamplished. 
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BETA-GALACTOSIDASE OF SHIGELLA SONNEI 


By CARLA R. CLAUSEN and Pror. MITSURU NAKAMURA 
Department of Botany and Microblology, Montana State University, Missoula 


D ou Te 18 an inducible enzyme in many 
organisms’, Lederberg’ developed an assay method 
for B-galactosidase which was based on the hydrolysis 
of a chromogenic substrate, o-nitrophenyl-B-d-galaotoside 
(ONPG), to o-nitrophenol (ONP). Electrophoretic analy- 
sis has shown that the hydrolysis of lactose and ONPG 
was catalysed by the same enzyme’. According to 
Monod ei al.” the induction of B-galactoedase in Escheri- 
chia ook was limited to substances an intact 
galactosidic radical. §-Galactosidase production was 
increased by sugars which not ite specific substrate’. 

in inducers such as melibiose, which is a B-galacto- 
side, are not hydrolysed by §-galactosidase’. Galactose 
was found to be a good inducer of 8-galactosidase in 
Bacillus megatertum', Staphylococous aureus? and E. cols B15, 
whereas ib was & poor inducer in a wild type of E. colt. 
Mothyl-f-d-galactoside and ^ methyl-8-d-thiogalactoeide 
(TMG) were good inducers of B-galactosidase but phenyl- 
§-d-thiogalactose was noti. Fluoro-B-d-galactomde was 
reported to be a good inducer but not as efficient as 
TMG (ref. 11). This was because the fluorogalactoside 
was hydrolysed by the enzyme whereas TMG was not. 
It ia considered advantageous to use ‘gratuitous’ inducers 
which do not influence general cellular metabolism since 


ther effecta would not mask the true induction process’. 
Lactose was found to be the only inducer of B-galactosidaso 
in Paracolobacrum aerogenoides!*. Attempts have been 
made to induce the enzyme in 7 sonnet with 
lactose, melibiose, and TMG (ref. 14). TMG was tho 
most efficient inducer particularly in toluene-treated 
cells. 

The purpose of the present investigation was to study 
the properties of the B-galactoeidase in S. sonnet and to 
determine the factors which affected this induction process. 
Concurrently, we studied the lactose fermenting patterns 
of S. sonnet!*. T 

Four strains of S. sonnet were used. In addition, S. 
boydii, S. flewneri, S. dysenteriae, alkalescens-dsspar group, 
and F. ool were studied. The cella were collected, washed 
and suspended to yield an optical density reading of 1-0 
(420 mu). The enzyme assay was based on the oolori- 
metric determination of O released from ONPG*. 
Intact cells and toluene-treated cells were assayed simul- 
taneously; toluene-treatment procedures were those 
utihzed by Koppel e£ al.1°> The amount of ONP liber- 
ated in the reaction tubes was determined from a 
stendard calibration curve which was prepared by measur- 
ing the spectral changes for varying concentrations of 
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ONP. 1 ml of the original cell suspension was dried in 
the hot-air oven at 85° C to determine the enzyme activity 
on a per weight bams. The activity of B-galactosidase was 
recorded as the number of umoloe of ONP liberated from 
ONPG in 20 min at 37° O per mg dry weight of cells. 
Cell-free extracts were obtamed by shaking the coll 
suspensions for 60 min at 4° O with glass beads in the 
Miokle tissue dimntegrator. The disrupted cells were 
then assayed for enzyme activity. Extracta were also 
prepared by alternate freezing and thawmg for 5 times at 
— 20° C. i 

Attempts to increase the production of B-galactosidase 
were made by growing the organisms in the presence of 
various carbohydrates (lactose, galactose, glucose, meli- 
biose, raffnose and TMG) for 3 days prior to the assay. 
The enzyme was also induced in washed ocell suspensions 
with either lactose or TMG. The mducers were added to 
the cell suspensions 2-18 h before the assay. The induction 
was carried out at 37° C, which was found to be the 
optimum temperature for enzyme mduction. Starved 
colla were also induced. The cells were starved by placing 
washed cells at 37° O for 24 h prior to the addrtion of the 
inducer. Starved cells were also induced in the presence 
of an exogenous carbon source (0-5 per cent maltose, 
glucose, or lactose). The organisms were grown at 
15°, 25°, 37° and 40° C for 7 days prior to the assay to 
determme the effecta of growth temperature on enzyme 
' production. We also grew the organisms at pH values of 
6, 7, 8 and 9 for 3 days to determine the effecta of pH. on 
enzyme production. We also examined the stability 
of the by assaying cell suspensions which were 
stored at 4°-40° C for periods up to 7 days. 

Conventional manometric methods!* were utilized to 
measure oxygen uptake of cells using lactose as the sub- 
strate. Both induced and uninduced cells were examined. 
In some experiments the inducing agents were placed 
directly into the Warburg flasks to measure induction 
during the observation period. The concentration of the 
substrate was varied in other experimenta. Attempts 
were made to isolate mutants by ultra-violet irradiation. 
Cells were assayed immediately after irradiation and also 
following growth of the radiated cells in nutrient broth 
for 7 days. Three different irradiation doses were used. 

In order to determine the role of the compoeition of the 
culture media on §-galactosidase production the organisms 
were grown in nutrient broth and in & defined medium”. 
The enzyme was mduoed during the growth of the organ- 
isms in theee two media and in other experimenta cas- 


100 


i0 


Hnxymo activity 





toluene 
numbers from left to right: B-2506-8, F-6, 
-141, B-?509—2, E. coli 
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amino-acids and polypeptides were added during enzyme 
induction to learn if additional nrtrogen sources increased 
the formation. i 

S. sonnes oxhibited B-galaotosidase activity as reported 
previously by many workers. There was, however, 
considerable strain difference in the level of onrymo 
production. The other species of Shigella poagessed no 
B-galactosidase. The enzyme-level in uninduced E. ool 
was approximately half that m S. sonnet. Toluene treat- 
ment for 10 min increased the enzyme activity ; additional 
treatment resulted in diminished enzyme activity. 
Toluene treatment for 10 min did not lyse the cells; 
however, the cells appeared larger and elongated under 
microscopic examination. Fig. 1 shows the resulta of 
enzyme assays with intact and toluene-treated cells in 
four strains of S. sonnet and one of E. colt. The enzyme 
activity of cells prepared by standard methods is compared 
with cell-free extracts in Table 1. Cells disrupted by the 
tissue disintegrator possessed more enzyme than intact- 
or toluene-treated ocells. Freezing and thawing reduced 
the enzyme-level. 


Table 1. VARIATION IX 2 GALACTOSIDASS ACTIVITY OF DIFFERENT CELL 


ARATIONS 
Enxyme activity 
Oell preparation E. coh sonnel, F 
In 21 43 
Toluens-treated oells.(10 mtn) 38 TI 
Call-free extract (disrupted t Miokle) 82 115 
Cale ot prepared by freexing à as 


The -galactosidase activity of cella grown in the 
oe of several inducers for 3 days is recorded in 
Table 2. The mducing sugars were used at & concentration 
of 0-5 per cent and TMG was used at a concentration of 
5 x 10+ M. Neither of the monosaccharidos found in 
lactose, namely, glucose and galactose, induced enzyme 
formation in S. sonnet and E. coli. Lactose was an 
effective inducer of B-galactoeidase in E. colt, but bad only 
a slight stimulatory effect on S. sonner. pn 
lactose increased the enzyme activity of E. colt 17 times 
the basal level and only 1-3 times the basal level m S. 
sonnei. Melibiose, which also consists of glucose and 
galactose (a-linkage), induced the f-galactosidase in 
EH. coli but not in S. sonnet. Raffinose, a trisaccharide 
containing galactose in an a-linkage with sucrose, failed 
to induce the enzyme. Only TMG was an effectivo inducer 
of B-galactoaidase in S. sonnei. Enzyme induction was 
not observed in the other species of Shigella. 


Table 2 Eyroor OF INDUCERS ON THB -GALACTOSIDASE ACTIVITY OF 

B. coh AXD S. sonne, STRAIN B-2500-3 
Enxymo activity 

Induoer E. colt S. soni 
None 88 101 
Glucose 0 7 
Galactose 20 30 
Lactose 638 131 
Mehbiose 568 100 
Raffinoso 145 100 
TAG 681 482 


Maximum enzyme induction occurred at 4 h in E. coli 
when 0-5 per cent lactose was used as the induoer; on 
the other hand, in S. sonnet maximum induction oocurred 
after 18 b. When TMG was used as the inducer maximum 
enzyme induction occurred after 18 h in both E. cols 
and S. sonnet (Fig. 2). A comparison was made of the 
inducibilty of the enzyme in distilled water and in 
nutrient broth; the induced enzyme-level was approxim- 
&tely 80 per cent higher m nutrient broth. Attempts to 
induce B- idase in cell-free extracts of S. sonne: 
with TMG met with variable resulta but was generally 
unsugcessful. Washed cell suspensions of S. sonne: 
starved for 24 h were induced with TMG. Starved calls 
still retained their capacity for B-galactosidase production 
at a level comparable to unstarved cells. However, cells 
starved for 48 h produced leas enryme under TMG 
induction. Cells starved for 96 h exhibited no detectable 
enzyme. 
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Induotion period (h) 


Fig. 2. Induetion of with TMG at 87° O for 0-18 h. 
The were treated with toluene 
©, B. cok; A, 5, senno. The pwo lower Hnos represent mitnduced 
eon 


Fig. 3 illustrates the optimum temperature for the 
induction of B-galactosidaese. In Fig. 4 is shown the 
effect of the temperature of growth of S. sonnet on the 
production of 8-galaotosidase. Cells grown at: various 
pH values were examined for their enzyme activity; 
between values of 6 and 9 there was little difference in the 
enzyme-levals of S. sonnei. The stability of the 8-galacto- 
sidase of E. coli and S. sonnet was studied next. Washed 
cells wero stored at 4° O and enzyme assays were performed 
from aliquots after 1, 8, 5 and 7 days of storage. There 
was no appreciable loss in the enzyme activity within 
the time that we studied tho cells. As a matter of fact, 
there was only a slight decrease in activity even 
when the cells were stored for 7 days at 15°, 37? or 40? O. 
Induced cells of S. sonnet respired (took up oxygen) at 
& more rapid rate and to & greater extent than uninduced 
ocells. hei the siddsing apet waa addod directly to 
the Warburg flasks during the observation period, TMG 
produced an inorease in respiratory rate. e increase 
was alight at the beginning and ually became acceler- 
sted after several hours. TMG was the only affective 
inducer among the several tested. 

Washed cels were irradiated with ultra-violet light 
and assayed immediately for B-galastoeidase activity. 
The resulta are illustrated in Fig. 5. Irradiation, in 
general, produced a slight decrease in enzyme activity 
which stabilized at a minimal level. It is possible that 
increased doses would have completely eli enzyme 
activity. Repeated attempts to obtain & mutant of 
S. sonnet by irradiation that produced more or leas 
enzyme failed. When enzyme induction was attempted 
in the presence of casamino-acids, polypeptides and 

preparations, there was a considerable increase 


activity and he eihar Shigellae were devoid af dha Gugytao: 
Rickenberg!, on the other hand, was able to detect the 
enryme in several other Shigella. Lowe! was unable to 
observe i activity in S. alkalescens, whioh 
agrees with our findings. S. sonnei produced 2-8 times 
) enzyme than H. colt. Others 
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have reported that Paracolobaotrum 7 
10 times more basal enzyme than H. cols}, 


increasing total enzyme ivi 
cells treated by alternate freezing and thawing were 
devoid of B-galactosidaso activity. Possibly the procedure 
was sufficiently i to inactivate the enryme. 
We cannot fully explain the fact that melibiose, which was 
reported as an excelent inducer in several organ- 
ismat, failed to induce the enzyme in S. sonnei. It 
is possible that S. sonnei is only ly induced, as was 
suggested by Anderson and Rickanbergi# for the low 
level of induction in P. aerogenoides. From our work it 
that the presence of nutriente favour enzyme 
induction. However, it has been reported that the addition 
of glucose, ribose, xylose and glycerol as exogenous energy 
sources to nitrogen-deflaient media blocked enzyme 
formation". We have found that additional nitrogen 
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4 15 *?T 40 
Temperature of tniuction (*O) 
Fig. 3. Induction of 6 galactosidase of S. sened at various tem 
b uang TH in distilled water as the inducer for 18 h 
A, Biratn F-141; x, strain B-2600-2; 4, strain > O, rain 
¥-6. Colls were treated with 
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Ultra-violet irradiation (mtn) 
: 5. Bifeot of ultra-violet light on f-galactoskdase activity of N. coh 
ree . sonnel. call KD wero irradiated, troated 
wits tole wat For sche 
e, B. oi; O, 8. sonan, rium P sonnel, sirain strain B-2500-2; 


S one, rain P- 


sources were necessary for good enxyme induction and 
ee ea eee 


procedure may have destroyed pre-existing enzyme and 
also inhibited the synthesis of now enzyme. Kameyama 
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and Novelli* reported that B-galactoaidase induction in 
E. PR A y ET S 

In summary, the $- of S. sonnei behaves 
quite differently from that of E. coli. We have compared 
the enzymes in these two organisms, studied various 
factors which affect their activity, and examined the 
stability of the enzyme. 

This investigation was supported by a research grant 
(E—3784—01) from the National Institutes of Health, 
U.S. Publio Health Service. One of us (C. R. C.) was the 
recipient of a Summer Fellowship for Graduate Teaching 
Assistants. 
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DIFFERENTIATION OF PHASE | AND PHASE |i COXIELLA BURNETII BY 
EQUILIBRIUM DENSITY GRADIENT SEDIMENTATION 


By BILL H. HOYER, RICHARD A. ORMSBEE, PAUL FISET* and DAVID B. LACKMAN 


U.S. National institutes of Health, Natlonal Institute of Allergy and „Infectious Diseases, 
Rocky Mountain Laboratory, Hamilton, Montana 


serially 

to Phase IT after a variable number of passages!*; con- 
version of cella from Phase I to Phase TI is determined by 
the serological reactivity of Phase II cells with early 
convalescent sera from animals infected with C. 
cells of either phase*; Phase I cells do not react with 
early convalescent sera. Phase I cells can imple ts 


cluding 

or M sodium chloride, treatment with ethyl ether, and 
the use of linear gradienta of sucrose or glycerol, and vari- 
ous combinations of these procedures. In most instances 


ieni iae aroa: Depari of COPIA Boboni of Modioins: Md 


the starting material was treated initially with 0-2 per 
cent formaldehyde. Some purified preparations were 
lyophilized prior to use in cæsium chloride gradients. 
About 1 mg of Nine Mile strain cells, fifth egg 

(Phase T) and seventeanih oge pamaco (Phas IL) were 
uniformly mumpended i 4 mL sium chlorido solution, 
relative density 1:3, and centrifuged in a Spinoo SW-39 
rotor for 16 h at 85,000 r.p.m. (about 100,000g). The 
Phase I cells formed a granular band 22 mm from the 
meniscus and a homogeneous, well-dispersed band 20 mm 
from the meniscus. The relative density of the cesium 
Se TERON H PARTE ee ee dos 
about 1:38. The Phase II cells formed a dense 

at the meniscus (relative density 1:25) which i be 
Mic gazed to quta actuator. plistogeapha A 
PE dd "a sip ead cap le aoe metas tata 
of the Phase I and 1I preparations examined individually 
Tho bands are shown in Fig. 1. In addition, Nine Mile 
cells in Phase I were treated with periodate, shown to 
have Phase II serological activity, and oen as 
above in 1:3 relative density cæsium chloride solution. 
Bands at ho 20- and 22-mm levels characteristic of the 
iginal Phase I suspension were observed and no deteot- 
able material was present at the meniscus. 

Cells of Ohio strain, fifth egg passage (Phase I), and 
twenty-second ogg passage (with Phase II serological 
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1. Bands y dena 
(16 h, 100,000) of Phase I and II Cosielia burnem cells in ccaium 
chloride solntion, initial relairve denatty, 1 3. I, Kins Mile (Phase 
Nine Mile (Phase IT), I-I, mixture of Phase I and Phase II 


reactivity) were also centrifuged as previously described 
in a 1:3 relative-densrty omaum chloride solution. The 
Phase I Ohio cells formed bands at 20 and 22 mm as did 
the Phase I Nine Mile cells, and ın addition some prepara- 
tions formed & band with weak turbidity at 17-5 mm. 
Thero was no material at the maniscus. Ohio cells with 
Phase IT reactrvity, unlike the Phase II Nine Mile cells, 
formed prmoipal bands at 20 and 22 mm from the meniscus 
and in addition a pellicle at the meniscus indicating that 
the cell population consisted of a mixture of Phase I and 
Phase II cells. Mrxtures of fifth and twenty-second ogg 
peseage cells yielded principal bands at 20 and 22 mm 
and a pellicle at the meniscus. To determine the density 
of the material at the meniscus, twenty-second egg passage 
O. burnetii colla of Ohio strain were centrifuged as above 
in cweium chloride solutions with initial relative denmty 
of 1:2. Material collected at the meniscus of this gradient 
was amorphous and a band which appeared at 22 mm 
from the menisous (1-21 relative density region) was 
composed of rickettsial cells. A pellot at the bottom of 
the tube was composed of the denser Phase I cells. 
Thus, it appeared that natural and artificial mixtures 
of Phase I and Phase II rickettaiw could be separated by 
reason of their different densities. To confirm this 
observation, material collected from appropmate bands 
was examined by darkfleld, phase and electron microscopy 
as well as complement fixation and slde agglutination 
tests. 
Microscopy confirmed that the material in the 1-33 
relative density region consisted of rickettsial cells which, 
when washed free of salts, were not observably contamin- 
ated when viewed by the electron microscope. Material 
from the menisous of the same gradient consisted of 
rickettsial cells and amorphous material. However, the 
1-21 relatrve density region of & different gradient formed 
from ossium chloride solution with 1-2 imrtial relative 
density contained only rickettaial cells as determined by 
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phase mucrosco and pre lions stained with 
Machiavello End pne 

Complement fixation testa were done wrth early oon- 
valescent guinea pig sera (Phase II antabody only) which 
reacted with material collected from the meniscus of the 
density gradient (inrtial relative density 1:3) and in some 
instances with material collected from the zone 20 and 
22 mm below the meniscus. If cells were not treated with 
formaldehyde early in the purifloation prooees, the cells 
from the rone characteristic of Phase I often showed 
Phase II reactivity. This is most probably explained by 
an unmasking of Phase II reactive sites by treatment of 
the cells prior to equilibrium denarty gradient sediments- 
tion ; 1b was necessary to suspend thoroughly preparations 
prior to sedimentation, and this was often done by vigorous 
shakmg with glass beads or by ultrasonication. Pre- 
sumably these treatments disturbed the sutface of unfixed 
cells sufficiently to uncover Phase II reactive sites; 
formaldehyde treatment ‘fixed’. the surface sufficiently to 
prevent this uncovermg.  Theee minor changes in cell 
surface were not reflected in observable density differ- 
ences. Cells from both density regions reacted with 
hyperimmune (Phase I, IT) guinea pig antisera. 

Cells were also examined for serological reactivity in & 
shde agglutination test read by darkfield or phase micro- 
scopy. A few drops of early convalescent (Phase II) or 
hyperimmune (Phase I-II) guinea pig sera were mixed 
with suspended, washed cells from the appropriate denarty 
region sufficient to grve several thousand cella per oil 
immersion field. A cover alip waa sealed over the cell- 
antibody mixture with clear nail polish and the prepara- 
tion observed with an oil immersion objective. Cells 
from the lesa-dense (Phase II) zones were characteristically 
slightly clumped, but this clumping increased dramatically 
88 incubation with either antiserum proceeded. Cells 
from the denser (Phase I) zones were characteristioally 
uniformly suspended and clumped dramatically as inouba- 
tion in Phase I-II antiserum proceeded, but either did 
not clump at all (formaldehyde-treated cells) or formed 
scattered small olumpe in Phase II antiserum. 

With two strains of C. burnetii, morphological as well as 
serological evidence, therefore, supporte the observation 
that Phase II rickettaim (relative density about 1:21) can 
be separated from Phase I rioketteim (relative density 
1:33) by equilibrium denmty gradient sedrmentation in 
cæsium chloride. Cells with Phase I density character- 
istica, however, can exhibit some serological reactivity with 
Phase IT antasera if treated by physical or chemical means; 
fixation of the surface of Phase I cells early in the purifica- 
tion procedure prevents this unmaskmg of Phase II 
Teactive artes. 
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IN VIVO STUDY OF CELL KINETICS IN ACUTE LEUK/EMIA 


By Dx, A. M. MAUER and VIRGINIA FISHER 


Children's Hospital Research Foundation and Department of Pediatrics, University 
of Cindnnati College of Medicine 


rT “HERE have been several reporte of in vitro studies 

deeignod to assess the proliferative capacity of leu- 
keemic oells, from patiente with acute leukemia, with 
tritiated thymidine as a cell label!. A preliminaryreport of 
an în vivo study in a patient with acute myeloblastic 
leukemia has been made*. In this communication we 


present the resulta of an $n vwo study with tritiated 
thymidme m a child with untreated acute lymphoblastic 
leuksamia. 

The patient, a five-year-old white girl, was admitted 
to the hospital because of pallor. The initial laboratory 
values were: hemoglobin, 7-8 g per cent; white blood 
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cell count, 7,050/mm?* with $1 per cent lymphoblasts; 
and platelet count, 86,000/mm?. On the second hoeprtal 
day at 11.45 a.m. she was given intravenously 200 uo. of 
tritiated thymidine (specific activity 360 mo./m.mole) per 
kg gr oiche: One h after the injection and at inter- 

vals afterwards blood and bone marrow samples were 
obtained for the paration of autoradiographs. A 
transfusion af 600 ra. ct stored benk biosa wes given DO È 
after the injection and treatment with prednisone and 
6-mercaptopurine was 76 h after the start of the 
study. During the oourse of the study, the white blood 
count varied between 5,800 and 8,000/mm® with 25-35 
per cent lymphoblasts. 

The autoradiographs prepared from the blood and bone 
marrow smears were exposed for 90 days. After develop- 
ing and staining the smears, 2,000-2,500 nucleated cells 
were observed from each sample and the number of 
labelled cells and the grain count above each cell were 
determined. AI differential oell counts were compared 
with those obtained from examination of directly stamed 
smears of the samples. 

The time-course of the label in the leuksmio cells in 
the bone marrow is shown in Fig. 1. In the 1-h sample 
7-5 per cent of the leukemic cells contained label, with 
20 per cant of the cells having greater than 21 grains over 
the nucleus, 38 per cent of the cells having 11—21 grains 
and 42 per cent of the cells having 4-10 grains. Any cell 
ee 
from the in count. In the 8-h sam 
is ananta ot Hei RANEA Gels Bad Judson or 
the expense of the other two groups. X oh Up. 
centage of heavily labelled cells decreased as the other 
two groups Increased. By 10h, both the groups containing 
heavy and intermediate amounts of label had decreased 
as the lightly labelled cels increased further in per- 
centage. A similar cycle of change in the percentage of 
labelled cells in each compartment was found starting 
with the samplea obtained 22 h after the injection of the 
label. 

One possible explanation for this time-course is that 
early division of cells incorporating thymidine more rapidly 
near the end of the deoxyribonucleic acid (DNA) synthesis 
phase of the mitotic cycle at the time of injection of the 
label resulted in the observed morease of heavily labelled 
cells in the 8-h sample. Afterwards, division of cells in 
earlier stages of DNA synthesis at the time of the injection 
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and incorporating label at a slower rate, resulted in the 
increase of cells with leas label. The repetition of these 
changes, with the 22-h sample, suggests redivi- 
sion of the labelled cells indicative of a generation time for 
these cells. 

Changes in the percentage of leukemic cells containing 
label occurred with the changes in concentration of label 
described here. An increase in labelled cells was found at 
3 h, but & decrease at 6-10 h. In part this decrease might 
have resulted from the division of lightly labelled cells 
producing daughter cells containing insufficient label to 
be detected above the background grain count. Another 
increase in the percentage of labelled cella was found on 
the second day, with the maximal concentration occurring 
at 26h. 

Analysis of these resulta leads to the suggestion that a 
considerable part of the marrow leukemic cell population 
either divided very slowly or not at all. At the time of 
labelling, about 7:5 per cent of the cells incorporated the 
thymidine or were m the DNA synthesis phase of the 
mitotic cycle. Thereafter, progressrve changes in the 
concentration of label were observed during an 8-10-h 
period, which would likely reflect the tme required by 
these cells for DNA synthesis. Repetition of those changes 
in label concentration and an increase in labelled cells 
oocurred. 22 h after the injection, which would indicate a 
generation time of about 20-22 h for the labelled cells. 
Thus, if the actively proliferating segments of the leukw- 
mic cell population acted in a uniform manner, the 7:5 per 
cent of the leuksamio cells found to be labelled wero in & 
phase of the mitotic oyole requiring about one-third of 
the generation time. Therefore, the size of the actively 
proliferating pool of cells represented only about 22.5 
per cent of the total population of leukemic cells in the 
marrow. 

Further evidence that the labelled cells wore dividing 
in a mixed population was tho increase in the percentage 
of labelled cells which occurred during the second day. 
Only if the labelled cells increased by division in compari- 
son with a static or slowly dividing group of leukemic 
cells could this observation have been made. 

A comparison of the labelling of leuksmic cells in tho 
blood and bone marrow is shown in Fig. 2. Once again 
the difference in the initial labelling and subsequent time- 


. course of the label in the two compartments is in favour of 


& concept of non-uniform leukemic oell populations in 
acute leukemia’. The appearance of labelled leukmmic 
cells m tho blood is most reasonably explained by immigra- 
tion of labelled cells from the bone marrow or other tissues 
rather than iferation of labelled cells within the blood. 
The effect of the blood transfusion on the time course of 
the label after 50 h cannot be evaluated, although no 
change in total white blood count or percentage of lympho- 
blasts was found. 

The appearance of label m normal blood oells is shown 


in Fig. 3. The rate of maturation of the myoloid cells 
Treatment 
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was similar to that described by Bond e£ al. in Hitemato- 
logically normal subjecta*. The number of erythroid 
and myeloid cells in the marrow was too small for an 
adequate evaluation of the kmetica of proliferation in 
these oellg. 

Considering the variability of the clinical and laboratory 
findings in patients with acute lymphoblastic leukmmus, 
the findings presented here cannot be assumed to be 
characteristic of the kinetic pattern of cell proliferation 
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in all patients with this disease. From this investigation, 
however, there is further evidence that the leuksmio oell 
population cannot be considered to be hom for 
the purpose of the calculation of various kinetic measure- 
ments. It is of mterest that Mendelsohn” 1° has recently 
reported $n vwo studies of the proliferative capacity of 
mouse autochthonous breast tumour cells with tritiated 
thymidme and similarly found a non-uniform popu- 
lation of cells in these tumours. 

This investigation was by a Public Health 
Service research grant, OY—4820, Cancer Institute, U.S. 
Public Health Service. 
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HAPTOGLOBIN TYPES 


Haptoglobin Sub-types in Three Racial Groups 


MITHIES, Connel and Dixon! have shown that 

purifled haptoglobin, after reductive cleavage by urea 
and meroaptoethanol, is electrophoretically separable into 
two polypeptide chains, x and B. The B-chain is appar- 
ently unaffected by the genes at the Hp locus, but the 
a-chains, differentiated by migration rate and steining 
intensity, represent the expression of a series of alternative 
Hp genes. Four distnotly different a-polypeptidee, 
called hp LF, hp 18, hp 2 and hp 2J have been demon- 
strated. A .fifth polypeptide, hp 2M, 


on the racial distribution of the various Hp genes, partiou- 
larly Hp! and Hp. 

Random donors at the King County Central Blood 
Bank were classified into three groups: Caucasoid, Negro 
and Oriental on the basis of general appearance. The 
surnames of the Oriental group were considered as & 
rough index of geographic origin; nearly all were Japanese. 
Starch-gel electrophoresis was carried out in the usual 
manner” to determine the haptoglobin phenotype, and 
from these data the frequency of the Hp!, Hp! and Hp™ 
genes was calculated. 


found in mdividuals havmg the pheno- . Purified haptoglobin . c spt des of baptogiobin ] 
type Hp 2-l(mod), is characteristically Hp types Btaroh-gel electrophoresis Hp sub-types gal electrophoresis 


reduced in quantity, but its mobility is 
very similar, if not identical, with that 
of hp 2. 

Investigations of mberitance sbudiee! 
indicate that these five polypeptides repre- - 
sent the alleles Hp, Hp'8, Hp’, Hp* and 
Hp™, although further subdivisions, par- 
ticularly of hp 2, are likely to exist‘. Of 
the 15 le genotypes, the phenotypic 
expressions of nine have been differentiated 
(Fig. 1). Three of the ining six, 
HpM|Hp9, Hp4/Hp™ and Hp /Hp*®, 
are very rare, and no appropriate subjecta 
have yet been studied. The genotypes 
Hp™/Hp™ and Hp™/Hp* appear to be 
associated with greatly reduced hapto- 
globin synthesis':*; while the two poy 
peptides associated with Hp* and Hp! 
aro so similar that the Hp*/Hp!K genotype 
is at present imdistinguishable from Hyp!*/ 
Hp? (ref. 5). 

Smithies e£ al! gub-typed 98 random 
blood donors in the United States and 
Canada, estimating the frequencies of 
Hp"? and Hp” to be 0-16 and 0-24 respec- 


tively, assuming a value of 0-60 for Hp’. Fig. 1. 
The work recorded here was undertaken Mein 
in order to obtain further information 2 





In types 
oh have so far been sub- 


T 7 


wos | | 


hp 2—1F 


il put 














hp 24—1F 


No. 4867 February 9, 1963 


NATURE 


577 


Table 1. HAPTOGLOBIN TYPES AND SUB-TYFES IK BLOOD DONORS OF THREES RAOLL GROUPS 
Tones wilt Hp 0 end òbbaininig, Hie 
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Serum of Hp types 1-1, 2-1 and 2-1M, containing 

adequate amounts of haptoglobin and no visible hemo- 
globin, were selected for sub-typing, since the haptoglobin- 
hemoglobin complex is not suitable for haptoglobin 
polypeptide identification. Partial purification by DEAE 
cellulose chromatography, reductive cleavage, and electro- 
phoresis in starch containing urea, mercaptoethanol 
and formate buffer were performed as described by 
Smithies e£ al.1. In most instances, a duplicate specimen 
was afterwards tested, and the results recorded prior to 
comparison with the previous test. The two 
agreed in all but a few instances, when the haptoglobin- 
level was not sufficiently high to produce an adequate 
yield of polypeptide. 
* Table 1 indicates the haptoglobin types of 409 Cauca- 
soid, 1,657 Negro and 494 Oriental donors, as determined 
by conventional starch gel electrophoresis, as well as the 
calculated Hp, Hp* and Hpi gene ies. The 
lower portion of the teble shows the resulta of sub-typing 
60 Caucasoids, 222 Negroes and 80 Orientals, and the 
frequencies of Hp!Y and Hp! in those populations. The 
Caucasoid figures are in good agreement with- those of 
Smithies ¢ al.! and the calculated probebility figures for 
HORE We aad oie ee 
Hp and Hp}, like Hp’ and Hp, are alleles at the Hp 
locus. 


Although only 11 specimens of type 2-1 (mod) were sub- 
typed, the nearly equal distribution of Hp'¥ and Hp'8 
confirms the fact that the peculiarity in the pattern 
representing this phenotype is not dependent on a variant 
of the Hp} gene. 

Among American Negroes, the incidence of Hp! is 
higher than that of Caucasoids and much higher than in 
Orientals. Similarly, the percantage of Hp! genes which 
are Hp!Y is highest in the Negroes, intermediate in the 
Caucasians and extremely low in the Orientals. The latter 
group, whose Hp! genes are nearly all Hp15, are of particu- 
lar interest in view of the possibility that they might 
provide some information about the frequency of intra- 
genio cross-over. Smithies e£ al.‘ suggest that the Hp’ gene 
may have originated from the very rare phenomenon of 
non-homologous croas-over occurring in & Hp'®/Hp'¥ 
heterozygote, and that subsequent cross-overs invol 
tho Hp! bone and either Hult c Hy may have oS 
two or even three Hp" variants. Most, but not all, of the 
hp 2 a-polypeptidee which they have analysed contained 
_ those peptides characteristic of both hp 1F and hp 18. 
It is conceivable that in a tion such as the Japanese, 
the very low frequency of Hp'F might be associated with an 
increased incidence of hp 2 «-chams lacking the peptides 
characteristic of hp 1F, as the result of unequal cross-over 


in Hp*/Hp'8 individuals. Laok of information concerning 
cross-over frequencies and selective factors makes such a 
correlation entirely speculative at present. However, it 
is possible that further data on the fine structure and 
distribution of the a-polypeptides among various 
populations may provide useful clues about the evolution 
of their respective genes under different environmental 
circumstances. 

This in ion was supported in part by research 
grant H—5780 from the National Heart Institute, U.S. 
Public Health Service. 
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King County Central Blood Bank, 
Seattle 4, Washington. 
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Haptoglobin Types of the Nez Perce Indians 

Ta genetic determination of the three common hapto- 
globin types, Hp 1-1, Hp 2-1, Hp 2-2, was first discussed 
by Smithies and Walker". Subsequent population sur- 
veys have shown marked variations in the frequencies 
of the Hp! and Hp* alleles in different races. In general, 
the focus for the lowest Hp! frequency appears in India, 
where Kirk e£ al.* reported a Hp! frequenoy of 0-00. Án 
easterly increase is also noted in comparing the Japanese 
Hp! frequency of 0-24 (ref. 4) with the frequency of 0-33 
in the Alaskan Eskimoes*. The highest Hp! frequency so 
far encountered, 0-93, is exhibited by the Lacondons of 
southern Mexico‘. 

Recently, Connell et al." found that after purifloation 
and reductive alee of haptoglobin in the presence of 


8 M. urea two types of po guides could be distinguished 
corresponding to the gene They therefore suggested 
that the gene Hyt is not a uni uniga ed vt oan hav omo 
of two a a a; T or Hp'8. The Hp 2-1 


E have two forms dis- 
ble after. reductive cleavage, Hp 2-1F or H 
2-18, and Hp 1-1 can be either Hp 1F-IF, pres 
or Hp 18-18. Subsequent sub-typmg of oon- 
firmed their hypothesis that there are three aan 
alleles at the fran. locus, Hp’, Hp'F and Hp'8, 
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Table 1. HeTIMATIOMN OF Hp GENE FREQUENCY AOOORDIMG TO THE WiamTIEG METHOD OF OOTTERXAX/* 
No. of No. ot 
parenta , children 1-1 2-1 2-8 b+2a b 
» A 5 i ii +6) Wet ws wy 
4 L 
, Unrelated 21 m 18 76 146 [| 10000 76 0000 146 0000 
1 1 3 8 7 14 86 0 68867 0 8334 24-0012 
2 2 7 0 11 18 0 50000 5 5000 9 0000 
1 3 1 7 0 9 16 0 40000 3 6000 6 4000 
1 4 0 0 5 0 10 0 33333 0 0000 3-3333 
2 5 23 12 33 80 0 68867 23 0001 53 3330 
0 3 1 3 2 6 12 0 50000 & 5000 6-0000 
0 5 2 0 2 4 10 0 33383 1:5883 3 3333 
r* =1/8 1 0 8 $ 8 0-88888 I 7778 7118 
r-1l 4 5 3 13 24 0 80000 10 4000 19 2000 
Di 880 182 4446 277 T116 
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This communication concerns the Hp gene frequencies 
found among the Nez Perce Indians residing in Idaho 
and Wyoming. The specimens were collected in acid 
crtrate dextrose and flown to Madison, where the blood 
typing, haptoglobin and transferrm determinations 
were done. (Serum samples were provided in the course 
of blood typing by Dr. R. Lrttlewood of the Department 
of Sociology and Anthropology, Univermty of Washington, 

Washington.) Determination of the Hp 1-1, 
Hp 2-1 and Hp 2-2 types was carried out according to the 
vertical electrophoretic method of Smuthies*, and the 
sub-types determined according to the method of Smithies 
et al.*. The resulta obtained are summarized in Table 1. 
No Hp 0 or Hp 2-1M phenotypes were encountered. 
One exception to the hypothesis of three common alleles, 
Hp', Hp, Hp!8, was encountered m this sample. An 
offspring of type Hp 2-2 was noted among four offspring 
of a type Hp 18-18 male. No sample was obtained from 
the mother. The other three siblings were Hp 2-18. 
Probably this exception is due to illegitimacy, but this 
could not be confirmed by the blood groups of the father 
and child. Since some of the specimens were obtamed from 
related mdividuals, the gene frequencies were calculated 
by the weighting method of Ootterman’’. The Hp! 
frequency obtained is 0-477. The population studied 
shows evidence of Caucasian admixture since it contains 
the Rh factor, ede; the extent of this admixture was 
estimated by using the per cent admixture - 0-4 
where gr is the gene frequency in the hybrid population, 
q is the expected gene frequency m the absence of admix- 
ture, and Q is the Caucasian gene frequency. For the 
Rh factor, cde, in the Nez Perce population, q» was cal- 
culated as 0-129. The Caucasian frequency (Q) of cde 
used was 0-40, and the sesumed aboriginal Nez Perce 
frequency (q) used was 0-00 (ref. 11). The percentage of 
Caucasian admixture calculated was 82-8. Using this 
calculated admixture, the aboriginal Hp! frequency in 
this population is estimated to be 0-50, usmg the Caucasian 
Hp’ frequency of 0-48 (ref. 12). This frequency agrees with 
those reported for other North American Indian tribes: 
Anaktuvuk, 0:52 (ref. 13); North Athabascan, 0-42 
(ref. 13); Tlingit, 0-44 (ref. 18); Apaches, 0:59 (ref. 12); 
Navajo Indians, 0:45 (ref. 14). 

Recently, Smithies e£ al.* reported a gene frequency for 
Hp'¥ and Hp of 0-10 and 0-24 in 26 Caucasians, and 
Giblett and Brooks reported a corresponding frequency of 
0-183 and 0-251 in 66 Caucasians and 0-259 and 0-298 in 222 
Negroes (preceding communication). In the Nez Perce 
sample, only one Hp'¥ geno was encountered m a Hp 1-1 
individual; all other Hp 1-1 and Hp 2-1 samples were Hp 
18-18 and Hp 2-18. This is of considerable interest, 
since Giblett reported a Hp'F frequency of 0-005 in 
80 Hp 2-1 and Hp Ll Orientals tested in her laboratory. 
The Oriental descent was determined by general appear- 
ance; by the surnames she concluded that most of them 
were Japanese. Possibly the Hp!F gene is absent in the 
Mongoloid race. 





Variance = V (g) = £X (1-0 dno 0008983 
wy 


By using the Caucasian Hp!F frequenoy of 0-188 
obtamed by Giblett, the Nez Peroe hybrid 
Hy? frequency is 0-043 on the bases of 32-3 por cent admix- 
ture. Due to hæmolyms in some cases and inadequate 
amounts in others, not all Hp 2-1 and Hp 1-1 samples 
were sub-typed. A separate uw value was therefore 
calculated based only on the Hp 2-1 and Hp 1-1 samples 
Bub-typed; this value is 89-7, which representa the effective 
number of independent Hp! genes sub-typed. Of these 
89-7 mdependent Hp! genes, one or 1-115 cent 
were observed to be Hp!F. Si , of the 75 or 38-4 
per cent Hp! genes reported by Giblett for Caucasians, 
20 or 84:6 per cent of them are Hp!F. Assuming an 
aboriginal Hp frequency of 0-00, the percentage Cauca- 
sian admixture based on 1-115 per cent Nez Perce Hp!F 
genes and 84-6 per cent Caucasian Hp!* genes, is 3-2 per 
cent. A test of significance of the drfferenoe between 
these two values (that is, 82-3 and 3-2 per cent) gives & 
t value of 2-82, correspondmg to a probability of < 0-01 
The discrepancy could be accounted for by postulating 
an early nineteenth-century . introduction of one or 
several cde genes that became established by genetic 
drift in the small Nez Perce population. This would cause 
the caloulated tage admixture to be spuriously 
high when calculated from the ode frequency. Tho other 
possible explanation for the discrepancy would be & 
selective force acting against the Hp? gene. As of yet, no 
selective force has been found which influences the hapto- 
globm polymorphism. 

This work was sup by grants from the National 
Institutes of Health (RG 8217, 2 G 898). 

I thank Dr. O. Smithies and Dr. J. F. Crow for 
advice, and Dr. R. Littlewood for supplying the serum 
samples. 
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LETTERS TO 


SPACE SCIENCE 


Measurement of lonospheric Electron Content 
Regardless of Approximations 

Tum forthcoming advent of the Polar Beacon Ionosphere 
Satellite: has again focused scientific interest on the use 
of simultaneous Faraday rate and Doppler measurements 
for obtaining further new data about the imtegrated 
electron density along paths in the ionosphere. It might 
be useful, therefore, to describe a method by means of 
which the electron content can be obtained without 
approximation assumptions other than the following: 
isotropic and static medium, validity of reciprocity 
theorem, and equal propagation paths (for the various 
frequencies used simultaneously). 

The well-known equations for the Faraday fading rate 
da/dt, and for the Doppler shift Af in & static ionosphere 
are: 


da ^K aq 
di^ pP F| e "D 
0 
) 
fas kd 
Af= 3a wg 3 | Nids (2) 


where the constante K = 2-36 x 10t and k = 408 x 10° 
are in 0.4.8. unite; fis the transmitted frequency; the line 
integral from the observer O to the satellite’s position p 
Hala pd pido inp ny pea a dier cpu RN 
the] electron density N; along the radio path; cis the 
velocity of light in free space; and B ooee is the com- 
ponent of the geomagnetic fleld in the direction of the ray 
path (it is assumed that this fleld component remains 
constant during each single observation of one or & few 
seconds’ duration, and can be replaced by an effective 
value of B cosp). We solve equation (2) for the differential 
of the integral and write for equation (1): 

da K dS cAf 

d 7 r Boome (GF (1a) 
The fading rate is, other things being equal, proportional 
to the difference between the change of the geometrio path 
length and the change of the optical path length. At the 
moment of Doppler inflexion the sign of the rate da/dt 
changes, but not the sense of rotation. This effect is 
seldom observed because the temporal changes of B cose 
are dominant for most passages. However, such passages 
for which B coe is nearly constant (low orbital inclination, 












































0 
1528 1630 1582 1554 1556 1588 1539 
Tune (H.8.7.) 
Pig. L measurement of MD Faraday 
TA Note the parallel trend of the part of the curves for 1/ 4f 
two succemstve fade-cuts; 


. NATURE 


579 


THE EDITOR 


small changes in altitude, close to overhead passage) 
reveal the influence of the foregoing difference (seo Fig. 1). 

With two simultaneous Doppler shift observations Af; 
and Af, we obtain from equation (2) the folowing expres- 


sion for dS/di: 
as Affs — As 
di fi = fi 


1 1 


(3) 


= 0 
At the same moment, we measure Af,, Af, and at the 
frequency f, the fading rate da;/di. These values, together 
with the result from equation (8), are substituted in equa- 
tion (1a), which is solved for the magnetic field component 
B ooao aa follows: i 





à HAF 
Bes : (4) 
dt cK AR ane 


The numerator of the fraction in equation (4) is close to f, 
for f, > fi; the denominator is the so-called ‘differential 
Doppler’; for absolute values of Af, and Af, it is always 
positive, it changes sign together with da,/di. (At tho 
Doppler inflaxion point equation (4) is no longer applic- 
able.) 

A precise measurement of the differential Doppler has 
to be performed with great care. First, the equality of the 
radio paths has to be checked, for example, by a com- 
parison of the time moments of the occurrence of Doppler 
inflexion at the two frequencies. Experiende ahows that 
this condition does not apply for a good number of 
pree (mainly because of frequency scintillations at the 
ower frequency). Secondly, the application of equation 
(4) has to be restricted to observations at small zenith 
angles (this condition is synonymous to the path equality). 
Thirdly, the values of the Af have to be moasured against 
the observed value of f at inflexion moment. _ 

Having obtained the value for B cosp in equation (4) 
we recall the origin of equation (1), which is : 

8 


K 
m p Foo | Nida 


and which with the help of equation (4) is converted to: 


Su) 20 Af - A) 
dams (days a c 0 5r qj 
| a k CR) ^ fi- fi 2) 


The total phase shift a, of the frequency f, at the time 
moment of observation of da,/d#, Afp and Af, is gained? 
by counting the total number of phase rotations (one-half 
of the number of fading periods) from the moment when 
the Faraday effect disappears, that is, when 9 becomes 
close to x/2 (larger than 80°). With amplitude recording 
systems it is often difficult to observe this moment 
exactly. Further, it is importent to consider the change of 
sign of da/dé when counting a. Reliable resulta are 
obtained when the resultant phase is contunuously mees- 
ured. G. Vogt of our laboratory has designed an analogue 
phase-follower system which measures the phase shift 
during the entire passage of the satellite. In case tho fore- 
going method cannot be applied (for example, when as m 
the case of Fig. 1 the e o never comes close to 1/2). 
other methods for the final calculation have to be con- 
sidered. Then the above values of B cosp can be used in 
the differential rotation method or in other methods 
described in the literature*. However, with the polar orbit 
of the planned S—66 Satellite such unfavourable geometry 
will not apply. 


(5) 


B80 
. The method described is free from additional aggump- 
tions about path length, path curvature, altitude, iono- 


spheric stratification, geomagnetic field. The method 
needs experimental care, but gives resulte without 


ambiguity. 
P. R. ARENDT 
Institute for Exploratory Research (Division 0), 
U.S. Army Electronics Research and 
Development Laboratory, 
Fort Monmouth, New J ersoy. 
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G. W., The Uhkralon lomoephere Beacon Saieikiss, 
Tait, NASA-—GSFOC. id 


RADIOPHYSICS 


38-Mc/s Radiation from Jupiter 


Soow after the discovery by Burke and Franklin! in 
1954 of 22-Mo/s sporadic-type radiation from Jupiter, 
an attempt was made by F. G. Smith’ to detect similar 
radiation at higher frequencies from old records taken 
with the Cambridge 38- and 81-Mo/s imterferometers. 
, Suitable records were available for 16 days in 1952 and 

1958 at 38 Mo/s and for 10 days in 1955 at 81 Mo/s. In 
spite of the fact that both aerial systems were considerably 
more sensitive than anything normally utilized m the 
study of Jupiter at frequencies close to 20 Mo/s no 
emission was detected. For the next few yeers it was 
tacitly assumed by most workers, with the notable 
exception of Douglas’, that some frequency below 38 Mc/s 
represented an upper limit to the Juprter radiation. 

As other investigations progreased, however, it became 
clear that, not only did the radiation become much lees 
intense at higher frequencies (see, for example, accounta 
of 27-Mo/s observations by Franklin and Burke‘, Gardner 
and Shain’, and Carr e£ al.*), it also became much lees 
prolific. I have pointed out’ that the emission mechanism 
might be such that at higher frequencies, on rare occasions, 
an event might occur which would contain bursts of a 
sufficient to be detectable on the Earth. It is 
possible that if F. G. Smith had had records of 88 Mc/s 
observations available for a longer period he might have 
found a Jupiter event recorded. 

Warwick* has recently reported that a few eventa 
extending to frequencies in the 38 Mo/s region have been 
recorded by the High Altitude Observatory dynamic 
spectrograph. Radiation at 38 Mo/s has also been de- 
tected at Florida State University during 1962 usmg a 
phase-switched interferometer consistmg of two square 
corner reflectors, each containing a single half-wave dipole 
and separated by six wave-lengths. A more sensitive 
system was not desirable for the purpose of the experi- 
ment, which was to demonstrate low day-by-day frequency 
of oocurrenoe as the dominant feature rather than low 
radiated power. The records examined by F. G. Smith 
should already have revealed some emission were it 
simply & matter of using higher sensitivity. 

Observations were made nightly during April 25- 
August 25, 1902. All observations were monitored by 
an observer. During this period two events from Jupiter 
were recorded. The first, recorded on June 18, lasted 
for about 1 min only. The second, recorded on August 18, 
lasted for about 30 min and contained & number of weak 
bursts of estimated intensity about 5 x 10? W m4 
(o/s). On both occasions strong bursts of noise were 
observed simultaneously on lower frequencies between 
16 and 22 Mo/s and receiving conditions were good. The 
second event was recorded while the most active region 
of the planet was facing the Earth. This is shown in 
Fig. 1. A histogram of 18 Mo/s observations for the 
corresponding period is shown for comperison. The histo- 
grams have been made on the basis of a rotation period 
of 9h 55 m 29-37 s, the value which has been provisionally 


NATURE : 


February 9, 1963 vor. 127 





ll 
860 


Bom ab i nd 18 Maje for 1862 aa 0 Andion of deis DI central 
meridian longitude 


adopted by the International Astronomical Union for 
Compilation of a System III Ephemeris*. The first event 
was of such short duration that it cannot be represented 
on the histogram, which is computed for 5° intervals 
of central meridian longitude. This event occurred when 
the System III central meridian longitude was 325°. The 
experiment is to be repeated at a slightly higher frequency 
next year. 

It is worth noting that there are indications!^ that 
the increase in day-by-day frequency of occurrence 
continues to the lowest frequencies of observation, close 
to 5 Mo/s rather than reaching a maximum around 18 
Mo/s as was origmally suspected. Some disagreement 
exists, however, concerning average intensities at the 
lowest frequencies. Those reported by Elis! are rather 
lees than ical values for 18 Mo/s, whereas those 

by ei al)! are higher. 

I thank Mr. 8. Brudno and Mr. W. M. Houghton for 
assistance and the National Acronautios and Space 
Administration for financial aid. 
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Abrupt Phase Shifts on MSF* (60 kc;s) 


Watt-Carter and Corke! have reported phase variations 
on the GBR (16 ke/s) transmissions from Rugby as a 
result of aerial detuming by changes in weather conditions 
and aerial sway. We report here man-made phase jumps 
on the MSF (60 keje) transmissions. 

Daily phase measurements of MSF (60 ko/s) against 
local frequency sources are made at the Signals Research 
and Development Establishment and our chart records 
show occasions when ab phase of about 12° 
occurred. Between Aprl 25 and July 11, 1962, there 
were 20 days on which one abrupt phase change occurred. 
It was always in the same sense and was completed in 
leas than a few seconds. The changes were ae found 
within —3 to +10 mm of the nominal start of MSF 
transmission ab 1480 c.x.T. 

Investigation revealed that the phase jumps reeulted 
from earthing the GBR aerial system during ite main- 
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tenance period— which coincided with the- start of the 
MSF transmission. The resultant detuning of the nearby 
MSF aerial system was responsible for the abrupt phase 
shifts observed. 

It remains necessary to earth the GBR aerial system 
from time to time, but so far as possible this will be done 
only when MSF (60 ko/s) is not transmitting. The 
corrections for MSF (60 ko/s), published by the National 
Physical Laboratory, are based on tho average rate of 
phase accumulation with time over the daily one hour 
transmission period. They are intended to be representa- 
tive of the average frequency over this period. For this 
reason, on the days when the foregoing phase jumps 
occurred, the jump of 12? was nob included as pert of 
the total accumulated phase. If the jump had been 
included the MSF correction would have been in error 
by 1-5 parts m 10? - 

These results emphasize the care necessary in operating 
and using the standard frequency transmissions when high- 
precision measurements aro required in a limited time- 
interval. 

A. M. J. Mrroggrnr 
d Ministry of Aviation, 
Signals Research and Development Establishment, 
Christchurch, Hants. 
R. L. Cogxa 
Post Office Research Station, 
Dollis Hill, London, N.W.2. 
J. MoA. TEHLE 
National Physical Laboratory, 
Teddington, Middlesex. 
Hu Rs m MU of tho standard frequency transmissions from 
! Nature, 191, 1286 (1061). : 


GEOPHYSICS . 


Motion of Current Systems in the lonosphere 


THHORETIOAL studies of the behaviour of electric current 
systems in the lower ionosphere, treated as a rigid aniso- 
tropio shell, indicate that the Hall-current conductivity 
produces a rotation of these systems from west to east 
about the geomagnetic axis. When a given current 
system is expressed in terms of spherical harmonics, it is 
found that the components of the system corresponding to 
harmonics of different order n rotate with different speeds, 
because the angular velocity contains a factor (2n + 1)/ 
(n* + n) (refe. 1 and 2). It follows that the pattern of the 
current system is distorted as it rotates, but the rate of 
distartion may be fairly slow if only a few close values of n 
are involved. Using the conductivity tensor adopted by 
Ferris and Price, the corresponding velocities of the current 
pattern at latitude A range from 8-3 x 10* sin à cm/sec for 
n= 110 1-00 x 10% ain à om/sec forn = 10. 

In the course of an investigation of the spatial distribu- 
tion of rapid geomagnetic fluctuations during a typical 
magnetic storm (November 9-13, 1956) anaes has been 
found of a general motion eastwards of the pattern of 
disturbance, and, since the velocity found is of the same 
order as that given here, it is tempting to in this 
motion as due to the afore-mentioned effect of the Hall 
current. If this interpretation is correct further studies of 
geomagnetic fluctuations may assist m evaluating the oon- 
ducting properties of the ionosphere more precisely. : 

Various com: tive investigations of magnetograms 
from Thule, Goahaea: Lerwick, Lovo, Rude Skov, Wingst, 
Abinger, Ohambon-la-Foret and Tamanrasset were mado. 
In particular, simultaneous polar diagrams for these 
stations showing the projections of the disturbanoe vectors 
in the HD plane, and also when possible in the DZ or HZ 

were constructed from measurements made at 
intervals for the period 10d 1125 to 1185 a.w.t. 
These diagrams showed many similarities at neighbouring 
stations. Taking in turn the HD diagram for each station, 
time-intervals were selected corresponding to distinct 
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magnetic fleld changes, the beginning and end of each 
interval being estimated to the nearest 10 seo. Many of 
these bounding times were found to correspond at different 
stations, particularly the European ones, though the times 
were not exactly the same at all stations. The stations lie 
roughly on two linea, broadly north-south and east-west, 
and an attempt was made to detect phase differences in 
each direction. In Fig. 1 the times are plotted against 
geomagnetic latitude, and in Pig. 2 against geomagnetic 
longitude. The lines running from top to bottom in the 
figures are the beet fitting straight lines, and their slopes 
to the vertical are & measure of the apparent phase 
gradients. The averages of the two sete of phase ienta 
were tested for significance. With respect to longitude 
(Fig. 2), the t-test shows that there is less than 5 per oent 
probability of the calculated average having arisen from 
pure chance. This average is approximately 10-' sec/cm, 
events being later towards the east. Likely estimates of 

errors or instrumental lags are rather too small to 
account for this phase gradient. The average with 
Tespect to latitude Tis. 1) is, however, not significantly 
different from zero. 

The longitudinal phase gradient implies some motion of 
the disturbance field pattern from west to east. Assuming 
the form and amplitude of this pattern does not change 
too rapidly, the mean velocity is approximately tho 
reciprocal of the phase gradient, that is, 107 cm/sec. 

A different method of studying the fleld alao indicated a 
general motion eastwards of the fleld pattern. Vector 
diagrams of the horizontal field deviations at specified 
epochs were plotted on charts showing the geographic 
positions of the stations. lt was found that the vectors for 
the European stations tended either to converge to or to 
diverge from a small aree, and this area progressed towards 
the east with a speed of order 10* am/sec, the 
existence of a pulsating current circulation traveljmg 
eastwards. 

It will be noted that there is no evidence of any north— 
south motion, while the velocity derived for the west—east 
motion is approximately that suggested by the above 
theory. The detailed analysis of the observations is being 
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published by one of us (J. L.) elsewhere. It is clearly 
desirable to make more extensive analyses of a similar 
character, but if ordinary magnetograms are used the 
work involved would be very considerable. If a sufficient 
number of automatic observatories were established giving 
the field deviations in digital form", 1t would be possible to 
programme such an analyms for an automatic computer. 


J. A. LAWRIE 
Magnetic Survey, 
Christchurch Z.1, New Zealand. 
A. T. Parton 
University of Exeter. 
1 Ashour, A. A., and Ferraro, V. O. A., Nature, 196, 260 (1902). 
"Price, A. T., and Ferris, G. A. J., Neture, 196, 258 (1062). 


* Alldredge, L. R., A Awomato Standard Magnetro Observatory 
(U.B. Coast and Burv., 1061). 


A New Mechanism for Convection in the 
Mantle and Continental Accretlon 


Tue study of paleomagnetisam has necessitated the 


contemplation of continental drift and the most plausible ` 


explanation appears to be convection in the mantlet*. It 
has been assumed that the convection is thermal, being 
. maintained by heat from the core. The purpose of this 
communication is to point out that there is another, quite 
natural cause for convective-type motion, which avoids 
certain difficulties encountered in the purely thermal 
explanation. 

Ringwood’ has summarized the evidence for the exs- 
tence in solution in the core of 10-20 per cent silicon and 
pointed out that this metallic silicon would react with iron 
oxide in the bottom layers of the mantle. Further, there 
is seismic evidence‘ for a light layer approximately 200 km 
thick at the bottom of the mantle, and it is natural to 
interpret this as a product of iron-silicon exchange between 
the core and mantle. Metallic silicon fram the oore 
reduces iron oxide in the mantle, so that liquid iron falls 
into the core leaving silica in the bottom of the mantle. 

It must therefore be supposed that any convective 
overturn of the mantle will bring material from the silica- 
rich layer to the surface, which accounts for the accretion 
of the continents. Since this material is substantially leas 
dense than the bulk of the mantle the so-called convection 
is ied logical differentiation, with thermal gradienta 

ving only secondary role. 
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The mantle must be presumed to yield slowly under a 
steady streas of 101—10* a eriee/orat (ref. 5); for the present 
purpose it is assumed that the n stress is 8 x 10° 
dynee[orn*. A density difference of 6 x 104 g/cm? 
between up- and down-going convective columns with 
radu of 3,000 km would produce a streas of this magnitude. 
Such a density difference would result from a relative 
enrichment of the up-going columns with 0-2 per cent of 
the silice-rich, continental or granitic material, the 
of which differs from that of the bulk of the mantle by 
about 0-8 g/am!. 

The average rate of convective motion must be close to 
1 cm/year, mince this is the minimum consistent with 
palsomagnetic data and probably the maximum con- 
sistent with the geothermal flux’. It gives a rate of 
accumulation of continental material equivalent to the 
addition of & layer of thickness 4 x 10 cm/year to 
continents occupying a quarter of the Earth's surface. At 
this rate, continents of average thickness 80 km oould 
accumulate in 0-75 x 10° years little more than one- 
tenth of the of the Earth. The explanation must 
depend on the 200 km reservoir of silica-rich material at 
the bottom of the mantle. Assuming that continental 
accretion equivalent to 4 x 10 cmfyear is in equilibrium 
with the rate of production of silica at the bottom of the 
mantle, then, allowing for 18 compression, the 200 km 
layer would have taken about 10!* yoars to accumulate. 
However, the initial silioon—iron reaction through a thin 
layer of silica must have been more rapid, so that these 
figures are mutually consistent. 

The proposed model for the history of the mantle 1s 
therefore a gradual accumulation of silica at the bottom 
of the mantle by reaction with the core, until a layer about 
200 km thick was built up. When irregularities arising 
from minor convective motions scoompanying the 
core—mantle mterastion became sufficiently 
the instability of the layer as a whole to exceed the limit 
which the mantle would su , they initiated oonveo- 
tive-type movements by which tho silica layer was main- 
tained at an average thickness of about 200 km and the 
surplus was carried to the surface to form continents. 

It may be noted that in the foregomg model there is no 
need to maintam the conventional concept of convection 
with up-going and down-going currents of similar dimon- 
sions. Rather the motion might be expected to have 
relatively narrow silica-rich up-currenta depositing the 
surplus silica and causing a general lowering of the rest of 
the mantle without recognizable down-currents. We 
must even allow the possibility of irregular, spontaneous 
overturn, involvi i ‘blobs’ of silica. 

The convective instability of a 200 km layer of density 
lower than that of the material above ‘it by as much as 
0-3 gm/cm® is enormously greater than the instability 
which could result from any temperature ient. 
Indeed, the presence of such a layer makes the thermal 
gece of no consequence to the convection mechanism. 

t now becomes reasonable to suppose that convective- 
type motion can begin in the crystalline solid mantle, 
the oreep law of which (on any time scale) cannot be that of 
a peeudo-Newtonian liquid‘, as it appears necessary to 
assume 1n the hypothesis of thermal convection‘. 

[The settling into the core of any iron not already thero 
will also contribute to the chemical differentiation of the 
mantle, but we cannot suppose, as Runcorn’ has done, 
that the whole core has accumulated m this way over the 
past 3 x 10° years, because such a settling process would 
release an enormous amount of gravitational energy which 
would have to escape as geothermal flux. Neglecting any 
change in size of the Earth, this energy is about 6 x 10 
ergs, equivalent to about 30 ucal. am-* sec-! for the whole 
Earth for 3 x 10° years, that is, nearly 30 times the 
present average geothermal flux. Lyttleton’ pointed 
out that the greater compreesibility of core material would 
lead to an overall contraction of the Earth during settling 
of the core and hence an even greater release of gravita- 
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tional energy. It is therefore necessary to assume that 
the core was substantially complete at an early stage 
m the Earth's history and that ita subsequent growth has 
been slight.) * 
This communication is published by permission of the 
Director-General of the Meteorological Office. 
: F. D. Stacey 


Meteorological Office Research Unit, 
Huntingdon Road, Cambridge. 

* Note added 1n proof. 
1 Runcorn, B. K., Natvre, 198, 311 (1903). 

1 Dieta, E. B., Natwre, 190, 854 (1061). 

ea A. H., Geookim. Cormooksm. Acte, 96, 1 (1961). 

Bull. Seiem. Soc. gia: 201 (1953), Contributions io 
Rr 121 (Pergamon Press, Row Yank bea). 

! Btaoey, F. D., pies (in the proms). 

t Runeorn, 8. E, Netwre, 198, 1150 (1902). 

? Runoorn, 8. K., Nature, 198, 1248 (1001). 

‘Lyttleton, R. A., Netwre, 197, 276 (1963). 


Ds. Stacuy’s suggested mechanism is a specific one by 
which convective overturn can be brought about by the 
chemical separation which must oocur if the Earth has 
been formed by accretion and the iron core has grown 
gradually in radius. It seems doubtful, however, to me 
that the rate of release of gravitational energy by chemical 
separation can be as great as that released by the decay 
of radioactive elements, altho in any event it appears 
that the form of convection should not depend on the 
osuse of the density differences which give rise to conveo- 
tive instability. 

However, Dr. Stacey’s mechanism of chemical segrega- 
tion makes the specific proposal that there is s silicon-rich 
layer 200 km thick at the bottom of the mantle which is 
as much as 0-8 g/om? leas dense than the material above it. 
It can be shown that for any reasonable value of viscosity 
such a layer would be highly unstable. This can perhaps 
best be seen from calculations made by me! which show 
that for a viscomty as high aq 10" poise convection 
Sein cC) ep ome to bo spes wile E 
difference between the up-going and down-going streams 
of as little as 1/$?, which of course means density diff- 
erences between the up-going and down-going streams of 
one part in ten thousand. 

Further, I think there is now evidenoe that there may 
be a thin layer of solid iron at the base of the mantle of 
variable thickness not exceeding about 10 km. It has 
long been known that the geomagnetic secular variation 
and the non-dipole fleld are systematically small over & 
large area of the Earth roughly oo-extensive with the 
Pacific’. 

A convective mantle essentially means one with very 
nearly uniform physical properties and it is hard to sup- 
pose that the turbulence in the Earth’s core which gives 
rise to the secular variation of the Earth's magnetio fleld 
can for long be systematically different in its properties 
below one area of the Earth, especially as the core is slowly 
rotating relative to the mantle. The cause has long been a 
puzzle to geomagneticians. 

New interest in the problem has been raised by palæo- 
magnetic observations on recent lavas from Hawaii by 


Doell and Cox’, who find that the low secular variation in ` 


the Paoifló seems to have been a property of the Earth over 
the past few tens of thousands of years. In a full account 
of this topio elsewhere, I am suggesting that the cause 


is electromagnetic screening by & layer of iron which has 
collected at the base of the mantle by separation from the 


descending convection currente, but which has not freed , 


itself completely from lighter silicates and may, in fact, be 
similar to the Palliasite meteorites. As this is a thin 
layer it is reasonable to suppose that ita distribution may 
be highly irregular, although any one distribution would 
be expected to persist for the order of a million years. 
While this does not exclude the specific mechanism of 
chemical separation suggested by Dr. Stacey it seems 
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more likely to me that it resulta from convection ourrente 
of a fairly regular kind existing throughout the whole of 
the mantle. 


Department of Physics, 
King's College, 
Newcastle upon Tyne. 
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METEOROLOGY 


Meteorological Conditions Dependence of 
Radon Concentration in the Air above the 
Atlantic Ocean 


Conomwrpation of radon in the air above the Atlantic 
Ocean at the K (‘kilo’) point was measured during May 28- 
June 28, 1962, and now we are attempting to relate the 
values of natural radioactivity to meteorological condi- 
tions. 

In previous papers", an apparatus for measuring the 
natural radioactivity of the air was described. We have 
examined the meteorological conditions by referring to the 
daily weather information of the Meteorologie Nationale, 
and the local data obtained at the K point, especially the 
wind direction (front-croesings). 

We have systematically examined the way followed by 
the air, at ground-level, getting the K point. We have 
also in whether the K point was concerned with 
oold descending air, although such a phenomenon is not 
very likely to happen in June, and, finally, we have 
connected the concentration of radon and of ite degoen- 
dante to the origin of the air masses, for the air reaching 
the K point. As a first approximation, taking into 
account the mean speed of movement of the air masses, it 
may be assumed that the air takes one day to move from 
Brittany and Ireland, and half-a-day from the Cantabric 
coast. 

The following resulta were obtained: 

(1) If the air comes from the north-west of France or 
from Great Britain, ita radon concentration is always 
between 10 and 27 po./m*; the mean speed wind blowing 
from east to north-east which has brought this air during 
the observed period was generally weak («10 m/sec), 
mostly when leaving the coast, but a stronger wind could 
give higher values. We noticed, during the morning of 
June 1, & decrease in radon activity, and we are inclined to 
impute this to a descending draught of descending cold 
air, poorer in radon. 

(2) When the air comes from the north of Spain, ite 
radon concentration is than 27 po./m*. The 
Maximum activity obtained was 40 po./m?. The arrival 
of this air at the K point is always conditioned by an 
isobaric constriction prevailing for 12 h at least above the 
north-western side of the Iberian Peninsula, and on the 
neighbouring oceanic zone. This constriction is bound 
sometimes to a centre of depreasion located above western 
Spain or Portugal. If, in this centre, the minimum pres- 
sure comes down enough (1,005 millibars) the air supply 
feeding the K point will be deviated towards the south 
before it reaches that point. Such a phenomenon 
occurred, for example, on June 27. 

(8) During the recording time, there was no croseing of 
warm fronta, but there were four crossings of cold fronts 
with one quasi-stationary front: we observed in three of 
these five cases that maximum radioactivity was always 
very low (<6 po./m?) when the front was ing. Then, 
the cold air located behind the front com m the 
northern to the north-western direction, but it seems risky 
to take into account ita previous behaviour. As we noticed 
before, there was only one cold front subsidence, and the 
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supply of air from the Continent for the K point was 
disturbed at ite origin, along the seashore, by a slight 
north-western flow. Thus, so far as this is concerned, we 
are not able to draw any conclusions. 

This work is supported by a contraot of the Commis- 
sariat à l'Energie Atomique (service of Physical Elec- 
tronioe). We thank Mr. Lambert for helpful discussions 
on this matter. 

J. FONTAN 
D. Brawo 
A. BovviLLE 
Nuclear Physics Centre. 
J. LacaAzm 
Service of 8.P.C.N., 
Faculty of Science, 
Toulouse. 
! Fontan, J., Blanc, D., Bouville, A., and Lambert, G., J. Phys. Radium 
(in the press). 
* Fontan, J, Blano, D., and Bouville, A., J. Phys. Rediwm, 83, 883 (1062). 


PHYSICS 


Electrical Breakdown In High-temperature 
Gases 


RELATIVELY few experimental resulta are available for 
the breakdown of high-temperature gases at atmospheric 
preasure and above. Alston! has confirmed Paschen’s law 
for air up to 1,100° O and obtained flashover voltages 
which were independent of electrode material. On the 
other hand, it is well known from investigations of the 
decaying properties of freely recovering arce! that ‘thermal’ 
breakdown can occur at considerably reduced voltages 
while the charge concentration remains high and the elec- 
trodes retain their heat. Similar low voltages of break- 
down have been observed in shook tube investigations’. 
Forman‘ has recently described experiments with rare 
gases up to 300 mm pressure and for refractory cathodes at 
temperatures up to 3,000? K. The cathode was a filament 
of 0-0l-in. diameter and the concentric anode had a 
diameter of 1 om. Breakdown occurred at anode vo 
considerably lower than the ionization potential of the gas 
for argon and xenon and cathode temperatures greater 
than 2,400° K, but was not observed for helium. Although 
the gas in the immediate vicinity of the cathode was 
assumed to be in thermal equilibrium at the cathode 
temperature, the bulk of the gas and certainly the anode 
were considerably cooler. 

The experiments recorded here were carried out in high- 
temperature (1,500-2,500° K) argon and helium between 
concentric graphite electrodes with an arrangement lead- 
ing to & more uniform temperature distribution. In this 
case the outer țin. diameter electrode was made the 
heating element and the inner }-in. diameter electrode is 
heated by radiation, conduction and convection in the gas. 
Measurements with an optical pyrometer through a small 
hole in the outer electrode indicated a temperature differ- 
ence between the electrodes of not greater then 25° C at 
2,500° K. Results were obtained both with d.c. voltages 
between the electrodea.and also with 400-o/s a.c. voltages 
to permit display of the current/voltage characteristics on 
an oscilloscope. The latter frequency was chosen so that a 
complete characteristic could be displayed over a time 
during which the 50-o/s a.c. heating current in the outer 
tube is relatively amall, thus reducing any effect of the 
electrical field of the heating element. Fig. 1 shows typical 
current/voltage oharaoteristice for argon at 2,200? K and 
1,200 mm preesure (with the right-hand side representing 
the outer electrode as cathode) and for two different values 
of circuit resistance. Four regions are in evidence: 

(1) For low applied voltages where an excess of electrons 
is available at the cathode, the characteristic rises approxi- 
mately linearly. An effective ‘conductivity’ for the gas 
can be measured in this region, by enlarging this region of 
the trace. 
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Fig. 1. Ourrent/voltage charnoteristio for argon at 2,200° K ‘and 1.900 
PRA e, LURMTRIE I Otm ónt and horizontal atis vo . &, Bertes 
» TOO Q; voltage scile. 50 V per division current seale, 


(2) At intermediate voltage, a constant current is 
obtained corresponding to the saturated thermionio 
emission current of the cathode. No more electrons are 
available and a voltage gradient is built up at the cathode 
as the applied voltage inoreasee. 

(8) At a particular voltage, characteristic of the tem- 
perature, & very rapid increase in current occurs for no 
farther increase in applied voltage. The maximum 
current reached is restricted by the circuit resistance, but 
if permitted to riso to a high enough value (also character- 
istic of the temperature) will result in & transition to a 
fourth region. 

(4) This region (Fig. 15) 18 the normal current/voltage 
characteristic of the arc for this geometry and has been 
confirmed with ‘cold’ tests. Onoe established, the dis- 
charge remains in this mode until the voltage reduces to 
rero. 

Hysteresis effects are in evidence if the transition (4) 1s 
prevented, but these have been darkened out in Fig. la 
for clarity. Also it is seen that the lower saturation current 
for the inner electrode as cathode (corresponding to the 
amaller surface area) is followed by a transition to region 
(8) at a much lower voltage than for the outer olectrode 
as cathode. A further saturation of current ocours before 
the final breakdown voltage 1s reached. Not all these 
regions are observed throughout the temperature-range 
1,600? K-2,500? K; but in general the effect of increasing 
temperature is: (a) an increase in the effective 'conduoc- 
tivity’ in region (1); (b) & higher saturation emission 
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current in region (2); (o) a steady reduction in the transi- 
tion voltage (3), but an morease in the maximum stable 
current at that voltage; (d) & transition to the same aro 
characteristio irrespective of initial electrode ture. 

In Fig. 2 the transition (or breakdown) voltage is shown 
as a function of temperature for both argon and helium. 
Bimilar forms of breakdown have been obtained with 
commercial and reactor-grade graphites and recently with 
& tantalum outer electrode and tungsten inner electrode. 

Smooth transitions from glow discharges into aros 
have previously been observed for refractory cathodes 
both at low preesuree* and more recently at atmospheric 
pressures‘. In such experiments the only source of heat 
ie the discharge current itself, and the transition is asso- 
ciated with a steady increase in the thermionic component 
of ourrent as the cathode temperature rises. In our 
experiments the thermionic component of ourrent is 
established prior to breakdown occurring and is an inde- 
pendent variable. 

This work, to be described more fully elsewhere, was 
supported financially by the Australian Institute of 
Nuolear Science and Engineermg. 


School of Electrical Engineering, 
University of Sydney. 
1 Alston, L. L., Prec. Inst. Eiso. Eng., A, 108, 540 (1088). 
3 Orawford, F. W., and Hols, H., Proo. Ins. Hiec. Erg., 4,107, 


*Wehrll, M., Helv. Phys. Acts, 1, 323 (ens). 
"Gambling, W. A., and Edels, H., Brit. J. App. Phys., 7, 376 (1056). 


Representation of a Group in Relativistic 
Quantum Mechanics 


ESSENTIALLY all inflnite unitary representations of 
semi-simple Lie groups are known!, they are of Murray- 
von Neumann? type I. Further, while it has been known 
for a long time that non-relativistic quantum mechanics 
is such & representation for the rotation group of space’, 
the same does not carry over to relativistic quantum 
mechanics. Infinite representations of the Lorentz group‘ 
do not correspond to anything physically identifiable. 
This, among other things, suggests that the underlying 
group of relativistic quantum theory is not the Lorentz 
group but rather one for which non-unitary’ representa- 
tions have a special significance. 

i & physical argument was given for the 
exceptional Lie group F, as candidate for the above. This 
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turned on the interpretation of the wave equation as not 
being (Hermitian) self-adjoint, thus implying the exs- 
tence of & non-unitary representation. Án attempt! was 
made to give a path integral form to the latter, in which 
paths oppositely oriented in ‘time’ belonged to different 
measure spaces A, N say. It was conjectured that the 
uniqueness of A, Q depends on a special relation which 
existe between the co-homology structure of F, and certain 
algebraic number fields. Here I give some preliminary 
details to substantiate this idea. 

The structure of a semi-simple Lie group G of rank L and 
dimension R is determined’ by ite so-called Weyl group 
W(G), which is a group generated by reflexions S,.... Sz, 
and is at the same time irreducible and 'arystallographio' 
in L dimensions). The period À of W(G), given by 

è = (8,....S, = 1, is (R — L)/L and the co-homology 
structure of G is determined by the ‘form problem’ for 
W(G) which was shown by Coxeter! to be equivalent to 
finding the characteristic roots 'of S, as g,/Aà roots of 
unity. For W(F,), h = 12 and g; = 1, 5, 7, 11 and the 
latter, leas g, = 1, are the same (in the representation 
given by Klein) aa for the octahedral group G,, ~ W(0,), 
which explains the appearance of these numbers in the 
many results of algebraic field theory which depend on 
elliptic functions. 

The invariant forms F,(z) of degrees (g, + 1) for G, 
were given by Klein’, who observed that the parametriza- 
tions (%;, £3) = 04,(7,0), 0,,(1,0) in terms of Jacobian 
elliptic functions gives an infinite representation of G,,, for 

= 4, under the action of the factor group ['o/I'», where 

p i8 the modular congruence group, Tr = — 1/7 and: 


at +b 
Sp = 


ot+a 
cS 0 | mod. pl = 1 





However, one notes that G,, is contained in F, for all 
primes p = + 1 (mod. 8) and therefore the possibility 
existe of constructing a measure in the closure of all such p 
The details require considerably more; namely, first, for 
Pe = + 1 (mod. 24) the least primitive roots a, have 
maximum density for just the values g,; secondly, if t = 
ex [ex is reatricted to the quadratio number field K(V/gi) 
then we have complex multiplication!? by y, = Vg; for 
elliptic functions, the effect of which is to change the 
normalization |S| = 1, to |S,| = g. Then the operations. 
B, = S,S$,S, form the so-called transformation group 
which leaves invariant & modular form of degree g + 1. 

It was shown by Hasse’! that something like the oon- 
verse of the foregoing is possible. The field K(0, p) of 
elliptic functions mod. p admits a non-commutative 
(quaternion) multiplication ring depending on the residue 
class p; = gi (mod. 12). It thus appears that there does 
exist a quasidual approach for the construction of the 
measure A, Q. 

The underlying phenomenon here is the following. First, 


` the elementary f&ot!* that 24 is the highest resolution 


modulus (erkldrunggmodul) with all real characters, which 
therefore can be represented by a quadratic residue 
character. Secondly, the fact noted here about the least 
primitive roots, which has to be com leted by a; = 2,3 for 
Py = + g; (mod. 24). Consequently the fields K(e*m/1) 
and K(V a) ‘contain each other’ in the approximate sense 
„of ignoring those primes p, for which a, > 11. 

Lastly, the group wi) leaves invariant a 24-cell in 
4-space or, with an involution, a system of 3 deamio 
tetrahedra! in 8-space. It therefore involves two inde- 
pendent representations of G,, which, if associated with 
A, ©, must include an operation interchanging them. As 
pointed out previously‘, this should introduce a very large 
number N into a theory with physical interpretation. A 
rough guess is N = exp 2n(4/D — yD), where D = 5.7.11 
and D' = 24 (80 that N m 10%) sinoe this is the factor that. 
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mught be expected to appear in the functional equation 
for elliptic functions over these fields. 
M. C. GOODALL 
Massachusetts Institute of Technology, 
Cambridge, Mass. 
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ENGINEERING 


An Elastohydrodynamic Lubrication Experiment 
Tun thickness and shape of the lubricant film between 
highly loaded rollers is the feature of elasto-hydrodynamio 
lubrication which has received most attention in recent 
years. The efficacy of hydrodynamic lubrication m such 
contacts 18 directly related to the thickneas of the lubricant 
film compared with the surface irregularities on the solids, 
and the recent activity reflecta the significance of this 
quantity to the designer of machine components. 

Another aspect of elasto-hydrodynamic lubrication 
which is of interest to the designer is the stress field within 
the solids. In this respect the distribution of pressure 
within the lubricant is of paramount importance, and it 
is the purpose of this communication to report & pre- 
liminary investigation of the preesure and temperature 
distributions in a highly loaded aliding contact. 

One of the difficulties associated with the measurement 
of pressure and temperature profiles in contacts represen- 
tative of gear teeth is the very small width of the contact 
rone in relation to the size of conventional sensing 
elements. Higginson! overcame this diffculty by using a 
low modulus elastic solid for the stationary component in a 
sliding contact. In order to examine the pressure and 
temperature distributions in & highly loaded metal contact 
a novel disk machine has been constructed which opens 
out the contact zone and yet retains the essential features 
of elastohydrodynamic conditions. A stationary phosphor 
bronze shoe having a 6-5-in. concave radius is loaded 
against the periphery of & rotating phosphor bronze 
disk of 6-in. radius in the manner of & brake shoe as 
shown in Fig. 1. A mineral oil supplied to the diak 
surface ensures the existence of a coherent oil film between 
the shoe and the disk. The shoe 18 provided with & small 
central oil presure tapping and four ipei ra 
buried at various depths below the working surface. 
pressure tapping hole communicates with a cylindrical, 
wire wound pressure transducer. The position of the shoe 
is’ varied circumferentially with respect to the line of 
action of the applied load, thus traversing the pressure 
tapping and thermocouples through the pressure zone. 

Results have been obtained for various speeds and loads. 
A typical preasure traverse is shown in Fig. 2 for a load 
of 1-36 tons per in. of face width and a disk peripheral 
speed of 64 in./sec. Also shown in Fig. 2 are contours of 
rise in temperature above ambient for the bulk metal of 
the shoe. The lower curves show the distribution of shoe 
surface temperature and the lubricant viscosity related to 
the local pressure and the shoe surface temperature. 

The shape of the preasure curve is consistent with the 
predictions of elasto-hydrodynamio theory", the most 
notable feature being the very steep pressure gradient at 
the outlet end of the zone. If side leakage is neglected, 
the shape of the oil film corresponding to the measured 
pressure distribution can be determined according to & 
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method described in ref. 2. The shape of the oil film shown 
in Fig. 2 exhibits the well-known characteristics of elasto- 
hydrodynamic fllms. The similarity between this shape 
and the picture presented by Crook? besed on a direct 
measurement is striking. This result demonstrates that 
the local restriction in film thickness at the outlet end 
of the zone does not necessarily imply the existence of the 
preasure spike exhibited by some theoretical solutions. It 
should be recalled that theoretical solutions demonstrate 
the dependence of the pressure spike on material 
properties‘. An interesting feature of the surface tem- 
perature profile is that the maximum temperature is 
attained before the end of the preesure rone is reached; 
a result attributable to the rise in lubricant viscoaity in the 
vicinity of the peak pressure. D- Dowson 
M. D. LoNGFIELD 
Department of Mechanical Engineering, 
Univeraity of Leeds. 
1 Higginson, G. B., Intern. J. Mech. Soi., 4, 206 (100%). 
* Dowson, D., and Higginson, G. B., J. Mech. Eng. Sei., 1, 6 (1050) 
*Orook, A. W., Nature, 199, 118% (1061). 
‘Dowson, D., and Higginson, G. R., J. Meck, Eng. Sci , 2, 188 (1900). 


No. 4867 February 9, 1963 
METALLURGY 


G Phases containing Scandium 


WE have noted the occurrence of a G phase (structuro 
type D8a) in the So-Ni-8i, Sc-Co-B1 and So-Ni-Ge systems. 
Alloys were made by arc melting m a water-cooled copper 
crucible under argon. Diffraction patterns were taken 
with copper radiation on powder annealed at 900° under 
vacuum. The composition and lattice parameters of the 
newly found G phases are given in Table 1. 


Table 1. LATTIOE PADAXMNTERSB OY G PHASES 


Composition. a, (A) 
Se, R1,,8l 11-429 

san 11438 
Be, Nl Ge, 11 663 


We failed to detect a G phase in the following alloys: 
UN Bin Y,Ni,Si, and Th,Ni,,Si,, but we confirm the 
existence of a G phase in Nb,Ni,,8i, (ref. 1). 

Gladyshevskii e£ aj.! have reported data for G phases of 
the generalized formula A,Ni,,Si, m which A may be Ti, 
Zr, Hf, V, Nb, Te, Or (with 1 a/0 Ta) or Mn. Our data 
extend this list to include So but not Y. It is noted that 
the A element may come from groupe IIb to VIIb of the 
Periodic Table, but is restricted to atoms having small to 
mtermediate size, that is, Mn to Soc. 

Thia work was performed at the Argonne National 
Laboratory under the auspices of the U.S. Atomic Energy 
Commission. 

A. E. DWIGHT 
R. A. CONNER, jun. 
J. W. Downey 
Alloy Properties Group. 
Metallurgy Division, 
Argonne National Laboratory, 
Dhnois. 


1 Glad B. L, Kripyakevich, P. L, Kuz'ma, Yu. B. and Teslyuk, 
M "Yu. Xrisallogrefya, 6, 700 (1061). - 


Aluminium Nitride Whiskers 


Ix tho course of an investigation into the stabihty of 
certain nitrides, whisker growth has been observed on 
aluminium nitrude. Aluminium nitride powder was pre- 
pared from the elementa, cold pressed at 15 tons/in.! and 
sintered for 4 h at 1,750? O in high purity argon. The 
sintered compacts measured approximately 8 mm in 
diameter by 4 mm high. X-ray powder photographs of 
filings of the sintered nitride showed the structure to 
be hexagonal, close-packed (a near-wurtzite structure 
according to Jefferey and Parry!) with a = 3-11 A and 
c — 4-98 A. The sintered denmty was 68 per cent of 
theoretical and the Vickers micro-hardness 1,010 + 
15 kg mm-?. 

A stack of three compacts was mounted under a bell 
ee ee furnace’ and the uppermost one 

eated, in an atmosphere of high-purity nitrogen. The 
initial nitro pressure was 745 mm and the pressure 
at the end of the heating period was 750 mm. The follow- 
ing sequence of evente was observed on the heated surface 
as the temperature was increased: (a) short ‘woolly’ 
filaments formed; (b) longer filamente grew normal to 


the surface; (e) nodes formed on these filaments and 
growth continued; (d) ‘fir-tree’ growth occurred from 
these nodes. This latter growth appeared to act as 


centres of sublimation and the needles decreased in 
height. There was no sign of melting. Stage (d) was 
accompanied by the formation of a thin film (presumably 
aluminium nitride) on the inside of the bell jar. 

When heating was stopped after stage (6) it was found 
that the needles were hexagonal priams about 1,600p long 
by 20u thick and almost transparent. They could be 
bent through an angle of about 15° before fracture 
occurred. 
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Fig 1 Alnumintum nitride neodles, reflected ght. 
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Fig. 2. 
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Specimens examined after stage (c) showed woll- 
defined nodes (Fig. 1.) separating transparent hexagonal 
prismatic crystals. The fir-tree growth (stage (d)) 18 
shown in Fig. 2. 

P E. Evans 
T. J. Davies 


Department of Metallurgy, 
Faculty of Technology, 
University of Manchester. 
1 Jefforoy. G. À., and Pany, G. 8., J. Okem, and Phys., 83, 406 (1055). 
* Bvans. P. E., and Wildgmith, G., Brit. J. App. Phys., 13, 08 (1062) 


CHEMISTRY 


Oxidation of Plutonium In Moist Air and 
Argon 

THE only published works on the oxidation of plutonium 
are by Waber!, Poole? and Seckman’. Waber and 
Sackman’s work was carried out only in air at tempera- 
tures < 100° C, whereas Poole’s work was at 320°—480° C 
in air. In order to understand the mechanism of oxida- 
tion, we have found 1t necessary to compare the oxidation- 
rate of plutonium in air and in argon under both dry and 
humid conditions at a temperature sufficiently low that 
changes in oxidation behaviour are readily detected. 
Results presented here indicate that oxidation 18 anodically 
controlled. 

Abraded specimens of plutonium (both cast disks and 
rolled sheet) were oxidized for 1,800 h in air and in argon 
at room temperature and 95 per cent relative humidity. 
Despite some irreproduoibility of results caused by varın- 
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tions in microstructure and purity of different casts, oxida- 
tion proceeds many times faster in moist argon than in 
moist air and extremely slowly under dry conditions 
(Table 1). This suggests that oxidation proceeds primarily 


Table 1. OXIDATION-RATB OF PLUTONIUM AT 25° O 


Rate of oxidation tn* bir 

Oasi Argon birt Alt kirt bae  HumMHy (%) 
92 0-0071 0-00028 25-4 95 
106 0-0040 0-000996 42 96 
108 0 0001 0 000129 114 96 
119 0-0043 0 00079 5-5 96 
119AT 00087 0 00065 13-4 96 

0$ 0$ = 0 

» from slope of line after initial deviations from linearity. 


by reaction with moisture and is under anodic control 
The only other example of a metal oxidizing in this way 
19 uranium‘. At this ture, oxidation of plutonium 
after the mitial deviations from linearity 
acused by the prottotive oxide fle: on the melal in ar 
(Fig. 1). This protective oxide fihn continues to be built 
up to ita maximum thickness in moist air; thereafter,-the 
oxidation-rate is reduced as the oxygen seals the oxide 
surface, thus reducing the anodic surface area and the 
rate of reaction with moisture. In moist argon, the pro- 
tective film takes some time to be broken down; thereafter, 
oxidation proceeds quickly because there is no oxygen 
to inhibit ‘the reaction with moisture. 
J. B. Raywor* 
J. F. SAOXMAN 


ns Research Establishment, 
Berks. 


* Present address: Department of Chemistry, University of Lenester. 
1 Waber, J. T., Olson, W. AL, and Roof, B. B., J. Nuclear Materials, 8, 201 


(1081). 
bar cu d ire J. n J. A- O. Frenin, Ro M 
and Noter, M. J. F., Piuionwm 1960, 627 (Cleaver Hume Press, 
iet d 
" J. T od, 222. s 
* Waber, J. T., U.S. Atom. omm.. Tep: LA-1381 (1948). Hvans, 
Usa The Corrosion ond om of Metals (Arnold Press, London, 


Atomio W. 


Electrochemical Generation and Visible 
Spectrum of Nitrobenzene Free Radical 
Anion in Dimethylformamide 


PorAROGERAPHIO behaviour and electrolytic reduction of 
nitrobenzene in a solution of 0-2 N sodium nitrate in 
dimethylformamide show that free radical anions of 
nitrobenzene are formed!-*. In this solution nitrobenzene 
is reduced in two polarographic waves, the first of which 
corresponds to the formation of the free radical anion 
C,.H,-NO,-. These anions can be generated, in a special 
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electrolytic veasel containing the solution, by electrolysis 
at a mercury pool cathode at a potential corresponding to 
the diffusion current of the first polarographio wave of 
nitrobenzene in dimethylformamide. The nitrobenzene 
anions generated were relatively stable in the absence of 
oxygen and were of a yellow-brown colour in solution. 
The anions formed gave a polarographic oxidation 
current (Fig. 1) corresponding to the formation of nitro- 
benrene: O,H,-NO, — e—O,H,-NO,. 
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ERE Polarograms of solution of 2-7 x 10- M nitrobenzene in 02 N 
in ormamide 


nitrate A, first one-electron wave 
before electrolysis; D, the samo after oleotrolysis; 0, in 
time of anodi at potential —0 65 for calomel 
eleotrode) of free radical anton. Hi t of anodio current 


to about 25 x 10+ M 
anions 


On the assumption of the equality of diffusion coeff- 
cienta of nitrobenzene and ita free radical anion, it was 
possible to determine from the height of the anodio 
oxidation curve the concentration of these anions in 
solution’. 

In the present communication we are concerned with 
the visible spectrum of the free radical anion of nitro- 
benzene formed in the solution. 

Weisman e£ al. and Hoijtink et al.‘ investigated the 
optical spectra of negative ions produced by the action of 
alkali metals on aromatic hydrocarbons in aprotic solvente. 
Pointeau and Mme. Favede® investigated spectra of free 
radical anions of aromatic hydrocarbons after their 
generation by electrolysis in dimethylformamide. The 
latter workers, however, did not give in their method the 
concentrations of generated free radical anions and hence 
the extinction coefficients. 

We performed our experimente using a special cylindri- 
cal, electrolytic cell made of quartz. Electrolysis was 
carried out with 2-5 x 10-* M solution of nitrobenzene in 
0-2-N NaNO, in dimethylformamide at a mercury pool 
cathode against a standard calomel electrode at & potential 
corresponding to the first polarographic reduction wave of 
nitrobenzene. The solution was mixed during electrolysis 
by passing through a stream of hydrogen which had been 
very carefully purified to exclude oxygen and water. After 
the electrolysis mixing was continued for a fow minutes in 
order to achieve a uniform concentration of the anions 
formed. A stream of hydrogen was passed above the 
solution to prevent the entry into the cell of small amounts 
of air through the jointe. Spectrophotometric measure- 
menta were made with & Ges a Optica-Milano 'C.P-4' 
spectrophotometer. Simultaneously, the spectrophoto- 
metric measurements of extinction and the polarographic 
anodic oxidation current (Fig. lc) of the nitrobenzene 
anions present in solution at potential —0-65 V for the 
stendard calomel electrode were recorded. From the 
height of this oxidation current it was possible to determ- 
ine the actual concentration of the nitrobenzene free 
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Fig. ‘Visible spectrum of nitrobenzene 


radical anion. By combining this with measurements of 
extinction for different wave-lengths caused by the 
presence of the free radical anion, the extinction ooeffi- 
cients of the whole spectrum were calculated. 

The visible spectrum of nitrobenzene free radical anion 
exhibits two distinct maxima: the first is at 485 my 
region and the second at 465 my (Fig. 2). 

The method applied by us for simultaneous measure- 
ments of the optical properties and oxidation current of 
the nitrobenzene free radical anion can be used for determ- 
ining the extinction ooefficients and spectra of different 
free radical anions which are stable, or which only slowly 
decay with time. This method also enables the measure- 
ment of the kinetics of the decay of radical anions to be 
made, - 

WETOB KAMOLA 
Roman S1opa 


Institute of Physical Chemistry, 
Polish Acadamy of Sciences, 
Warsaw. 
oak x ML and Bioda, B., Hul. Acad; Polon. Sei. (Berts Ohtmique), 10, 


Mo am Bull. Acad, Polen. Soi., (Berke Ohtmique) (In 
Pr toed) Lipkin, D., and Welman, B. I., J. Amer. Chem, Soc., 78, 
“Bats (low olay, € 2, and Swe, W, H, Am. re, Chim, T 


+ Ponton, Bs, and Favede, Mme., prepeints of 5&1, the fifth 
intern, symposium on free radicals, Uppeala (July, 1961). 


ji situe. of Central 
etic u 


KrBOTRON-TRAN&BFHE Teactions between organic gub- 
stances have often been implicated in various biological 
-. Recently, Karreman, Isenberg and Szent- 

* have suggested that certain central 


the electric double layer of the central nervous system. 
A consequence of this hypothesis would be that pharmaoo- 
logically active substances should possess relatively low 
ionization potentials. 
it has been inferred both from molecular 
orbital and charge-transfer spectra’ that 
these substances should be good donors, as yet there have 
been no reports of ionization potentials of suppressants. 
Though the direct measurement of ionization potential is 
quite difficult, it is nevertheleas possible to derive values 
of this quantity from photoelectric measurements on the 
solid. 

The photoelectric threshold, Tg, of a molecular arystal 
has been shown? to be related simply to the molecular 
ionization potential, Ig, by: 


Io = Ig + P (1) 
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where P is the polarization energy of the crystal. P can 
be calculated for crystals of known structure. 

We have measured Ig for several central sympathetic 
suppreesante and threshold energies are given in Table I. 


Table L Ig AKD Ig For Bows PHARMACOLOGIOALLY ACTIVE SUBSTANCES 


Io (eY) Ig (eV) 

Phenothiasine * 514 + 0-05 6-7 
Promaxine 516 + 0-06 68 
Promaxine 5-46 + 0-05 T1 

508 + 005 eT 
Chiorpromarine ore ' 523 + 006 68 
Triftucperaxine 5-68 + 010 T3 
Proehlorperaxtne &45 + 010f Tl 
Reserpine 5-40 + 0-06 TO 

pbarmaeoologieally. 


* Inactive 
T As viscous ofl. 

Ig is estimated from equation (1) by assuming an 
average value for P of 1:0 eV (ref. 8). We expect the 
error in P to be no greater than 0:3 eV. 

The measurements indicate that these substances have 
striking electron-donatmg properties. Chlorpromarine is 
an even better donor than the readily oxidizable naphtha- 
.oene for which Ig = 5-25 eV (ref. 0) and Ig = 6-88 eV 
(ref. 10). Low vatues of Ig for phenothiazine derivatives 
are seen to be associated with the parent nucleus. 

Though it is appreciated that alternative mechanisms 
of suppression of the central nervous functions are feasible, 
the present work is consistent with the electron-transafer 
theory. It must be emphasized, however, that the 
possession of a low ionization potential does not in iteelf 
render a substance pharmacologically active. Pheno- 
thiazine, for example, is not & central sympathetio sup- 
preseant. 

Since such biochemically important molecules as the 
chlorophylls and -carotene also have low values of Ig 
(ref. 11) it is still possible to maintain that electron- 
transfer reactions may be of importance in many bio- 
logical processes. 

We thank Prof. 8. E. Wright, Mrs. R. Temple and 
Dr. W. J. O'Reilly for useful discussions. 

L. E. LYONS 

J. O. Maor 

Department of Physical Chemistry, 
` University of Sydney. 
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Photoconductivity of Manganous Phthalocyanine 


Wu have investigated the dark- and photo-conductivity 
of single crystals of metal-free and some transition metal 
phthalocyanines. Some of our resulte for metal-free, 


xine, copper, nickel and oobalt phthalocyanines have 
Meanwhile we have ex- 


ganous phthalocyanines. Here we wish to report briefly 
that we have found manganous phthalocyanine to differ 
in its behaviour from the other members of the series in & 
striking manner. The measurements were made on the 
needle-shaped crystals using two electrodes. No guard 
ring was used, and the t is therefore equivalent 
tine savings codul vit Gell: 

First, we find the dark resistivity of the manganous 
compound is much lower than that of the other phthalo- 
cyanines. The dark resistivities are presented in Table 1, 
fram which it can be seen that while ous phthalo- 
cyanine has a specific resistivity as low as 10* ohmej/o.o., 


590 
Table 1 

Phthalocyanins Specific reaiztanoe (ohm/oe.o.) 
Metal-free o, 102 
Manganous z 4 x 10* 
Ferrous 4x10 

Cobalt 9 x 10° 

Copper ix ton 

x 
Zins 3 x 10° 


the other members of the series have speoiflo resistivitied 
lying between 10° and 10?! ohms/c.c. 

Secondly, while the photoconductive action spectra of 
compounds other than manganous phthalocyanine were 
generally similar, baving two or more peaks in the region 
6000 A-8500 A, and another, usually weaker, peak in the 
region 10000 A-12000 A, manganous phthalocyanine 
showed ita spectral over the range 7000 Å- 
20000 A (the limit of our monochromator) with broad 
maxima at 18500 A and 16000 A. The photocurrent in 
the infra-red was stronger in this compound than in any 
of the others. 

Thirdly, the photocurrent is depressed in a remarkable 
way by gases. We have used dry electrolytic oxygen, 
dry oxygen-free nitrogen and water-vapour, and find all 
three, but particularly water-vapour, to have a marked 
effect on the photocurrent. A preesure of 1 om mercury 
of any of these gases was sufficient to depreas the photo- 
current to the value in air, which is lees by a factor of 
forty than ite value at 10-5 mm mercury. The effect of 
evacuation or the introduction of gases waa, as far as 
could be measured, instantaneous, and was repeatable, 
apperently indefinitely. 

We oould find no evidence of absorption bands corre- 
sponding to the spectral response of manganous phthalo- 
ien in ite diffuse reflexion However, & 
series of three peaks was found in the solution spectrum 
in o-dichlorobenzene, at 8500 A, 10900 A, and 13500 A, 
the last being the most intense and corresponding to one 
of the maxima of the action spectrum. The extinction 
. coefficients of these absorption bands are leas by a factor 
of at least one hundred than the extinction coefficient in 
the very intense first singlet absorption band of the 
phthalocyanines. We are, as yet, unable to assign these 
bands definitely; but one possibility is that they are due 
to triplet transitions. Low optical absorption can give 
inordinately large photocurrenta if they lead to an 
efficient photoconductive mechanism. 


P. Day* 
G. Sonzaa 
R. J. P. WILLIAMS 
Inorganio Chemistry Laboratory, 
South Parks Road, 
Oxford. 


* Present address: Oyanamid Huropean Research Institute, Route de la 
Capite, Oologny, Geneva. . 
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Differential Isotope Effects in the Ortho- 
and ParaBromination of Dimethylaniline 


Ax account of the kinetio isotope effect observed in the 
bromination of dimethylaniline in aqueous acid containing 
added bromide ions has been given previously’. We now 
report that the observed isotope effeot varies with the 
bromide ion concentration, but not with the acid nor 
with the amine concentration. The relative rates of 
bromination of dimethylaniline and its 2,4,6-trideutero 
derivative (0.005—0-0125 M) in sulphuric acid (6-4 M), 
measured by Bell and Ramsden’s method’, are: 

pu ap 0025 0080 0100 0-250 

xiba 17, 15 18 11 
Under comparable conditions, similar isotope effects are 
found for 2,0-dideuterodimethylaniline, whereas 8- and 4- 
deuterodimethylaniline give no isotope effect at any brom- 
ide concentration m the foregomg range. These resulta, 


0-0125 
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together with the obeervation* that the ortho/para ratio 
for the bromination of dimethylaniline in aqueous acid is 
2-3 and 0-15 at bromide concentrations of 0-025 and 0-5 M 
respectively, indicate that the isotope effect is 2-6 for the 
ortho-bromination and unity for the para-bromination of 
dimethylaniline under the conditions described. 

The isotope effects obtained imply either that the 
ortho- and the para-substitutions proceed by different 
mechanisms, the rate-determining step involving the 
fission or the lengthening of the O-H bond in the ortho., 
but not in the para-bromination, or that steric effecta 
supervene in the ortho-deutero compounds, owing to the 
smaller amplitudes of C—D vibrations compared with the 
corresponding O-H vibrations. The red complexes formed 
by dimethylaniline and bromine, with molar ratios of 
1: land 1 : 2, may be intermediates in the reaction, ainoe 
the colour of aqueous bromine deepens on the addition of 
dimethylaniline, giving & band with an absorption maxi- 
mum at 4650 A. Ortho-deuterium atoms may stabilize 
Buch complexes by allowing fuller conjugation between the- 
dimethylamino group and the benzene ring, resulting in à 
slower subsequent reaction between the complex and 
additional bromine. Using an arsenite titration method, 
which avoids the uncertainties connected with the 
particular electrode processes involved in the potentio- 
metric method?, the reaction order is found to be 1:3 in 
titratable bromine, suggesting that the transition state of 
the reaction contains more than one molecule of bromine 
with each dimethylaniline molecule. 

P. G. FARRELL 
B. F. Mason 
Department of Chemistry, 
University of Exeter. 
1 Farrell, P. G., and Mason, 8. F., Nature, 183, 250 (1959). 
* Bell, E. P., and Ramsden, H. N., J. Chem. Soc., 161 (1968). 
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BIOCHEMISTRY 


Chromatography of Infective Ribonucleic 
Acid from Foot-and mouth Disease Virus on 
Calcium Phosphate 


ALTHOUGH it is fairly generally accepted that the 
molecular weight of the infective unit of several ribo- 
nucleic acid-containing plant and snimal viruses is 
approximately 2 x 10*, there is still some objection to 
this conclusion. For example, Fraenkel-Conrat and his 
colleagues! consider that the infective ribonucleic acid 
of tobacco mosaic virus may be an aggregate of amaller 
polynucleotide sub-unite. Furthermore, Vizoeo and 
Burnees!, using the technique of chromatography on 
calcium phosphate, have shown that the infective material 
obtained by phenol extraction of Krebs-2 ascites tumour 
cells infec with mouse encephalomycarditis virus is 
eluted at phosphate molarities ranging from 0-01 to 0-21 M. 
As this method separates ribonucleic acids according to 
their molecular weighte, the smaller molecules being 
eluted first’, it appears that the infectivity is associated 
with componente of several molecular sizes, some with 
molecular weights considerably smaller than 10°. This 
finding is of considerable importance. It seemed of 
interest, therefore, to apply the same method to the 
examination of the ribonucleic acid-of another virus. 
Consequently, the chromatographic behaviour of the in- 
fective ribonucleic acid obtained by phenol extraction of 
both pig kidney tissue culture cells and the vesicular 
fluid from guinee pigs infected with the virus of foot-and- 
mouth disease has been investigated. Two strains'of the 
virus have been used for the p tion of the infective 
ribonucleic acid: (a) strain 1 (type O) from the fluid 
from vesicular lesions of guinea pigs infected with tbe 
virus, and (b) strain 997 (type C) passaged more than 


No, 4867 


BNA infectivity (ID fm.) 





100 times in pig kidney cell monolayer cultures. Sus- 
pensions of each virus stram were extracted with phenol 
at 2°O in the usual manner and the infective extracts 
introduced on to 5 x 1 em calcium phosphate columns 


ee Bees method described by Main 
and Cole!) in equili with 0-01 M phosphate buffer, 
pH 7-2. Gradient elution bE 0° O waa ealioved by i 
0-5 M phosphate to a reservoir containing 0:01 M phos- 
phate. Fractions (5 mL) were collected and titrated in 
mice (for strain 1) or pig kidney cell monolayers (for 
strain 997). In each case the viral ribonucleic acid was 
mixed with cell ribonucleic acid (prepared by phenol ex- 
traction of uninfected pig kidney tissue culture cells) 
before addition to the column so that the behaviour of 
the viral and cel ribonucleic acids on the same 
column could be determined. Ribonucleic acid was 
estimated m each fraction by the orcinol method or by 
measuring the ultra-violet absorption at 260 mp. 

A typical elution diagram is shown in Fig. 1. This 
shows that the two main peaks (A and B) of ribonucleic 
acid from pig kidney cells were eluted at the same molar- 
ities as the ribohucleic acids from Krebe-2 ascites tumour 
oells*. Recovery of both chemical and infective ribonucleic 
acid was almost quantitative. Infectivity could not be de- 
tected in the first ribonucleic acid peak (A) eluted from 
the column but was found mainly in conjunction with 
the second peak (B). The peak of infectivity did not 
coincide, however, with the peak of the cellular ribo- 
nucleic acid bub was eluted at a slightly higher molarity. 
In addition to the main peak of infectivity a smaller 
peek was eluted with 0-17 M phosphate (Fig. 1). This 
second peak represented about 20 per cent of the total 
infectivity and has been obtained in all the fractionations 
so far oarried out. i 

A similar elution pattern was obtained with the phenol 
extracts of pig kidriey tissue culture cells infected with 
the virus and collected 4 h after infection. At this stage 
of the multiplication cyole, more than 50 per cent of the 
infective ribonucleic acid t in the cells is in a form 
which is susceptible to mbonuclease and is probably a 
virus . This evidence suggests that this ribo- 
nucleic acid has the same molecular weight as the viral 
ribonuoleio acid. 

The resulta of Burnees and Vizoso’, obtained with 
Krebs-2 ascites celle, show that the molecular weight of 
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peak B, eluted at 0-11 M phosphate, is of the order of 
10*. Consequently, the molecular weight of the infective 
unit or unite obtained by phenol extraction of foot-and- 
mouth disease virus is greater than this value. These 
resulta thus provide supporting idence for the figure 
of 3-1 x 10* obtained by Strohmaier and Musegay' by 
ultracentrifugation of the infective ribonucleic acid of the 
same virus. They differ from those of Vixoeo and Burness*, 
obtained with the ribonucleic acid of mouse encephalo- 
myocarditis virus, in that no low molecular weight in- 
fective units have been detected. 

We thank Drs. F. K. Sanders and A. T. H. Burneas 
for their advice concerning the preparation of calcium 
phosphate for chromatography. 

F. Brown 
J. F. E. Newman 
Dons L. STEWART 


Research Institute (Animal Virus Diseases), 
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Filtration in the Purification 
a Crustacean «-Amylase 


Dorma studies! on the a-amylase from the hepato- 
pancreas of Caroinus maenas, the common shore orab, the 
need arose for a purified enxyme preparation. 
purified tions of a-amylases have been prepared 
ra a using starch as an adsorbent™', but partition 
systems consisting of starch in water have serious draw- 
becks for hic purposes since commercial 
starches are of poorly defined composition‘. However, by 

ing dextran-gel columns a purification stage has been 
developed which im reproducible and which gives good 
enrichment. . t 

In an early purifloation scheme a partially purified 


Dext 


‘extract of hepatopancreas tissue was applied to & dextran- 


gel column, 25 x 8 om, which had been prepared from 
15 g of dry ‘Sephadex G-75' (AB Pharmacia, Uppsala, 
Sweden). The internal volume, Vi, of the column was 
calculated from the masa and the water regain of the dry 
‘Sephadex.’ The void volume, V,, had been previously 
determined with hæmoglobin in the normal manner’. 
The enzyme waa eluted with a solution containing calcium 
acetate, 0- and sodium chloride, 0-034, pH 7, at a 
rate of 10 mL/h. The enzymatio activity was assayed in the 
eluted fractions and the elution volume, V,, of the enzyme 
was determined as the volume of eluant whioh gave the 

The values recorded for Vi, V, and V, were gubetituted 
in equation 1 to give a value of 0:29 for Kp, the distribu- 
tion coefficient of the a-amylase: 


Kp = (V, = V/V: (1) 


Having established the value of the distribution coeffi- 
cient it was unnecessary to redetermine the response of 
the enzyme to gol filtration in subsequent purifications 
using gel columns of different sixes. This was because the 
elution volume of the enzyme could be caloulated by 
substitution of the values of Kp, V, and V, in equation 1 
and solving for V,. , 

The course of a typical gel filtration experiment is 
illustrated in Fig. 1. A high proportion of the protein 
content of the partially purified a-amylase preparation 
applied to the column was found to be totally excluded 
from the gel phase. This extraneous material could be 


separated from the enzyme protein provided that the 


a eolumn and eluted with , 
0 Mir aaide, 0 OBa, PH 7. A 10 fractions 
concentration (ref. 8). Total tio activity to the column, 
2,840 unita, Y 1,810 untts cent) oantalsed m 78 ml of eluate 
VHC Rede ty of 4:4, enrlohment 25. O, tw activity 


); A, protein concentration ( ) 


volume of the sample applied to the column did not exoeed 
0:29 V, (ref. 6). The enzymatic activity is partially 
retained on the oolumn enabling the isolation of an a-amy- 
lase enzyme preparation with a specific activity 8—5 times 
greater than that of the partially purified preparation 
applied to the column and in & 60-80 per cent yield. This 
preparation was obtained by pooling the two or three 
fractions obtained on each side of the elution volume. In 
all cases, any material which appeared after collection of 
the enzyme was ignored. 

The experimenta were simple to perform and the puri- 


Peation stade could be carried out within 13-18 h ing & 
freahly ed column. The resulta were reproducible 
and column could be used repeatedly after washing 


with buffer following each purification. 

Details of additional purification and properties of.the 
purified crab a-amylase will be published e here. 

One of ug (A. H. B.) thanks the Director of Naval 
Contracts, H.M. Admiralty, for financial support. 
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Fractionation of a Substance containin 
Hexosamine, isolated by Precipitation with ' 
Calcium Chloride from Normal Urine 


Ix urine there are many dialysable aa well as many non- 
dialysable substances containing hexosamine. Recently, 
considerable attention has been directed to their examin- 
&btioni-. By a number of methods various substances 
have been isolated; for the most part they represent 
complicated mixtures the composition of which depends on 
the manner of preparation. From the aleoholio super- 
natant after the precipitation of mucoproteins by precipi- 
tation with calcium chloride, Marootte-Boy et al. pre- 
pared another, non-dialysable, fraction of unknown 
nature, containing hexosamine. This communication 
reports further fractionation of this substance. 

The soluble part of alcohol and ether-dried precipitate 
was extracted with distilled water; the extract was 
frozen and then thawed. In this procedure a part of the 
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Tx. 1. Gel filtrathon on the column ‘Sephadex G-25' medium 


substances not containing hexosamine, giving positive 
murexide reaction as well as a characteristio ultra-violet 
spectrum for uric acid, remains unsolved. The supernatant 
was freeze-dried and used for further work. 

By the gel filtration of the solution of this subetance on 
‘Sephadex G-25' medium four fractions were obtained 
among which the first two contained hexosamine (Fig. 1). 

By refiltration of the column ‘Sephadex G—50' as well as 
‘G-75’ a simple peak is obtained which, however, in the 
latter case is shifted to higher elution volume. Subsequent 
fractionation was performed on a DEAE-cellulose (phos- 
phate buffer pH 6-0, ionic strength 0-01) using linear 
prd up to the ionic strength 0-01, and after this using 

inear gradient up to the concentration of 0-2 N sodium 

hydroxide. By means of chroma: hy of the first 

fraction following the gel filtration eight sub-fractions 

were obtained, flve of which contained hexosamine and 
' hexoses (Fig. 2). 
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Fig. 2. Ohromatogram of fraction I on the DHAH-oeitulose column 


By means of chromatography also the second fraction 
could be separated into eight sub-fractions, only the first 
of them, however, containing both hexosamine and 
hexoses (Fig. 8). By means of repeated chromatography 
of this fraction oonteining hexosamine on the DEAE. 
cellulose at pH 7-0 three fractions could be obtained. 

The material isolated using the Marcotte-Boy technique 
is thus & varied mixture of different subetances. Approxim- 
ately two-thirds of the hexosamme is contained in non- 
dialysable substances (molecular weight 8,000—50,000) and 
can be divided into five fractions. The remaining one- 
third of hexosamine is in the form of dialysable substances, 
probably having & molecular weight lower than 5,000. 
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Wig. 8. Ohromatogram of fraction II on the DHA W-oellulosgs column 
Detailed chemical oompoeition of these fractions is now 
being investigated. 

The experimental part of this work was supported by a 
grant from Van't Hoff Foundation, Amsterdam. 
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Changes in Hydrexyproline-concalning 
Fractions In the oping Chick Embryo 


DUBING recent years increasing attention has been paid 

to free and ide-bound hydroxyproline in order to 

in their role in the metabolism of oollagen!-1*. Since 

chick embryos contain relatively large amounts of free 

roline at least)-4-14, it seemed worth while to 

follow the contents of various hydroxyproline containing 
fractions during the development of the chick embryo. 

The following four fractions were analysed: (1) free 
hydroxyproline; (2) peptide-bound hydroxyproline soluble 
in 80 per cent ethanol; (8) hydroxyproline soluble in 1 M 
sodium chloride, insoluble in ethanol, designated as 
soluble collagen hydroxyproline; (4) total hydroxy- 
prolme. In addition, the amount of insoluble h; - 
proline could be calculated from these four values. 
values for cortisone-treated embryos in the same fractions 
are given in another preliminary report". 

The amount of peptide-bound hydroxyproline was 
calculated from the difference of analyses of the ethanol- 
soluble fraction before and after hydrolysis. Hydroxy- 
proline was determined by the method previously des- 
eribedi!*, with some modifications, except for the soluble- 
collagen fraction, for which the method of Prookop and 
Udenfriend!* was used, since the amount of h - 
proline in this unpurified fraction is very low as compared 
with that of other substances. The latter method!* was 
also used for all fractions from embryos up to the 8th day 
of development. The error of the methods of determins- 
tion was about + 8 cent. Up to the 10th day of 
development each lin the figures is a mean value of 
three pooled samples, thereafter a mean value of 6-18 
embryos, analysed separately. 

The amount of hydroxyproline in various fractions 
expressed unit of dry tissue is presented in Fig. 1 
(upper and lower). The amounts of free and soluble 
collagen hydroxyproline increase to maximum values on 


the 14th day of development. Thereafter the content of 

free hydroxyproline decreases rapidly, but the content of 
soluble-collagen hydroxyproline only alightly. In contrast 
to the free hydroxyproline, peptide-bound hydroxyproline 
was found to be present in very low concentrations. A 
tendency to increase is to be seen during embryonic 
development, and by the 20th day peptide-bound hydroxy- 


- proline forms & noteworthy part of the total ethanol- 


soluble hydroxyproline. The values are in agreement 
with those ted for acid-extractable peptides in 
10- and 17-day-old chick embryos’. 

Sinse substánoce other then collagen compose the bulk 
of the dry weight used as basis for Fig. 1, values are 
given as & percentage of the total hydroxyproline in Fig. 2 
(upper and lower) The amount of insoluble hydroxy- 
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Roe increases continuously during development. 
evertheless, even on the 5th day of development, 58 per 
cent of pe hydroxyproline is in insoluble form. It is of 
interest t in young embryos not only soluble collagen 
but also free h roline constitute a noteworthy 
part of the total hydroxyproline. Similar values for free 
ydroxyproline have also been reported recently duri 

the early development of carrageenin granuloma‘:* gad 
fibroblast cultures!*. It has been generally accepted that 
administered hydroxyprolme is not utilized for collagen 
synthesis and that the collagen hydroxyproline is derived 
from oe that is hydroxylated in bound form”. 
Therefore the played by free and peptide-bound 
hydroxyproline in the metaboliam of collagen is of interest. 
Recent work suggests that the ultra-filtrable hydroxy- 
proline present in tiasues during the early development of 
collagen representa a precursor of oollagent.&i*, It is 
evident, too, that part of the urinary hydroxyproline is 
derived from collagenio precursors*}"", The present work, 
likewise, suggests that in young chick embryos free 
hydroxyproline may be derived from precursors of 
insoluble collagen. 

sree VO NGA RAPPA Dya prane fron: the Rauma 

Kanı I. Krvigmxxo 
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University of Helsinki, Finland. 
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Oxidation of -Carotene : Formation of 
Vitamin A Acid 


ALTHOUGH Moore? had demonstrated that B-carotene 
was transformed into vitamin À in the animal body, the 
actual process of this transformation hae not as yet been 
fully understood. There are two views: one postulating 
oxidation of B-carotene at the central double bond, with 
the formation of, at first, two molecules of retinene*;* 
(vitamin A aldehyde), which are immediately reduced to 
give two molecules of vitamin A alcohol; the other 

iming that if an excentric bond be attacked it would 

ive only one moleculé of vitamin A, resulting from the 

degradation of the larger fragment. Moore‘ has 

given an outline of the evidence for and against these 
views. 

The oxidation produote of B-carotene therefore are of 
interest as they can help in giving an insight into the 
problem of provitamin- vitamin A transformation. A 
number of investigations in the oxidation of B-carotene, 
has been reported. When f-carotene was oxidized with 
chromium trioxide, semi-f-carotenone and p-carotenone 
were produced’. When, however, alkaline permanganate 
was used B-apoearotenals were formed’. Hunter and 
Williams’ oxidized B-carotene with hydrogen peroxide in 
chloroform—acetic acid medium and found retinene as one 
of the oxidation producta which gave vitamin A alcohol on 
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Fig. 1. Broken lms, 

by axtdation of f-o&rotene 

lune, absorption of vitamin 
of A acid followed by chromatography 


reduction, the yield being only 0-4-0-5 per cent. With 
osmium tetroxide as catalyst & moderate yield of 30 per 
cent was reported*. Meunier!’ reported formation of 
vitamin A aldehyde, retinene hydrate, and vitamin A 
alcohol from carotenoids, especially from f-carotene by 
oxidation with various metallic oxides, namely, TiO» 
V40,, Fe,0,. His reported yield of about 95 per cent was, 
however, disputed by Sebrell and Harris", who were 
unable to reproduce Meunier’s resulta. 

In none of the foregoing oxidation investigations, how- 
ever, was the formation of vitamin A acid reported from 
B-earotene. In an investigation carried on in this labora- 
tory, it has been possible to obtain vitamin A acid as one 
of the products of oxidation of B-carotene. When B-caro- 
tene in leum ether or ether solution was kept over a 
mixture of V,O,/MnO, (5 : 2) for about 80-90 h the 
solution changes to & iah yellow colour. This waa 
then chromatographed on a column of deactivated 
alumina” (8 per cent water), when three zones separated 
at the top. The first, second and the third zones gave on 
extrusion and elution with ethanol, spectra with AAmax 
at 335 mp, 285-287 mu, and 850-351 my, respectively 
(solvent—ethanol). The third rone has spectral character- 
istics corresponding to vitamin A acid (Amax at 847 my in 
petroleum ether, 350-351 mp in ethanol) With SbOl, it 
gave a parple colour having Amax at about 570 mu. 
The acid was then selectively reduced and chromato- 
graphed on deactivated alumina, when it gave a product 
spectroscopically identical with vitamin A alcohol (Amsx 
at 825 my in ethanol, and with SbCl, gave a blue colour 
with Amax at 618 mp). Fig. 1 shows the absorption 
spectra in ethanol of vitamin A acid (shown with broken 
line) and that of vitamin A alcohol obtained after reduc- 
tion and chromatography (ahown with unbroken line). 


R. K. BARTA 
A. B. BARUA 
Department of Ohemistry, 
Gauhati University, 
Assam. 
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A Significant Variable in the Rat Hemidiaphragm 
Assay of Insulin 

Wana using the rat hemidiaphragm method for assay 
of insulin’, it was noticed that the right hemidiaphragm, 
when incubated in the presence of insulin (2 milliunite/ 
ml), takes up significantly more glucose per unit weight, 
per unit time than the left hemidiaphragm. The basal 
uptake (without insulin) of the right hemidiaphragm was 
slightly more than the left, but the difference was not 
significant. The combined resulta of seven seperate 


experiments are shown in Table 1. 











The diaphragms were all dissected out in & standard 
manner from the ventral aspect. The right hemi- 
diaphragm was always removed before the left and outa 
were always made through comparable areas of muscle. 
The left phrenio nerve was always seotioned after removal 
of tbe left hemidiaphragm. 

The following factors which might oontribute to the 
difference in uptake of glucose between right and left 
hemidiapbragms have so far been investigated: 

(1) The left hemidiaphragm might hold more water or 
contain leas muscle than the right hemidiaphragm. It 
has been shown that (Table 2): (a) The wet weight of 
the diaphragm correlates very significantly both with the 
dry weight (dried at 110° O for 2 h) and with the 
non-collagen nitrogen content of the diaphragm. The 
latter? has been shown to correlate with the muscle con- 
tent of a tissue such as the rat diaphragm. (b) The 
regression ooeffioient for the correlations of: (i) wet 
weight versus dry weight; (ii) wet weight versus non- 
00. nitrogen of right and left hemidiaphragms do 
not er significantly fram each other. 

Thus there is no evidence that right and left hemi- 
diaphragms differ in their water or muscle content. 

(2) In the foregoing experiments, the right hemi- 
diaphragm and right phrenic nerve were always cut before 
the left hemidiaphragm and the left phrenic nerve. 
Metabolites such as corticosteroids or adrenaline might 
accumulate in the left hemidiaphragm more than the 
right and lead to antagonism of the effect of insulin. 
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Buse and Buset have shown that section of the phrenic 
nerve hours or days before use, can lead to decreased 
sensitivity of the diaphragm to insulin. It is conceivable 
that discharges from the sectioned spinal cord down the 
phrenic nerves might affect the diaphragm longer in con- 
tact with ita nerve supply. Such effects should be altered 
by: (a) removal of the left diaphragm before the right 
—any metabolites will now affect the right diaphragm 
more than the left; (b) section of the left phrenic nerve 
before cutting the right phrenic nerve and hemidia- 
phragm. 
































Table 3 shows the resulta of these two experiments. 
These procedures do not affect the original pattern of 
the right hemidiaphragm taking up more glucose, in the 
presence of insulin, than the left. The difference does 
not therefore depend on the technique of removing the 
diaphragm. The possibility that the right and left hemi- 
diaphragms have a different surface area to weight ratio 
is being explored. 

A similar difference between right and left hemi- 
diaphragms was described by Mann‘. The difference 
was noted only with smaller concentrations of insulin and 
under basal conditions. With higher concentrations of 
insulin, in the range of the i recorded here, 
the difference between the two sides of the diaphragms 
were minimal or absent. The existence of this difference 
when concentrations of about 2 m.unite insulin/ml. are 
used is important, as such concentrations are commonly 
used experimentally. The difference will increase the 
variability of any insulin assay and may bias resultes if 
unequal numbers of right and left hemidiaphragms are 
used in any one assay. 

Jouw BINGLE 

Department of Medicine, 

The General Infirmary, Leeds 1. 
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CEstrogens and Progesterone In Ovaries of 
the Marine Teleost Conger conger 


RasurrTS of biological assays have shown Oonger conger 
ovary! as well as other teleost ovaries** to contain 
ceetrogenio material. No indication of the chemical struc- 
ture of the steroids present in the ovaries of these fishes 
has so far been ascertained. Only recently cetradiol-17B 
has been identified in the ovarian extracta of Salmo irideus 
and costradiol-17B, «cetriol and 16-epi-wstriol in the 
ovarian extracts of Cyprinus carpio’. 

In order to clarify this pomt, ovaries of the marine 
teleost Conger conger were extracted according to the 
method of Dean and Chester Jones*. From 740 mg of fresh 
ovarian tissue, obtained from one sexually mature female, 
30 mg of neutral material and 75 mg of phenolio 
material were isolated. 

The neutral fraction was resolved by paper chromato- 
graphy in systems developed by Bush’ and Zaffaroni!*. The 
first chromatography by the Bush O system showed the 
presence of a spot absorbing in the ultra-violet region, the 
Er of which was the same as pure progesterone. This spot 
was eluted and chromatographed successively by two 
systems (Zaffaroni and Bush A); the Hp of this com- 
ponent corresponded in both systems to that of proges- 
terone. The steroid material was eluted and at this atage 
of purification showed an & tion maximum at 240 my. 
It was again chromatographed by the Bush A system, and, 
likewise pure progesterone, showed a positive Zimmer- 
mann reaction on the paper. 

According to these findings, therefore, this oompanenb 
is progesterone. 

On the basis of the ultra-violet absorption curve, pro- 
gesterone was calculated to be present in the amount of 
approximately 15 pg/kg of freh tissue. 

The phenolic fraction was resolved by paper chromato- 
graphy in 1 : 1-75 per cent methanol-toluene system. In 
order to detect the position of the œstrogens, 0-5 cm of the 
paper strip (total width, 1-5 om) was cut and sprayed with 
a solution of 1 per cent ferric chloride and 1 per cent 
K,(Fe(ON),) (ref. 11). The colour reaction which followed 
this treatment showed the presence of ctriol and cestrone 
in amounts, as it appeared from semi-quantitative estima- 
tions, of about 50 and 80 ug/kg respectively. Traces of 
œstradiol-178 were also present. 

The remaining part of the strip was eluted; the eluates 
of the zones corresponding to the three cestrogens were 
acetylated for 8 h by means of acetio anhydride and 
pyridme. The acetylated derivatives were chromato- 
graphed in 1 : 1 benzene — 80 per cent methanol system. 
After accomplishing hydrolysis in situ with ammonia the 

ots were detected by the colour reaction already 

escribed. They showed the same Ry as the authentic 
pure œstrogen derivatives. 

These resulta show a similarity between tho E 
secreted by the teleost Conger conger ovary and those 
observed in the case of both mammalian and non-mam- 
malian vertebrates. So far as fishea are concerned, 
cstrone (not quantitatively), cestradiol-17B8 (120 ) 
and progesterone (although not conclusively) have 
identified in the ovaries of the elaamobranch Squalus 
suckleyi!!; only owtradiol-l7B (not quantitatively) has 
been identified in the ovaries of Salmo wideus’ and cetriol, 
16-epi-cestriol and cestradiol-17B (not quantitatively) in the 
ovaries of Oyprinus carpio’; while oestriol (700 ug/kg), 
ceetradiol-17B (traces), estrone (70 pg/kg) and progesterone 
(60 pg/kg) have bean detected in the ovaries of the lungfish 

anneciens*. 

The only differences existing between these species of 
fishes appear to be the absence of œstriol in the ovarian 
extracts of Squalus suckleyi and Salmo trideus and of 
castrone in those of Salmo trideus, and the discrepancies in 
relative concentrations of the various cwtrogens. The 
latter could be due to different concentration of the 
- enzymes involved in the metabolism-of the cwtrogens.' 
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The presence of progesterone in a teleost, as well as in 
other fishes, raises the question of ite role in the reproduo- 
tive behaviour of lower vertebrates. 

This investigation was supported by a research grant 
RG-6455 from the Division of General Medical Sciences, 
U.8. Public Health Service, and by the National Research 
Oouncil, Italy. 

O. Lupo 
G. OnrmrpFI 


Institute of General Biology &nd Genetios, 
and Zoological Station, Naples. 
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Species Difference in to the Distri- 
bution of Glu phosphatase 

Tus enzyme glucose-6-phosphatase cannot be classified 
as either acid phosphatase or alkaline phosphatase. It is 
highly specific and is differentiated from non-specific acid 
and alkaline phosphatases on the basis of location and 
behaviour. 8o far, no ic study has been made 
ene the distribution of this enzyme in different 
species of animals. Hers and de Duve! first reported that in 
rata ib is abundant in the liver, bub only present in small 
amounts in the kidney; it is, however, absent in tho intee- 
tine and not t in detectable amount in other organs 
and blood. But afterwards they contradicted their own 
previous finding and showed that glucose-6-phosphatase 
was also present in the intestine. The present oommunioa- 
tion concerns an investigation of the distribution of this 
enzyme in different species of animals. 

The resulte presented in Table 1 show that in most of the 
species the gluoose-0-phoephatase activity is concentrated 
mainly in the liver and to some extent in the kidney. The 
brain and testes have little, if any, glucose-6-phosphatase 
activity. In mammals like mouse, rat and goat both the 
liver and the kidney have more or less similar activity. 
It is interesting to note that in lower forms of animals, 
namely, toad, tortoise and fish, the kidney irra i 
& very little glucose-6-phosphatase activity. It also 


Table 1.  DINTRIBUTMOX OF GLUOOSE-6-PHOSPHATASES IN TIBEURB Homo- 
Dormir 


GINATES OF SPOE OF ANIMALS 
The test system contains: 03 oml Gf 01 W ac wT di te mL 
o aoas bamer ote Ms 05) and ml of enryme 


(homogenate or mrarosomes as 
At the end of the Inogbation period 


87°), 2 mL of 10 per cent 
tnohloroaoe(io aoid was ‘ter keeping for a few min m m 
the were diluted to 10 mL and een aliquot (0-5 ml, 
was for of phosphate by method of Chen ef al. 
Natural Xame of Act of gtucose-6-phosphatase in units * 
order the species Iiver Intestine Brain Tostis 
Amphibia Tortoise 35-0 13 11 L8 — 
PS IM 86-2 8-6 3-8 1-1 — 
: ) 19-0 3-1 14 2-8 
Aves oni 88-1 88-8 23 24 2-2 
Pigeon 84-1 2 21 1-8 3-2 
Mammalia Mouse 47-6 16 1:8 3-2 
Rat 461 483 8-5 45 5-0 
Goat 41:8 51-8 — 20 — 
Guinea pig 23-6 4 18-2 28 412 
Rabbit 18-6 191 10-5 18 $-6 


homogenate contales oniy a irass of eror Cepha tas aotiviy, but the 

eon ya , 

mieromerue obtained after sediaeniation a? 8 for 60 min have been 

found to possess a activity enxyme. e 
*1 unit = xg of Pi/mg protem/30 min. 
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pears from the results given m 
able 1 that in amphibians and in 
fish, the liver tissue the 
maximum gluooee-0-phosphatase 
activity whereas in the avian species 
and in mammals both the liver end 
the kidney were almost equally 
active. It has been observed that 
intestines of rat, guinea pig and 
rabbit poaseas a small activity of 
giucose-6-phosphatase. 

In one invertebrate species exam- 
ined, namely, crab, it has been 
found that though the hepatopan- 


homogenate contain a fair amount 
of activity. ‘The reason why the 


In studying the activity of the 
microsomal fractions i 
under different centrifugal forces it 
has been observed that the fraction 
sedimented at 30,000g for 60 min, 
which was mainly composed of the 
heavier microsomes, possesses the 

i activity in the case of the 


separa 
centrifugation at 20,000g for 60-00 
min. ing the different enzymatic activities of the 
heavier and the lighter microsomes it has very recently 
been shown by Kar et al.” that the heavier microsomes 
sedimenting at 20,800g for 60 min are more active than 
the lighter microsomal fractions sedimenting at 59,8809, 
88,7009 and 100,500g, 60 min each time, respectively, in 
ici to the synthesis of L-ascorbic acid in rat liver. 
microsomal glucoge-6-phosphatase can be rendered 
soluble by treatment with a variety of surface-active 
agents like sodium deoxycholate, "Triton .X—100', sodium 
dodecyl hate and “Duponol’. 
We the Indian Council of Medical Research for 
financing this work. 
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Accumulation of Ribonuclelc Acid in 
Escherichia coll due to the Action of 
5-Methyl Tryptophan 

Iw bacteria, the syntheses of protein and ribonucleic 
acid (RNA) are normally closely linked but, under certain 
conditions, protein synthesis may be slowed down or 
stopped relative to the synthesis of RNA, so that RNA 
may be achieved by incubation of ocells with chlor- 
amphenicol! or puromycin" and also when a certain 
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particles which sediment more slowly than ribosomes, at 
about 14-189. It has been suggested’ that although 
these particles have some of the ies claimed for 
‘messenger’ RNA’, they are more to be related to 
precursors of the ribosomes. 

The mutant strain in which the control of RNA 


growth and protem 
able synthesis of RNA (and DNA) occurs. In the 
experiment in Fig. 1, after 3-h inoubetion with 5-methyl 
tryptophan, the protem content of the cells had increased 
by 35 per cent, the RNA content by 140 per cent. If 
extracts are from inhibited cella and examined 
in the analytical ultracentrifuge, then additional bound- 
aries sedimenting at 14-185 are once again seen (Fig. 1). 
In similar i ta with a second methionine &uxo- 
troph of B. i which does not synthesize RNA when 
starved of methionine, inhibition of growth can also be 
brought about by 5-methyl tryptophan, but there is 
comparatively little ‘extra’ RNA synthesis and no new 
boundaries can be seen in ultracentrifuge diagrams. It 
therefore seems likely that the produotion of 14-189 
material by the action of 5-methyl tryptophan may be 


oonfined to the ‘relaxed’ strains. 
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When tryptophan is added to a culture of the ‘relaxed’ 
mutant which has been inhibited by 6-methyl tryptophan, 
the vells- retein their accumulated RNA as growth and 


changes 

(Fig. 1). The 14-189 components now sediment very 
close to the 809 ribosomes and an additional small 
boundary which sediments at about 40S appears. Like 
the 14-185 material, these new components are extremely 
sensitive to RNase. In normal E. coli cells, particles 


sedimenting at about 30 and 405 have been implicated . 


in the synthesis of ribosomes*. We may therefore be 
observing in these experiments further stages in mbosome 
synthesis from 14-185 precursors. 
Q. TuzNOOK 
D. G. Wup 
Department of Biochemistry, 
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Transmission of Noradrenaline across the 
Human Placenta 


~ Famar bradycardia during labour is usually taken to 
be a sign of ‘fœætal distress’, its ocourrenoe being inter- 
preted as & consequence of fæœtal hypoxia. Beerd! has 
recently considered the possibility of an endogenous 
humoral agent such as noradrenaline in the maternal 
circulation contributing to, or causing, this type of fostal 
response. After injecting noradrenalme into the pregnant 
human subject, he noted & transitory fotal bradycardia 
but was not able to decide from his results whether this 
effect stemmed from uterine vasoconstriction with sub- 
sequent fatal hypoxia or from a direct action of nor- 
adrenaline on the fostal cardiovascular system. 

It seemed important to try to elucidate this . 
Although the administration of radiowotopically lled 
noradrenaline to the mother followed by direct detection 
of activity in the fostal blood appeared to offer the best 
chance of obtaining this information, it was not con- 
sidered justifiable to perform such an experiment in the 
presence of a normal fœtus. Procedures have thus been 
confmed to clinical oircumstanoos incompatible with 
foetal survival; choice and availability of clinical material 
have of necessity been limited. 

Following intravenous injection of 140-Dr-noradrenalino 
into the mother, the labelled noradrenaline content of 
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serum deriving from maternal venous, umbilical venous 
(afferent) and fostel heart blood was.measured (Table l). 
In all cases, the placenta appeared to be normal for the 
stage of pregnanoy. 

Although there was wide variation, appreciable amounte 
of labelled noradrenalme crossed the placenta to appear 
in blood flowing from the placenta to the fostus. During 
the passage of this blood through the fœtus, almost all 
labelled noradrenaline had disappeared from the circula- 
tion, presumably by & combination of tissue binding and 
metabolic change. 

In certain circumstances, intravenous noradrenalme 
will give rise to bradycardia in the human new-born 
infant’. It would be reasonable therefore, in the light of 
our results, to ini Beard’s findings? as indicating 
that fostal brad: following noradrenaline injection 
into the mother may be due, in part at least, to a direct 
action of noradrenaline on the fotal circulatory system. 
One proviso, however, must be mentioned; the O-nor- 
adrenaline used in these ta was & racamio DL 
mixture. Even though it is likely that the inactive D- and 
the physiologically active r-ieomers are metabolized 
similarly*, we have no mformation as to whether there 
is any preferential transfer of either across biological 
membranes. Final verification of this point must await 
the availability of radioisotopically labelled r-nor- 
adrenaline. 

This work was supported by grants from the Medical 
Research Council and the U.S. Public Health Service 
(grant No. M-4859). 
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Presence of a Phosphatido-peptide Fraction 
in Liver Cell Membrane and Its Possible 
Role in the Active Transport of Amino-acids 


Previous work in this laboratory has shown that a 

hosphatido-peptide fraction becomes promptly labelled 
Wiring the the perfusion of the isolated rat liver with rat 
blood containing labelled amino-acids, and reaches & maxi- 
mum in ita radioactivity a few minute after the start of 
the $13. The reaction is strongly inhibited by 
metabolic inhibitors, such as ethionine, cyanide 


and 2,4-dinitrophenol. It was also shown that the phos- 


























DI NUR S 5 was Select ag Guat en pombo from th venas Graciaion ofthe mothar, fom te ai Immediately 
Blood were Socal aa 9 ws possible from the venous ctroulation of the mother, fram e lana! end Gf the umblial 


cord and fram feria ears, 
Larger end oT ba ieidon. Baram via persi miin 

pumed through Y tual of alumtna on to which 
pontem, wa column was elited acid. The eluate was evaporated 


soul 14 mi gud editor CL. toluene O8 g fre 2 cmt 
a "Tri-Oarb' liquid scintillation spectrom 


ster. cali ere eo t of tii 


ante few miatea of sant other, In every case collection 
Dra ME Ror pegs of Well-Malherbe (ref. 2) The pH of the serum was adjusted to 8-4 and, 
Secu adenine absorbed. After 


blood was completed within 10 


with pH 8-4, 0-2M aoetate 
and dissolved in 01 ml. water, to which 4 ml celle 
wore added. Radioactivity w 
to give a a atantard error of + 1 per oani. 
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phatido-peptide contained in the 1,000 xg fraction of liver 
homogenates, which contains at least & large part of cell 
membranes‘, incorporates the radioactivity more rapidly 
than that contained in the mitochondrial or in the mioro- 
somal fraction and in the 105,000xg sapernatant. The 
radioactivity bound to the phosphatido-peptide fraction 
was released after Incubation with a liver cathepsin prepar- 
ation; other proteolytic enzymos so far tested were devoid 
of such & property. 
The results have been interpreted assuming that the 
ido- fraction may play a part in the active 
transport of labelled amino-acids and, as a working 
hypothesis, such & transport was depicted as follows: 


intracellular 
Sol id ATP phosphatido-peptide o*thensin ids 


This scheme recalls that described by Hokin and Hokin', 
assuming a role of phosphatidic acid in the active trans- 
port of cations and hydrophylic secretory materials. 

As a first attempt to confirm our hypothesis, the 
chemical composition of rat liver obll membranes and the 
incorporation of labelled amino-acids were investigated. 
Liver cell membranes were isolated by Neville’s method‘. 
Electron microscope examination, kindly ormed by 
Prof. Pernis, Department of Industrial iame, Uni- 
versity of Milan, showed that our preparation oonsisted 
eesentially of oell membranes with the exception of 
very fow dense granules. For 
two rat livers (16-24 g) were used, 
mg dry weight of cell membranes. 

The membranes were extracted twice with 5 ml. of cold 
acetone and twice with 5 ml. of ethanol/diethylether 
(8 : 1) for 10 min at 50° C. The insoluble residue was next 
subjected to two extractions with 5 ml. of the mixture 
chloroform/methanol/hydrochloric acid (200 : 100 : 1, v) 
and the protein residue washed with diethylether and 
dried at 50° O. All the operations were carried out in 
conical centrifuge tubes. 


Table 1 Oompoarmox OF Rat LIYER CELL À[ENERAKER 
Oonsiltueni ' Percentage of dry weight 


Proteins 

Acetone and ethanol soluble lipids 
Aprono ani ethanol -diethylether 

Hach value is the average of the analyses performed on five different 
preparations. 


the yield was 10-16 


The results are reported in Table 1. It should be noted 
that the ion of liver cel membrane is very similar 
to that of blood red cell membrane’. The extract obtained 
with the acidifled mixture of chloroform-methanol was 
taken as the phosphatido-peptide fraction"; the 
presence of a bound peptide was indicated by the increase 
of amimo-nt from 0-89 to 2-88 per cent after hydro- 
lysis for 24 h with 6 N hydrochloric acid. A chromato- 
graphic examination showed that acid hydrolysates 
contain most of the common amino-acids, with the 
riers exception of cysteine, tyrosme and tryptophan. 

the analyses of the Be ee fraction were 
performed after drying the extract obtained from the 
Gene do cas Wil chistes d) 
extracting the residue with chloroform/methanol (2: 
Usually none, or a negligible amount, remained 

Ree We ee ee 
with heparinized rat b oontaining 20 po. of algal 
protem-“O hydrolysate; at intervals of 3-12 min the 
experiment was stopped and the liver rapi perfused 
with cold physiological saline. The liver was homo- 
genized with cold bicarbonate solution (0-001 M) brought 
to pH 7-4 and oentrifuged 10 min in the cold at 1,500 x g. 
The membranes were then separated from the sediment. 
Thereafter, 10 per cent trichloroacetic acid (TCA) was 
added to both the membranes and the 1,500xg super- 
natant and the abe age centrifuged and treated as 
previously described" for the separation of lipid fractions 
and proteins and the determination of their radioactivity. 
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Ti area TOTA Or ion tre educa ee 
membrane phosphatido-peptide rose very rapidly, reach 
ing & maximum within 8 min, but thereafter i 
however, the proteina both of the 1,500 x g supernatant and 
of the membrane gradually took up the labelled amino- 
acids (Fig. 1). The total radioactivity taken up by tbe 
liver rose sharply at the beginning of the experiment and 
thereafter rose at a reduced rate. The values obtained 
after 3, 6 and 12 min were respectively 82,000, 119,000 and 
148,000 o.p.m. for the sum of radioactivity of the TOA- 
soluble and TCA-insoluble fraction. 





the of 
rye Deu pbosphatilo-peptide fraction of oell 
membrane (eurve Into of cell membrane (curve £) and 
i the proteins of 1,500 x g supernatant (curve aes a) ? 


The curve in Fig. 1 relative to the membrane phoepha- 
tido-peptide is closely similar vo that obtained by Hunter 
and Goodsall’, when studying the in ion of labelled 
amino-acids into the lipids of protoplasts of B. mega- 
thorium. 

Such a behaviour of tho membrane phoephatido-peptido 
seams to support ite poesible role in the active transport 
of labelled amino-acids in liver cells. The second assump- 
tion of our hypothesis, the role of cathepsin, is under 
investigation; the presence of these in oell 
membrane has been known since 1958 *. We believe at 
present that the phosphatido- ide fraction fulfils at 
least many of the criteria listed by Heald’ for a substance 
wüibh takes part Tn ina active. transport of a molil: 

Very recently Hendler!’ suggested that lipid-amimo-acid 
complexes are involved both in the transport of amino- 
acids and in the synthesis of proteins. Although our 


d anan ie asd d ted into the 
proteina isolated rat liver mitoch! ia. Obviously, 
on is to demonstrate a 


experimentati 
direct utilization of the peptide molety of our lipid 
fraction for the synthesis of proteins. 
EusmmHrO0 Tara 
‘ Orravio BARNABEI 
Istituto di Fisiologia Generale, 
Uni d 
Ferrara, Italy. 
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Effect of Adrenalectomy on Histamine 
Metabolism in the Rat 


Tun effect of adrenalectomy on the metabolism of 
histamine in the rat has been investigated by several 
workers, but with conflicting resulte. Though it has been 
established that after adrenalectomy the histamine can- 
tenta of some rat tissues are raised'—, there ia considerable 
discrepancy regarding how the rise is brought about and 
the conditions’ under which it oocurs. For exam example, 
increased levels of tissue histamine in adrenalectomized 
rats have been attributed by different workers to: (1) 
: increased uptake of histamine from the gut*; (2) increased 
rate of tissue histamine formation*; (3) increased ability 
of tiasuea to bind histamine‘; (4) decreased activity of 
histaminase!, Some workers have reported that the 
increases in histamine-levels after adrenalectomy are 
greater if the animals are given water to drink than if 
they are given saline!, while others have found that in 
animals given saline increases in the tissue levels of this 
amine do not oocur?. ° 

The present experiments were performed in the hope of 

these cies. Groups of 6 female rate of 
Wistar strain (120-180 g) were bilaterally adrenalectom- 
ized under ether anesthesia. The animals received their 
normal food and either 0-9 per cent saline or drinki 
water, and were killed 4, 14 or 49 days after the operation. 
The histamine contente of various tiasues were determined 
by the method of Parratt and West*. The results, each 
of which is the mean of the values from at least 8 experi- 
menta, are presented in Table 1. 


Table 1. MyucT OF ADRENALECTOMY ON THN HINTAMINS OOXTENT oF 
Rat TIBSUEM 


Tissue Water Baline Baline 
4 days 4 days 14 days 40 days 
256 158 138 147 
Skin of the fost 281 178 105 128 
278 130 251 114 
stomach 249 180 300 144 
Pylorio stomach 335 239 320 Im 
Jejunum 220 156 201 
Deum. 267 136 202 127 
Calon 275 182 229 98 
Liver 340 260 240 94 
Kidney 406 271 325 113 
Lang 285 162 300 100 
The animals reoetved their normal food and atther saline or 
T iade 4, 14 o£ 40 daya attak tha ne ey All values are 
as of the control values o using 
or mook rais. 


The results demonstrate two pointe. First, the increases 
in tissue histamine after adrenalectomy are as great in 
the skin and some other tissues as in the alimentary 
canal; the fin of some authors that major increases 
m histamme-le &re oonfined to AE 
tract could not be confirmed'*:4, Secondly, the increases 
are of similar magnitude in rate maintained on water and 
in rata mainteined on saline. In rate maintained on water, 
the histamine contents of the tissues reach their highest 
values 4 days after the operation; in rate maintained on 
saline the values are highest 10-15 days after the operation 
and do not return to pre-adrenalectomy levels until 5-6 
weeks later.’ 

In a further series of experiments, the daily. urinary 
excretion of histamine (ug free histamine/100 g body- 
weight/18 h) was followed before and after removal of the 
adrenals. No significant changes were noted, either in 
animals drinking water or in animals saline. 
This result is in contrast with that of Bjuró and Westling, 
who have reported a two-fold inorease in the excretion of 
histamine in adrenalectomized rata maintained on seline*. 
In the present work, however, the rate did not receive 
aminoguanidine to inhibit histaminase. The excretion of 
histamine was also measured in non-operated rate receiving 
cortisone, prednisolone or deoxyoortone acetate (10 mg/kg 
daily for 9 days), and again no changes were noted. 

Injections of glucocorticoids reduce the histamine 
content of the akin and small intestine, but crease the 
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content of this amine in the pyloric stomach’. As is 
shown in Table 1, adrenalectomy likewise increases the 
histamine content of the pyloric stomach. While the 
changes in histamine-levels after glucocorticoids are 
probably due to changes in the rate of histamine forma- 
tion‘, little or no alterations occur in the histamine- 
forming capacities of rat timsuos after adrenalectomy. 
Thus, the histidine decarboxylase activities of the liver 
aad pyloric stomach, the two major sources of this enzyme 
in the adult rat’, are unaffected by adrenalectomy’. 
Schayer e£ al. have reported increases in the histidine 
decarboxylase activity of the akin and lung of adrenalec- 

tomized rate!!, but such increases are unlikely to account 
for the major and rapid changes in histamine-levels since 
these tissues contain only minute amounts of the enzyme, 

and are capable of forming only very small quantities of 
histamine. 

It is more probable that the levels of tissue histamine 
are raised in the absence of the adrenals because of 
increased firmness in the binding of the amine to tissue 
componenta, coupled with a reduction in histaminase 
activity. It is known that after adrenalectomy the 
activity of this enzyme in the rat is reduced":"*. À final 
series of experiments showed that inhibition of histaminase 
activity is greater when the rats are maintained on water 
than when they are maintained on saline; it is possible 
that this latter finding acoounts for the increases in the 
levels of tissue histamine occurring more rapidly in rate 

J. M. Tuurorp 
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Influence of P cy and an Oxidized 
Lipid Diet on the Fatty Acid Composition 
of Blood and Tissues 


REaENTLY it has been shown that a diet which is low in 
vitamin E and which contains 5 per cent of oxidized lipid 
is oapable of producing the generalized Shwartzman 
reaction in pregnant rete^*. This reaction is characterized 
by an episode of disseminated intravascular coagulation 
and, in the past, has only been produced experimentally by 
intravenous injection of bacterial endotoxin. The fact 
that the only variant in the diet which was responsible for 
ite lethal effect was the oxidized lipid plus the fact that an 
increase in stainable lipid could be demonstrated in the 
kidney, liver, and plasentas of some animals led to an 
investigation of the distribution of fatty acids in the blood 
and tissues of these animals. Ib seamed appropriate to 
compare the fatty acid compositions of tissue lipids of 

and non-pregnant female rate fed the oxidized 
lipid diet (20 per cent casein, 61 per cent corn starch, 10 
per cent brewers’ yeast, 4 per cent salt mixture, and 5 per 
cent of the ethyl esters of a molecularly distilled fraction 
of oxidized ood liver oil) with those of similar rata fed a 
pellet stock diet containing approximately 5 per cent fat. 

The rats were killed on the last day of pregnancy (or 
21st day of experiment for the non-pregnant controls), and 
lipids were extracted from serum, perirenal fat, liver, 
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samples 0 16:0 o 018:2 o 
Group ci 
Stock diet: 
Non- 4 23-6 177 26-0 106 
rots a 4 249 144 20-4 1:35 
aed NUT prt 1 31-6 30-7 106 10-9 
on-pregnani 
Pregnant, normal 1 252 1 147 ite 
4, 
25-4 15-4 
Pregnant, sick 3 £91 1-05 161 3-20 
Serum 
Btook dist 
Non- 4 27.6 2-83 25-2 403 
4 31-9 0676 304 1038 
Oxidized ood Hver oil esters 
N 8 22-5 5-01 13-1 3-24 
normal 7 36-9 476 18-1 3-10 
Pregnant, sink 5 36-5 400 153 3-46 
Liver 
Stock die 
Non- 4 194 2-76. 177 1-08 
4 250 210 162 2-07 
Oxtdtzed eod Itver of] esters 
Non- 2 25-3 27:3 54 35 
231 T4 
Pregnant, normal 2 $45 345 11-6 
34-6 110 
Pregnant, siek 3 30-6 481 127 179 
Kidney 
Btook diet 
N 4 25-6 O41 20-0 115 
4 243 1289 187 140 
Oxidized ood livrer of] esters 
x 1 25-0 241 TS 3-7 
26-0 110 
Pregnant, normal 2 29-1 2o 114 na 
Pregnant, siek 3 $28 2-98 10-5 2-74 
Piacentas 
Btook diet 4 26-3 246 15.9 107 
Oxidhed eod liver of] esters. 
Normal 6 28-7 244 95 1:58 
Biok 4 350 165 1%1 3-78 
kidneys, and with a mixture of 3: 1 ethanol/ 
ethyl ether. Fatty acid analyses were carried out on the 


methyl esters of theeo extracts on a Perkin-Elmer model 
1540 vapour fractometer having a 2 meter polydiethylene 
glycol succinate column at 220° O. 

Palmitate- and linoleate-levels in these lipids are given 
in Table 1; the remaining data have been omitted because 
of limitations of space and because there were few signifi- 
cant differences. The linoleate-levels of all rate fed the 


fraction of oxidized ood liver oil were significantly lower - 


than those of the rats fed the stock diet. In one series 
in which only the serum was examined, feeding of 
a-tocopherol to rate fed this diet did not raise the lmoleate- 
level. It seezne likely that the presence of oxidized fat, 
per ee, is responsible for the lower levels. 


more marked in the rats fed the oxidized ood liver oil diet. 

Further control experiments were carried out on 8 non- 
pregnant and 2 pregnant rabbits fed a pelleted rabbit 
tation. The average palmitate values were: in the serum, 
28-2 per cent in non-pregnant and 38-5 per cent in preg- 
nant; in the fat, 27-5 cent m non-pregnant and 36:7 
per cent in pregnant; In the liver, 27-4 per cent in non- 
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pregnant and 48-3 per cent in pregnant; kidneys, 24-5 
per cent in non-pregnant and 27-2 per cent in pregnant. 
There was no overlapping of values except for one kidney 
value. Tho average palmitate-level in the placentas of 
these normal rabbits was 84:3 per cent: A rabbit given 
the generalized Shwartzman reaction by means of endo- 
toxin had a serum palmitate-level of 45-7 per cent. 

The variability of individual fatty acid-levels m rate 
can be seen in Table 2, which represents & compilation 
from many experiments of different kinds. The range of 
such levels are given for each sex without regard to 
tissue source and diet of the animals. The palmitate- 
levels of males and females are similar, and the coefficients 
of variation are the lowest of all acids. 

Palmitate synthesis and tiseue-levels would seem to 
be controlled within narrow limite but would appear to 
be mobilized under the stimulation of pregnancy, perhaps 
by hormones. The fact that, in most naturally oocurring 
fata, palmitate in non-randomly distributed in the more 
labile 1,3 positions of the triglyceride molecule you 
pigion OE pa HY UA te-levels Increase as lipi 
are mobilixed. That this may be a more polite a 
effect is suggested by studies in which X-irradiated rats 
had higher liver pahnitate-levels than their non-irradiated 
controls. 

This work was aided by grants H-5666 (0-1) from the 
National Heart Institute, National Institutes of Health, 
and U-1154 from the Health Research Council of the 
City of New York. 

Haws KAUNITE 
Rur E. JOHNBON 
Doxarnp G. MoKay 
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HAMATOLOGY 


In vitro Abnormality of the Blood In Von 
Willebrand’s Disease correctable by Normal 
Plasma 

Vow WILLEBEAND’S disease is & familial hemorrhagic 
disorder affecting both sexes and characterized by a 
rolonged bleeding time and a low level of antihsmophilic 
factor (AHF. factor VII). The prolonged bleeding time is 


,&mmoci&ted with abnormal tm vivo platelet adhoeiveneee!. 


However, no tn vitro abnormality has been detected in the 
factors believed to be essential for hemostasis, such as 
platelet viscous metamorphosis* and tion of 
Platelets by adenosine diphosphate (unpublished obeerva- 
tion) and by collagen’. The platelet-aggregating ability of 
the patient's connective tissue is also june pepe ired*. Recent 
reports have indicated that the abno bleeding time 
can be corrected by transfusion of fresh plasma or a plasma 
fraotion'-*. This effect can only be tested in patiente. 
Identification of an m viro abnormality in von 
Willebrend's disease would facilitate purification of this 
plasma factor; it would also help to elucidate both the 


Table 2. VARIABILITY OF Farry AQMD OONPOSPTIOE OF TIBSUS Jirms OF RATS 
Daia Inelude values from Hver, serum, kidney, depot fai, and plaoentas of rats maintained under widely differing conditions 


C 14 and below 016:0 O 16:1-2 O 18:0 0 18:1 0 18:1 C 20:4 
Females (25 values) 
Rango 0-3-3-8 19-41-36-90 1:3-18-0 1-8-29-2 155-384 5-4—90-4 016-2 
arae 14 23-6 68 11:9 29-0 162 47 
of variation (%) 56 17 es B 29 90 
Males (15 valnes) 
iem X dM. SPE a ee? eS cud 
Cahon of variation (%) 147 £ ^ 9 85 30 e 11? 


- 602 


pathological physiology of the disease and the normal 
physiology of hamostasia. 

During an examination of platelet adhesiveness by 
Hellem’s method’, it was found that the platelets of a 
subject with von Willebrand’s disease did not adhere 
when freeh citrated blood was passed through a column of 
glass beads. The beads (Propper Co., Long Island City, 
New York), were soaked in 2 per cent sodium carbonate 
and then in sodium chromate—sulphuric acid cleaning 
solution before use. Columns were made of vinyl tubing 
(Becton, Dickinson and Oo., Rutherford, New Jersey). 
After glueing with vinyl cement (Schwartz Chemical Oo., 
Long City), air wag drawn through the columns to 
remove any traces of cament solvent. In mixing experi- 
mente, 1 ml. citrated plasma, separated after 10 min 
pater trifugation at 15,000g, was added to 3 ml. citrated 

Initial results were striking (Table 1). In three subjects 
with von Willebrand’s disease, platelets did not adhere to 
the beads. Fresh normal plasma restored adheeiveneem, 
whereas the patient's plasma was ineffective. By the end 
of October, all this batch of beads had been used once. A 
second batch was obtained from the same company but 
had almost certainly been manufactured at a different 
time from the first. The new batch, as well as beads 
obtained from Hellem’s source, demonstrated only minor 
and inconstant differences between subjects A and B and 
normal individuals. Oonsequently, inyesnee one were 
resumed on December 4 with the original which 
had been used and then washed in as before. The 
number of washings is not known, but increased as the 
beads were used again and again. On December 18 a trip 
was made to another city .to examine the mother and 
sister of subject A, and an unrelated family (subjeote 
G, H, I) in whom three generations could be tested. Only 
the mother of subject A demonstrated abnormal platelet 
adhesivences. Afterwards, the beads no longer distin- 
guished patients A, B and D from normal individuals. This 
is in accord with the resulta of O'Brien! and Cornu and 
Larrieu (unpublished observations). 

Recent use of columns made of unwashed soft 
beads i Mining Co., 8t. Paul, Minnesota) on 
subjects A, B, E and four additional patiente with von 


Table 1. PERONNTAGB OF PLATELETS ADEERING TO GLASS DEAD OOLUMM 
TN PATIENTS WITH VON WILLERRAKD'S DIEBASB AND IX NORMAL SUBJECTE. 
(OoNEBCUTIY2E STUDIES WITH ONB BATCH OF GLAM BLADS) 


Bub with 
von '.sdeease* c Normal subjecta 
Date Sub- Pt.BL Pi. Bl Pt. Bl Date N. BL N.BL W. BI 
jec Pt. Pl. N. PL Pi. PL N. Pl 
1 K ea 
1T L 28 
3010 A 2 0 M 55 
-2 46 
wg B 9 8 28 910 M 47 50 es 
0 A B 1 J61 #1310 M S, 30 35 
ho Of 35 33 87 17/10 M n 41 23 
0 L 48 fa) 
£710 D -4 -3 35 27/10 L 33 34 54 
A 0 Thi K 45 
A 7 —10 41 L es 40 54 
1 A u 
E 3 6 
1 F 66 59 
a TI 72 
2 H 46 47 
Boy a oF (max s " 
B 25 10 27 £513 wN u 
ist D 38 1/1 0 *8 
B 9 15 14/3 L ea 
10/5 A 26 15/3 M 54 
17/6 A 41 27 10 
* Allexbjects had histories of excosstve bleeding and normal counts 
and hswnatocita, AN except C and J Ivy bleeding 
fumes and AHF levels per cent of average Mormal range 


In subsequent mizing tests, both patient Eoma] subject were of eme 
7 patient had true hemophilia. AHF level about 4 
ott d ico whieh ie tower tak sabjecta with von Wilebranc's 
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Willebrand's disease gave an average platelet adhesivences 
of 26-9 per cant + S.D. 11-0, whereas in 11 normal gub- 
jects, adhesiveness averaged 89-2 per cent + S.D. 7-5. The 
probebility that this difference would occur by chance is 
0-02. Data in Hellem's orginal work actually suggest that 
the adhesiveness of platelets is subnormal in von 
Willebrand's disease since adhesiveness was below 85 per 
cent in 11 of 15 patienta with this disease, but it was 
below 85 per oent in only 22 of 104 observations on normal 
subjects. Hellem failed to comment on this difference. 
and attributed some of the adhesiveness values below the 
lower level of normal to subnormal hwmatocrita. Further 
study, I hope, will eliminate the unpredictability of 
the method and permit consistent demonstration of an 
$n vitro abnormality in von Willebrand's disease correct- 
able by normal plasma. 

This work was aided by the National Cancer Institute 
and the U.S. Atomic Energy Commission. 
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Immunoel retic Studies of the p.-Hsem- 
binding Globulin (Hzmopexin) In Hereditary 
Hamolytic Disorders 


Naam ¢ al. have demonstrated by paper electro- 


-phoresis a hsam-binding globulin in the B-globulin fraction 


of human serum. then, several investigators 
examined this protein'-*, which was identifled by immuno- 
electrophoresis with B,-B-globulin and called h:mopexin'. 
On starch-gel electrophoresis the hæm-binding protein was 
found to migrate with the fast a,-globulms**. Hemopexin 
is present in the perchloric acid fraction of serum';1* 
from which Schultze e£ al. obtained a highly purified 
preparation by combined ammonium sulphate precipite- 
tion and sone electrophoresis. Hsamopexin is a glyoo- 
protein containing approximately 20 per cent carbo- 
hydrate and has a sedimentation rate of 485 ocorre- 


. sponding to a molecular weight of approximately 80,000. 


The purified protein has a binding capacity of 15-20 
mols ean per mol hsmopexin; evidence for ar O 
hæmoglobin or cytochrome o could not be obtained. 
hemin binding capacity of normal human serum is 
roximately 10 mg/100 ml. (refs. 2 and 9). 

AE S mme on the biological significance of this protein 
is limited. In the sera of several patients with hmmolytic 
disorders, ahaptoglobinsmia was associated with defi- 
ciency or absence of hiemopexin!'*. 

In the work reported here the sera of 38 children with 
hereditary hsmnolytio disorders were examined. The 
material comprised 36 samples from 11 patients with 
hereditary spherocytosis, 35 samples from 19 patients with 
thalasesmia major, 11 samples from 8 patients with siokle- 
cell ansamis, and included 4 samples from 4 individuals 
with thalassemia minor. Sera were obtained during 
periods of active hemolysis; in 18 patiente sera were 
studied before and at various times after splenectomy. In 
patients with spherocytosis, my resulta in almost 
complete cessation of hæmolysis, while in thalassemia 
major the effect is incomplete and transient. 

artical starch-gel electrophoresis was performed at 
pH 8-6 in borate buffer with a voltage gradient of 5 V/om 
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(f, —.H) tn serum from a patient with 
unoeleeirophoretio analysis. 


are demgnated by arrows 


for 16-18 h at room temperature!*. Prior to electro- 
phoresis, hæmolysate from normal individuals was added 
to the sera in amounts sufficient to saturate haptoglobin. 
The gels were sliced into two layers and stained for protein 
with amido black and for haptoglobin by the benzidine 
reagent. Sera which demonstrated a complete abeance of 
peroxidase-positive haptoglobin bands were classified as 
ahaptoglobinsmic. Immunoelectrophoresis on agar gel 
was carried out on microscopic slides to 
Scheidegger!! in pH 8-2 barbital buffer and a voltage 
gradient of approximately 7 V/cm waa applied for 80-100 
min. Horse anti-serum against normal human serum No. 
18411 from the Institut Pasteur, Paris, was used for the 
development of the precipitation lines. Samples were 
tested before and after addition of hmmolysates prepared 
from individuals with hemoglobin A; they were stained 
for protein with azocarmine and examined for peroxidase 
activity with the benxidine reagent. 

Fig.1 illustrates the comparative immunoelectrophoretic 
analysis of sera from a patient with thalassssmia major and 
from a normal individual. In the patient's serum the 
precipitation line of hsmopexin (B,B) is absent. Experi- 
ments in which varying concentrations of serum and 
antiserum were used demonstrated that the absence of the 
poen line was due to a decrease of hmmopexin 

the sensitivity of the method. 
Table 1. HAXOGLOBIE- AND HAÆM-HIKDING GLOBULINS IN HAMMOLYT:O 
AXAMILS. HYFBOT OF BPLEXKCTOMY (SPL) 


Deficiency of 
Diagnosis No. of Le dés i seq Benbialing gobüts 
cases Before After spL Before spl. spl. 
anemias 
mor. B 48 4/8 ojs 
Btadied only after 
3 = 2/8 — 0/3 
Oases iout ee 5 8/5 — 5/5 = 
Btudied before and $ as ojs ss 
nete only after / “r 
spl. 9 — 2/9 — 9/9 
Thalassemia minor 
Cares without spl. 4 0/4 — 0/4 — 
Biekle-oell 3 " aff 
Studied only 
spl. 1 aes 1n == oji 


The results obtained from 42 patients are summarized in 
Table 1. In all patiente with spherocytic ansamia active 
hmmolysis was associated with ahaptoglobinmmia; a 
deficiency of hæmopexin was found in 4 of 8 patiente 
studied before splenectomy. Decreased hæmolysis follow- 
ing splenectomy was associated with the reappearance of 
haptoglobin in some patiente, and of hsmopexin in all 
patiente studied. In thalasssamia major ahaptoglobinwmia 
was found only in 5 of 10 patiente and hamopexin defi- 
ciency in all patiente examined. Following splenectomy 
haptoglobin reappeared in all cases. In contrast, the 
deficiency of hmmopezxin persisted in 4 out of 5 patiente 
studied, although in one individual a faint B,-B-precipitate 
indicated the presence of small amounta of hamopexin. 
A deficiency of hemopexin was observed in 9 additional 
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cases studied at various trme-intervals after 
splenectomy, and was usually not associated 
with obinsamia. No abnormalities 
of the hæmoglobin and ham-bindmg globu- 
lns were disclosed in thalassemia minor. 
In sickle-cell ansmua all sera studied were 
ahaptoglobmaemuic and 6 out of 8 cases were 
also deficient in hæmopexin. 

Deficiency of B,-hzm-binding globulin in 
hsemolytio disorders associated with ahapto- 
globinæmia has previously led to the con- 
clusion that B,-hem-bindmg globulin might 
represent an additional mechanism capable 
of eliminating hssmoglobin from the circula- 
tion. Although the possibility of hemo- 
globm-bindmg to hmmopexin after com- 
plete saturation of haptoglobin has not been 
excluded, and indeed may explain the findings in spherocy- 
tosis and sickle-cell anssmia, binding of hæm appears to be 
The absence of 
detectable amounts of hamopexin in the oe of hapto- 
globin as observed in thalaseemrnia major indicates that 
these two proteins have distinotive functions. Although it 
cannot be excluded that impaired synthesis of hemopexin 
is responsible for the deficiency of this protein in thalas- 
sæmia, the observation that in one case of thalasesmia 
major the protein was present in decreased amounts sug- 
gæta that this explanation is unlikely. Moreover, hetero- 
zygous individuals revealed no detectable abnormalities of 
hsmopexin. It is more probable that the deficiency of 

in in hemolytic disorders can be ascribed to the 
formation of a complex of hsamopexin with hsem or related 
protoporphyrins which is rapidly elicinated from the 
circulation. The deficiency of 8,-hem-binding globulin in 
patiente with thalasssamia major that increased 
concentrations of a hem compound may be present in 
this disorder. Further investigations are required to 
determine whether this compound is a normal or 
abnormal product of porphyrin metabolism. 


This in’ ion was supported in part by U.B. 
Public Health ice grant No. 2A—6204. 
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Determination of Haptoglobin-groups 
Frequencies by S and A el 
Electrophoresis : Application to Belgian 

and Barundi Populations 


Ir has been frequently stated that the determination of 
the haptoglobin groupe of some subjects may be difficult, 
even by the Galatius-Jensen' method for detecting 
hasmoglobin-haptoglobin complexes with benzidine. Home 
2-2 subjecta with a low haptoglobin blood concentration 
may erroneously be considered as ahaptoglobinwmic*. It 
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may also be hazardous to distinguish a subject lacking 
haptoglobin from one belonging to the 1-1 ou when 
Smithies’s standard technique of starch-gel electrophoresis 
' with borate buffer at pH 8-4 is used*, since with this 
method the mobility of the hemoglobin is nearly the samo 
a lat of the hæmoglobin-haptoglobin complex of the 
= a8 5 
hk ce slp plow ort ena can be overcome by 
using high-voltage electrophoresis in according to 
Wieme’s method’-®, ea f 
The method was as follows: l-mm thick agar- 
prepared with a barbital buffer (110-05; pH 8-4), dan 
0-8 mm thick microscopic slides; identical buffer in tanks; 
20 V/om for 25 min; gel immersed in 
sealer and refrigerant; detection of the hæmoglobin- 
containing fractions with a benxidine solution. This 
method is very different from Hirschfeld’s method’, who 
demonstrated the pomibility of determining the hapto- 
globin groups by agar-gel electrophoresis; our technique 
will be described in detail elaewhere?*. 
. . Fig. 1 shows typical results obtained in each of the 
haptoglobin groups. 

Two fractions migrating towards the anode and one 
towards the cathode are detected: first, a fast-moving 
fraction of low concentration, likely to be hæmoglobin 
bound with methamalbumm!"-18, which shows an albumin 
mobility by naphthalene black staining 
fraction corresponding 
complex; ita mobility is different in each group, being the 
fastest in the 1—1 and the slowest in the 2-2 group; this 
fraction is lacking.in ahaptoglobinamic subjecta; thirdly, 

ting towards the cathode, & fraction with the same 
i ee ee ee 
in. 

Therefore this technique makes it possible: (1) to 
recognize with certainty the difference between 1-1 and 
shaptoglobinammic subjects, since free bin is not 

on the 1-1 haptoglobin fraction; (2) to dis: 
tinguish 2-1 and 2—2 phenotypes of subjecta with a low 
blood haptoglobin concentratian because the hæmoglobin- 
haptoglobin complex is not spread out over se bands 
as it is on & starch-gel medium; (8) to recognize the 
haptoglobin type in 1-1, 2-1 and 2—2 subjects. Yet, for 
routine analysis, staroh-gel electrophoresis seems the 
procedure of choice, rince the electrophoretic mobilities of 
2-1 and 2-2 hmmoglobin-haptoglobin complexes are very 
similar in agar-gel (Fig. 1). 

With the combined techniques of starch-gel and agar-gel 
electrophoresis we have determined the haptoglobin 

ies in several populations: : 
ion. Blood specimens of 416 healthy 


1) Belgian ! 
Baer eile 141 of them livmg in Antwerp, were 
investigated. Table 1 gives the results and compares them ` 


with some data from the literature. 





e n EM rar e g to below! 


1-1, 2-1, 2-2 and 0-0 groups 
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Table 1 
Populations No. of Phenotypes (€) Hp! gene 
131 $4 Ag 0-0  frequencie" 
Antwerp 14 170 475 855 — 0-407 
Beigtum 46 100 478 334 — 0-415. 
Sweden EEN) 5 150 4T0 $80 — 0-585 
France ) (ref, 18) 406  15t7 4975 $498 — 0-4015 
Austria 
(ref. igr ez; — 161 4&1 %7 — 0-402 
(ret. . 15) Un ) j 218 101 855 S17 27 0-406 
(ref. 14 ‘ 30 199 468 N3 — 0-438 
- (ef. 1 ) 173 194 543 H  — OO 


The haptoglobin gene frequencies in the Belgian popu- 
lation are similar to those in other populations of Western 
Europe and more especially to the ish and German 
ones, the German population showing the hi Hp! 
frequency ascertained in Europe!t. No binsernio 
subject was found among our samples of Belgian origin 
and the y! test shows that the theory of two autosomal 
allelic genes!* applies to these populations: Antwerp 
inhabitants: y* = 0-0420, or 0-90 > P > 0-80; Belgians: 
y! = 0-3241 or 070 > P >. 0-50 for one degree of 
freedom. - 5 


the resulta. 





groups of Burundi. Table 2 i 


Tabl 
Pc as rix 


No. of Hp! gene 
subjects 1-1 frequencies 
Berundi 183 28-0 47:8 20-0 33 — 0-52 
Tutal 196 $79 477 3*1 23 — 0-53 
Hum 96 2 479 198 41 — 0-53 


From these resulta the following conclusions may be 
drawn: (1) The Hp! gene frequencies are not so high in 
Burundi populations aa they are in Bantus living in West 
Africa (Hp! = 0-70)" and in Western Congo (Hp! = 
0-77). (3) There is a low percentage of ahaptoglobin- 
æmic subjects (0—0 group) in Barundi, with a frequency 
similar to that found in Senegalese (4.0 per oent)' and 
in American Negroes (42 per oent)'*. The frequency-is 
yet much inferior to that found in two Nigerian popula- 
tions (Fulani: 50-0 oent* — Noluba: 82-2 per oent!!). 
(3) There is no significant difference in haptoglobin groups 
frequencies between Tutsi, who are of Hamitio origin, and 
Hutu, who are Bantus. (4) No 2-1 M pattern was found 
in our Burundi samples. 

M. van NANDE 
Institute of ical Medicine, An : 
TE iU OC Vx Ros 
Institut ain ae ias l'Encouragement . 
à la Recherche Sciéntifique Outre-Mer. 
R. Dust 
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A Simple Screening Test for Waldenstróm's 
Macroglobulinemia 


Tue most important characteristic which the patho- 
logical proteins in Waldenstrom’s macroglobulinsmia 
have in common is the molecular weight defined by a 
sedimentation ratio within the range S 18-20. 

The final diagnosis of Waldenstrdm’s macroglobulin- 
gmuia is therefore based on the demonstration of such a 
paraprotein by ultracentrifugation of the serum. 

Immuno-electrophoresis with demonstration of a Bp 2M 
bow, hypo--2A- and hypo-y-globulinsmia is a useful 
diagnostic aid. However, in routine laboratory work a 
soreening test is needed. The Sia test 1s commonly used 
as such. In this test a drop of serum is added to a large 
amount of demineralized water. If cloudy precipitation 
ocours, the test is positive. However, the Sia test often 
gives a positive reaction in cases in which subsequent 
ultracentrifugation faila to reveal macroglobulins of the 
type characteristic of Waldenstrbm's macroglobulinsmia. 
In rare cases, no precipitate is obtained although the 
gerum-does contain macroglobulins. 

By the mmple test described here it seems to be possible 
with ter probability to decide whether & given serum 
contains the proteins characteristic of Waldenstrém’s 
maoroglobulinssmia. 

A slip of filter paper (Schleicher and Schull, ‘Selecta’ 
No. 2043, 89 mm x 810 mm) is moistened by dipping it 
into demineralized water. Exoees water is allowed to 
drip off. The paper is placed on a plastic ladder (Fig. 1). 
The ladder with the paper is placed in the horizontal 
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Fig. 3. The results of the Sia test are indwated by 0, £* and $* 


position and 10 pl. serum is applied ae a streak aorose 
the paper, 8 cm from one end of the paper. That part 
of fhe paper to which the serum is applied is placed 
between two rungs of the ladder. After 1 min, the paper 
is removed to a glass plate, so that 5 cm of the paper at 
the end to which the serum was applied lies on the glass 
plate, while the reet is freely suspended. The glass plate 
is then placed in a jar containing demineralized water, 80 
that the paper dips about 2 cm into the water (Fig. 2). 
The free end of the paper hangs down vertically into 
another jar with demineralized water, so that about 2 om 
of it is immersed in the water. Water will then migrate 
(from the upper jar) through the paper past the serum 
streak. For this reason I bave coined the term ‘hydro- 
phoresis’ for the method. After 75 min, the paper is 
removed. It is stained with bromophenol blue in absolute 
aloohol for 20 min, after which exceasive dye is removed 
by 2 per cent acetic acid. An intense blue stain is obtained 
by exposing the paper’ to strong ammonia. 

Sera from a number of healthy individuals wero 
examined by thia method. Uniform ‘hydrophoretic’ 
patterns with only slight variations were obtained. A 
ed typical of a normal individual is shown in Fig. 3. 

o. 1. As a control measure, electrophoresis was also 
performed. 

Two patients with Waldenstróm's macroglobulmsmia 
were studied. The diagnosis has been made after re- 
peated demonstration of characteristic paraproteins by 
ultracentrifugation. In both cases, electrophoresis revealed 
an intensely stained band in the y-fraction. The Sia test 
was strongly positive for both sera. 

‘Hydrophoresis’ yielded identical resulta in these two 
patients (Fig. 3, Nos. 2 and 8), namely, a well-defined. 
densely stamed, narrow band at the site of application, 
followed by a weakly stained area and, finally, & wide. 
diffusely defined band at the front. 

If the paper is moistened with a 0-2 per cent aqueous 
solution of cysteine hydrochloride instead of demineralized 
water, the sharply defined band fails to appear at tho 
site of application of serum. The Waldenstrom's macro- 
globulingmig paraprotein is depolymerized by certain 
sulphydryl-rich compounds, for exemple, oysteine, to 
more low-molecular proteins, which are not precipitated 
in water at low ionio strength. The absence of preoipita- 
tion after addition of cysteine is thus in support of the 
bap Ae that the proteins precipitated in the sharply 

band are ‘Waldenstrém’s macroglobulinanmia 
proteins’. " : 














Fig. 4. The results of the Sia tosi are indicated by 0, 1+ and 2+ 


The sharply defined band which seems to be typical 
of Waldenstrdm’s macroglobulinmmia is not seen in 
myelomatosia. There is often relatively intense staining 
at the site of application, but it decreases | over a wider 
area. In addition, distinct longitudinal are often 
seen on the paper, and the wide band at the front may 
split up into two narrower bands (Fig. 3, Nos. 4, 5 and 0). 

In hydrophoresis of a 10 per cent aqueous solution of 
human y-globulin, moderate staining at the site of 
application oocurs. The intensity of the staining decreases 
gradually along the paper, and a wide, diffusely defined 
band is seen at the front (Fig. 4, No. 1). In a patient with 
a large content of normal immune y-globulin in the serum, 
& similar, but less pronounced, pattern was obtained 
(Fig. 4, No. 2). The serum from this patient was examined 
by ultracentrifugation, which failed to reveal an increase 
in the amount of raid cones On the other hand, the 
Bia test was strongly poeiti 

Hydrophoresis was d on sera from 50 patiente 
with neoplastic disease. In none of these cases could 
the results obtained be mistaken for those typical of 
Waldenstrom’s macro lobulinæmia. 

In order to throw t on the oharaoteristios of the 
precipitate obtained by the Sia teet the following experi- 
ment was performed. To each of four cen tubes 
with tapered bottoms containing about 10 ml. of de- 
mineralized water were added three drops of serum. After 
centrifugation and decanting of the supernatant the pre- 
cipitate was re-dissolved in a small amount of physio- 
logical saline. Electrophoresis and hydrophoresia were 
then performed on this solution. In For: with 
Waldenstrom's maoroglobulingsmia 2), hydro- 
phoresis now again revealed a sharply defined narrow 
band at the site of application, but otherwise no staining 
d an TE 4, No. 3)." By similar treatment of 

m & patient with myelomatosis (Fig. 8, No. 5), 
on which the Sia test was positive, hydrophoreaeia yielded 
only moderate staining at the site of application and an 
even decrease in the intensity of the staining of the paper 
(Fig. 4, No. 4). 

The test, which may be reproduced with fairly good 
accuracy, seems to permit a semi-quantitative measure 
of the amount of macroglobulin in the serum. 

Moreover, we find that it is of value that the result 
can be filed for comparison with subsequent tests in the 
same patient. 

The hematological work is carried out by granta from 
the Anders Hasselbalch Anti-Leuksmia Foundation and 
C. P. Schepler and Wife's Bequest, the Irma Foundation. 

E. B. THOoRLING 
Oancer Chemotherapeutic Department, 
Anti-Cancer Centre (Radiumstationen), 
Aarhus, Denmark. 
1 Putman, T ND CM Plasma Proteins (Academic Pres, New York and 
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Growth of Transplantable Cancer in Rats 
previously injected with Placenta! Tissue 


Aw antigen in malignant and embryonic tissues capable 
of retarding the growth of a transplantable human tumour 
(HS,) in rata has recently been described by Buttle et al.1. 
Seven days after injecting a variety of human tumours and 
normal adult and foetal human tissues into weanling rata. 
they challenged the animals with HS, and cortisone. 
Significant inhibition of tumour growth was produced by 
prior injection of homogenates of HS., sarcomate and a 
variety of normal fœtal tissues, especially spleen, whereaa 
normal adult plasma and muscle had little if any effect. 
Buttle e£ al. attributed these findings to a labile antigen, 
destroyed by freezing and thawing, present in high oon- 
centration in embryonic and malignant tissue, and related 


` to a high rate of cellular division in those tissues. 


On the basis of ita normally rapid growth, placental 
tissue was tested for ite ability to inhibit tumour growth in 
rate. Interspecific differences and m effects of 
adrenal corticosteroids were elimingted by the 
rata with a suspension of tumour obtained from other . 
animals of the same strain, without. administration of 
cortisone. In all cases the tumour used was the so-called 
chorionepithelioma induced by Stem in 1960, and still 
highly malignant, though considerably different histo- 
logically from the o 

Wistar albino rata weighmg 90-150 g received injections 
of 0-2—0-8 ml. of & 40 per cent suspension of placental 
extract in saline intraperrtoneally. Placental tissues from 
the same strain of rat were obtained from dated pregnan- 
cies of each day of gestation from the seventh to tho 
twenty-first (term). The tissue was removed fróm the, 
uterus at hysterectomy and immediately minced and 
passed through & gauze strainer, avoiding contamination 
with other footal tissues, blood and decidua. Two weeks 
after placental injection, the animals and an 'unimmu- 
nixed’ control received 0-2 ml. of a 40 per cent tumour 
suspension in saline intraperitoneally. A group of five 
animals and a control were used to teet the effect of pla- 
cental tissue of each day of gestational age. 


Table 1. Hffeeci of intraperitoneal injection placenta on the 
of transplanted “Ghodionsptibaiome’ tn the rat. Ortterion for inhib 18 
kiain Mamoun mamos 3 Em. o moro in dtimote? sid of metastasoi UE 
ys transplantation 








Series JMxperimental group Oontrol group 
Albino pere hoes 
Wistar placental (per oent) (per cent) 
I 
ce ee in ae 4/70 - 57 I6 = 6-7 
Ii Full 7-21 j 
err ded nd 13/08 = 19 2/15 = 18 
II age 10-20 days, 
warm cold (4° O) 180 = 12 1/20 = 50 


Full-strongih, ago 16 days, 





Summary of groups reomvimng 
fall-strength s 15/156 = 96 
Summary of entire seres 19/228 = 84 


* These antnals were born of tumour-bearing mothers from the first series 





The chorionepithelioma ordinarily causes death of the 
rat in 12-14 days after transplantation, autopsy revealing 
masses 4 cm in diameter and extensive metastases. Our 
criterion for inhibition of growth was survival of the host 
for 14 days, without evidence of a mass 2 cm or more in 
diameter or 'of metastases at the time of necropsy or 
laparotomy. In the initial series, only 4 of the 70 teet 
animals and 1 of the 15 controls met the oriterion of 
inhibition. The experiment was repeated, changing the 

tel preparation from a 40 per cent suspension to a 
homogenate. In the second series, 13 of the 

68 test animals (those receiving placenta of 10, 12 and 17 
days of age) showed mhibition of tumour growth. The 
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control animals in the 12 and 17 day groupe, however, also 
showed inhibition, implioating the tumour itself as the 
variable in these cases. A third series of rata received 
full-strength placental injections of tissues from 10 to 20 
days of gestational age. Half the animals and appro- 
priate controls were treated exactly as in the second series; 
the other half of the test ant received injections of 
_ placental tissue that had been stored at 4° O for 24 h after 
removal from the uterus. Again, except for one animal in 
the 17-day-old group (cold) and the control from the 
same group, there was no inhibition of tumour growth in 
the third series. A final experimental group consisted of 
16 weanlings delivered by Osarean section of mothers 
which were alive but bearing large tumours on the 14th 
day after transplantation in the initial experimental series. 
Four animals received 16-day placenta warm and four 
received the same type of preparation cold; equal numbers 


of teet and control animale were used in this group. Here ` 


too only one teet animal and one control (cold group) met 
the criterion of inhibition. The combined experimental 
results are presented in Table 1. 

It appeared that prior intraperitoneal injection of 
placental extract into rata, whether in 40 per cent or full- 
strength suspension, and whether warm or oold, had no 
effect on the growth of transplantable rat chorion epi- 
thelioma, nor did animals born of the tumour-bearing 
mothers manifest resistance to that tumour. Finally, 
there was no critical developmental age of the placenta at 
which differences in its protective function against tumour 

could be demonstrated. No prediction is made, 
, regarding the possible effect of human or other 
heterologous placental tissue on the growth of trans- 
plantable tumours in the rat. 
RanPrH M. WYNN 


Department of Obstetrics and Gynecology, 
State University of New York, 
Downstate Medical Center, 
Brooklyn, 8, New York. 
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Normal Mitotic Activity and Val big Lu of 
Leucocytes from Pernicious Anæm atients 
cultured in Vitamin B;;-deficlent Medium 


In vitamin B,,-deficiency there are profound alterations 
in the metabolism of the oell nuclei, as shown by the 
megaloblast phenomenon, the morease in the nuclear sixe 
in various tissues, and the hypersegmentation of the 
peripheral granulocytes. The basic cause of these 
phenomena & to be blocked replication of deoxy- 
ribonucleic acid and cell division? *. 

It occurred to us that owing to deficiency in vitamin 
B,, the peripheral leucocytes of patienta with manifest 
pernicious anemia might behave abnormally, for example, 
fail to divide, in the oell culture system used in our 
laboratory for cytogenetic studies, especially if the 
medium were made deficient in 'anti-pernioious anemia’ 
factors. 

Another reason for performing this work was that 
recently doubt has been cast on the finding of Oourt 
Brown & al.’ that the chromosomes of patients with 
untreated blastic ansamia are normal. In an 
investigation of 100 mitotic plates from patients with 
pernicious anemia, Astaldi e£ a1.5 found frequent devia- 
tions from the normal, both regarding chromosome 
number and morphology. 
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Four female patiente with untreated pernicious anmmia 
were used. Peripheral blood was withdrawn into heparin 
and the leucocytes were ted from the erythrocytes 
with the aid of phytohmmagglutinin'. The suspension of 
viable leucocytes in the patient’s own plasma was then 
used for preparing leucocyte cultures’. The final medium 
in which the leucocytes were grown consisted of: (1) 20 
per oent of the patient's own plasma; (2) 80 per cent 
culture medium; (8) a small amount of phytohmmag- 
glutinin; (4) some in. Four different culture media 
were used, namely: (1) Parker's solution containing 
minerale, amino-acids, vitamins and antibiotics; (2) a 
modified Parker’s solution without vitamins and anti- 
biotioe; (3) Hanks’s solution containing minerals and 

; (4) Dulbeooo's solution containing inorganic salta 


The microbiological vitamin B,, activity waa saasayed 
with Euglena gracilis and found to be 12 and below 1 ug 
per ml., respectively, in cases 3 and 4. Using the same 
method, the components other than the serum in the 
culture fluid were found to contain no detectable amount of 
vitamin B}, activity if media 2-4 were used. Thus, the 
vitamin B,, content of the culture fluid was about 2-4 pug 
and below 0-2 pug per ml., respectively, in cases 3 and 4 
in those flasks where média 2—4 were used. 

Leucocytes from case 2 were taken and oultured 
twice, and in the other cases cultures were made on one 
occasion only. Incubation at 87° O for 72 h gave excellent 

of the leucocytes and after colchicine treatment 
good yields of mitoses were obtained in all the cases and 
with all the media. The incidence of mitoses was perhaps 
even higher than in normal subjects. In no case was the 
growth lees abundant in those flasks which contained 
minimal amounts of vitamin B,, activity. 

We conclude that leucocytes from the peripheral blood 
of patiente with pernicious anemia ‘are ee ie 
and mitotic division in the preeenoe of low 
amounts of vitamin B,,. It is also remarkable that the 
very simple morganio salt solutions are sufficient as culture 
media in short-tern cultures of leucocytes. Thus it is 
quite unnecessary to use the very rich and more expensive 
media usually recommended. 

Table 1 presents the incidence of different chromosome 
counts in the four patienta. The frequency of aneuploidy 
is low (14 aneuploid cells among 351 examined) and 
tallies with the results of a simular study on 20 normal 
females in this laboratory’. Detailed analysis of altogether 
28 mitotic cells of excellent quality with the modal number 
48 from the four different subjects failed to display 
anything abnormal in their chromosome morphology. 
Thus, in contrast to the resulta of Astaldi e£ ai.* the 
karyotypes of our four patiente with pernicious ans=mia 
were entirely normal. 


Table 1, DIFTRIBUTION oF OHROMOSOXNE COUNTS FROM FOUR PATIMKTS 
WITH UXTENATED PERNIOIOUB ANAMA 


Oase No. No. of ehromosomes 
4 45 46. 47 48 >48 Total 
1 — 1 1 $8 — — — 100 
1 — 1 2? 74 — — TT 
3 — — 2 6 — 1 — 0 
4 1 1 3 909 1 — — 105 


A few erythrocytes are always present in the leucocyte 
suspensions separated with phytohsmagglutinin. How- 
ever, erythrocytes from patients with pernicious ansmia 
contain less vitamin B,, than those of normal subjecta’. 
The number of erythrocytes was very small in our cultures 
(macroscopically mostly not detectable), and the red cells 
are not destroyed during treatment and culture. There- 
fore, their content of vitamin B,, can be neglected as a 
source of it. Thus, the leucocytes grow and divide in a 
medium containing exceedingly small amounta of vitamin 
B,, a8 determined by microbiological assay. It has been 
shown that the majority of the mitoses seen after 72 h are 
probably primary, that is, mitoses of blood oells originally 
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preeent!*. It may be anticipated, however, that some of 
the mitoses at 72 h have started in daughter cells of those 
originally present. Long-term cultures may indicate 
whether these vitamin B,,-defloient daughter cells are then 
able to subdivide further. 
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Transfer of Stimulation of Deoxyribonucleic 
Acid Synthesis in Antigen-stimulated Rabbit 
Spleen Cell Cultures 


LrrrLg is known about the nature of the antigenio 
stimulation to antibody production or the manner in 
which antigen reaches tbe necessary site of stimulation. 
A recent report! implicates the sequential action of at 
least two different types of cells. One type is a mono- 
nucleated cell with phagocytic activity, and the other a 
non-phagocytic cell belonging to the-lymphocytio series. 
Fishman suggests that an RNase sensitive material is 
transferred from one to the other, and it has been sug- 
gested* that complexes between antigenic fragments and , 
RNA may play an important part in antibody formation. 
A physical means whereby such a transfer might oocur? 
has been reported. This communication reports some 

imi experiments which were designed to demon- 
strate a transfer of antigenic stimulation from one cell 
culture to another. 

It has been shown’ that DNA synthesis in spleen cell 
preparations from previously immunized rabbits is stimu- 
lated in vitro by ihe addition of antigen. Furthermore, 
only brief contact with the antigan is required for stimula- 
tion’. After washing, leas than 0-1 per cent of the added 
antigen remains. In contrast, 1 per cent of the original 
amount (or 10 times the amount remaining after washing) 
of the antigen added to fresh cells is too little to produce 
stimulation. . 

This system has been used here to test whether cells 
‘primed’ by brief contact with antigen are able to transfer 
stimulation to fresh cells from the same spleen. In these 
experiments, the response of the ‘primed’ cells was 
inhibited by irradiation or freezing and thawing. The 
design of the experiments and results are presented in 
Table 1. 





Table 1. TxmATWEFT or CHLIS 

Spleen ocell suspension from Immunized rabbits 
g 618 
0+0 1,144 (1,220) 
OR T1 
0 + CR 579 (680) 
P 5,168 x 
P+P 10,600 (10,888) 
PR 253 
C+ PR 3,200 (871) 
PF 1.508 , 
€+ PF 6,148 (2,121) 
uim m 2 

T 
O+P 7,787 (: 





‘Primed’ oelis. “Oonirol’ cells. (PF) ‘Primed’ frozen cells. 
(Pip Primes" irradiated cea) (CR) Gonkrol’ frradiated cells. 
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Part of the cell suspension (8 x 10* cels) was in- 
cubated with 8 mg/ml. of human serum albumin labelled 
with iodine-181 for 15 min at 87°C. The cells were 
washed three times in 5 mL of medium/wash. Determina- 
tion of residual radioactivity showed that less than 
0.2 pg labelled human serum albumin remained/cell 
culture. Such cells are designated ‘primed’ cells (P). 
‘Control’ cells (C) were treated identically, except they 
were not exposed to antigen. One portion of the ‘primed’ 
cells received a dose of 300 rads, and these were called 
‘primed irradiated’ cells (PR). ‘Control irradiated’ cells 
(CR) were similarly prepared. In addition, another por- 
tion of ‘primed’ cella were frozen and thawed once to 
give ‘primed frozen’ cells (PF). 

Cultures of such cells were incubated alone or in 
various combinations, and the rate of DNA synthesis 
was measured in the seoond 24-h period, as previously 
described’. The figures represent the total o.p.m. in- 
corporated/culture during 24h incubation with 
thymidine. The figures in parentheses in Table 1 indicate 
the expected resulte of combinations calculated from the ` 
figures for single cultures. The results which show 
evidence of transfer have been underlined. 

A definite enhancement of DNA synthesis was observed 
when ‘primed’ cells were incubated with control cells. 
This was clearly shown when DNA synthesis had been 
inhibited in the ‘primed’ cells. There was no enhance- 
ment of DNA synthesis when ‘control’ irradiated. cells 
were added to ‘control’ cells or to ‘primed’ cells. The 
enhancement of DNA synthesis obtained when ‘primed’ 
cells, which had been frozen and thawed, were added to 
‘control’ cells demonstrated that it is the ‘control’ 
Tecipient cells which respond. 

The resulta of a single experiment are presented, but 
identical findings were obtained in all of three other 
experiments using other antigens. The enhancement of 
DNA synthesis was only observed when the animal had 
been previeusly immunized to the antigen. The system 
is therefore antigen specific. 

Although the resulta are preliminary, two positive 
statements can be made. 

(1) The ‘primed’ irradiated cells contam some factor 
capable of stimulating DNA synthesis in control recipient 
cells. 

(2) The presence of this factor is dependent on contact 
of the ‘primed’ cells with specific antigen. 

The nature of this transfer factor, and the cells oon- 
cerned, need further investigation before definite oon- 
clusions can be drawn. At least three possibilities exist: 
(A) The minute quantity of antigen taken up represents an 
extremely potent fraction of the origmal antigen prepara- 
tion. (B) The antigen taken up has had ite antigenicity 
enormously emhanoed. (C) The oells taking up the anti- 
gen hand on some material, other than antigeh, which 
18 capable of stimulating cell division. Such a material 
need not necessarily retain the antigen specificity. 
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Malaria and Glucose-6é phosphate Dehydro- 

genase Deficiency 

Dzs. O. Kidson and J. G. Gorman! report observations 
on frequencies of glucose-6-phosphate dehydrogenase 
(GGPD) deficiency in different parta of New Guinea and 
New Britain, which make a welcome addition to our 
knowledge of the population genetios of this area. They 
note that low frequencies of G6PD deficiency occur in 
some populations living in malarious parte of New Guinea, 
New Britain and elsewhere. On the basis of this fact, and 
a * suggesting that “no significant difference in 
Pl. faloiparum parasite densities ocoura between affected 
and normal children under 8 years of age in Thailand and 
that affected children in this age-group may have higher 
densities of the non-lethal Pl. vivas”, Kidson and Gorman 
issue ''& to the concept of selection by malaria 
in glucoee-0-phoephate dehydrogenase deficiency". 

In assessing these ta it must be recalled that 
there is substantial evidence that the G6PD-deficiency 
gene carries with it disadvantages owing to hsxmolyais in 
the neonatal period and later life’. Theoretical considera- 
tions establish unequivocally that the G6PD-deficiency 
gene could not have become common without some 
advantage‘. This conclusion is not, in fact, disputed by 
Kidson and Gorman: the question at issue is the nature of 
the advantage. As pointed out previously*, the only 
convincing argument from gene distribution against the 
malaria protection hypothesis would be the finding of high 
frequencies of abnormal hemoglobin or G6PD-deflciency 
genes among populations known to have lived for long 
periods in. aria-free environments. No such popula- 
tions have yet been found to exist. The converse argu- 
ment carries very little weight, since there are many 
reasons why the G6PD-deficiency gene might not have 
attained high frequencies in populations exposed to 
malaria, including relatively recent introduction of the 
gene and unusually severe selection against it. The 
approgch to genetic equilibrium may have progressed to 
different stages in different populations living in New 
Guinea and New Britain. The remarkable thing about the 
distribution of G6PD deficiency is not that it should 
occasionally be rare among populations living in malarious 
regions but rather that it should so often be common in 
such populations. Its distribution is much more wide- 
spread, for example, than that of hsmoglobins B, O or E. 

Kidson and Gorman also report figures for G6PD- 
deficiency in Eastern New Guinea showing an inverse 
relationship with altitude among all populations tested, 
from low frequencies in.the malaria-free highlands to high 
frequencies at the coast. Although conceding that these 
observations oould be explained by malarial selection, 
they suggest that it is “equally possible that this pattern 
may in fact be the result of spread from a large gene pool 
on the coast near the river mouth, with dilution and 
diminution of the gene frequency towards the highlands’’. 
However, precisely analogous clines are seen in Sardinia’ 
and in several different perte of Africa‘:', where single foci 
of origin are very improbable, and in every case high 
frequencies of the enzyme-deficiency gene are confined 
to the malarious regions. In both New Guinea and Africa 
the cline involves several different linguistic groups which 
have pom as Kidson and Gorman point out, main- 
tamed their separate identity for long periods of time. 

The evidence of Kruatrachue and Harinasuta from 
Thailand? is available only in abstract form. Although it 
does not support the malaria protection hypothesis, 
neither does it provide critical evidence against the con- 
cept of protection against P. falciparum. The numbers 
involved are small (it can be calculated that one group of 
young children with enzyme deficiency and P. falciparum 
malaria would have included about 10 subjects and the 
other about 7 subjecta; and the numbers with P. vivas 
malaria would have been slightly lower). It is remarkable 
that even in such amall numbers a statistically significant 
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excess of P. vivar should have been found ın enzyme- 
deficient subjecta (although there was no difference in 
parasite counts). ‘This parasite preferentially attacks 
young with high enzyme activities, and no 
protection by G6PD deficiency would be expected. 
Hemolysis as a result of P. vivaz infection might well 
reduce the mean erythrocyte age, and inorease suscepti- 
bility to subsequent infection with P. falciparum, so 
obscuring the difference between normal and enxymo- 
deficient subjecta which is more obvious where P. vivax is 
leas frequent. 

Both our own observations in East Africa! and those of 
Gilles et al. in West Africa”! have shown a significantly 
lower incidence and count of P. falciparum parasites in 
young children with enzyme deficiency than in children 
with normal enzymes. Moreover, in Gilles’s investigations 
the incidence of cerebral and other complicated forms of 
malaria was significantly lower in ensyme-deficient 
subjecta than in those with normal enzyme, providing 
direct evidence that the former are protected against the 
potentially lethal effects of falciparum malaria. 

Finally, Kidson and Gorman arguo that other parasitio 
diseases, in addition to variable degrees of nutritional 
i , are associated with climatic differences and 
might influence G6PD-deficiency rates. The situation is 
certainly complex, as already emphasized’, and many 
factors might produce selection against the enzyme- 
deficiency gene. But in searching for the compensatory 
advantages required by genetic theory attention is directed 
first to erythrocytes, where the difference in G6PD activity 
between normal and affected subjects is much greater than 
in other tissues, and where there are d reasons for 
supposing that G6PD deficiency would limit multiplica- 
tion of malaria parasites?*. That protection against 
esi ech A na csp pti 
conducted fleld investigations, the resulta of which cannot 
be seriously challenged by evidence of the type presented 
by Kidson and Gorman. Malaria may perhaps not be the 


only factor favouring the enzyme-deflciency gene, but it is 
an important factor, and no one has yet able to 
offer any specific alternative. 
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Skin Reactions in Neurological Patients after 
Intracutaneous Administration of Proteo- 
lipid A extracted from Human Brain 


ExPHRDIENTAL allergic encephalamyelitis aa produced 
in monkeys, dogs, rabbits, guinea pigs and mice serves as 
an experimental model for the demyelinating diseases 

ing in man. Such a form of encephalomyelitis can 
be reliably produced using either whole brain, whole white 
matter or diverse extracts derived from white matter. 
Among the latter, an especially potent effect has been 
ascribed to proteolipid A, which may be extracted from 
white matter following the procedure of Folch and Lees!. 
Kies and Alvord found this compound highly antigenic 
although not quite so potent as whole brain when they 
produced the imental disease’. Astrdm and 
Waksman’ and Wakaman‘ demonstrated that experi- 
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mental allergio encephalomyelitis follows the pa 
pattern of a delayed- 
Theee authors observed a yed reaction against myelin 
antigen in the diseased guinea pig, and transmitted the 
disease through lymphocytes from a diseased donor 
rabbit to a healthy recipient. So far, however, it has 
proved impossible to elicit a positive skin reaction against 
whole brain or myelin antigen in two series of human 
patienta who were suffermg from demyelinating disease 
of the central nervous-system?:*. 

In the present investigation two different preparations 
of proteolipid A derived from two patients without 
organic brain disease were tested. The proteolipid was 
administered in three concentrations: (1) 0-05 mg/o.c., 
(2) 0-5 mg/o.o., and (3) 1 mg/c.o. The antigen was suspen- 
ded in normal sterile saline and injected intracutaneously 
into the skin of the forearm in a final volume of 0-2 o.c. 
A control injection of 0-2 o.c. normal sterile saline was 
given simultaneously into the skin of the opposite forearm. 
The patiente were observed up to four days after injection. 
The ensuing reaction was recorded as to and size 
and biopsies were taken at the height of the reaction. 
Twenty-four patients were tested. Twenty-one of theee 
suffered from multiple sclerosis, one from syringomyelia and 
two neurotic patients without demonstrable neurological 
findings served as controls. The diagnosis was based in 
each case on careful clinical study and the result of spinal 
fluid electrophoresis. 

As can be seen from Table 1, fiftean out of twenty-one 
patients with multiple sclerosis, one patient with syringo- 
myelia and two neurotic patiente gave a positive skin 
test. The observable reaction never fulfilled the criteria 
of a delayed hypersensitivity reaction. In all instances it 
consisted of a diffuse, poorly demarcated area of erythema 
without induration (Fig. 1) which appeared 3-4 h after 

c and vanished again after various time intervals 

in two extreme cases, 36—48 h in two others). Histo- 


lay tha resti wan abaractarized by ci ft 


idermal connective tissue and dense perivascular 
pallalne infiltrates composed of lymphocytes interspersed 
with neutrophils (Fig. 2). The proteolipid preparation 
extracted from the brain of the second patient proved 
VEN qoc eae eee EA cs sper 
The fact that two patiente without demyelinating 

disease of the central nervous system developed a positive 
reaction caste considerable doubt on the specific character 
of the phenomenon. In these control cases, however, the 


erythema much faster than in the cases of 
multiple sclerosis and the case of syringomyelia. 
Table 1 
Group A. : Patients with multiple sclerosis 

No. api Diameter of 
First proteoltpid du Pm (em) 
1 Multiple seleroal s 1 10 
z T 0-5 0-6 
3 2s 0-5 — 
4 js 10 0-5 
5 es 190 — 
6 » 10 0-4 
7 5’ 0-06 — 
8 Kr = 
9 vs - [13 — 
10 is 0-5 — 
1 Multiple sclerosis E 1 10 
12 T 0-5 12 
18 "a 0-5 12 
14 5s 0-5 10 
15 » 0-5 10 
16 E 0-5 18 
17 "d [4 10 
18 5 0-5 13 
19 s 0-5 0-6 
20 » 0-5 1-0 
z , 0-5 13 


Group B. Controle, AI tested with second proteoltpid 
preparation 


22 Neurosis 0-5 os 
23 w 0$ 10 
24 Syringomyelia 0-5 19 
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While theee results do not favour the view which 
considers multiple solerogis a delayed-ty pe hypersensitivity 
reaction against- myelin antigen, some immunological 
process may very well be involved. Further investiga- 


tions with various antigen preparations using larger 
numbers of patiente appear to be justified. 


D. Boma 
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HISTOCHEMISTRY 


Serotonin in Human Mast Cells 


Ir has been demonstrated that, besides heparin and 
histamine, mast cells contain serotonin (5-hydroxytrypt- 
amine, 5-HT)-. However, gerotonin-oontaining mast 
cells, having been found exclusively in mice and rata, it 
hus bean hold tah E Aa vida) cella odtita m nie PA, 
Evidence that the mast cells in these two species contain 
serotonin has been obtained by parallel histological and 
biochemical investigations and also by serotonin assay in 
isolated mast cells. Yet hitherto available teabniques 
have failed to disclose direct histochemical proof of the 
presence of serotonin in mast cells, mast cells in mice and 
rate lacking the so-called enterochromaffin reactions. 
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Fig 2. 


(x 1,800) 


As 18 briefly shown here, mast cells occurring in human 
carcinoid tumours exhibit histochemical reactions suggest- 
ing that they contain serotonin. Observations to that 
effect were made in the course of investigations of the 
histochemical reactions of carcinoids. 

At fluorescence microscopical examination of formalin- 
fixed, paraffin-ambedded biopsy specimens from carcinoids 
of the appendix and small bowel, activating light with a 
wave-length of 865 mp, evoked & pale yellow autofluoree- 
cence from the clumps of tumour cells as well as from cells 
situated in the interstitial connective tissue. Entero- 
chromaffin cells in normal intestinal mucosa showed 
autofluorescence of similar colour. Some of the biopsy 
specimens included interstitial cells exhibiting positive 
argenteffün (hot methenamine method), alkaline diazo 
(fast red B and fast garnet GBO) and Schmor!’s reactions. 
The fluorescent interstitial cells could be identified as mast 
cells by photographing fields contaming such cells in the 
fluorescence microscope and then, after staining the 
sections with toluidine blue and May-Grünwald-Giemsa, 
re-photographing the same flelds in regular transmitted 
light. In a representative pair of such pao MODA 
Fig. 1 depicta a fluorescence photomicrograph displaying 

. two fluorescent cells, one located peripherally in & cluster 
of tumour cells, the other in the interstitial tissue. 
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Fig. 2 represents the same field as it appears in transmitted 

ight after May—drünwald-Giemsa staining. It will be 
seen that the cell situated just outside the tumour mass 
conteins methachromatic granules and, accordingly, must 
be a mast cell. In mast cells with a few widely scattered 
granules, it could be perceived that the fluorescent as 
well as the diazo-positive substances were localized to 
these granules. 

One of the speormens examined is especially interesting 
because it reveals that large numbers of mast cells with 
positive enterochromaffiin reactions may occur even in 
so-called taffün carcinoids. This specimen was 
from an appendioeal carcinoid in which the tumour cells 
showed & negative argentaffine reaction and a weakly 
positive diazo reaction. Conversely, the interstitial tissuo 
was the site of & large number of fluorescent mast cells 
with positive diazo, argentaffin and Sohmorl's reactions. 

The so-called enterochromaffün reactions shown by 
enterochromaffin cells and carcinoid cells after fixation in 


- formalin have been proved to be caused by a phenolic 


hydroxyl group, probably a form of tetrahydro-4-carbo- 
line^*. Considerable evidence suggests that the substance 
that reacta with formalin is serotonin’. It has been 
assumed that mast cella in mice and rate have a serotonin 
content lower than the sensitivity threshold of the entero- 
chromaffin reactions*. My resulta suggest that, under 
conditions of enhanced serotonin secretion, human mast 
cells are capable of storing histochemically demonstrable 
&mounta of serotonin. Apparently the serotonin is 
localized to the granules of such mast cells rather than to 
the intergranular substance, as postulated in the case of 
mice and rate’. It remains to be seen whether carcinoids 
containing mast cells with positive enterochromaffin 
reactions constitute a special type of tumour or if all 
carcinoids normally contain such mast cells. Another 
interesting problem is whether the mast cells elaborate 
their own serotonin or merely store serotonin that has been 
elaborated by the tumour cells. 
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RADIOBIOLOGY 


Quantitative Determination of Oxygen-18 
by Activation Analysis 


RADIOACTIVA isotopes of carbon and hydrogen are 
available for exchange and mechanism studies investiga- 
tion in biology, but work on oxygen must use the stable 
isotopes oxygen-16 and -18. The ratio of these stable 
isotopes can be determined with masa spectrometer or 
density methods. 

Activation analysis is a frequently used technique for the 
determination of trace elementa in biological materials’. 
The reaction !*O(T : n)*F has been used for the analyti- 
cal determination of oxygen’. Similar results with the 
O(n : 2n)4O and the O(n: p)*N reactions have been 
reported by Meinke e£ a].^**, and the J*O(y, n)!*O reaction 
has been utilized by Beard et al*. These methods, how- 
ever, are only useful for the determination of groas oxygen 
content. Activation analysis of oxygen-18 by the reaction 
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"O(p,n)'F has been reported by Fogelstrom-Fineman et 
al.* who used oxygen-18 as a tracer for studying photo- 
synthesis in algae. In general, little use has been made of 
thermal neutrons in the reaction !*O(n, y):*O for activation 
analysis because of the amall cross-section (0-00021 barns) 
of oxygen-18 and the short half-life (29-5 seo) of the 
resulting nuclide. 

Recent measurements show that the determination of 
™O and !*0/1*O ratios by activation analysis with reactor 
neutrons is practical. ples of water with oxygen-18 
concentrations ranging fram 0-20 atom per cent (natural 
abundance) to 10-79 atom per cent were irradiated for 
4 min (0-9984 of saturation activity) ın & thermal neutron 
flux of T-2 x 101* neutrons/am* sec. The pneumatic 
‘rabbit’ system in the University of Florida Training Reac- 
tor was used for the irradiations. Irradiated samples were 
transferred to fresh sample containers in order to avoid 
spurious radioactivity, and counting was started within 
30-40 seo after removal from the reactor. Preliminary 
results, obtained with a multichannel analyser, showed 
only the requisite 0-20 MeV and 1:36 MeV photopeaks 
characteristic of oxygen-19. Actual analytical resulta were 
obtained by a different procedure. Photons were detected 
with & 2 x 2 in. cylindrical well-type sodium iodide (TI) 
crystal, amplified by the usual photomultiplier, and fed 
into a single channel analyser which was set to bracket 
either the 0-20 MeV or the 1:35 MeV photopeak. Output 
data were handled in two different ways. 

In the first method, the pulses were fed into an amplifier, 
Brush model RD-5021—00, followed by an oscillograph, 
Brush model RD-2321—00. The recorded results for each 
sample were corrected for background, fitted with an 
exponential decay curve by the method of least squares 
and extrapolated to give the activity at the time of removal 
from the reactor. This standard activity plotted as a 
function of the mass of oxygen-18 present in the sample 
18 shown in Fig. 1. The upper detection limit was estab- 
lished by the size of sample which overloaded the ampli- 
fier, and the lower limit was established by insufficient 
activity. The mean deviation from the linear plot is 
7-9 per cent. 
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In the second method, a scaler was used for obtaining 
the integral number of counts observed from 40 to 160 sec 
after the sample was removed from the reactor. Results 
obtained by this metbod are shown in Fig. 2. The mean 
deviation is 13-0 per cent. 

"The sensitivity of the method can be improved by the 
use of higher neutron fluxes. The minimum amount of 
oxygen-18 detectable with our equipment was approxim- 
ately 850 ug, but a flux of 101 neutrons/cm" seo would 
decrease this limit to 0-2 ug. 

The thermal neutron activation of oxygen-18 can 
definitely be used as an analytical method for 1*0/1*0 
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Fig. 2. Counts observed between 40 and 160 seo after removal from 
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isotope ratio studies. This method 1s particularly useful 
for oxygen metabolism studies in hving systems, and, 
since radioactivity is introduced after both the experi- 
ment and subsequent separations arè completed, resulta 
are not obecured by possible effects of ionizing radiation 
on the under in tion. 

In oollaboration with G. J. Fritz, we have obtam 
resulte on the uptake of oxygen-18 in oorn seedlings 
exposed for varying intervals to an atmosphere containing 
10 atom per oent oxygen-18. Preliminary resulta oonfirm 
the usefulness of the method for oxygen metabolism 
investigations. 

Doxarp E. SorsHaa* 
Joun A. WxrgrsGTON, jun. f 
TuoxAS F. PARKINBON 


Department of Nuclear Engineering, 
University of Florida, Geinsville, Florida. 


* Present address: Westinghouse Atomie Power Department, Pittsburgh, 


f Present address. Puerto Rico Nuclear Center, Mayaguos. 
i Lenihan, J. M. A., Pure end App. Chem., 1, 81 (1060). 
* Leddiookte, G. W., Radhoscheshon Analysis, OF 060-11-124 (Nov. 30, 1060). 
. . 
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‘Steals, Edgar L., and Meinks, W. Wayne, Amal. Ohem., 34, 185 (1002). 
ED)" Johnson, R. G., and Bradshaw, W. G., Nwolsonios, 17 (7), 


F -Fineman, I, Holm-Hensen, O , Tolbert, B. M., and Calvin, 
de Intern. J. App. Rad. Isotopes, 8, 230 (1087). 


Accumulation of Radium-226 by the Fresh- 
water Gastropod Lymnaea stagnalis L. 


Dragcr absorption of ions in solution in the environment 
occurs frequently in freshwater invertebrates! and could 
be partly responsible for radiocontamination of the freah- 
water faunat! by radioisotopes in solution. 

If the absorbed radioactivity is firmly fixed in the 
animals, and eventually concentrated at a level far above 
that found in the surroundings, these animals could be 
used as indicators for the radiooontamination of ther 
environment. The possible use of freshwater molluscs aa 
such indicators has already been emphasized*+. 

Exposure of the mail Lymnaea stagnalis L. in solutions 
containing 0-04 po. radium-226 per ml. revealed, as for 
calcium and strontium’, the accumulation of the radium 
mainly in the shell-border. Smmoe tap-water constitutes 
the optimal conditions for lıfe of L. stagnalis in the labora- 
tory and approaches fairly well the natural medium, tho 
solutions of radium-226 were made in tap-water (containing 
in p.p.m.: 40 Ca", 8 Na", 4K’, 4 Mg, 25 Cl’, 120 HCO,’). 
The content of radium-226 of the different samples was 
estimated by measuring the *Bi ( = Ra CO) formed after an 
equilibration period of 3 weeks in hermetically closed 
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flasks. This “Bi radioactivity was measured in a well- 

with a single channel pulse-height anslyser on the 
y-peak of 600 keV. Pools of 85 mature animals in $50 ml. 
solution were used in five parallel experimenta. 

When the animals are placed for 24 h in the radium-226 
solution, 70 + 8 per cent (at 95 per cent fiducial limite) of 
the radium was absorbed by the animals, aa appeared by 
measuring an aliquot of the solutions. After 7 days, 10 
animals were killed, dissected and measured for their 
radium-226 content. At this time, more than 90 cent 
of the radium origmally present in the solution was 
absorbed by the mails. 

Table 1 presenta the concentration factors observed. 


They are expressed as: 


pe zd 
. Ha-oonteni in the animal I 


Table 1. Raprom-286 CONCENTRATION FACTORS IN DIVFARENT PARTS OF 
L segmals AFTER 7 Days BXPOSURA OF à SOLUTION OONTADNING ORIGIN- 
ALLY 0-04 mO.[ML. 


s Parts of the mails Mean | S.D. 
Wowty formed (€ mm) border of shell 1,277 + 875 185 
MT ERE ee 376 + 100 36 
Soft parts 140+ 120 
Whole animals 108 + 18 vd 
Blood m+ 4 1 


Teror = fidnolel Itmti with 05 per oent probability. 


Tou dd -226 was firmly fixed, 
some of animals were returned to uncontaminated 
water. During the following 24 h the animals lost about 
1 per cent of their radium; this quantity fell to 0-5 per cent 
during the third day. Further measurements were 
disturbed by the low level of radioactivity and probleme in 
relation to adsorption of radium-220. The of an 
animal caused a sudden increase of radioactivity lost by 
the soft parts in the surrounding water, contrary to the 
shell, which firmly retains ite radioactivity even when 
submerged in water after removing the soft of the 
animal. This fact and the high concentration in the 
shells confirm the possibility of using this animal as 
an indicator for contamination by radium-220. 

I obeerved similar results with the accumulation 
of calcium-45 and strontium-85 in L. stagnalis. The 
net inward movement of the radium-226, notwithstand- 
ing the fact that the concentration of radium is 20 times 
higher in the blood than in the surrounding medium, seems 
to indicate the intervention of some active transport 
mechanism for this accumulation of radium-226, as has 
already been suggested by me for calcium absorption’. 

I thank R. Kirchmann for his advice. 

O. Van DER BonGurT 
Radiobiology Department, 
Centre d'Etude de l'Energie Nucléaire, 
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* Krogh, A. (Cambridge Univ. Press, 1930). 
* Fontaine, Y., CEA, 1568 (1900). b 
! Krumbolz, L. À., NAS-NRO, Wil, 88 (1967). 
* Nelson, D. J., Soienos, 187, 38 (1002). 
* Ravera, O., and Merini, ML, C.N.I., 58 (ISPRA) (106%). 
* Van der Borghi, O., Arak. Intern. Physiol. Biockim., 70, No. 5 (1963). 
* Van dæ Borght, O., Arch, Indern. Physiol. Bioskim., 71, Xo. 1 (1063). 


Incorporation of Iron-59 into the Cells of 

Different Tissues of Chironomus plumosus 
ALTHOUGH iron plays an important part in the physio- 
logy of the living cell little is known about ite lpcalixation 
m different parte of a oell or concerning its variation from 
tissue to tissue. Mammals have mainly been the object 
of investigations relating to the incorporation of labelled 
iron into the cells where the use of iron is known, such 
as the blood-forming celle, the Hver cells, etc.—. We 
are not aware of the incorporation of labelled iron into 
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Fig. 1. A separated gland cell. Note the localization of rron-59 
in + parta of the cell 


Fig. 1. Mid-gut cells showing different degrees of autoradiography 
8. An artificially burst giand cell. Note the existence of 
me indus OCHO tha call 


Fig. 4. Salivary gland ohromosomes showing weak autoradiography 


the cells of other kinds of tissues and especially into the 
cells of invertebrates, exoepb Amoeba’. 

Therefore, the larve of an insect, Chironomus plumosus, 
have been used in the followmg riment in order to 
examine the I ion of iron-88 in various parte of 
the cells of different tissues. Tho larves were trans- 
ferred in tap-water containing ‘FeCl, solution (sp. aot. 
100 mo. "Fe/g Fe). The experiment was repeated in four 
series, each of. which involved 5 ml. of tap-water contain- 
ing the following perta of "FeOl,: (1),1; (2) 10; (8) 88; 
(4) 20. The larve were kept in the medium in the first 
and second series for 72 h, in the third for 21 h and in the 
fourth for 68 h. ions were made from sali 
glands, mid-gut, Malpighian tubules and rectum &ooord- 
ing to the squash preparation technique, stained with 
&oeto-oroein, covered with Kodak ‘AR 10’ stripping 
films and exposed for 7-90 days. 

No difference was observed resulting from the oon- 
centration of **FeCl, and immersion period. In almost 
all the p: ions cytoplasm showed autoradiography 
(Fige. 1 and 2). But the number of grains per mm’ varied 
from larve to larvae, from tissue to tiasue and even from 
cell to cell in the same tissue (Fig. 2). Such & variation 
could be observed even in different of the same 
cell, but preferential localization of the label could not be 
detected. - In some preparations the grains were also found 
outside the ocells. This was especially the case where 
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the cell had been burst artificially during the pre tion 
(Fig. 3). This shows that at least some GP LIB moleanles 
containing iron-59 were distributed in the enohylemma 
of the cytoplasm and were not bound to the morpho- 
logical structures of the cytoplasm. 

An accumulation of grains around and on the nucleus 
could be seen in some autoradiographs. However, the 
number of the grains per mm? on the cytoplasm was 
clearly greater than those on the nucleus. The ohromo- 
somes were either unlabelled or showed very weak auto- 
PEDE. In squash preparations where the cytoplasm 
and nucleus were burst artificially one could observe 
grains on the chromosomes, too (Fig. 4). But the number 
of seems to be leas than those on the intact nucleus 
and varies from chromosome to chromosome. Therefore, 
it can be suggested that some iron-59 molecules are not 
bound to the chromosome, but are localized in the nucleo- 
Plasmas observed by Feldherr. No relation could be 
found between labelling of oytoplaam and chromosomes. 
For example, in some cells the cytoplasm showed a light 
radioactivity, whereas the chromosomes were not labelled, 
and vice versa. In some cases the nucleus showed stronger 
autoradiography than the cytoplasm. 

Bimilar resulta were obtained in another experiment, 
when Drosophila melanogaster was used instead of Ohrono- 
Tis stad, rted b fro 

y was suppo in part by grants m 
Cento and Nato. We thank Mr. Oefer Türkman for 
assistance in preparation of the photomicrographs. 
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Glucose Utilization in Pregnant Sheep a 
Continuous Infusion Isotope Dilution M 


Tas importance of carbohydrate as a metabolic sub- 
strate in the ruminant has given rise to much discussion?. 
The question of the source(s) of gluooee is of special 
mterest because there is no evidence that hexose is 
absorbed from the ruminant alimentary tract and because 
acetate is the major end product of ruminal fermentation. 
The fostal lamb, however, has considerable hexose require- 
ments’, and, a8 a consequences, it is thought that the 
pregnant female sheep is normally in a precarious state of 
carbohydrate balance’. It is known that even a slight 
fall in food intake in the pregnant sheep may cause the 
accumulation of ketone bodies in the tissues and blood 
stream followed by clinical signs of pregnancy toxemia. 

The contmuous infusion isotope dilution technique‘ has 
been used to study glucose utilization rates in normal 
pregnant sheep and those with induced pregnancy 
toxsmia. Four determinations on two normal Clun 
Forest ewes, t for 180 and 142 days respectively, 
gave & mean ization rate of 1-85 + 0-18 mg/min/kg, 
and two ketotio ewes, pregnant for 135 and 140 days, gave 
a mean rate of 1-22 + 0-13 mg/min/kg. This difference is 
not significant (P > 0-5). The opportunity was also taken 
to use 1-'4C-glucose and 0-140- in the same animal 
on successive days and the specific activities of the expired 
carbon dióxido were compared. It is generally accepted 
that the ratio of the speoiflo activity of expired carbon 
dioxide, produced when 1-1O-glucose is injected, to the 
specific activity of expired carbon dioxide, produced when 
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6-1*0-gluooee is injected, that is, the O1/C6 ratio, should 
be unity if the main catabolic route for glucose is the 
Embden-Meyerhof pathway to pyruvate, followed by 
conversion to carbon dioxide in the tricarboxylic acid 
cycle. Deviation from unity is considered to indicate the 
existence of another pathway which incorporates C1 of the 
gluoose into carbon dioxide at a greater rate than C6, for 
example, the pentose cycle. 

The 01/06 ratios for the two normal pregnant sheep 
were 1:24 and 1-38, respectively, and for the two ketotio 
animals 1-74 and 2-05. The mean value for the ketotic 
sheep did not differ significantly from the msan for the 
normal sheep (0:1 > P > 0-05). The situation in ketotic 
pregnant sheep therefore differs from that in ketotic 
lactating cattle in which lower C1/C6 ratios than in normal 
lactating cattle were found’. 

The glucose utilization rates in the pregnant sheep are 
of the same order as those in non-pregnant sheep after 
24 h starvation, but only about half the rates in fed non- 
pregnant sheep*. It would seem therefore that tissue 
glucose supply is indeed marginal in pregnant sheep, but is 
not significantly reduced when the animals are showing 
clinical signs of ketosis. The 01/C6ratioisof special interest. 
The decreased ratio in ketotic cattle has been interpreted’ 
as indicating a reduction of glucose metaboliam by the 
hexose monophosphate pathway. In a detailed discussion 
on the use of labelled with carbon-14 for evaluating 
glucose metabolism’ it has been pointed out that the O1/C6 
ratio may be influenced by at least four variables, that is, 
the activity of the pentose and of the glycolytio nu 
ways, the use of glucose in synthetio pathways and the 
proportion of triose phosphate oxidized to carbon dioxide. 
lt ia therefore not possible to interpret the C1/C6 ratio in 
pregnant sheep in terms of Deuce: po n cycle 
activity, but it can be concluded that 10 of glucose is 
incorporated into CO, more readily than 60 in both 
normal and ketotio pregnant sheep. 

E. J. H. Forp 
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Effects of Lysergic Acid’ Diethylamide on the 
Nesting viour of Male Pigeons 


PRESHNT-DAY advances in psychotherapy have added 
impetus to investigations into the actions of drugs which 
affect the central nervous system and thus cause changes 
in behaviour patterns. One such paychomimetio agent. 
lysergic acid diethylamide (LSD-25), exerta both peripheral 
and central actions'. Some of these effecta in various 
animals and humans are nausea, vertigo, hyperhydroais, 
hyperselivation, mydriasis, vasodilation or vasospasm, 
hypotension or hypertension, bradycardia or tachyoardia, 
‘and changes in the white blood cell count*. 

The vasomotor changes are i related to disturb- 
ances in the hypothalamic-hypophyseal-adrenal axis’. 
Rinkel e£ al’, studying the effecta of LSD-25 on human 
beings, suggested that this drug stimulated the pituitary- 
adrenal axis yet rendered the adrenal ds nsivo 
to adrenocorticotrophic hormone. It is reasonable to 
assume that this pituitary response may also cause a 
change in the blood or pitui levels of prope, which 


has been shown to be for b or nesting 
behaviour as well as the development of the orop in 
pigeons*-*. 
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Thus, we considered that an investigation into the effect 
of LSD-25 on the nesting cycle of pigeons would shed 
further light on the above concepta. 

Eight mated male homing pigeons were removed from 
their respective nesta in a loft between 11 a.m. and noon 
8 days after their mates had laid eggs. Observations have 
shown that ab this time the nesting behaviour becomes 
meriad nio dun at Brians The males sit on 
the eggs from about 10 a.m. until about 3 p.m. The females 
will then sit from 8 p.m. until 10 a.m. on the following day. 
Four of the male birds peodived LED -20 ms angle dee of 
0-2 mg/kg (intraperitoneal). The other 4 served 
as controls and received an equivalent volume of distilled 
water as a placebo. 0-5 h after treatment, the females 
were removed from the loft and all 8 males were returned. 
The time required for each bird to return to its own nest, 
after being placed back in the loft, was recorded and the 
data were statistically analysed. This programme was 
repea.ed until each of the 8 pigeons had reoeived 5 doses 
of the drug and 5 doses of water with at least a 48-h 
interval between repeated administrations. - 


Tabl ] Leeroy or Nuerina BXHAYIOUR OY PIGEOXS WITH L8D-25 
Bird No. Drug-treated * Control * 
1 e 0-6 
2 13-0 74 
3 T8 00 
4 484 6-5 
b 87-2 0-8 
6 55-0 8-6 
E T 184 15-8 
8 76-2 114 
Grand mean t SD. 57-4 + 35-8 60 + 122 


* Average time (mtn) for return to nests. 


The results obtained are summarized in Table 1. They 
represent the average time (min) required by the pigeons 
to return to their nesta. Each value shown is based on 
d injections of the drug or distilled water. The grand mean 
was derived from the individual responses of each of the 
8 birds. The difference between the experimental and 
control grand means is highly significant as determined by 
the standard error of the differenoe between the means 
(P < 0-01). ` 

It ia interesting to note that 2 pigeons (2 and 7) showed 
very little change in behaviour. These birds responded to 
the drug only during the first 8 exposures, after which they 
did not appear to show any reaction. 

This inhibition of the nesting response is not 
due to a peripheral motor inhibition. In view of the rapid 
metabolic rate of the pigeon and the fact that the periph- 


eral gym wear off within 80-40 min (ref. 7) leads us to 
believe b the effect is due to within the central 
nervous system. It is possible that drug, by acting on 


se gl eee pee aia wh oma arin agar a pera 
of p in release from the pituitary. This lowermg of 
the prolaotin-level would decrease or inhibit the ‘iesire’ to 
nest. It is also possible that the drug causes a change 
in the bodies’ response to prolactin as it does with 
adrenocorticotrophic hormone. In order to substantiate 
these mechanisms, biochemical or bioassay studies are 
required. : 
We thank Sandox Pharmaceuticals, New Jersey, for 
providing the LOD-25. 
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Effect of Reserpine on Rate of Mortality 
and Growth of Duck Embryos 
varying doses of reserpine 
into the s 
during the first week of incubation, reported that in the 
increasing dosage, and that the average body-weight of 
the surviving embryos was lower than that of the controls. 
On the other hand, van Limborgh e£ al.* were unable to 
demonstrate a similar influence on the mortality rate in 
one-day Khaki Campbell duck embryos. Uchida’ 
observed a rise of the mortality-rate with increasing 
doeage but no significant changes in the body-weight in 
eighteen-day-old White Leghorn egg embryos. . 
The discrepancies in these resulta seamed to justify a 
re-examination of the influence of reserpine. For this 
work eggs of Khaki Campbell ducks were used. Three 
experimental series wére drafted: in series I reserpine 
waa injected after four days of incubation, in series Il 
after eleven days, and in series III after eighteen days. 
Each series consisted of 96 eggs with living embryos, and 
these were subdivided at random into four series of 24 


sam 
The Scis ala experiments are summarized in 


No. of Mo. of Mortality- Barviving embryos 
Series embryos rate No. Mean 
treated (%) body-weight (g) 
Is 124 2 8-3 2 0-271 
Ib 24 3 12-6 11 0-232 
Ie 24 & 167 20 0-221 
Id H 10 417 14 0-214 
Ils 24 4 16-7 20 +61 
ID 24 6 25-0 18 3-90 
Ile 24 9 37.5 15 $55 
Id 24 10 41:7 14 3-62 
Ilis 24. 4 167 20 12-0 
Ili» 124 B 333 16 21:9 
Iris 24 14 58-3 10 187 
Id 24 25 95-8 1 (17-1) 


series, this rate rises with increasing dosage. 
The differences between the individual mortality percen- 


With a ag to the mortality-rate, Table 1 shows that. 
thi 


series (series I: P < 0-002; series II: P < 0:02; 


0-20). ‘ However, fo 
dose of ine the mortality rate rises significantly 
the age of the embryos (10y, P < 0-05; 50y, P < 0-02: 
250y, P < 0-002). 

With regard to the body-weights of the surviving 
embryos, Table 1 shows that the mean body-weight of the 
controls of series I is much higher than that of the reser- 
pime-treated embryos of this series. The differences are 
significant (P < 0-05, P < 0-001 and P < 0-001 respec- 
tively). The smaller differences between the sub-series 
Ib, Io and Id are not significant. Nevertheless, there is a 
significant correlation between increase of the dose and 
decrease of the body-weight (P < 0-0008). In series IT 
there are neither significant differences nor a systematic 
rise or fall of body-weight with the dose; however, in this 
series the individual body-weights varied extremely. In 


016 


oe re d ignificant difference is that between the 
sub-series and Ile (P < 0-05), but again a significant 
correlation existe between increase of the dose and 
decrease of the body-weight (P < 0-01). 

These findings show that reserpine has a noxious 
action on duck embryos, and it is of particular interest to 
. note that older embryos are more sensitive to this action 
than younger ones. This indicates that reserpine acta on a 
factor which, with increasing age, becomes of increasing 
importance to life. Since the drug is known to bring 
about changes in metabolic processest;*, it might be that it 
acts on some enzyme system. However, further work is 
needed to elucidate this problem. 

We thank Ciba N.V., Arnhem, for the generous supply 
of the solvent of 'Berpaail'. 
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Pogonophora from British Coastal Waters 


A BUB-LITTORAL faunistic survey of the Scottish west 
coast has recently produced specimens of the genus 
Siboglinum from 55-62 fathoms ın the North Minch about 
8 miles east of Lewis. Siboglinum has been found in deep 
water in the north-edst Atlantic and an undescribed 
species haa been recorded from 80-90 fathoms off the west 
coast of Ireland by Bouthward!, but Pogonophora wero 
noU known from inside British coastal waters. 

were collected with-a 1/10 m? spring-loaded 
gr&b and the grounds inoluded the Minches from 
Dubh Artach north to the Butt of Lewis, as well as all 
navi mainland sea lochs and most of the Hebrides 
lochs. Of several hundred samples covering this area, 
Pogonophora were found in only four, all from the extreme 
north-west oorner of the Minch. Details of these collec- 
tions are given in Table 1. 


Table 1. DISTRIBUTION OF SPECIMENS 


een) Mo. of specimens per 1/10 m’ 
60 


i 58 
N., 05" 5) W. 55 
*8' S0" N, O62 55’ W. 68 


The bottom on which they ocourred consisted of fine grey 
sand, and an analysis of the associated fauna is given in 
Table 2. At stations farther south and east where 
Pogonophora were not found the bottom was generally 
softer and more muddy and the fauna consisted erther of a 
typical Dttrupa community, or of an association, common 
in the lochs, dominated by the polychæte Rhodine. " 

Hydrographically the distribution of the Pogonophora 
seems to be closely associated with a tongue of oompara- 


- Table 2, ANALYSIS OF ÀSSOGLATED FAUNA (Wo. FIR 1/10 x") 


Aatrorinra Heetools Sandahl 18 resp malmereni aparte 4 
Dental ontahs L. 1 malmgreni 10 
Spiral ea (iowa E Pena n 
Optsthobranchia 5 Ohaeiorone setosa Malmgren 2 
Ophiura Lutken 5 - Otrratulidae 5 

juvs. 30 DOM a (Maller) 12 

gestive (O. F. Muller) 1 Diptoolrrws gisuous *$ 
Amphiura Aformis (O. F. Muller) 1 Mee re Eats T 
Thyone Sp. z : 

isla Thlers 2 Tecodellidac 14 
Pholes seinicia (Fabcious) 1 Owenin furiforwis Delle Ohiaje 12 
Nephtys Lombwpi Lamarck 5 rural S 
Glyosr& p. ' : Amphtpoda 18 
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tively saline water from wet of the Hebrides which flows 
round the Butt of Lewis and influences the north-west 
Minch. This gives bottom tures ranging annually 
from 7°-8° O in February to 11°-12° O in late September, 
and salinities of about 35:10 parta per thousand. 

These animals thus seem to bo restricted to a small part 
of the Minch with faunistio and hydrographic character- 
istics which differentiate it clearly from the reat of the 
area. 

I thank Dr. Eve O. Southward for the 
specimens. She considers them to be identical with the 

ies referred to from off Ireland, and is preparing a 
escription. 


Marine Laboratory, 
Aberdeen. 
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Oysters killed by Trematode Parasites 


Durma laboratory breeding experiments with the New 
Zealand mud oyster, Ostrea lutaria Hutton, sectioned 
cysts of a digenetio trematode parasite. The 
were tubular and branched as in the family Bucephalidae, 
and contained redis, bub as cercaris were not found the 
trematode has not yet been identified. 

Twenty-two of the oysters were fixed on arrival from 
Foveaux Strait, New Zealand, and showed 13-6 per cent 
parasitized. The remainder were kept in aquaria for 6 
months and those that died were fixed and sectioned. 
Samples of living animals were also fixed and sectioned at 
intervals during the same period. The parasitiration in 


the two groupe was aa follows. 
No. No. not 
parasitized parasitized (%) 
Oysters that died 35 17 67:3 
Oysters that remained alive 3 17 15-0 


vt 

The highly significant difference indicates that the 
parasites were an important cause of death. 

Heavy infection causes almost complete destruction of 
the gonad, and later, death of the oyster. The i rtance 
of this ite in Nature is unknown, but under laboratory 
conditions all the animals initially parasitized may die. 
Until the species is identified and the hoste are known, the 
probability of accidentally spreading the trematode to 
oysters in other countries cannot be asseased, but the 
danger should be recognised by anyone introducing 
oysters from New Zealand. 

R. H. Moar 


Marine Station, 
Millport, 
Sootland. 


Extension and Retraction of the Tube-Feet 
of Ophiuroids 

Tua greater part of the basio anatomy of ophiuroids 
was worked out in the latter half of the last century and 
the resulte summarized in Bronn!. In the water-vascular 
AUR elu eg of tube-foot ampullss com: le with 
of asteroids or echinoids is striking. It has been 
generally recognized that the feet are lees important in 
locomotion than the arms, and they are frequently 
attributed only sensory and adhesive functions. In 
several common genera the tube-feet are amall and show 
only slight changes of shape, although protraction has 
been recorded!*. Perhaps for these reasons there has been 
little discussion of possible mechanisms of protraction and 
it seems often to have been tacitly assumed that none is 
present, and that retracted feet resume the extended con- 
dition ‘only on relaxation of their musculature (whioh is 
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wholly Wc edd by the general pressure of the 
eclomio fluid in the water-vascular canals or by the 
elasticity of the wall. Ludwig! was the first to 
ie the cave of debe o to poate de Doe of 
which prevent water from flowing back into the radial 
canal. The presence of this valve has been remarked upon 
by all subsequent reviewers of the group; but its signifi- 
cenna; pamnely, Vass pressan ip developed Wun Te Tai 

Comparisons active and 
-anæsthetized specimens of various species suggest that ina 
number of cases podial extensión is far in excess of that 
which could be achieved by relaxation alone. 

A number of genera have been examined hi ically 
(Aorocnida, Amphipholis, Amphiura, Ophiactis, 
comina, Ophiopholis, and Ophiura) 
and in all cases the podial musculature is differentiated 
into two systems, one in the long stem and the other in the 
proximal internal end or 'head' of the foot, which is 

embedded in a cup-like expansion of the ver- 
tebral ossicle. We contend that these systems are generally 
antagonistio and that, the head of the ophiuroid podium 
wa eee Fastenal ge Rig tardus 
This arrangement is. clearest in the burrowing 
Amphiura. The head of the podium is distinctly b 
and ite muscle fibres are and more numerous than 
those of the stem and quite distinct from them. Jn 
Amphipholis squamata, on the other hand, the two muscle 
systems are less differentiated; some fibres are common 
to both systems, but there are many more in the slightly 
inflated head of the i 

When the foot retracta, the ampulla-like head of the 
foot cannot expand eo much as the ampulla of an asteroid, 
because it is enclosed by ossicles and because there are no 
ee ee oe If the foot is to be fully 

is set to the volume of hydraulic fiuid 
hm dod acd tae tots aucun oy taste 
foot can be protracted. The full retraction of langer feet is 
ones in Dany anml Onog ee fluid into the 
radial canal This situation can be reoognixed by 
two structural charaoteristios. 

First, the valve between the head of the podium and the 
branch from the radial canal is equipped with muscle 
fibres which can force the lips apart. Secondly, the radial 
canal is partitioned by muscular sphincters situated 
between each vertebra, Po hiat each pare of tube-foob has 
its own elastic expansion chamber and can operate 
independently of ite neighbours. These sphincters have 
been described in Ophiactis virens by Simroth? who tho 
they were responsible for the slight protraction of tu 
feet which he obeerved. We have found them in Aorcontda 
brachiata, eet chiajei, A. filiformis, Ophiactis balls, 

aculeata and Ophiothria 
fragilis. Tn addition t> tha irdularsunccle fibres forming 
the sphincters, longitudinal fibres generally run along the 





Fig. 1. Oral surface of vertebral ossicle of Asephíura filiformis 
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Fig. 2. Diagram of of radial water-vasoular system of Amphiure 
miu 7 


floor of the radial canal and are more strongly developed in 
the region of the sphincters, to which they may be antag- 
onistic. 

Amphiura filiformis is capable of very considerable 
extension of the tube-feot. It possesses a series of acocs- 
sory vesicles which from the radial canal in each 
segment at the point where the lateral branches are given 
off to the podia. The vesicles are non-muscular, but 
apparently elastic, and are sometimes fixed in an expanded 
and sometimes in a relaxed condition. Each is suspended 
by connective tissue strands in a cylindrical cavity which 
passes completely the middle of the vertebral 
oegicle (Fig. 1). This hole through the ossicle occurs in 
several members of the Amphiuridae!, but not in A. chiajei. 

Fig. 2 represente the water-vascular system of two arm 
segmenta of A. filiformis, and summarizes our ideas of how 
the system works. The right-hand pair of podie are 
protracted; the accessory vesicle and radial canal are 
relaxed, the valve is shut, the foot-head muscles are 
contracted and the stem of the foot is elongated. The 
left-hand pair are retracted; the 'ampulle' are dilated, 
the valves have been opened, and the acceasory vesicle is 
expanded. 

It seems possible that active protraction is general 
throughout the Ophiurae, because evidence for it has been 
found in all species examined, drawn from five families. 
Modification of the radial canal to it greater extension ` 
is also widespread, but the vary between species 
and much further work remains to be done. The configure- 
tion of the arm water-vascular system seems to have been 
similar in foesil eomasteroids'; it will be interesting to 
have histological reporte on Platasterias, the living soma- 
steroid by Fell’. 

One of us (J. D. W.) is grateful for a studentahip from the 
Department of Scientific and Industrial Research. Both 
of us thank Dr. D. Nichols for his useful criticism. 

J. B. BUCHANAN 

Dove Marine Laboratory, 

King’s College, 
Newcastle upon Tyne. 


Department of Zoology, 
University Museum, Oxford. 
aes’ O» and Hamann, O., ‘Die Schlangensterns” in Brorn’s Klassen 
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‘Campaniform-type’ “Organs in Nematodes 

CAMPANITORM organs are common in insects!, where they 
have been demonstrated to sot as proprioceptors’, 
Morphologically they show considerable variation but “In 
vertical section the cuticular parts of the organs generally 
have the form of a small dome into which the sense cell 
Process is inserted like the clapper of a bell": and the 
structure of various types is illustrated by Snodgraas?. 

In the Nematoda lateral gland cells and pores have been 
known to occur in many groupe for some time and are 
considered to be particularly obvious in species of the 
family Cyatholaimidae (Ohromadoroidea), where they are 
arranged in longitudinal rows running down the lateral, 
dorsal and ventral surfaces of the body. I have examined 
these pores in ies of the genera Oyatholaémus, Longi- 
Pour prid. "Choniolaimus &nd & new genus cloeely 
related to the two latter genera (all belonging to the 
Cyatholaimidae) and the structures are not simple pores 
but oan organs very similar to the campaniform 
organs of insects. I have found two types of organ of 
which the most common and widespread is that shown in 
Fig. 1, 3-5. It takes the form of an elliptical cup into which 
projects a thin sheet of cuticle which is attached to the 
bottom and two sides of the cup. This Type-1 organ 
ocours in longitudinal rows running the full length of the 
body in all the genera studied and in all, exoept the 

7 imus species, the sheet of cuticle runs trans- 
versely—in Longioyatholaimus species it runs antero- 
posteriorly (this may be an artefact or possibly & functional 
distortion). The second type of organ (Fig. 1, 1-2) is found 
: only on the Ohoniolaimus species, where 15 is restrioted to 
a short row of seven organs running posteriorly from the 
amphids on each lateral side of the body and two similar 
rows, One on each side of the body, running posteriorly 
from about the level of the cloacal or anal opening. This 
Type-2 organ is circular in plan (Fig. 1, 1) with a central dot, 
which is the raised central part of a domed cap which 
Hes within the sense pore and below the surface of the 
cuticle (Fig. 1, 2). Each organ is supplied with a nerve and 
apparently with a gland cell; but the condition of my 
material does not allow of a more detailed study. The 
association of a gland cell and a sense organ is not unexpec- 
ted since this condition has been found to hold in many 
other nematode sense organs. 


9 WS 


Fig. 1 





It is reasonable to suppose that these organs function 
as meohsno ra in view of their morphological 
similarity to the campaniform receptors of insecta, a 
suggestion supported by their distribution over the-body. 
The distribution of Type-2 is particularly suggestive since 
it ocours on exactly the parta of the body which are subject 
to the most movement during the search for food and 

i copulation. The occurrence of such morpho- 
Sly Seale: et aso I Roth ne AAA end Medie 
does not necessarily lend weight to any idea of nematode/ 
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insect evolutionary relationships since they almost oer- 
tamly represent the independent development of similar 
organs from similar materials to meet si Tequirementa 
and should be treated as an example of convergent 
evolution. - . 

WiLLIAM G. Inari 


Department of Zoology, 
British Museum (Natural History), 
Oromwell Road, London, 8.W.7. ; 
1 Snodgrass, E. H., Principles of Inset Morphology (New York, 1935). 
* Pringle, J. W. B., J. Kap. Piol., 15, 114 (1938). 
* Wigglesworth, V. B , The Princaples of Insect Physiology (London, 1953). 


Fine Structure of Pythium de baryanum 
Hesse and Its Probable Significance 
ErnmOrRON micrographs of young hyphs of Pythsum de 
reveal some striking differences from young 
hyphs of other fungi, for example, Rhizopus spp.!, 
Neurospora orassa*, and vegetative cells of yeasta*. 

The most striking difference is in the structure of the 
cytoplasm. Young hyphæ of Pythium show more num- 
erous and more regularly distributed cisterns and vesicles 
than are seen in hyphse of Rhisopus and other fungi 
examined, suggesting a more regular endoplasmic reticu- 
lum. In older vacuolate hyphp the endoplasm is less 
complex. In the young hyphs the cisterns: may occur in 
layers (Fig. 1) resembling the Golgi bodies (dictyosomes) of 
some algae, for example Paraphysomonas vesiia* and 
green plants, for example, Anthoceros? and maire root 
meristem*. No such distinct Golgi bodies of plant type have 
been demonstrated in other fungi although irregular 
aggregations of cisterns were shown by Blondel and 
Turian’ in AHomyoes and by Hawker and Abbott! in 
Rhizopus. 

The mitochondria of Pythium also differ from those of 
Rhizopus and certain yeasta in having shallower, undulat- 
ing cristse of irregular thioknees and depth of penetration 
into the mitochondrial cavity. Tubules are also sometimes 
present in the centre of the cavity. They are closely similar 








section of put of a young hypha of 
-a OF Call wally” P, H c Tai E, EE roe 
dictos Ng rescimie membrane Grote para) : 
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in appearance to those seen by Manton* in the liverwort 
Anthoceros. 

The nuclear membranes are leas regular in combined 
thickness and show more numerous pores and larger dis- 
continuities than do those of other fungi studied. 

The cell wall of Pythium, usually considered to consist of 
cellulose, is not electron dense and shows no structure in 
section, thus resembling the wall of Allonwoes! but oon- 
trasting with that of Rhizopus which is electron dense and 
finely striate in section. 

Nutritional in igations®, the structure of the Me pem 
of the zoospores’ and the well-known morphology of the 
sexual reproductive organs already show that the 
Oomycetes differ widely from other Phyoomycetes and 
from the higher fungi. The present study of the fine 
structure of Pythium confirms this difference and, in addi- 
tion, indicates a closer affinity with certain algae and green 
plante than is shown by fungi in general. 

Loan E. HAWEER 

Department of Botany, 

University of Bristol. 
1 Hawker, L. B., and Abbott, P. MoV., J. Gen. Méorobiol. (In the press). 
3 Bhatkin, A. J., and Tatum, B. L., J. Biophys. Biochem. Optel., 6, 423 (1959)- 
3 Tu T. EB., Conti, 8. F., and Naylor, H. B., Exp. Cell. Res., 9^ 
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and Ootley (Hdinburgh 1961). ; 
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* Cantino, B. O., Quart. Res. Brol., B, 209 (1050); 80, 188 (1956). 

‘Sparrow, F. K., Mycologia, 50, 797 (1968). 


Grass Tetany and Histamine 


Tum occurrence, distribution and stiology of grass 
tetany in cattle and sheep have already been adequately 
described)". The most consistent symptom in all cases 
is a low serum magnesium-level, values below 1 mg per 
100 ml. being common. The condition is sometimes 
accompanied by hypocalosmia’. Nevertheless, severe 
hypomagnessmia can be present in some cases without the 
appearance of clinical symptoms of tetany, which raises 
the question of the possible occurrence of other causative 
factors. The high incidence of grass tetany, for example, 
on young, rapidly growing pastures has given rise to 
views that some factor may be introduced by the herbage, 
and Beeklee* hag even suggested the term ‘nutrition- 
tetany’ for the condition. This factor may be independent 
of those which act by reducing availability of magnesium 
to the animal. x i 

Deeth in rue tetany is usually attributed to shock. 
A paper by yer? would ascribe all shock phenomena 
to rapid histamine release into the blood. The histamine- 
levels in blood serum in cases of grass tetany have been 
shown by Seekles* either to be abnormally high or 
abnormally low. Abnormally low values were attributed 
to the dilating action of histamine on blood capillaries 
causing increased permeability of the capillary walls. 
Among compounds known to cause histamine release on 
injection both aliphatic and substituted aromatic amines 
and the ammonium ion have been recorded’. Whether 
dietary factors could produce similar effecta is nob yet 
known but Parrot® has been able to cause the death of 
guinea pigs by parenteral administration of histamine and 
has also shown that prior administration of putrescine 
reduces the minimum lethal dose to one-tenth of ite 
formerly required level. The guinea pig is, however, 
known to be abnormally sensitive to histamine. The 

resence of putrescine and cadaverine in spring grass has 
reported by van der Horst’ and histamine also is 
present’. 

The influence of low- and high-calcium diets in guinee 
pigs on death from histamine has been investigated’; low 
calcium diets reduce the minimum lethal dose adminis- 
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tered into the stomach. Similarly, diets high in potassium 
lead to greater susceptibility to histamine when adminis- 
tered intravenously to mice! and the influence of heavy 
potash fertilization in conditioning the production of 
tetany-prone swarda has been frequently reported!. 

The treatment of grass tetany by the use of antihista- 
minics in conjunction with magneaium-caloium therapy 
bas been reported by Hendriks and some preliminary 
observations using ‘Antiallergicum Vetag’ (Veterinaria 
S.A. Zurich), both with and without magnesium—caloium 
injections have given results which justify further investi- 
gation. 

Ib seems desirable, therefore, to widen the scope of 
investigations in grasa tetany from the field of magnesium 
availability alone to the manner in which magnesium 
deficiency, either alone or with other factors, causes 
tetany. In this wider investigation the relationship of 
magnesium deficiency to histamine metabolism may play 
an important part and deserves closer examination. 


H. D. FowrzgaR 
The Agricultural Institute, 
Soils Division, 
Johnstown Castle Agricultural College, 
Wexford, Ireland. 
1 Comm. Agric. Bur. Tech. Comm. Ko. 15, 136 (1956). 
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Possible Presence of a P oxin in Red-ring 
Infected Trees 


Rxp-arNG disease of coconuts is caused by the nema- 

tode Rhadinaphelenchus cocophilus (Cobb 1919) Goodey 
, 1960, which colonixes the stem in & ring 3-5 cm inside the 

periphery where the flbro-vasoular strands are densest, 
and causes the formation of & distinctive red-o band 
in this zone. Characteristic symptoms are yellowing and 
wilting of leaves. 

Although the causal ipe and its method of spread 
have been examined’, little or no work has been reported 
on the damage mechanism. The symptoms of red-ring 
disease are almost identical with those of bronze leaf wilt, 
which has been clearly shown to be due to vascular failure’; 
it is therefore possible that the damage mechaniam of red- 
ring disease is similar in nature. This might result from 
blockage of vessels in the infected zone, but injection 
experiments using dyes into healthy and into diseased 
trees do not support this hypothesis, since the dye is 
detectable in the stem right up into the bud and out into 
the leaves?. Moreover, growing, healthy coconut trees 
can suffer very extensive damage to the stem and there- 
fore to the vascular strands without obvious deleterious 
effects. 

It is also possible, however, that wilt symptoms can 
arise from other causes such as the production of toxins. 
This may result in decreased efficiency of leaf cella with a 
consequent reduction in maintensnoe of the full transpira- 
tion stream‘. Grogs observations indicate that this may 
be the cage in coconut trees infected with red-ring. 

Preliminary e i ta on seedlings and cuttings of 
tomato confirm this latter hypothesis. Hot- and oold- 
water extracts of red-ring infected tissue induce rapid and 
severe wilting of these plante, the effect being more rapid 


' in the case of cuttings. The effect appears to be inde- 
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pendent of the age of the extract and of the presence or 
absence of tissue fragments or Rh. cocophilus in the 
extract. The behaviour of tomatoes in extracta of healthy 
tissue is different, in that freahly prepared cell-free extracta 
do not produce wilting unless the extracts are allowed to 
stand for several hours before removal of tissue fragments. 
If tissue fragmenta be removed, it is necessary to stand the 
cell-free extracta overnight before they can induce 
wilting. There is, therefore, reason for believing that the 
toxin is not produced directly by the nematodes but is the 
product of tissue disintegration as a result of nematode 
invasion. 

rupe of extracts to temperatures of 100° O for 30 
min does not affect their ability to induce wilting, and it is 
justifiable to suppose that the toxin, if present, is relatively 
thermostable. 

Other tests have been carried out using three palms, 
Piychorapis augusta, Lioula spinosa and Thrinaz morissii, 
as indicator plante to show the presence of a poesible 
vivo-toxin. The resulta of testa with these plante are 
similar to those using tomato, although wilting is less 
pronounced. Wilting in diseased tissue extract does not 
occur in leas than 72 h after immersion, while wilting in 
cell-free, healthy tissue extracta, takes far longer. These 
palms are far too small to observe either the external 
symptoms, such as yellowing, or internal symptoms, such 
as discoloration. In tomato planta, however, a distinct 
pattern of yellowing is observed.  Yellowing A assu 
wilting in these plante. The yellowing begins along the 
midrib, extends along the lateral veins, then the inter- 
veinal spaces yellow and finally necrosis of the leaf occurs. 

It is that these observations are consistent 
with the production of a toxin or toxins in coconut tissues, 
and that the toxin or toxins are produced indirectly as a 

` result of tiasue breakdown following nematode invasion. 


L. C. domagpHAN 


Trinidad and Tobago Coconut Research, Ltd., 
Eastern Main Road, 
Champs Fleurs, 
Trinidad 


‘Fenwick, D. W., and Maharaj, B., Matre, 18$, 250 (1960). 

a F. K., Dronse Wit Disease of the Coconut Palm (Govt, Printing 

Daltile T ENT] i l 

$ , L, 0., Ann. Rop., 1061, Trinidad and Tobago Coconut Research, 
Lèd. (1061). 

1 Kalyansundaram, E., J. Indien Boi., 83, $19 (1964). 

* Struckmeyer, B. H., Beokman, 0, H., Kunts, J. M, and Riker, A. J., 
Phytopath,, 44, 148 (1054). 

* Talboys, P. W., Trens. Brit, Mycol. Soc., 40, 415 (1957). 


Effect of Treatment of Seeds with 
2-Chloroethanol on the Resistance to Boron 
Toxicity in Wheat Seedlings 

Ir has been shown that treatment of seeds with 2-chloro- 
ethanol increased the resistances to high salt conoentra- 
tion! and herbicide*. The present study is concerned with 
the influence of seed treatment on the boron toxicity. 


Table 1. Errsot OF SHED TRAATWENT WITH 2-OHLORONTHANOL OX THE 
RAXINTANOR TO BORON TOXIOITY IN WI347 HXXDLINGA 


Boron 

Beed treatment a Wilted plants (per oent) 
ir h after of baron 

g 48 es 
0 2 per cent 2-Chloroethanol (14 h) 12:5 19 37-5 90-3 
ee NEG N- 
Control É i 12:5 18-4 691 100 0 
» 9 45 43-6 92-7 
5 0 251 663 


Wheat seeds (variety, Carstens VIII) were soaked in 
0-2 per cent 2-chloroethanol for 14 h at room temperature. 
After that, the seeds were spread on a filter paper and dried 
for 4h. The control seeds were treated in the same way 
using water instead of 2-chloroethanol solution. 200 g 
sandy soil (pH 5-85) was placed in a Neubauer container 
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and moistened by 25 ml. of water. Forty seeds were 
placed in the soil. At 6 days after the seeding, varying 
amounts of boron in the form of 5,722 p.p.m. H,BO, 
solution (1 mg boron/1 ml. solution) were applied on the 
surface of soil. The application of solution increased the 
water content of soil temporarily, and further irrigation of 
water was made after the moisture content of soil reduced 
to the original level. The first visible symptom of the 
toxicity was the wilting of the tips of leaf blades. The 
numbers of wilted i were recorded. Results are 
shown m Table 1. Testa were replicated three times and 
the averages were calculated. From the results indicated 
in the table, I have arrived at the conclusion that the 
seed treatment moreased the resistance. 


Taxao Mryamoto 
Institut für Pflanzene 3 
Justus Liebig-Universitét in Giessen. 
1 Miyamoto, T. (in the prees). 
* Miyamoto, T., Natwrwüs. (in the press). 


Growth-inhibiting Substances In Xylem Sap 


A wipe range of substances is already known to occur 
normally in xylem sap!. Experimenta in this laboratory 
have now shown that growth-inhibiting substances are 
also present in xylem sap extracted from a range of woody 
plant species. : 

Xylem sap was collected from woody shoots using a 
method previously described", which allows quantities of 
up to 100 ml. to be extracted readily. To examine extrac- 
ted sap for growth-inhibiting substances & volume of this 
material was first acidifled to approximately pH 2-0 with 
dilute sulphuric acid and shaken three times with equal 
volumes of ether. The combined ether washings were 
then reduced in volume, samples placed on Whatman No. 1 
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chromatographic paper and chromatographed in & solvent 
of isopropanol/ammmonia/water (10: 1 : 1). The presence 
of growth-inhibiting substances on the resulting chromato- 


gram was detected by the wheat coleoptile test using 


small rotating assay tubes containing 0-4 ml. of 2 oent 
sucrose plus the paper section?. Elongation of oo i 
was rneasured after 18-20 h. Fig. la—o show the te of 


tests with xylem sap of three species—Cape honsysuckle 
(Teoomaria capensis Spach), apple (Malus sylvestris (L) 
Mill. var. Sturmer pippin) and willow (Salix fragile L.). 

A region of mar inhibition is present on each 
chromatogram at an Ry value of about 0-5—0-7, suggesting 
the presence of similar substances in each sap. 

Comparable assays of the acidic fraction of an ether 
extract of dormant willow buds (Fig. ld) also show-an 
inhibitory rone at approximately the same Ry values. 
This would suggest that the sap and leaf extracta contain 
similar inhibitory substances. The ition of the zone of 
inhibition seems similar to that of the widely 
distributed ‘inhibitor p’*. 

The present demonstration of such inhibitory substances 
within a transport stream of the plant raises the question of. 
their possible regulatory significance m various growth 
phases of the plant. Such a means of free movement of 
inhibitors could be, for example, of importance in corre- 
lative phenomens such as control of dormancy and bud 
break'-'. Some relationship is certainly suggested because 
of the apparent similarity of the inhibitors present in 
xylem sap and in buds. Clearly, further investigations of 
the origin, nature and role of the inhibitors present in 
xylem sap are required. It is notable that no substances 
with growth-promoting activity could be detected in the 
sap extracts along with the inhibitors but this is not 
unexpected in view of the known strictly polar movements 
of naturally occurring auxins. 

R. M. Davisox 
Fruit R h Division, 
Department of Scientiflc and Industrial Research, 
Auckland, New Zealand. 
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abet Ane of the New Zealand 
Onchidlidae and its Bearing on the 
Classification of the Group 


Tx Onchidiidae are a group of the Gastropoda, posseas 
mg both Pulmonate and Opisthobranch characters. This 
fact has led them to be classified sometimes as Pulmonates 
and at others as Opisthobranchs. It is rather surprising 
to find, in a group that could throw some light on the 
origin of Opisthobranchs and Pulmonates, and the 
classification of which is debatable, that the embryology of 
only one species, Onchidella celtica Forbes and Hanley, 
has been examined. The two papers published on the 
embryonic development of this species have both resulted 
in important conclusions being drawn as regards the 
classification of the Onchidiidae. 

Joyeux-Laffuie published, in 1882!, a lang paper on the 
ory ner ane ern of O. celica. His embryonic 
section was based on examination of whole mounta, 
and this, combined with his taxonomic conclusions some 
of which were erroneous, would cause the systematist to 
remove the family from the Pulmonata to the Nudi- 
branchia. The second paper was that of Fretter' on the 
functional morphology and post-veliger embry of 
OnohideHa celica and their bearing on its relati 
Fretter discusses the Opisthobranch and Pulmonate 
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affinities of the Onchidiidae and concludes that the 
Opisthobranch tie is the strongest. 
During 1961 I investigated the embryology of the three 
ies of Onchidiidae found in the New Zealand region. 
(Bix species are described in the literature, but in a paper 
now in pre ion this number has been reduced to three.) 
The investigation was concentrated on Onchidella nigricans 
Quoy and Gaimard, but embryonic material pertaining to 
the other two species was also examined. 

Onchidella nigricans breeds at Lyttelton (43° 40’ B.) 
during the months of December, January and February. 
As are all Opisthobranchs and Pulmonates, it is an her- 
maphrodite. Copulation takes place and this may be uni- 
directional, that is, one individual acts as a male and the 
other as & female, reciprocal or in the form of a ring. So 
far as is known, the last method bas not been observed in 
any other but & slight modification of chain 
copulation would produce ring copulation. About 500- 
11,000 eggs are deposited in each egg mass, these being of 
the same general type as found throughout the Opistho- 
branchs. The early embryonio~ development is very 
similar to that of other gastropods and resulta, after 
approximately 25 days, in the formation of a veliger. 
Unlike O. celtica, O. nigricans has a pelagic veliger. This 
bas the appearance of a typical Opisthobranch veliger. 
The duration of ita pelagic life is unknown but it is 
probably short, lasting about seven days. This is based 
on & number of facta: (1) in the laboratory the pelagic 
period lasted about 7 days; (2) the shell of the veliger 
consists of about three-quarters of a whorl, the simple 
outer lip of the shell is scarcely curved and the velum is 
not large; (8) there was little change in size and organira- 
tion of the veligers during their planktonic life. The fact 
that O. nigricans possesses an egg mass containing a large 
number of eggs which hatch into free-swimming veligers 
increases the number of points in which these molluscs 
agree with Opisthobranchs. 

The Onchidiidae are intertidal in habitat, and go have 
been regarded as having re-invaded the marine zone from & 
terrestrial habitet. If this is tho case, then O. nigricans 
has developed a imming veliger which is almost 
identical to that of many Opi branchs. As Needham?* 
states, evolution is reversible in the sense that structures or 
functions once gai can be lost, but irreversible in the 
sense that once lost they can never be regained. Thus, it 
is unlikely that a free-swimming veliger, showing the 
characteristic structures of an Opisthobranch larva, 
would reappear in evolution. 

Frotter haa listed the Opisthobranch and Pulmonate 
characters possessed by the Onchidiidae. To her list of 
Pulmonate characters may be added another one, the 
ER Ed a Pub Bo far as is known this 

is only found in Pulmonates. In view of the 
mixture of Pulmonate and Opisthobranch characters 
found in the Onchidiidae, the group must always occupy & 
debatable position in any clear-cut classification. It is 
generally considered that Pulmonates and Opisthobranchs 
arose either from closely related Prosobranch groups, or 
that the Puhnonates may have originated from an early 
group of the Opisthobranchs themselves. Whatever is the 
case, the Onchidiidae lie very close to the stem of these 
two groups. In agreement with Labbe and Fretter!, it 
appears that the most suitable place to aselgn the group 
is with the Opisthobranchs. - 
Onchidella cam | Filhol, both direct develop- 
ment. Their egg masses are basi the same as those of 
O. nigricans but they are larger and contain fewer eggs. 
Little embryological material was available for O. camp- 
belli as this species occurs only on the Sub-Antarctio 
islands of New Zealand. The development of O. flavescens 
and O. celtica is very similar. ' 

Throughout the animal kingdom invasion of the land 
is usually considered to have taken place via estuaries. 
Various species of the Onchidiidae found m the Austral- 
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. "this. O. nigricans appears to possess the marine 
affinities, as it has a free veliger, w species 
such as O. flavescens and O. cam ; have taken one step 


towards the invasion of & terrestrial habitat, in that they 
possess direct development. Onchidium damelis forms the 
next link in the invasion of land, this species being restric- 
ted to estuarine waters and mangrove swamps. Finally, 
^ Chou deere cen befand up to BU i. above high- 
tide mar 


B. L. Strainer 


Department of Zoology, 
University of Canterbury, 
Christchurch, 
New Zealand. 
} Joyeux-Laffule, J., Arch. Soei. emp. pen., 10, 225 (1861). 
"¥rettar, V., J. Mar. Biol. Assoc., 85, 065 (1943). 
* Neodham, J., Biol. Rev., 18, 240 (1088). 


MICROBIOLOGY 


Sensitization of Bacterial Spores to L e 
and Hydrogen Peroxide with ents which 
Rupture Disuphide Bo 


ViwTHER!- showed that the coat fractions of bacterial 
spores contain a high concentration of cystine disulphide 
bonds. Spore costs also contain a protein component!.* 

. with which cystine could be associated. We have there- 
fore subjected spores to reagents known to rupture pro- 
tein disulphide bonds, and have investigated the resulta of 
these treatments. 

Spores of Baodius cereus NCTO 945 were incubated at 
37° O with performio acid (2-5-25 per oent v/v); thio- 
glyoollio acid (1-25 per cent v/v) in the presence or 
abeence of 8 M urea; 2-mercapto-ethanol (10 per cent 
v/v) at pH 3 in 8 M urea; sodium sulphite (12-5 cent 
w/v) in the presence of 0-05 M cuprammonium ions and 
8 M urea. Formic acid (2-5—25 per cent v/v) and hydro- 
chloric acid (pH 8) were used as controls. None of these 
treatments altered the brightness of spores viewed by 
phase-contrast microscopy. Treated spores were washed 
with water and incubated with lysoxyme at 37° O. Lyso- 
zyme caused phase darkening of the chemically treated 
spores resembling that which occurs during normal spore 
germination. The rate of'phase darkening in 
was quicker when ures was included with the disulphide 
bond-breaking reagents. Lysozyme did not alter the 
phase-contrast pd peal of control or untreated spores. 

Sensitization of spores to lysozyme with thioglyoollio 
acid could be reversed by slow oxidation of the spores in 
aerated water. When attempts were made to reverse 
the effect of the thioglyoollio acid treatment with hydrogen 
peroxide (0:04—4:0 M) it was found that the peroxide also 
caused phase darkening of the treated spores. Hydrogen 
peroxide had the game effect on spores treated with per- 
formic acid and 2-mercaptoethanol whereas up to 6 M 
hydrogen peroxide did not affect control spores. Phase 
darkening was followed by almost complete eee 
of the spores leaving only cell ghosts, presumably 
coat material, and therbore differed from. 4s plis 
darkening which occurs durmg normal germination. 

The pH activity curves of the lysozyme and hydrogen 

xido reactions showed important differences. The 
reos reaction only occurred between pH 6-0 and 
10-2 whereas the hydrogen peroxide reaction was most 
rapid above pH 10 and in the presence of metal ions and 
was inhibited by sequestrants. This suggested that the 
lysoxyme reaction was physiological but the hydrogen 
peroxide reaction was up c d te and depended on 
catalytio decomposition of the peroxide. 

The reactions appeared to be general in their effecta on 
bacterial spores. Spores of Bactllus cereus (three strains), 
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B. megateryum, B. polymyza, B. brevis, B. fusiformis, B : 
mesentericus, B. lichensformis, B. subtilis, B. subtilis v. 
aierrimus and B. globigsi which were treated with ormio 
or thioglyoollio acids all became susceptible to 

&nd to hydrogen porun, as also did spores of Clostridium 
butyrioum (two strains), O. saocharobutyricum, C. tertium, 
O. septioum and C. vrais 

These resulta are compatible with: (1) Vinter's obser- 
vation! of the high content of disulphide bonds in the coat 
fraction of spores; (2) chemical rupture of these bonds; 
(8) consequent disclosure of new substrates aided by the 
hydrogen bond breaking activity of urea; (4) actian of 
lysozyme on previously protected lysozyme substrate 
which is preeent in spore mucopeptide’; (5) action of 
hydrogen peroxide on previously protected but unknown 
substrates. These results are also compatible with a spore 
structure in which the cystine disulphide-rich! and protein- 
aceous’:* coat surrounds the 1 e-gengitive mucopep- 
tide* and the calcium dipicolinate*:* of the cortex. 

Normal germination of bacterial spores may involve 
similar reactions to those deecribed here.  Vinter* has 
suggested that spore disulphide bonds may not be solely 
concerned with resistance to irradiation but may also be 
involved in the sudden activity during S arare dadie He 
demonstrated a qualitative reduction disulphide 
bonds during tion’. Tneymatio ^r ^rupture of 
spore disulphide bonds, followed by activation of- & 
lytic system, could invoke in permeability?* and 
swelling! of the spore typi of ‘germination. For 
example, enxymatic rupture df disulphide bonds in yeast 
peeudokeratin has been described*»4, and a spore enzyme 
capable of attacking spore mucopeptide was discovered by 
Strange and Dark™. Ohanges induced by such enzymes 
could parallel changes induced by disulphide bond- 
breakers and lysozyme. It is clearly possible that during 
normal spore germination endogenous enzyme systems 
could bring about changes similar to those induced by the 
exogenous systems we have described. The relevance of 
these reactions to normal germination is therefore now 


Q. W. Govurp 
A. D. Hrircnurws 
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CYTOLOGY 


Chromosomal Dynamics of Gastrimargus 


CHBROMOBOMHB number and morphology have been 
regarded as most constant properties of a species both 
within and between different individuals. This is also!-*. 
true of short-horned grasshoppers The concept of abso- 
lute karyotypic stability entails an evolutionary cul-de-sac, . 
and therefore a relative stability alone can afford scope for 
further genotypic change. Though it is known that 
spontaneous chromosomal mutations in stable genetio 
systems is low*-1*, yet chromosomal variations within an 
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drgania ia aa odon aa Dübwved Organlar vihaa 
population". However, & re-organization of a karyotype 


-to attain a better homeostatic stability depends not only 


on the incidence of structural and numerical anomalies 
‘but also on their subsequent survival4. Such selective 
incorporation of anomalies are claimed in orthopterans"*. 
Tho incorporation of anomalies into a genotio system is as 
much a measure of karyotypic plasticity as it affords the 
starting point of further evolutionary change. Cyto- 
logical examination of the two species of Gastrimargus, G. 
transversus and G. africanus orientalis (Family, Aorididao; 
Order, Orthoptera) collected locally (Mysore, Indis) has 
clearly shown the io d, 


In both species of Gastrimargus, the di loid chromosome 
number in the male is 28 (2n = 224 + as from 
chromosome counts of the gonial metaphases. ‘urther, 


while a majority of in metaphase I show 
eleven bivalents and one X, a few cells distinctly show nine 
bivalents and an X chromosome. The latter mdioates a 
diploid number of 19. Thus far, no ial metaphase 
plates with 19-chromosomes have been found. However, 
the presence of cells in anaphase I with 9 and 10 chromo- 
somes at the two poles strongly suggests the existence of 
cella with 19-chromosomes in the germ-line. This varis- 
M cin the diploid namber has to bees; lained in terms of 
karyotypic instability which might involve tie trcnnno df 
supernumerary chromosomes in the population. In the 
cella so far examined, the occurrence of sister-chromatid 
bridges in anaphase I is found more frequently in G. 
fransversus than in G. africanus. Although many cells 
contain a single bridge, some cells with 2 or 8 bridges are 
also found. The frequencies are being worked out. The 
presence of non-staining gap in the long bivalent in the 
LO EDEGUA OE charlie ee dese f BpeSIAL imitat; Mong or 





Ke deh Soonds deren A ate: 
ig uita A iege is ents in 
pachytene-diakinesis-metaphase I suggests the eri 

of translocations in G. transversus. 


As a result of failure of cytokinesis in the gonial 
division, tetraploids result which manifest as binucleate 
spermatocytes. There is normal consummation of meiosis 


in these tetraploid spermatocytes with 22 autosomal 


bivalents and 2X wunivalents. The resulting | diploid 
spermatids are distinguishable from the haploid 

tide, particularly among the X-bearmg ones. e size 
differences between 2X- and X-bearing tids is 
significant. An occasional occurrence of tw s` with 
eleven autosomal bivalents in metaphase I the 


Fro of th non-disjunction of X in the last gonial division. 
of the autosomal bivalents exhibit positive heperopyo- 


in rygotene- ytene-diplotene, both in transversus 
rg africanus. of them always shows ious 
segregation in hase T, though occasionally show. 
The behaviour of bivalents recalls the iour of 
supernumerary chromosomes. The formation of ring 
bivalents in grasshoppers has been shown to be to the 
presence of two chiasmata, one in the short and m 
the long arm of the chromosome. The number |of ring- 


bivalents varies from 0 to 5 per cell between cells of the 
game individual and between different individuals. In 
G. transversus, though most of the cells ghow 2 ring- 
bivalenta, cells with 1 or 8 are also present. pone os ane 
cells show 4 but none showed 5 ring-bivalents. On the other 
hand, in G. africanus, cells with 1, 2, 3, 4, and! 5 ring- 
bivalents occur but those with 8 and 4 ooour more fre- 
quently than others. Details of the cytology and o~ 
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somal dynamics of Gasrimargus will be published olse- 
where. 


Department of Zoology, 
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VIROLOGY 


Isolation of Individual Strains of Beet 
Yellows Virus 


Ix the programme of breeding for tolerance to beet 
yellows virus (SBY V) in sugar beet, it became desirable-to 
obtain individual RB Y V strains so that breeding material 
could be tested against them separately or in known 
combinations. 

It has now proved possible to isolate single SBYV 
strains from plante infected with a complex of strains by a 
local-lesion technique. Leaves of the infected plants were 

d in a mortar with ‘Celite’, and the sap was imme- 
—— inoculated with a very soft brush on to the upper 
mtaa of learen of Cloytonts porfoliala Donn. The test 
plants required no special treatment before or after 
Inoculation; but best results were obtained if the tem- 

ture did not exceed 70? F between and inocu- 
tion; washing the treated leaves immediately after 
inoculation tended to reduce mechanical damage. 

Moet of the moculated leaves showed well-defined red 
or brown necrotio lesions about 10-14 days after treat- 
ment; uninoculated leaves and leaves inoculated with 
healthy sap showed no lesions. The lesions were very 
similar to those reported by Bjorling on leaves of C. 
perfoliata systemically infectéd with SBYV following 
aphid inoculstion!, but with mechanical inoculation the 
virus was restricted to the lesions and no systemic spread 
occurred. Myzus persicas (Sulz) did not acquire the virus 
from tho lesions or from other parts of the planta during 
short or long acquisition feed times. 

Single local lesions were excised with the minimum of 
surrounding leaf tissue, ground with 'Oelite' in a drop of 
water and inoculated to C. perfoliata leaves; single lesions 
from these leaves were used for further inoculations. This 
process was repeated at least three times so that each 
resulting virus isolate had passed through several single- 
lesion transfers. ted passage of tobacco mosaic 
virus through single local lesions has usually given genet- 
ically pure strains of virus"? and it seems reasonable to 
suppose that this technique has also given a similar 


separation of BBYV strains. 

The final stage of o sugar beet planta systemi- 
cally infected with the lesion BBYV isolates and 
Porat rapper ue pena a quic is 
using a technique based on that of Kaseanis‘. Sap from 
single C. perfoliata lesions or, preferably, from a leaf 
bearing many lesions derived from one original lesion, 
was brush-inoculated with ‘Celite’ on to both upper and 
lower surfaces of the older leaves of young sugar beet 
plante (4—6 leaf stage) which had been kept in the dark for 
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2 days previous to inoculation. The inoculated leaves of 
many of the sugar beet plante showed large numbers of 
very small brown or purple lesions about three weeks 
after inoculation, and some of these planta later became 
systemically infected. Some sugar t breeding lines 
were more susceptible to systemic infection than others. 
_ The virus strains isolated in this way from field planta 
infected with strain complexes were teated for virulence 
on Chenopodium capitatum Aschers, and this showed that 
many strains of differing virulence had been obtained. 
Some of these have since passed through several aphid 
transfers from sugar beet to sugar beet without apparently 
changing in virulence and they therefore appear reasonably 
stable in vivo. 
G. E. Russa. 

Plant Breeding Institute, Maris Lano, 

Trumpington, Cambridge. 
' Byiriing, K., K. VetenskSem, Arsb., 8, 17 (1058). 
* Kunkel, L. O., Phytopath., M, 15 (1934). 
* Lauffer, M. A., and Price, W. O., Arak. Biochem., 8, 440 (1045). 
*Kassanis, B., Ana. App. Biol., $8, 170 (1049). 


Spredd of Yellows Virus by Myzus persicae 
in Sugar Beet Crops 


Wiwarmas Myrus persicas were reared on sugar beet 

lante (provided by Dr. G. E. Russell, Plant Breeding 
Inetitu te, Cambridge) infected with sugar beet yellows 
virus (BBYV), sugar beet mild yellows virus (BBMY V)!, 
or both viruses. Eight widely separated plants in a 7}- 
acre fleld of sugar beet each received three adult and aix 
young aphids from these cultures on May 81, 1962, and 
nearby plante were examined for aphids and virus symp- 
toms at weekly intervals thereafter. 

In this exceptional season study of the spread of the 
winglees aphids was not impaired by the arrival of wi 
aphids from elsewhere. The apterse moved readily from 
plant to plant, even across rows 21 in. apart when the 
planta were lees than 9 in. diameter. During June they 
spread over patches of the crop more than 10 ft. in diam- 
eter, and infected them with virus. Although heavily 
attacked by adult ladybirds which sometimes out- 
numbered them, dispersal enabled the aphids to maintain 
their populations. These populations (lees than one aphid 
per plant) produced eight- to sixteen-fold increases per 
month in the incidence of yellows virus. 

In late June 1961 populations of M. persioas in sugar 
beet seed crops averaged 600,000 per acre (15—50 aphids 
per plant’). With such populations the rate of spread of 
yellows virus should be much greater than the increases 
now found ın the root crop. With such rapid spread, as 
yellows symptoms are not visible unti] three weeks after 
infection*, nearly all the seed crop could be infected and 
infective although only 2:9-10 per cent of the sugar beet 
seed crop and from 7-81 per cent of the mangold seed 
crop shows symptoms of yellows virus in June*. Thus, 
although the measures taken in 1950* reduced heavy 
visible infection m the seed crop to these much lower 
levels, they may not have reduced their efficiency as 
sources of the disease for the root crop. This would 
explain why the incidence of the disease in the root crop 
has not decreased (mean August incidence, 1946-50 = 
18-9 per cent; 1957-61 = 21-8 per cent), although there 
is much evidence that the seed crop is the principal source 
of the disease*. Effective control would be obtained if the 
seed arope were only grown in alternate years’. 

Experimentally infected plants received SBYV only, 
SBMYYV only, or both viruses. SBMYV spread to more 
than twice as many plants as SBYV. The least rapid 
spread was from plants which received both viruses; 
analysis shows that either virus spread to twice as many 
plants when i6 was introduced alone as when the two 
viruses were introduced together. Also, there is some 
evidence that when both viruses were present the two 
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infections were usually introduced into a plant at different 
times. 
O. R. Rispanps 

School of Agriculture, Cambridge. ` 
1 Rosell, G. H., Ana. App. Biol., 48, 711 (1000); Nature, 198, 1231 (1962). 
* Kershaw, W. J. 8., Pient Paik. (in the press). 
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ANTHROPOLOGY 


Pigmy Tools from the Andaman Islands 


RarnaTIVHLY little is known about the archrmologioal 
work in Andaman Islands except for the work of Stoliczka!, 
Holland’, Cipriani*, and Dutta‘, and practically no inform- 
ation is available about any stone industry. Some small 
stone artefacts were recovered by excavation from a 
kitchen-midden site situated at the Beehive Island (be- 
tween lat. 12° 24’-26’ N. and long. 02? 55’-56’ E.) in 
Middle Andaman. The kitchen-middens are numerous in 
these islands and can be found whenever the elevated 
ridges are near to the coast or the creek. 

The aborigines of the land are considered to be the 
survivors of the primitive negrito race, subsisting chiefly 
on hunting and collecting. 

The collection comprises a number of small stone 
artefacts fabricated out of the siliceous rocky material. 
They are well preserved. The collection represents a flake 
and blade industry belonging to the mesolithic stage of 
culture (the term ‘mesolithio’ is used here only to indi- 
cate the cultural mode of life, and does not imply 
dating). The industry is primarily based on the utilization 
of small flakes and blades and the preponderance of 
primary flakes is worthy of notice. When classifying the 
material, it emerges that the major types that contributed 
towards the formation of this industry are blades, pointe, 
scrapers, flakes and numerous waste products. The blades, 
however, are in the majority. Besides these there are some 
true microliths showing steep retouching. The artefacts 
are rather primitive, exhibitmg a crude technology. The 
industry is of lees antiquity and of recent origin. The 
artefacts indicate a society based on hunting and collecting 
economy. From a preliminary scrutiny of the artefacte, it 
seems that this industry had broad similarities in character 
with the Toalean and allied flake and blade mdustries 
developed in the Far East Islands and South-East Asia. 

P. O. Durra 

Anthropological Survey of India, 

Indian Museum, Calcutta. 
!Biollexka, F., Proc. Astatis Soc. Bengal, 18 (1870). 
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MISCELLANEOUS 


Possible Role of Meteorites In the Origin 
of Life 

Ir has been postulated by Oparin! that life originated 
in the seas of the primitive Earth, at a time when the 
atmosphere was reducing. The dominant sources of free 
energy for biopoesis are presumed to have been lightning 
discharges in the atmosphere and ultra-violet radiation 
from the Sun!. However, both agente tend to deposit 
organio compounds relatively high in the atmosphere, 
Tather than in the seas. vection, convection, and 
diffusion must be invoked as the mechanisms depositing 
the reaction products in the hydrosphere. The purpose of 
this communication is to suggest a physical process capable 
of yielding organic compounds of high complexity in the 
primitive atmosphere aad providing & relatively high 
efficiency of transfer to the hydrosphere. 
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When a large meteoroid enters the Earth’s atmosphere, 
its minimum speed (11-8 km/sec)? corresponds to hyper- 
sonic conditions, and & detached shock-wave forms ahead 
which accompanies it in flight. The temperatures behind 
the shock are greatest in the stagnation region, and fall off 
gradually with distances behind the meteoroid and away 
from the roughly hyperboloidal envelope of the shook. 
Computations have been carried out by one of us* for the 
concentrations of atomic, molecular, and free radical 
species at various pointe behind such a shock front in & 
standard atmosphere. The calculated concentrations 
presume local thermodynamic and chemical equilibrium. 
As such, they cannot yield final concentrations of neutral 
species after passage of the shock, since these depend on 
the various rates of reaction involved (which are poorly 
known, in general). 

Direct computations for an ambient reducing atmo- 
sphere have not been made. However, the reeulte for 
normal air are very suggestive. So long as the velocity of 
a body impinging on the top of the atmosphere exceeds 
about 7 km/seo, the corresponding stagnation temperature 
at equilibrium behind the shook varies from 5,000° to 
10,000° K for altitudes ranging from 100 km to sea-level, 
respectively. These tures are sufficient to yield 
dissociation, essentially complete for oxygen and partial 
for nitrogen, with some ionization of the products to 0+ 
and N+. For higher velocities, double ionization and 
other processes occur. The equilibrium concentration of a 
particular species (not present in the ambient atmosphere) 
rises with the distance behind the meteoroid and then 
falle off. 

Qualitative extrapolation of these results to a reducing 
atmosphere containing hydrogen, methane, ammonia and 
water ia easily made. Passage of a hypersonic meteoroid 
should yield a wake containing the monatomic species 
H, C, N. and O, the diatomic species OH, CN, CO, NH, OH, 
and NO (charged and un in these cases), triatamic 
species, electrons, eto. As the temperature downstream 
of the meteoroid drops, the original ambient composition 
will be approached asymptotically, with a posaibly amall 
amount of complex compounds residual in the wake, as 
permitted by the kinetics of the situation. 

However, the of reversion to the origma] com- 
position can be arrested. at least partially, if the meteoroid 
(and its initial velocity) are sufficiently large for it to 
survive passage through the atmosphere and to impinge 
explosively in thé sea. In this event, the phenomena oocur- 
ring should be similar to those in the near-surface explosion 
of a nuclear bomb in water’, as in the Baker series of testa 
by the Atomic Energy Commission at the atoll of Bikini’. 
A hollow column of water and spray should shoot up into 
the atmosphere. Afterward, a dame-shaped cloud of drop- 
leta of water (the condensation cloud) should form, and 
finally the characteristic mushroom-shaped cloud above 
the water should appear. Thus, hot water mixed with 
steam will engulf the hot descending remnants of the 
wake, preventing reversion to the original composition of 
the ambient atmosphere, and providing the possibility of 
further reactions in a gaseous and aqueous medium to form 
complex compounds. The fall-out of the water from these 
clouds should provide an efficient mechaniam for direct 
transfer of complex organic compounds to solution in the 
hydroephere. For infall on the primitive atmosphere of 
meteorites able to reach the terrestrial surface, the process 
should be operative in at least two-thirds of the cases, 
since this fraction represents the present ratio of sea to 
total surface of the Earth. 

It might be argued that the complexity of the com- 
pounds involved in the origin of life would imply & oon- 
centration, after passage of the shock, so low that it would 
be unimportant in biopoeais. However, consider a 
meteorite with diameter 1 km impinging on the Earth. 
Viewing the wake in the atmosphere as cylindrical with & 
diameter at least equal to that of the meteoroid, one 
computes that at least 10!* kg of air would have passed 
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through the wako of the shock. From results! for normal 
air, the yielda of NO, O, OO, CO, NO, and N,O in the 
wake where the temperature is 2,000° K oorrespond to 
approximate molar fractions 10-*, 10>, 104, 10-5, 10+, and 
103, ively; henoe of the meteoroid creates 
at least 10* kg of NO, 10" kg of O, 10* kg of COs, 10* kg of 
CO, 10* kg of NO, and 10! kg of N,O in the atmosphere at 
this temperature. These numbers hold only for air in 
equilibrium, but suggest strongly that formation of oom- 
plex campounds by reactions following of the 
shock may be quantitatively significant. Note that the 
meteoroid diameter selected corresponds closely to that of 
the minor planot (1566) Icarus, which would have an atmo- 
spheric velocity of 32 km/sec if it encountered the Earth’. 
Two further points should be kept in mind. It is 
generally believed that an intermediate phase occurred in 
the formation of the planeta from gas and dust, consisting 
in the condensation of solid bodies or planetesimals at low 
ambient temperature. The planeta owe their origin to 
&ocretion of these planetesimals. It follows that the rain 
of meteorites must have been of much greater intensity on 
the primitive Earth than is observed at the present time. 
Further, one of us* has proposed that the ocean basins are 
merely large meteoritic craters, produced by explosive 
impact of large planetesimals in the presence of a hydro- 
sphere, far back in Precambrian times. If this hypothesis 
as true, it obviously will imply & profound impor- 
tance of the effect of meteorite falls in biopoesis. Further- 
more, it would make highly reasonable the presence of 
organic compounds on the Moon, as suggested by one of 
us', in view of the hypothesized pristine presence of an 
atmosphere and hydroephere. 
A direct experimental check on the production of 
io com: in thia manner has been undertaken 
by Dr. W. J. Hooker of this laboratory, by firing a hyper- 
sonio projectile through an atmosphere into a tank of 
water. One might also quench in water the plasma issuing 
from & plasma jet. An experimental check is difficult, 
ginoe it involves microanalytioal chemical techniques. 
J. J. GiLvARERY 
A. R. Hoonsrm* 
Space Science Laboratory, 
General Dynamics/Astronautics, 
` San Diego, California. 
* Present address: Institute for Defense Analyses, Washington, D.O. 
1 Oparin, A. J., The Ora of Life (Maomillan, New York, 1938). 
1 Miler, B. L., and Urey, H. O., Science, 130, 245 (1969). 
2 Gilvarry, J. J., and Hill, J. B., Astrophys. J., 194, 610 (1050). 


, B. (ed.), Ths Effects of Nuclear Weapons, 41 (U.B. Atomie 
Hnergy Commission, Washington, 1957). 

* Gilvarry, J. J., Nature, 190, 1048 (1061). 

1 Œilvarry, J. J., Neture, 188, 886 (1000). 


Sensitive lonization System fòr the Detection 
of Permanent Gases and Organic Vapours 
by Gas Chromatography 

Taa two most commonly used high-sensitivity detection 
devices for gas chromatography, the ‘flame ionization”! and 
the ‘argon ionixation’ detectors’, are insensitive to perma- 
nent gases. ing an investigation into the various 
mechanisms responsible for ionization phenomens within 
the latter class of devices it was noted that under certain 
conditions of field and radioactive source strength, 
detector geometry and operating temperature, a simple 
ionization system using argon as carrier gas could be 
utilized to detect extremely low concentrations of perma- 
nent gases. The limit of sensitivity of this new mode of 
detector operation is up to 1,000 times greater than that 
reported with an earlier device’. In addition to this 
extraordinary response to fixed gases this same detector 
when operated at a different potential was found to retain 
certain characteristics, including the high sensitivity 
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toward organic molecules as that noted by Lovelock? for 
the conventional amall ‘ detector’. 

The particular ionization chamber which provided 
optimal results is of an annular design as shown in Fig. 1. 
The outer cathode is a brass cylinder the internal dimen- 
sions of which are 10 mm wide and 10 mm high. The 
central anode is a solid brass rod 8 mm in diameter and 
19 insulated from the cathode by polytetra- 

oroethylene and containing two 1/16-in. dis. orifices 
mre ae The source of radiation is 
provided by a 200 mo. tritiated titanium foil (28 mm long 
x 10 mm wide) which snugly fits against the wall of the 


cathode. The total volume of this particular version of - 


detector is 380 uL 





mà 
1 cn. 
FW. 1. A orom-seciion of the coaxial micro-lonisation detector 
While operati the devioe between 150? and. 225? O, an 
investigation of the effect of variation in the applied field 


on the response to known volumes of permanent gases 
revealed an aree of with & maximum 


sensitivity 

between 1-2 V (field strength = 10-20 V/cm.). 
At these low voltages (conveniently available from either a 
battery or a closely eas power supply) all an 
examined (He, Ne, OO, OOs Hy O,, Na OH,, OH, 
when the deteotor provided an increase in 
current. At 165? O with an applied voltage of 1-84 V and 
pure argon flowing through the chamber, the standing 
current was 3-7 x 10-* amp—about 1/2 of the saturation 
current obtained at 100 V. The noise-level was low m 
1-2 x 10 amp. The minimum limit of Saan 
these gases under the stated conditions is given in Tab 
No appreciable change in sensitivities were observed as the 
temperature was varied from 150° to 225° O. 


IONIZATIOK AKD ARGON AS THR 
Gas aL [eco giao mole/see 
He 73 x 107 1-3 x 10° 3-2 x 103* 
Ne 206 x 103 2-2 x 107 1:1 x 103 
"H 5-5 x 104 48 x 10 24 x 107 
oð 40x J0 50x10 18 x 108 
00, 17 x 104 33 x 103* 7-0 x 1035 
On 28 x 10* *8 x 1031 12 x 101 
x 1:0 x 10° 15 x 107 5-5 x 104 
10 x 10- 8&8 x 103 &5 x 107% 
Qa 34 x 107 48 x 10-4 16 x 10-4 
C,H, 28 x 10¢ $-4 x 107* 12 x 1031 


The range of linearity did not substantially vary from 
one gas to another. For example, with methane it 
extended des to approximately 2 uL/sec above which the 

slightly decreased, continued in & linear 

hin o, to at Ron 12 uL[meo. Ethane and ethylene, 

included in Table 1, could have provided an addi- 

10-fold increase in response when analysed at 

sepia argon detector voltages, which in the case of this 

detector are between 150-250 V. 

The phenomenon of a maximum in sensitivity at such 

applied voltages was observed to be a characteristic 

ae ae electrode separations (coaxial or parallel plate 
ined) and the specific use of argon as a carrier gas. 
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The mechanism of ionization of permanent gases the 
ionization potentials of which lie above the energy of the 
argon metastable atoms (11- 6 eV) appears to involve, in & 
unique manner, these neutral excited metastable 
atoms since an argon-ethylene (0-8 per cent) mixture used 
as & carrier gas completely quelled the excellent response. 

It is believed that moreased ionization in the chamber is 
due to the interaction of the argon excited atom (A *) 
with the permanent gas molecule (M) resulting in a 

lex ion formation with a concomitant production of 
sa elected for example: 
A*--M—AMt + e- (1) 

The stability of the complex ion .4M* promotes the 
foregoing reaction and more than compensates for the lack 
of sufficient energy required for the direct ionization of the 
permanent gas molecules (I.P. > 11:6 eV) via argon 
metastable atoms. 

The use of the mass spectrometer and other appropriate 
devices has in the past established analogous reactions 
involving metastable atoms of tho various inert 
In these experimente molecule ions such as Af, Hei 
XeOHj,, XeOi, AN; and others have been reported. 
The lowering of the sensitivity observed when the applied 
voltage is increased is a tly due to & competition 
between reaction (1) and other processes which may 
include some form of the reverse reaction and also electron 
attachment for certain permanent Formation of 
negative ions with oxygen and dissociative attachment for 
hydrogen are well known. Nitrogen, however, appears 
as an exception and will be discussed in a full report 
elsewhere. 

Several other in and useful observations 
associated with this system were the following: 

(1) This system can provide sensitivities similar to those 
noted in Table 1 without any potential applied to the 
chamber provided the cathode is suitably grounded and 
the device maintained at 160°-200° O. However, in these 
circumstances, where very small voltages generated by a 
thermoelectric effect are responsible for the flow of current 
within the chamber, the device becomes more susceptible 
to overload phenomena. 

(2) Under comparative experimental conditions when 
ordinary commercial e helium is used aa a carrier gas 
the sensitivity of this detection system to permanent 
gases is reduced by at least a factor of 5. 

- (8) By further decreasing the internal volume of the 
detector, capillary columns can be readily utilized without 
the necessity of scavenger flow’. 

(4) When this device is operated at higher potentials 
(150—250 V) for the analysis of organic substances, the 
phenomens of electron attachment ordinarily exhibited by 
certain classes of compounds is minimal. 

This work was supported by grants from the National 
Aeronautics and Administration (Ne 192-61) and 
the National Institutes of Health (H-3558). 

Note added sn proof. Preliminary analysis of Dr. 
Hooker's samples by Dr. O. A. Ponnamperuma (of the 
Exobiology Division, N.A.8.4., Ames Research Center, 
Mountain View, California) has indicated the presence of 
materials absorbing ultra-violet light of wave-length 
260 mu and appearmg to have chromatographio charac- 
teristics similar to some of the known biological purmes. 

B. R. Lirskv 
M. M. BraHIN 


Yale University School of Medicine, 
New Haven 11, Conn. 


1 Mo I G. and Dewar R. A., Ges Chromatography, odlt. Desiy, 
D. EL, å, 141 (Butterworths, London, 1958). iid 
* Loveloek, J. H., Gas Chromatography, edit. by Boott, B. P. W., 8, 9 (Butter- 
worths, London, 1960). 
*Landowne, R. å., and Lipsky, 8. B., dui pn 571 (1961). 
! Hombeek, J. H., Molnar, J. P., Phys. Res., 84, 021 (1951). 
5 Kaul, W., and Fuchs, R. Z., Neecforwdbung, 15, v od ra 
«Field, F. H., and Franklin, J L., J. Amer. Chem. Soc., sphere ne 
7 Frank, Y. A, and SML L, Ktwetika i Kateks, 9, 291 (1961). 
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REPLANNING GOVERNMENT ORGANIZATION FOR SCIENCE 


HE study of the influence of Government policy on 
Science in Industry*, issued by the Conservative 
Political Centre, is the outcome of the work of a oom- 


mentioned was discussed, and at which & member of the 
Carr Committee, Mr. Aubrey Jones, made an important 
contribution. The report is the outoome of initiative by 
& political party and is noteworthy in the extent to which 
tt reveals that the recommendations of the Plowden 


Gibb-Zuckerman Report 
of research and development have penetrated the thinking 
of a major political party. 

i the report is concerned with the problems of 
Britain's industrial future. Indeed it is only concerned 
with the problems of science and Government in go far as 
they relate to that future and determine the extent to which 
Britain's scientific and technological effort is translated 
into effective action. It starts with the assumption that 
the solution to the problems lies in not only turning out 
new products, with a high technical content, beyond the 
competence of all except a few countries, but also in pro- 
ducing traditional goods at a very high level of efficiency. 
Above all, it is esential that these are of first-class 
quality and design and supported by vigorous salesman- 
ahip. No one could wish for clearer recognition of the 
imperative need of making the fullest possible use of 
modern science and technology than is to be found in 
this report. No less explicit is the recognition that an 
adequate educational programme is the vital factor. 

The scientist will weloome other features of the report. 
For example, there is no illusion that the problems will 
be solved simply by spending vast sums of money on 
salence, and ib is recognized that the quality of manage- 
ment, old-fashioned trade union sttitudes, and unwilling- 
ness to fib the products to the real requirements of the 
purchaser have all contributed to the difficulties. Further, 
. ib is recognized that more flexible instrumenta of policy 
oan also have a specific influence on the course of research 
and development: ib is & real advance to find in & report 
of this type the admission that it would be possible to 
modify the tax structure in such & way as to encourage 
inventiveness and the efficient use of labour. 


* Seienes im Industry > Fae Conca: Government Policy. . 48. 
London: Oenserrabive Political ‘tre, 1 Th 
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True, Britain has yet to see all-party support for any 
concrete proposals to that end. However, the four main 
lines of action for Government proposed in this report 
and on which its attention is mainly focused are such as 
should command that support, whatever the differences 
in view as to the means by which such action should be 
effected. To create background conditions which can be 
expected both to stimulate industrial science and to make 
it as efficient as possible would be a reasonable remit for 
the Council for Scientific and Industrial Research. Add 
to that the responsibility for: (1) equipping the machinery 
of Government to fit its actions in detail to the need for 
proper ecientific development in industry; (2) ensuring 
that the administration of the Government's own ex- 
penditure on seienoe is organized to secure full value for 
money in the light of Britein's needs and her reeouroes; 


economic growth in a highly developed society depends 
than on the 


in the work of the Council. 

One oould goaroely expeot to find in & survey of this 
type any searching review of the organization of Govern- 
ment and the reactions between science and public policy, 
but the Committee was led to conclude that a much more 
detailed appraisal of the industrial repercussions of policy 
is required than the present structure of Government can 
provide. Some new way musb be found for bringing 
the determination of policy over a wide range of depart- 
mental activity. It recommends that every Government 
Department deeling with industry should have & new 
kind of ‘scientifio-coonomic staff’ to act as a forward 
policy planning unit, advise the Minister on the technical 
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and industrial implications of the Department's future 
policy plans, to gather economic and technical information 
from the relevant industries, and generally provide a 
technical intelligence service to the Department. 

This is manifestly in line with the whole trend of the 
Plowden Report and even when a Department, like the 
Treasury, has no call to make specific technical judgmente, 
the Committee believes that rt would be useful for 
Ministers to have such a staff with a technical bias. In 
particular, it recommends strengthening scientific repre- 
sentation on both the National Eoonomio Development 
Council and the secretariat and close liaison between the 
secretariat and the proposed staffs of the Departments. 
While it strongly supports the recommendations of both 
the Plowden Report and the Gibbe-Zuckerman 
for greater interchange of staff both in the Civil Service 
itself and between the Service, industry and the univer- 
aities, it recommends that part of the proposed staffs 
should comprise scientists and economists recruited from 
industry and the universities on tamporary contracts or 
secondment. It is essential that the staff should be of 
high quality, whether recruited from the Civil Service 
itself or from those with industrial experience or specialized 
training m science and economics, and the two-way flow 
of such men elsewhere in the Civil Service and in industry 
and in the universities is a valuable subsidiary effect of 
the proposal. 

For the rest, Mr. Robert Carr and his Committee take 
a long and somewhat oritical look at scientific adminis- 
tration generally, and while it would be unreasonable to 
expect the Committee’s recommendations to secure 
extensive discussion or executive action pending the 
report of the Trend Committee, some of their critacism 
oan scarcely be ignored by the Minister for Science. At 
the outset, it recommends the establishment st Cabinet 
level of a Technical Policy Committee to formulate the 
main lines of a scientific policy related to military and 
economic strategy. The membership of this Committee 
would include the Minister for Science, the Minister of 
Defence and a senior economio Minister, but no con- 
vineing evidence is advanced as to what advantage this 
proposal would have over making the Minister for Science 
a member of the Economic Policy and Defence Committees 
of the Cabinet, or indeed why it should prove effective in 
the absence of insufficient appreciation of soientiflo and 
technical factors, among others, on the part of the Cabinet 
generally and ultimately of the electorate. 

Where the Committee appears to be most critical is in 
relation to defence, and here ib would seem that it would 
prefer to strengthen the responsibilities and mfluence of 
the Minister for Science. Like the Gibb-Zuokerman 
Report, the Committee is critical of the functioning of the 
Defence Research Policy Committee, and it suggests that 
that Report should be followed by an investigation of 
the relation between the Service Departments, the 
Ministries of Aviation and Defence and the Treasury. It 
formed the impression that the Ministry of Defence 
required stronger powers in relation to research and 
development and that the Minister's Chief Ssientiflc 
Adviser required & stronger staff. Although it suggeste 
that aa much defence research and development work as 
possible should be contracted to industry, and that 
improved liaison is required between the defence and 
aivil sides, it makes no comment on the relations between 
the Defence Researoh Policy Committee and the Advisory 
Council on Scientific Policy either through the device of 
8 common chairman or through the Minister for Science. 
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Further, if the separation between defence and civil 
research and development is maintained, the Committee 
pointe out, care must be taken to ensure that by-products ^ 
of the defence programme, once identified, are developed 
and exploited, and this implies that additional resources 
must be available for civil and industrial research 
generally. 

The Committee’s analysis in this context of the use of 
contracta, and especially of development contracta, which 
it develops later in the section of the report ‘Services for 
Industry” is sound. However, it might have gained in 
depth by consideration of American experience as un- 
folded, for example, by Prof. J. S. Dupré and S. A. Lakoff 
in their recent book, Sciences and the Nation: Polioy and 
Polos]. Some of the dangers and implications of the 
American system indicated in the book are highly relevant 
even in the different conditions prevailing in Britain and, 
underlie some of the malaise which, for exemple, has led 
to the appointment of the Nye Committee. The euse 
with which the military side can dommate an advisory 
scientific body, aa for example in the experience of the 
Advanced Research Projectes Agency, may afford valuable 
guidance when Britain's scientific organization is under 
reconsideration. Above all there are the apt remarks of Dr. 
J. R. Killian, jun., in a foreword that a technological 
society requires an adequate complement of scientists and 
engineers in the public arena if it is to deal wisely with 
great policy matters arising out of science and tochnology, 
and that the interface between science and political 
science is an area worthy of careful attention by both 
scientists and political scientists. 

It is here, Dr. Killian considers, that the most effective 
bridges between science and tho social sciences can be 
built, and while the Carr Committee does not enter into 
any profundities of political science ite report contains 
enough practical suggestions to warrant serious and 
impartial appraisal. On balance it supporta the strength- 
ening rather than any decrease in the authority and 
responsibilities of tho Mmister for Boience, and it is 
especially critical of the present staffing of his Office. 
The Committee would transfer to the Vote for that 
Office those for the four Research Councils—the Overseas 
Research Council is again nob mentioned. This omission 
is rather curious in view of a subsequent observation on. 
the importance of stimulating more contacta end ex- 
changes with scientists overseas and introduomg a scheme 
of research fellowships for young scientists from abroad. 
Such e project would provide his Office with a body of 
highly qualified scientific advisers as part of ita full-time 
staff, including scientists temporarily seconded to Govern- 
ment service from industry and the universities. The 
Committee recognizes that finance for university research 
cannot be brought under tho Minister for Scienoe m the 
samo way, but regards the abaenoe of any formal oon- 
sultation with the Minister in the process of allocating 
funds for scientific research at the universities as & defeot 
in the present system. Accordingly, it emphasizes the 
need for effective cross-representation and consultation 
between the University Grants Committee and the Office 
of the Ministry for Science. 

To a certain extent, developments in that direction 
have already been forced on the Advisory Council for 
Scientific Policy, but the Carr Committee does not appear 
to discount iud value of sah i ded Tt penas Pub 
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full-time adwisera are also required. though & group of 
eminent and representative scientists such as is con- 
stituted by the Council could continue to provide & 
stimulus and an independent judgment of great value. 


The Committee does not. however. appear to appreciate 


. ‘the diffloulty of the manpower issue at that level or tbe 


co-ordinating influence which such & Council ean con- 
tribute in reviewing the work of the several Research 
Councils, eto. 

Once again, strong support is forthcoming for tho 
National Research Development Corporation, although it 
is admitted that ita role is slighter than was at first 
expected. It is suggested that the basis of its flnanoe 
should be reconsidered to see if better allowance could be 
made for the exceptionally long time likely to elapse 
between the provision of money for a project and the 
receipt of any substantial returns. The Committee also 
favours the establishment of an Industrial Guarantee 
Corporation and suggesta that the Department of Scientific 
and Industrial Research should be provided with a specified 
sum for expenditure on civil development contracte over 
a five-year period. Both civil and defence contracts 
should provide the contractors with rights in exploiting 
the end product with the emphasis on rapid development 
rather than wido distribution of righta. 

As might be expected, the Department of Scientific 
and Industrial Research roceives more dotailed examina- 
tion. and it is recommended that the Department’s research 
stations should, wherever possible, be progressively more 
closely integrated with the industries to which they are 
related. Welcome stress is laid on the value of greater 


mobility and interchange of staff, both by way of visite. © 


exchanges and contracts between their staff and soientiste 
in Britain and in other countries, while it is suggested 
that the research stations should regard the training of 
industrial scientists as one of their functions. This 
educational function has already been urged aa one of the 
most important functions of the research associations, 
but its advocacy in respect of the research stations 
appears to be novel. Such & function, however, should 
become important particularly if the extent to which 
fimdamental research is pursued in the research stations 
is severely limited. The Oarr Committee makes no par- 
tioular criticiam of tho research associations themselves, 
and although it recognizes the limitations and inherent 
dangers of the system. it considers that their existence 
could prove a valuable aseet if Britain joins the European 
Economic Community. The educational and other 
advantages. particularly in the dissemination of informa- 
tion, outweigh the drawbacks, but the Committee would 
like to sce the Department’s grant policy towards estab- 
lished associations directed towards underwriting unusu- 
ally interesting and adventurous projects rather than 
towards subsidizing routine work. 

This seems rather a nalve view which ignores the 
inherent drawback in the finance of research from public 
funds, and Sir Henry Tixzard’s caution against the depend- 
ence of venture and enterprise’ on public finance may 
appropriately be recalled. The propping of a conservative 
or decadent industry, as distinct from the encouragement 
of & developing and enterprising industry, is as likely to 
be to the public disadvantage as to its advantage. Criticism 
of the information services of the Department of Scientific 
and Industrial Research is equally somewhat hesitant and 
overlooks the extent to which the Department fails to 
describe and report on such activities. On the other hand. 
there is a welcome emphasis on the importance of personal 
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contact. Particularly, with the amaller firms and in 
encouraging firms to make full use of available facilities, 
such contacta are the vital factor and are the first step 
towards securing the benefits which mechanical dovelop- 
ments in the handling of mformation have now made 
possible. 

It is interesting to put tho report alongside an address 
by the chairman of the Council for Scientific and Indus- 
trial Reeoarch. Sir Harold Roxbee Cox, to the Motor 
Industry Research Association on November 28 on taking 
tho lead in technology. Sir Harold demderated four great 
changes needed if Britam were to strengthen her dis- 
positions for the development of invention, whero the 
presant weakness lay. First, Britain needs many moro 


' soientifically and technologically trained people. Secondly. 


fron these Britain must encourage an increasing propor- 
tion of the best talent to adopt design and development 
as their professional ambition. Thirdly, more of the 
scientists and technologista in mdustry, moro of tho 
research workers, developers and designers, must become 
interested in administration and policy and reach positions 
of command. What is needed here is a different dis- 
tribution of disciplines at the top. in which the applied 
scientist trained in management could pull his weight. 
Fourthly, a clearer definition of objectives is required. 
Too much research ia carried out with no clear idea of 
where it may lead, and while fundamental research should 
always be encouraged, those objectives should be more 
precisely defined which are likeliest to offer technological 
advantage: thus it would be possible to recognize the 
most promising lines of applied research and development. 

The resemblance between the lmes of Sir Harold’s 
address and the whole trend of the Carr Report on science 
in industry is remarkable. How far the analysis will 
commend itself to the Minister for Science is another 
matter. In a recent address to the National Association 
of British Manufacturers, Lord Hailaham olauned the 
achievement of two major political objectives as Minister: 
one was that policy had been detormined by scientista on 
sciontifio grounds. and the other that he had been able 
to.avoid building up an expensive and useless Ministry 
of Science. Neither objective, however, seems incom- 
patible with the recommendations of this report. which 
is equally in harmony with Lord Hailsham’s version of a 
society in which those trained minds, in science, in arte 
and social sciences, who put public service in front of 
enjoyment, profit or leisure, have a dominant part in tho 

Apart. however, from raising. at least by implication. 
the question of how much should be spent on scientific 
research, whether pure or applied, the report is usefully 
considered in the context of the book by Dupré and 
Lakoff, which also makes incidental reference to that 
question. Important as is that question, however, a rather 
more pragmatic approach is needed, for example, than 
those of G. Holton in his “Notes Toward the Design of 
Proper Scales for Scientific Research and Scholarship” 
(spring 1962 issue of Daedalus) or of S. Dedijer in his 
paper on '"Meesuring the Growth of Science” (Sotence, 
188, 781; 1962). Dupré and Lakoff, in fact, seem to give 
a sounder lead in their comment that & research partner- 
ship between public and private institutions does not 
necessarily work easily and automatically. Such a partner- 
ship, for example, is involved in the distinguishing char- 
acteristic of organized research in the United States 
since the Second World War—extramural Government 
research. 


632 


To perform ite tasks effectively, the research partnership 
must be the object of thoughtfully constructed policies 
and of mutual acoommodation between the partners. 
Dupré and Lakoff display very fairly the conflicts that 
arise between Government and industry, between Govern- 
ment and universities, the clashes of loyalty involved 
which are frequently independent enough of the specific 
characteristics of national institutions but derive from 
the nature of the university, or of industry, or of Govern- 
ment itealf. Whether they are concerned with the formu- 
lation of policy or with the stuff of politica, the major 
challenge thrown down to organization if the relations 
between science and Government are to function smoothly 
18 a8 Manifest in this book by Dupré and Lakoff as in 
the Oarr Report: it can neither be mistaken nor ignored 
by the scientist. 


THE NERVOUS SYSTEM 


Experimental Neurol . 
By Prof. Paul Glees. . xii 4- 582. (Oxford: Olarendon 
Press; London: Oxford University Prees, 1961.) 75s. net. 


POE Dock de à trapilation ofa book, published in 
German by the author in 1957. The lapse of time has 
made some amplification possible. Dr. Glees is well known 
for hie contributions to neurohistology. The book begins 
with a description of the methods used to investigate 
the finer anatomy of the nervous system with particular 
reference to the tracing of the degeneration resulting from 
experimental leaions, and goes on to review the methods 
used for the study of nervous activity, including the 
investigation of evoked potentials by electroencephal- 
. ography and the study oP behavior: Nowadays, the old 
distinction between anatomy and physiology has dis- - 
appeared in the sense that in a large field of experimental 
neurology the study of the one without the other would be 

i . Hence Dr. Glees takes the reader thro 
the anatomo-physiology of the netvous system from 
peripheral receptors by way of nervous conduction and 
. the synapses to the spinal cord and thence to the various 
anatomical structures at higher levels until he reaches the 
cerebral cortex. 

Olearly a book, even of this size, cannot hope to oover 
all aspects of both neuroanatomy and neurophysiology. 
There are therefore gaps. For example, an account of 
the differing rates of conduction im fibres of different sizes 
in the peripheral nerves does not mention the attempt to 
correlate these with particular forms of sensibility. It is 
a little difficult to know how comes into experi- 
mental neurology, but if it is to be included it should not be 
limited to a description of ‘centres’ for motor speech and 
writing even with the admission that ‘the word ‘centre’ for 
these areas tends to give [a] false impresion”. 

Nevertheless thie book. which is well produced, well 
illustrated and very well documented with references, fills 
& real need. and will be of value to a wide range of readers 
who want to know what is happening in the important, 
but nowadays highly feohtiteal. "feld of experimental ' 
neurology. Logp Bram 


FRÉDÉRIC ‘JOLIOT-CURIE 


Frédéric Jollot-Curle et l'Energie Atomique 
Par Pierre Biquard. (Savanta du Monde Entier, Nr. 8.) 
Pp. 255. (Paris: Editions Seghers, 1961.) n.p. 
HIS is a paper-back volume, in French, in the series 
Saeants du Monde Enter. The standard of the 
biographies which have appeared already is high and 
the promised volumes, which range from Aristotle to 
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Leriche, Fermi, Cuenot and Branly, will be awaited with 
interest. X 

The author of the book is pleasantly objective and, 
do foras posible, alldwa tho ptory to tall ecl! dn tores 
original documents. Joliot was born on March 19, 1900, 
entered the laboratory of Marie Curie in October 1925, 
married her daughter Iréne & year later, was awarded the 
Nobel Prize in Chemistry in 1985, claimed the flasion of 
uranium in 1938, and started up the small atomic pile 
Zoé in 1948. He died in 1958, two years after his wife. 

Joliot, the son-in-law of Marie Curie, owed much to 
mother and daughter; but he had an original mind, 
great technical skill and an inventive genius. He was a 
man of wide attainments: he played the piano and painted 
effectively. He read widely and, surprisingly, was 
devoted to the works of Kipling, some of which had been 
translated by his wife. The rational, anti-clerical outlook 
of the Curies suited his socialism. He was ‘a citizen of 
the world’ and was active in the movements for the use of - 
science in the cause of peace and the improvement of the 
lot of man. There is a danger that his activities as a 
communist may obscure, in the Western mind, his real 
achievements as & physicist. There can be no doubt of his 
absolute sincerity in his political ideas in relation to the 
catastrophic possibilities for mankind in the applications 
of nuclear physics. 

The stories of the beryllium rays, which were an impor- 
tant step in Ohadwick’s discovery of the neutron; the 
production of artifloial radioactivity; the sorting out of 
the real nature of the so-called trans-uranic elements are 
well told. Joliot’s favourite instrumentas were C. T. R. 
Wilson’s cloud-chamber, which he improved, and the 
Geiger counter. Unlike so many atomio seientista in 
other parts of the world, he always remembered with 
gratitude the sources of these simple and beautiful funda- 
mental instruments of atomio research. 

The documentation is exoellent, and the appendixes 
contain lista of all Joliot-Curie’s publications, jointly 
with his wife and separately, a list of his lecture courses, 
a bibliography of works devoted to him and a useful 
glossary, in French, of terms used in nuclear physics. 
The illustrations are varied and informative. Among 
others, these include reproductions of pages of the labora- 
tory note-books of Joliot-Curie, & picture of him with his 
favourite cloud-chamber apparatus, an example of his 
landscape painting and a photograph of the crowd at his 
funeral. W. L. BuwwxR 


ASPECTS OF PHYSICAL CHEMISTRY 


Annual Review of Physical Chemlstry . 

Vol. 18. Edited by H. Eyring, Associated Editors: C. J. 
Christensen and H. 8. Johnston. Pp. vii+528. (Palo 
Alto, California: Annual Reviews, Inc., 1902.). 7.00 
dollars (United States); 7.50 dollars (eleewhere). 


HE present volume of this highly valued review of 

physical chemistry contains 21 articles covering the 
usual proportion of old and new titles. This means that 
individual chapters are fairly short and when it is found 
that there are some 3,285 references in the bibliographies 
it will be appreciated that tho treatment, apart from being 
selective, is concise. All the same, most of the authors 
have contrived to make their reviews in ing. A new 
feature, which is to be repeated, consists of a chapter of 
reminiscences by a veteran physical chemist. In view 
of the great compression of the factual articles it is 
questionable whether this will be weloomed by all 
readers. 

It is obvious that not even a list of titles can be provided 
and only a few aspecta of the volume can be mentioned. 
There are many useful tables of resulte. The discrepancy 
in the values of the bond length C—H found by two differ- 
ent groups of methods is not resolved. The chapter on 
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Scand includes an interesting discussion of the 
Mosabauer effect, which is having an influence in various 
fielde. In the high-temperature fleld, which this year is 
confined to moderate temperatures, it is said that the 
melting-point of gold is still uncertain by one or more 
degrees, and the accepted heat of formation of silica i8 

parently too low. The intervention of the solvated 
omn in rediolytio oxidations seems to be more probable 
than that of the H,* ion. In water the OH’ ion is probably 
more highly solvated than tbe H* ion, and in acid solutions 


the H+ ion is more solvated than H,O+. The production- 


of isotopes in meteorites by spallation reactions induced 
by cosmic rays is likely to throw light on the question of 
the constancy of coamic rays in time and space. 
The chapter on solutions of non-electrolytes seems to 
that in this fleld some stagnation has set in and 
that what is called for is a new approach. That on electro- 
lyte solutions repeata once more the familiar criticism of 
measurements with cells involving liquid contacts, with- 
out throwing much light on the validity of the thousands 
of measurentente made daily with such cells in laboratories 
of all kinds; a more constructive approach would have 
been of more interest. In studies of gas kinetics, it is 
said, gas chromatography (on which some 1,500 publica- 
tions appear annually) is replacing mass spectrometry. 
The mechaniam of acid-catalysed reactions is much less 
aimple than has been supposed. 
J. R. PARTINGTON 


SPECTROSCOPY IN SCIENCE AND 
TECHNOLOGY 


Fundamentals of Infrared Technology 

By Marvin R. Holter, Bol Nudelman, Gwynn H. Suite, 
William L. Wolfe and George J. Zisis. (Macmillan 
M opens in Applied Optios. Pp. xv+442. (New 
York end London: The Macmillan Company, New York, 
1902.) 78s. 


Theory and Applications of Ultraviolet Spectroscopy 
By Prof. H. H. Jaffé and Prof. Milton Orchin. .xv4 
624. (New York and London: John Wiley Bons, 
Ino., 1902.) 118s. 


Standardization of Spectrophotometric Data in the 
Near Ultraviolet, Visual and Near Infrared 

By Dr, J "s Fog. (Institute for Medical Biochemistry 

and Physiology, University of Oslo.) Pp. 64. (Oslo: 

Johan Grundt Tanum Forlag, 1962.) n.p. 


HE interaction of matter with electromagnetic 

radiation of all wave-lengths is assuming an ever- 
increasing i oe in both pore and applied soienoe. 
The nature of the absorption of wave-lengths 0—50 times 
as long as those of visible radiation has become of great 
industrial as well as academic interest as & result of the 
successful application of infra-red to the 


analysis of organic materials. The military applications - 


of infra-red radiation, particularly ite use for the guidance 
of missiles, are so important that the fate of a nation 
might well depend on tho state of its mfra-red tech- 


The first of these books deala mainly with the latter 
aspect of the technology of infra-red radiation. It oon- 
tains the substance of a course of lectures given at the 
University of Michigan by ita five authors. Ita first section 


covers basic radiation concepta, radiation measurements , 


and transmission through various media with particular 
emphasis on the Earth's atmosphere. The second part 
is devoted to optical materials and instruments. The 
next section with the theory of detectors, noise in 
semiconductor detectors and detector measurements. 
The final chapters are concerned with typical applications, 
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with atmospheric tra and the major sources of infre- 
red information. While the h of this subject has 
undoubtedly received its greatest stimulation from its use 
in warfare, its non-military applications such as the 
investigation of the radiation balance in the atmosphere 
are of great importance. This book will be very valuable 
to those who wish to profit from developments that have 
sprung from military i ta as well as those whose 
preeent reeponsibility it is to satisfy them. . 

The second of these books deals with the auno 
absorption spectra and electronic structures 0 molecules 
Tt marks the enormous progress which has been made in 
the past thirty years in explaining chemical properties 
in terms of electronic structures. This achievement has 
resulted largely from extensive studies of the nature of the 
electronic spectra of a vast number of molecules. The 
early chapters of the book contain an excellent account of 
basio~molecular orbital theory and the subsequent dis- 
cussion of molecular spectra is developed logically withm 
this theoretical background. Starting with the inter- 
pretation of the spectra of the simple chromophores the 
subject is ed to include the whole range of o io 
molecules. later chapters ligand field theory and the 
part played by ‘d’ orbitals are discussed and applied to 
the spectra of inorganic complexes. Other topics treated 
lees thoroughly in this book include fluorescence, phos- 

horesoenoe and equilibrium constant determination. 

tis clear that the modern chemist and spectroscopist has 
to be steeped in quantum theory if ho is to have any real 
understanding of his subject. At times the going is hard, 
but the reward is well worth the effort required for ite 
comprehension. 

The third book deals with some of the practical details 
of ultra-violet spectrophotometry. That ita author is & 
professor of medical biochemistry is indicative of the way 
in which spectroscopic techniques have proved of great 
analytical value in diverse flelde. The content of the book 
is, however, very limited, and most of what it contains 
can be found in the manuals issued by the instrument 
manufacturers. W. C. PRICE 


CHEMICAL PHYSICS 


Determination of Organic Structures by Physical 
Methods 

Vol 2. Edited by F. O. Nachod and W. D. Phillips. Pp. 

xiii+771. (New York: Academic Press, Inc.; London: 

Academio Press, Inc. (London), Ltd., 1962.) 114s. 6d. 


V3 1 of this work (1955) dealt with recent develop- 
ments of established methods of elucidating molecular 
structure and the present volume supplements this by a 
series of 50-90 page review essays dealing with rapidly 
developing physical techniques of recent origin. Each 
writer assumes that interested readers are well acquainted 
with the most modern, expensive, type of American 
equipment that is available and that they are primerily 
concerned in understanding further the significance of 
recent precise data. 
Chapter 1, on optical dispersion. will appeal 
moet to the conventional organic chemist, for it surveys 
the very considerable achievement of O. Djerassi and his 
colleagues an4 can be used as a précis of his book. For 
the organic clemist who is interested in reaction mechan- 
imms, Chapter 2, on mass spectrometry, collesta much 
significant information, for mechanisms of formation of 
crei imei ee 
cular decomposition of organio molecules and give know- 
ledge about bond strengths and of the tendencies of activ- 
ated molecules to undergo molecular rearrangement. 
Very soon organic chemiste will be demanding mass 
eters as essential tools in studies of molecular 
stability and not merely as equipment for finding molecular 
weights. 
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The remaining chapters. three on optical spectroscopy 
and six on various aspects of magnetic resonance spectro- 
scopy, will interest those scientists who have made 
‘chemical physics’ their domain of interest. The indivi- 

"dual subjocta are introduced mathematically and deal 
mainly with refinements of knowledge of the structures 
of fairly simple organic or organometallic compounds. 
All tho chapters have bean well planned with data selected 
80 as to show the umportanoe of developments of theoreti- 
cal significance; but organic chemiste who wish to make 
but empirical use of ic or magnetic resonance 
data may find it difficult to glean helpful information from 
these pages until they have mastered older and simpler. 
texta. : 

Anyone who picks up this volume can see that ‘chemical 
physics’ has now become a major science in ite own right: 
physical cHemiste have had the vigour to conquer the 
old realm of ‘properties of matter’ from conventional 
physicists as a younger eration of the latter has 
emigrated to the new world of sub-atomic studies. This 
progressive shift of interest from pictorial organic chamis- 
try to quantum physics should inevitably lead to major 
developments in physical biology as more and more 
natural producta become amenable to exact measurement 
and books such as this are needed to publicize technical 
progress. Unfortunately, perusal of the listed references 
throughout the whole volume shows only too clearly that 
Britain is lagging in scientific repute by providing too 
httle and too late the equipment and technical services 
that chemists should now be using in their laboratories. 

W. A WATERS 


SELF-REGULATION OF ANIMAL 
POPULATIONS 


rsion In Relation to Soclal Behaviour 
By Prof. V. C. Wynne-Edwards. Pp. xi + 658 + 11 
plates. (Edinburgh and London: Oliver and Boyd, 
Ltd., 1962.) 55a. : 


HE author of this book has been impressed with the 
number of behaviour patterns among animals, 
especi in the higher organized groups, that do not 
seam to be satisfactorily explained although their wide- 
spread occurrence indicates that they must have import- 
ance for the species. He also wished to find a satisfying 
theory sbout the natural regulation of numbers. It is 
certainly true that there 1s a very large amount of animal 
behaviour the ecological meaning of which has not been 
explored, partly because the attention of ethologiste has 
80 far been chiefly concentrated on sexual and breeding 
relationships, rather than on the relation of animals to the 
whole of their habitat and ita resources. It 18 algo the case 
that ecology is just now ın a considerable state of confunon 
about the relative parta played by different processes 
concerned in the natural regulation of average population- 
levels and of population fluctuations. 

The theme of this book is that over-exploitation of 
food resources by sn animal population will lead to 
dissipation of the resources and deterioration of the 
population; that there existe an optimum level of any 
food resource for allowing sustained productivity; that 
this needs to be matched by the maintenance ofan optimum 
level of the animal population exploiting it; and that this 
optimum is attamed by means of the many behaviour 
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patterns and devices (especially social ones) found among : 


animals. The author further postulates that this end- 
result of evolution has been brought about in the past 
not by individual] natural selection, but by group-selection 
of populgtions—that is, by some local populations of a 
species making, as it were, serious short-term mistakes 
in population control that were punished by starvation 
or other consequences of food shortage, while other 
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populations with better fortune (and appropriate genes 
or traditional changes) evolved suitable behaviour 
‘signals’ for limiting increase beyond the optimum 
population-level. An analogy is drawn between the posi- 


- tion in our see fisheries when there is overfishing, and that 


facing any species in Nature. 

The theory is set forth with enthusiasm. often pontiflo- 
ally (if a bishop can wear blinkers), sometimes in a sort 
of Messianic exaltation which admite of no other important 
processes affecting population-levele. The are ies 
usually lucid and the great array of facta that has 
unearthed very interesting in itself; but the reasoning 
behind the language 1s extremely involved, and (in spite 
of the elaborate apparatus of decimal-numbered para- 
graphs) rather woolly, and the new dogma incorporated in 
it safeguarded by many careful gide-stepe that make one 
rather uneasy, and certainly unconvinced at present. 

The incontrovertible virtue of this book is that it 

brings together in one place a concentration of information 
about the nature of social behaviour and its co-ordination 
by means of behaviour signals, territorial patterns and the 
methods by which animals determine and keep them, 
sexual displays, communal roosting. movements and so 
on. But Prof. Wynne-Edwards has not, so far as I know. 
ever carried out any fleld research on natural population 
control, and he therefore perhaps tends to over-simplify 
the way in which animals live. Thus, most species fluo- 
tuate greatly in numbers, some of them violently, a few 
of them with remarkable regularity. and it is difficult 
to imagine how there can be a set of behaviour signals 
elaborate enough to take care of all these different levels 
of numbers, or similarly of their fluctuating resources, 
80 as to gear at all closely the populations to their supplies” 
of food. 
- Moreover, what of the numerous predators that d 
on scores or hundreds of different other animals for food ? 
Or herbivores that depend on irregular and unpredictable 
crops of tree fruits and seeds? All we can really say is that 
most species do not usually starve even locally, and there- 
fore their numbers do remain below danger limits. 
Phrases like ‘feed-back for the homeostatic machine” 
do not cover up such difficulties, which are not to be solved 
by any sweeping arm-chair notion. Furthermore, the 
author states openly that the method of group-selection 
in populations is an essential assumption for his theory. 
On p. 21 it is stated that ''Group-selection is not by any 
means & new concept, though it has never been accorded 
the general recognition that ita importance deserves. 
Particular attention has been paid to it in the present 
work, because it is fundamental to the dispersion hypo- 
thess.” 

The enormous weakness of this enormous book, so 
full of fasoinating ınformation, so impregnated wıth one 
partioular teleological bias, is that it gives no single 
case-history of group selection. I have no doubt that the 
process does occur and may be quite important, but this 
kind of selection does not only have to be related to 
population density and resources: it could also relate to 
predator preesure, disease and many other things. It 18 
stated early in the book that predation, parasites and 
pathogens “will be discussed sufficiently fully". ~ The 
author's views can be inferred from the fact that he 
devotee leas than 3 out of 601 pages to these topics. In 
fact. this new theory, though more pleasantly clothed 
for display than some of the other exclusive dogmas about 
the natural control of populations with which the subject 
has been cursed during the past decade or so, cannot be 
& universal and exclusive explanation of such a tremen- 
dously complex phenomenon in all the animal species on 
Harth. Whether it occurs widely at all the courageous 
reader had better decide for himself. Onoe acclimatized 
to the persistent bias of the text, he will learn a great many 
unexpected things about animal dispersion and behaviour 
that certainly do require explaining as ss et 

C. B. ELTON 
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Sclence and the Nation 

Policy and Politica. By J. Stefan Dupré and Sanford A. 
Lakoff. (Spectrum Book.) Pp. x+181. (Prentice-Hall, 
Ino., Englewood Cliffs, N.J., and London, 1962.) 16s. 


ROF. J. 8. DUPRÉ and Prof. 8. A. Lakoff’s readable 
study of the relations betwoon science and the 
Government in the United States is a natural supplement 
or continuum of A. H. Dupré’s Science in the Federal 
Government, which outlines the development of those 
relations up to 1940 where the present volume takes up 
the story. It : equally a counterpart to D. K. Price’s 
Government and Sctence, though essentially it indicates 
and illustrates the problems rather than analyses thom in 
detail or m depth. In the first , the authors outlino 
briefly the changes in the relations between Government 
and science, both in industry and in the universities, 
which have taken place in the United States during the 
past twenty years and some of the implications of those 
changes, notably of the development of extramural 
Government research. Further. tho contribution which 
scientista have made to the formulation of policy is 
described m & way which assista the British reader to 
appreciate the significance of characteristic features of the 
American system, such as the position of the President’s 
Special Assistant for Science and Technology, the Presi- 
dent’s Scienco Advisory Committee, or the Advanood 
Research Projocts Agency, in a British context. 

In the second part of the book the authors outline 
lucidly the \which scientists have played in the pol- 
itical soene from the general issuo of defence, the develop- 
ment of the atomio bomb and nuoleer warfare. and tho 
issues of security, responsibility and decision which arise. 
The nature of politica and thé process of decision could 
have been a little moro clearly displayed. However, the 
book makes abundantly cledr two pointe to which Dr. 
J. R. Killian, jun., refers in a foreword: the extent to 
which the interface between science and political science 
should repay study from both sides; and the imperative 
need for public understanding of what is to-day involved 
in the relations between science and Government. If 
such stady yields constructive resulta in the way of new 
methods or institutions, if the difficult and changmg 
problems of organization are solved, those methods and 
institutions will not be used, nor those solutions applied 
if political prejudice or dogma are allowed, in default of 
publio , to bar the way. [Bee also p. 620 
of this issue of Nature.] 


Progress In Inorganic Chemistry 
Vol. 3. Edited by F. Albert Cotton. Pp. 551. (London 
and New York: Interscience Publishers, a divimon of 
John Wiley and Sons, 1062.) 113s. 


HIS volume maintains the high standards of ite pro- 

` deceasors. Hydrothermal synthesis of orystals is 
discussed in some detail by Laudise in an interesting article 
in which I was surprised to Jearn that sapphires may be 
grown hydrothermally. The degree of 'Americanixation' 
in this particular article is unfortunate: “criteria . . . must 
be compromised” ; “validation of . "s “methods... 
categorized" ; ''unsystematired. field”, and the very 
prevalent “iron-containing compounds” when ‘com- 
pounds con ing iron" would be so much clearer to 
anyone not familiar with the language. 

There are two very long articles—one on vinyl com- 
pounds of metels by Seyferth running to nearly 500 
roferences, and one on primary solid hydrides by Gibb. 
In the latter caso not many conclusions were evident. 
Lishr has a fairly brief chapter on vibronically coupled 
inorganic systems, where it is clear that the author is 
under the impression that it is written down to the 
level of the average morganic chemist. Unfortunately, 
this ‘is not true. Those who struggle through may find 
the statement about the "rigorous i fleld 
sohttion . . . here pictorially discussed" a little depressing. 
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The difficulty of theoreticians oe how far 
behmd many inorganic chemists remain does not 
help the keen laggards to catoh up. Perhaps Progress in 
Inorganic Chemistry will be able to produce chapters on 
group theory and crystal flold theory, for example, to lay 
some foundation for these chemists. The last review is 
on- high-temperature inorganic chemistry by Searcy, who 
defines high temperature as “any temperature at which 
entropy plays a significant role in determining the reaction 
equilibria of interest". This is a fascinating articlo, 
particularly where dissociation energies of dimers of tho 
elements are discussed ın terms of multiple bonding and 
the anomalously low e bond energies for N-N and 
O-O. So much present-day inorganic chemistry 18 con- 
cerned with co-ordination aD that this review is a 


standard of presentation in this serios 18 
I. R. BEATTIE 


The 
high, and thero are few errors. 


The Chemistry and Technology of Leather 

Edited by Fred O’Flaherty, William T. Roddy and Robert 
M. Lollar. Vol. 3 : ‘Process Control of Leather Quality. 
(American Chemical Society Monograph Serion, No. 134.) 


Pp. ix + 518. (New York: Reinhold Publishing Cor- 
poration; London: Chapman and Hall. Ltd., 1962.) 
120s. net. 


HIS third volume in the authoritativo series on 

leather technology maintains the high standard of 

ite predeoessors. Full deecriptions of tanner dye applioa- 

tion, dyemg mechanism and chemistry of fat-liquoring 

emulsions are given as well as a discussion of tho applica- 

tion of organic solvente for tannery practice. For tho 

there are separate sections on modorn proce- 

dures for treatment of calfskin and other leathors such as 
mdustrial, glove and novelty leathers. 

The text is well illustrated by photographs and the 
biblography 1s exhaustive. It is unfortunate that m an 
otherwise excellent production the indexing is inadequate, 
but the work (which will be complete with the issue of 
Volume 4) is an essential part of the library of tho leather 
technologist. A. I. Soorr 


Missile Guidance (Temple Press Monographs on Rockets 
and Missiles) 

By J. Clemow. Pp. vii+87. 
Books, 1962.) 15s. 

HIS book is one of a series, covering all aspects of 

guided weapons, intended to be a concise and authori- 
tative introduction to the subject. The present volumo 
discusses fundamental principles and the effocta of 
mechanical imperfections in beam-riding, homing and 
command control systems; inertia navigation and othor 
forms of long-range weapon guidance are to be treated 
in a later monograph. The author has been engaged in 
research and development of guided weapons systems 
for many years and has been responsible for Services 
text-books on this topic. It is a great pity, therefore, that 
the present work contains & large number of typographical 
errors, apparently due to too much haste in writing and 
in correcting proofs. These are not at all serious in them- 
selves, but they interrupt the flow of the arguments 
presented. 

Apart from this, the material is well arranged and & 
nice balance is maintained between the exposition of 
theory and descriptions of equipment, especially in tho 
sectiéns on beam-riding and homing. Tho particular 
choice of subject- -matter is ideally suited to the needs of 
the young engineer or scientist just enterod on work 
involving the study and analysis of guidance systems. 
and thus requiring a relatively brief but balanced explana- 
tion of the technology ss a whole. For this reason it 
would probably be helpful if the bibliography were ex- 
tended to include some of the text-books covering tho 
same field. G. J. HERRTNG 


(London: Temple Prees 
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by tho U.S. National Aerongutios and Space Administra- 
tion. Other co-operating institutions include the U.K. 
Radio Research Station and the U.8. Central Radio Prope- 
gation Laboratory. The following three articles proeent 
some early results from the three oo-operating institutions. 


SOME PRELIMINARY RESULTS OF SOUNDING OF THE TOP SIDE OF THE 
IONOSPHERE BY RADIO PULSES FROM A SATELLITE 


By E. S. WARREN 
Defence Research Telecommunications Establishment, Defence Research Board, Ottawa, Canada 


Most of the present knowledge of the ionized upper 
atmosphere, the ionosphere, has been obtained by examin- 
ation of radio waves reflected from the bottom of the 
ionization layer.  Exoopt by the incoherent scatter 
technique the top side of this layer is inaccessible for 
examination by radio waves from the ground, since the 
waves which penotrate to those heights are not reflected 
but continue outward into space. Tho concept of soundmg 
the top side of the ionosphere using a sounder in a satellite 
was an obvious consequence of the ability to launch 
artificial earth satellites. As long as four years ago tho 


A measure of the cosmic 
on of frequency is provided by the 
sounder receiver. 


noise-level as a 


net- 
The power radiated during a pulse is of the order 
f - Two orthogonal antennm are used, a 150-f. 
dipole, operating at frequencies below 445 Mo/s, and & 
ron for the range 4-5—11-6 Mojs. The sounder is 
opera on oommand.  Onoe started, it functions for 
10 min, generating thirty tranamissions in which the radio 
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Fig. 1. A iypioal top-zide fonogram” 


per day. 

The Alouette orbital parameters aa of October 17, 1962, 
provided by the National Acronautics and Space Admini- 
stration Computation Centre, are: 


Anomalisie period 106-4137 min 
feceris n D 463 dog. 
Right ascension of ascending nod rri y d 
e 

motion 0-964 C em 
Bemy-major axis 1-15802 radu 
Xooentrieity 0-00235 
Perigeo 996-58 km 
SEE peine E 
Veloatty ai apogee 26,274 km/h 


The height of the orbit was chosen by compromise. 
Tho lower the height, the smaller is the region explored. 
The greater the height, the smaller is the signal-to-noise 
ratio of the signals reflected near the height of the maxi- 
mum ionization density. The inalination of the orbital 
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Fu 2b Ionogram &abiupiness of transition at the boundary of 
the low density regron 

plane to the equatormal plane was chosen to provide 
rotation of the orbital plane relative to the galaxy suffici- 
ent to distinguish diurnal variations of tho ionosphere 
from seasonal variations, while retaining coverage of as 
great & rango of geographic latitudes as possible. 

The satellite sounder emits pulses of radio waves 
which travel to & reflecting surface in the ionosphere and 
back to the reoeiver in the satellite. The depth of pene- 
tration of the waves into the ionosphero and the travel 
time required for tho return trip of the pulse is a function 
of the radio frequency of the wave. It is customary to 
oxpress the travel time in terms of an apparent height 
of the reflecting surfaco computed using the volocity of 
tho pulse in froe space. Recordmgs of the apparent 
height as a function of frequency (ionograms) are generated 
from information telemetered to the ground. This 
information consists of the frequency calibration. of the 
modulation of the transmitter, and of tho amplitude and 
timo dolay of the received pulses. 

A top-side ionogram 1s shown in Fig. l. The satellite 
is at a height of 1,027 km above ground. At the lowest 


TT6*M i6xO*W OS26 GMT OCT 4, 1982 
" 


APPARENT HEHMEHT (Km) 


TO.6*M H4 2*W O529 GLT OCT. 4,198? 


Fig. 3. Ionogram series showing spiond-# and sporadic E 


NATURE 


TX5*M 472° O530 GMT OCT 4, me? 





66 5*N 366°w 0530 GMT OCT. 4. mer 


637 


29.4*N 76.8*w OBS GMT OCT 7, Sar 





APPARENT HEIGHT (Km) 


761 


o5 18 £6 35 45 5B 65 
FFEDUENCY (Mc/s) 


Fig. 4. Ionogram showing cyolotron spike at 1 7 Mojs. 


frequencies the plasma is too denso for propagation except 
in the whistler mode, which is not observed on the iono- 
grams. As tho frequencies aro reached for which propaga- 
tion in the other modes becomes possible, vertical marks 
appear on the ionograms. These plasma spikes result 
from the generation of pulses for which the group velocity 
18 zero. The extraordinary wave spike occurs at 1:35 Mo/s. 
At higher frequencies pulses reflected from bolow the 
satellite are observed. The apparent height of reflexion 
of the extraordinary wave falls rapidly from tho satellito 
height at 2-0 Mo/s and penetrates the 1onosphero 
at 81 Mc/s. The pulses at higher froquoncies are 
returned from the Earth. The ordinary wave reflexion 
trace is similar, displaced to lower frequencics by about 
0-7 Mo/s. 

Tho tebe reflexion depths measured from the 
satellıto sounder provide adequate data to detormino the 
dependenco of the free electron density of the ionospheco 
on the three spatial dimensions and time. From the 
distribution in height of the olectrons, an effective tempera- 
ture and a mean ionic mass may be doduced. A prelimin- 
ary investigation of this kind has been 
carried out for mud-latitudoe by Nelms’. 
On the assumption of an isothermal 
atmosphere in diffusive equilibrium, wrth 
ono predominant ionic constituent, tho 
ion mass of the constituent at 400 km 
is twico that of tho constituent at 800 
km. 

A minor ronosphonoe storm was in pro- 
gress during the first fow days after 
launch, causing & signifleant change in 
the latitude dependenco of the ionospheric 
electron density, as described by Hagg’. 
During this storm the olectron densities 
were roduced at all ionospheric heights 
ovor a 25° range of latitudes centred on 
Ottawa.  Muldrew* has found that the 
ionospheric electron density in this rango 
of latrtudes was strongly corrolated with 
the particle counting rate in the outer 
.Van Allen belt at latitudes between about 
55° and 02? N. At 2320 a.ar.T. on October 
24 the ionization density of the ionosphere 
was again observed to have decroased 
dramatically over a limited range of 
latitudes. Fig. 2a shows tho distribution 
in real height of tho froe electrons in the 
depressed region and at tts boundaries. 
On the ionogram of Fig. 25 there aro two 
reflexion traces, one oach from tho regions 
of high and low density. Thor oocur- 
rence on the samo record shows that 
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CYCLOTRON SPIKE AT TWICE THE GYROFREQUENCY 


—— TIME (MILLISECONDS) : 





Fig. ib. The time dependence of signal amplitudes formmg a cyelotion spike 


the transition from one region to the other as tho 
latitude changes is very abrupt. This rather extreme 
change of the electron density was probably produced by 
particles ejected from the Sun with the solar flaro of 
October 23. 

At high latitudes the ionospheric reflocting surfaces aro 
rough, producing a diffuse echo on the ionograms. The 
diffuseness of the echo is called spread-F after the samo 
phenomenon observed on bottom-side ionograms. Fig. 3 
consiste of a set of night-time 1onograms obtained within 
the auroral rone. showing, as Petrie’ has reported. spread- 
F decreasing at lower latitudes. Theso ionograms show 
another feature that at first sight seems like a double 
echo from the Earth. The additional echo is reflected 
from a thin sporadio Z layer about 100 km above ground. 
This particular patch of sporadic E ionization had & 
horizontal extent of 1,700 km. Petrie has also reported 


the existence in the auroral zone of diffuse clouds of 
ionization several hundred kilometres thick, through 
which the satellite passes. 

The electron distributions, temperatures. and effectivo 
jon mass are parameters of groat value in investigations 
of the ionosphere, particularly during storm times. How- 
ever, some of the most interesting phenomena woro 
unexpected. Among these are tho existence of cyclotron 
spikes and the displacement of the plasma spikes from 
the ssasociated reflexion trace. 

When the transmitter is operating at multiples of tho 

frequency of electrons about the Earth's magnetic 
fd, d, cyclotron resonance occurs which causes a receiver 
response sunilar to tho plasma spikes. The cyclotron 
Ben at 1-7 Mojs in tho ionogram of Fig. 4a is that for 
twioe the gyrofrequency. Fig. 4b shows amplitude-time 
curves for the signals that form this spiko. These sucoos- 
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Fig. 5. Tuoi showing abetno) óf GEHONT WATS concen botoen 
sive pulses of the sounder transmitter are separated in 
frequency by 15 ko/s. Lookwood’ has described the 
phenomenon and suggested that bunching of the electrons 
oocurs when they are driven at multiples of the gyro- 
frequency, and that theee electrons re-radiate energy to the 
receiver when the transmitter is shut off. 

The separation of the plasma spikes from the associated 
reflexion traces are explicable in terms of a perturbation’ 
of the ionosphere by the satellite in which the electron 
density behind the satellite ia lowered and that ahead 
increased. In Fig. 5 the extraordinary wave plasma gpike 
appears immediately to the left of the 1-5-Mo/s frequency 
marker. This spike forms at the lowest frequency for 
which pulse propagation of the extraordinary wave from 
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the satellite can ocour. This frequency is determined by 


* the lowest density in the vicinity of the satellite. The 


reflexion trace commences at the lowest frequency for 
which the pulse can travel vertically downward from 
the satellite. For the extraordinary wave this is about 
1-7 Moje. The difference in frequency between the spike 
and the reflexion trace is therefore a measure of the 
amplitude of the bation. The circled reflexion 
trace between ll and 1-25 Mo/s results from compas 
between the Z-wave and the ordinary wave. Thisi - 
fication is-based on the fact that it is bounded im frequency 
in all the observed examples by the lowest frequency for 
ordinary wave reflexions and by the highest frequency 
for which Z-waves can propagate at the satellite. This 
upper limit for Z-wave propagation is mdicated by the 
Z-plasma spike’. The gap in ordinary wave reflexion 
trace between 1-25 and 1-6 Mo/s is providing an additional 
means of studying the perturbation of the plasma. 

In conclusion, the top-side sounding technique has been 
be & valuable new addition to the methods 
available for investigation of tho upper atmosphere. _ 

The contribution of many people to the success of this 
experiment, particularly our colleagues at this Hetablish- 
ment who designed and built the and. those 


1 B. O., and Booté, J. O. W., J. Brit. Inst, Red. Eng., 83, Xo. 1 
L3 (1562). 


1 Welms, G. L., Canad. J. Phys. (January 1063). 
* Hagg, B. L., Oen. J. Phys. (January 1963). 

t Muldrew, D. B., Canad. J. Phys. (January 1063). 
5 Potrio, L., Canad. J. Phys. (January 1063). 

D G., Oanad. J. Phys. (January 1063). 

’ Warren, H., Cenad. J. Phys. (January 1003). 


INVESTIGATIONS OF THE UPPER IONOSPHERE DEDUCED FROM 
TOP-SIDE. SOUNDER DATA 


By J. W. KING 


Department of Scientific and Industrial Research, Radio Research Station, 
Ditton Park, Slough, England 


Tms Defence Research Board of Canada, the ionosphere 
top-side sounder of which has been described by Warren 
gcns communication) has generously agreed that 

Radio Research Station at Slough should record 
telemetry from the satellite as ib over the Depert- 
ment of Scientific and Industrial Research stations at 
Winkfleld near Slough (51° N., 1° W.), Si (1? N., 
104° E.) and in the Falkland Islands (52? S., 58° W.), and 
make deductions from the recorded top-side ionograms. 
This article gives an account of some of the prelimmary 
resulta obtained in this way. The Budden matrix method 
applied to a Pegasus computer as described by Thomas 
and Vickers! has been used to reduce the ionograms to 
N(d) curves which show the electron concentration, N, 
as a function of the depth, d, below the satellite. An 
example is shown in Fig. 1 in which tbe soele of N is 
logarithmic, As this example shows, it is often possible 
to separate the log N(d) curve into two parts, both of 
which are sometimes closely rectilinear, and to ascribe 
a ‘scale height’, H, to each part so that: 

N c exp (—4A/H) 

ean AA 
passes over Singapore, each V AN 80 N(d) 
curves, have been analysed. date have been used to 
investigate the way in which the scale height varies with 
height above the ground and with latitude, and also the 
way in which the electron concentration at fixed heights 
varies across the equator. 


Fig. 2 shows the scale heights deduced by drawing the 
tangents to the curve in Fig. 1 at a series of different 
heighte. It is at onoe obvious that the scale height is 
roughly constant in each of two regions, the first extending 
roughly from 800 to 550 km above the ground and the 
second from 750 to 1,000 km, and that the scale height 
in the upper region is greater than that in the lower. 
All the log N(d) curves show similar resulte in that the 
soale height is always observed to increase with height, 
but not all show two regions in which the scale height is 
constant. In order to investigate the phenomenon further 
it is useful to average the scale heights for all the electron 
density distributions occurring in & single pass and to 
examine the results. Some typical averaged values are 
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Fig. L Hiectron density distribution for a 9° N., 88° N. recorded 
Z at Singapore at 1814 U.T. on 1, ibet 
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in Table 1. It is noticeable that in the daytime the 
height in the lower region is 
ab Singapore, while that in the 


as the satellite moves away from the equator, while that 
in upper region remains roughly constant. These 


the ominant ion in the 400— 
600 is Ot, then it follows that the 
daytime in this region over 


temperature 

is 1,580? K, a value consistent with 
that (1,600° K) suggested by the 1961 
COSPAR atmosphere. If it is further 
supposed that the atmosphere at 900 km 
above Slough is at the same temperature, 
then it follows that the ions there must 
have a mean massa of 8 atomic unita, as 


Hiectron denalty x 10 (am) 
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BOALH HEIGHTS OF THE HLEOTROE DENKT DIRTRIEUTIOK 


Table 1. 
Beale at Scale t at 
(km) (km) 

Slough Rev 17 225 290 17 

Slough Ror. 3 {any} } A mean a mean H mean 

Slough Rev. 58 (day. 200 190 $70 370 19 20 

Slough Rev. 248 (day) 190 360 10 

Singapore Rev. 26 (day 100 220 $1 

Bingkpore Rev. 40 100} mean sgo} mam g 5} 

Singapore Rev. ia fan | 190] 100 mj Wü ogg] 39 
. Bingapore Rev. 34 120| mean 640) mean 45 mean 

Singapore Rev tre LO } 12) 110 ted 60 sf 656 


to & temperature of 800? K by day in the lower region, 
and to a mean ionic mass of 4-6 atomic units at 000 km by 
day. Fee ee ne 
a Dingeporo would bave to bo, eaplai by a decrease 
in the height of the O+ to Het transition region, with oon- 
sequent reductions of the mean ionic masses at 500 and 


we must conclude that in these equatorial regions the 
simple assumptions made here are probably not valid. 
The observations outlinod in the next also 
suggest that the simple assumption of diffusive equilibrium 
cannot be expected to be valid near the equator; it may 





Fig. 3. Plots showing the vartation of soale 
observed during revolution 30 recorded at 
1027 V.T. on October 1, 1002 


t with latitudo as 
between 1017 and 





would be if they were a mixture 4^ w w r Eoo 15° i10 5* 0 8° 10° i5* 20° 25° 
of O* and Het. re 
If corresponding calculations besed on j i 
i i above the These 
the same assumptions are made for Bie A Contant of leet danslty, at a ee of fred kethi anii These 


the resalta from Singapore, they leed 


v.t October 1, 1902 


e 
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bo that the gradual decrease of scale height as the latitude 
decreases is a consequence of this. ; 

The curves in Fig. 4 show how the electron density at a 
series of fixed heighta above the ground changes with 
latitude during a typical pass over Singapore. These 
should be compared with the corresponding curves from 
bottom-side sounders as given, for example, by Croom e 
al.*, whoee results are reproduced in Fig. 5. The structure 
of the equatorial geomagnetic anomaly is clearly seen 
and it appears that the separation between the two peaks 
becomes leas as the height increases until at about 700 
km they merge to form a single maximum on the magnetic 
equator. It thus appears that tho structure is such that 
the equatorial anomaly takes the form of an arch with 
its top about 700 km above the ground. Further plots 
such as that shown in Fig. 4 show that the top of the arch 
formed by the sub-equatorial peaks appears to be farthest 
from the ground, approximately 900 km, at about 
At this time the contours also show that 


extended observations might produce somewhat different 
resulta. 3 
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Another phenomenon, which is frequently observed on 
passes recorded at Slough, is related to sudden apparent 
variations in the scale height of the observed top-side 
electron density distributions. These usually occur, for 
the cases so far investigated, over a very narrow range 
of latitudes between 67° N. and 70? N. In this region the 
scale height appears to increase drastically, by as much 
as 50 per cent, and it is seen from Fig. 6 that the Inarease 
oocurs mostly at heights greater than 700 km above the 
ground. It seerps possible that this effect may be the 
result of some kind of interaction between the outer Van 
Allen belt and the atmosphere, but tho fact that the 
latitude at which the phenomenon is observed is rather 
high may mean that the anomalous ionograms result from 
indirect or oblique observations of the affected region of 
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The satellite Alouette is part of the top-side sounder 

the overall t of which is the 

ility of the United States National Aoronautice 

and "Administration. Aloustie was designed and 

built by the Canadian Defence Research Teleoommunica- 

tions Establishment and was launched into orbit by the 
United States. 

The present article represents oo-ordinated effort 
on the part of data acquisition, ing and reduction 
groups at the Radio Research tation, and is published 
by permission of the Director of Radio Research of the 
Department of Scientific and Industrial Research, 
England. 


* Thomas, J. O., and Vickers, M. D., D.5.I.R. Radio Ree. Spec. Rep., No. 28, 


1 Croom, 8., Robbing, A., and Thomas, J. O., Watwre, 184, 2008 (1059). 
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SOME EARLY RESULTS FROM THE IONOSPHERIC TOP-SIDE SOUNDER 
SATELLITE 


By R. W. KNECHT and T. E. VAN ZANDT 
Central Radio Propagation Laboratory, Boulder, Colorado 


Tus article presents some early results, using Aloustis 


data, on the latitudmal variation of ionospheric struct- 
ure and of the geographical extent of hi latitude 
apreqd F 


Tonospheric structure. In Fig. lis presented a latitu- 
dinal cross-section of the top side of the ionosphere con- 
structed from an evening pass of Alousts on October 1 
(v.r.) 1962. This pass is mapped in Fig. 2. A moderate 

and ionospheric storm was in progress during 
this period. The 85 lonograms taken at the positions 


marked by open circles in Fig. 2 (and by ticks along the 
line showing the height of satellite in Fig. 1) were 
reduced to electron density files using & computer 
poroa ee . Nelms of the Canadian 

ance Research Telecommunications Establishment. 
The accuracy of the'electron density profiles is thought to 
to be better than + 20 km. The contours of constant 
plasma frequency (i ic contours) were drawn 
contours are incomplete because of occasionally poor 


] 
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sounder, an 


bottom-side data. 


ally conjugate, as oan bo seen by oomparison with the 
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lines of force also plotted in Fig. 1. (The 


computed lines 
Sh on as over 00.00 Y. and 8.75° 8.) N 


oe Do eua DE KIR, 3, which shows the p frequency 
these data are equinootial, electron 


densities ab all heights reached a minimum 
aay N. and 53? N. The electron density profiles 
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henoe the 

mostly of O+ at a temperature of about 
1,750? K. 
Below 45? N., the -of the top side 
changes rapidly to that of profile B, which is 
typical of all latitudes below 20° N., includ- 
ing the region of the magnetic equator. 


ial parte, as 
i of 105 km im the 


lower part of profile B, which constitutes the 
-usual #2 layer, must consist almost entirely 
of O* at 840°. 

But the up must aleo be at a 
bene HSI Gilat adi tok clean 
ionic mass of 2-5. Therefore this region 
must be parb.of the transition toward 6 pre- 
Doosan Ita apparent exponential 
‘orm. (based on only three points) is probably 
spurious. i of these results 
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Pig. 5. Occurrence of spread F on 27 passes of Alewstts recorded at 
Blossom Point, Maryland (aee text) 


occasion between the ionosphere at latitudes higher and 
lower than 45°. First, at the higher latitudes the tempera- 
ture is abouts twice as large as at the lower latitudes. 
consists 
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storm was in progrees during this period it cannot yet be 
said whether the structure observed on this occasion was 
& normal condition or a storm effect. However, the 
previous results are not inconsistent with previous observa- 
tions. 

The ion composition as a function of height and a 
more accurate temperature might be determined by a 
detailed comparison between the observed profiles and 
caloulated profiles based on diffusive equilibrium’. Ion 
compositions determined without such detailed compari- 
Bons may be seriously in error, except where the electron 
density is exponential for more than a scale height. 

Geographical extent of spread F. Several studies of tho 
temporal and geographical variations of spread F have 
been mado using bottom-side ionospheric sounding data’. 
Spread F, which is believed to be due to the presence of 
fleld-aligned irregularities in the ionosphere, manifesta 
itself on 1onograms as a spreading of the ionospheric echo 
over & range of delay times, in contrast with the distinct 
echoes in the absence of spread F. The studies referred 
to here have shown that spread F is most common in 
polar and equatorial regions. However, the boundaries 
of these regions of maximum ocourrence have been 
difficult to describe owing to the sparsity of the sounding 
network. The Aloustie top-aide sounder, on the other 
hand, takes soundings approximately every 120 km along 
trajectories that regularly traverse the equatorial and 
polar zoneg. 

The observations reported here have been taken from 
27 passes of Alouetie recorded by the U.S. National 
Aeronautics and Space Administration telemetry station 
at Blossom Point, Maryland, during the period September 
30-Ootober 12, 1962. During this period the southward 
passes occurred between about 1930 and 2380 h 75? W. 
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time and the northward passes between 0830 and 1255 h 
75? W. time. 

Each ionogram taken during these 27 paases was put 
into one of three groups, according to the degree of 
spread F. The results are shown in Fig. 5. The trajectory 
is represented by a thin: line where sharp traces were 
observed; filled circles represent ionograms on which a 
moderate degree of spread F was observed or which were 
otherwise uncertain; and trajectories represented by a 
thiak line indicate that considerable spread F was t. 
Two top-side ionograms, taken at pointa (a) and (b) on 
the easternmost pase, shown on Fig. 5, are reproduced in 
Fig. 6a and 65 to illustrate considerable spread and sharp 
traces, respectively. 

Several tentative conclusions can be drawn from this 
study of two weeks’ data. First, in the area of observation 
(Bee Fig. 5), spread F was almost always present at 
magnetic dips greater than about 75°, and it was rarely 
present below about 70°. Becondly, spread F was equally 
prevalent during the mid-morning and the evening 
periods. 

The refined description of the temporal and geographical 
extent of spread F which Aloustte makes possible should be 
of considerable help both in propagation studies and in 
understanding the mechanism of spread F. 

This work was supported by the National Aeronautics 
and Space Administration. We thank G. L. Nelms for 
providmg us with his true height programme. The 
asaistance of Wynne Calvert, E. E. Ferguson, G. B. Goe, 
D. E. McKinnis and other members of the U.8. Central 
Radio Propagation Laboratory staff was invaluable. 

1 Warren, B. B. Canad. J. Phys., 40, 1092 (1062). 
1 Hanson, W. B., J. Geophys. Res., 67, 183 (1062). 
* Singleton. D. G., J. Geophys. Res., 65, 3615 (1960). 


THE NATIONAL BOTANIC GARDENS OF SOUTH AFRICA, 
KIRSTENBOSCH 


By PHILLIDA BROOKE 


URING 1963 the National Botanic Gardens of South 
Africa at Kirstenbosch, near Cape Town, celebrate 
their Golden Jubilee with & series of eventa which will 
interest and attract scientists and laymen from many 
parta of the world. It has long been accepted that the 
30-mile long Cape Peninsula, which boasts more species of 
flora than the entire British Isles, is one of the richest and 
most interesting batanical regions in the world. Yet had it 
not been for the establishment of Kirstenbosch Gardens in 
1913 it is likely that many rare and beautiful species of 
native South African planta would now be extinct. 
When William J. Burchell, botanist and explorer, 
arrived in Table Bay in 1810 he had heard much of the 
botanical wonders of the Cape. “AN that I had pictured 
to myself," he wrote soon afterwards, “was far sur- 
passed... At evary step a different plant appeared and 


Nature; so great was the variety everywhere.” Burchell 
found 105 distinct species of plante in & single mile not & 
stone’s throw from white-washed, compact little Cape 
Town, though the season was late summer when, for three 
months, the Earth had been scorched by the Sun and 
seared by the south-east wind. In the wooded ravines and. 
gorges of Table Mountain scarlet and gold dises crowded 
the mossy edges of late-running streams; in autumn the 
march lily (Amaryllis belladonna) appeared, deep pink and 
heavily scented. In winter the mountain slopes were 
purple with heath and carpeted with fragile oxalis which 
gave place, in the glory of the Cape spring, to Compositae, 


Tridaceas, Proteaceae and Mesembryanthemum, breath- 
taking in their vivid colours and abundance. Aware of a 
ready market for their wares in the streeta of Cape Town 
and uninhibited by any legislation, flower sellers helped 
themselves generously to indigenous flora, tearing bulbe 
and roota from the ground with careless abandon. Not far 
away, farmers ploughed up the earth or, worse still, burnt 
it, so destroying the natural vegetation in favour of tran- 
sient spring grazing: and all the while the city of Cape 
Town grew, laying down streets, building houses where 
once there were flelds of wild flowers that could be cut 
down with a soythe. Well-known for their complacency, 
residenta in Cape Town seamed little concerned when 
boteniste deplored the situation and begged them to do 
something active to protect their magnificent floral 
heritage. True, certain necessary—if tardy—laws were 
peseed which forbade the gathering of rarer species, but it 
soon became clear that this protection of what already 
existed was not enough; what was required was a means 
of bringing to cultivation and ing for all time those 
plants which were facing the of annihilation. 

No one was more keenly aware of this urgent necessity 
than Prof. H. H. W. Pearson, of the South African College 
in Cape Town. He had arrived from England in 1903 witb 
a distinguished academio record at Cambridge and con- 
siderable practical experience both in Ceylon and at Kew, 
where he had been esaistant to the Director. His appoint- 
ment to the Harry Bolus chair of botany in the th 
African College brought him to the Cape for the first time 
at the age of thirty-three and gave him the opportunity to 
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study in the fleld the tremendous wealth of native flora of 
which he, like Burchell, had heard so much. However, 
disappointment awaited him. The Cape, he found, was a 
botanically impoverished land with a orying need for a 
fully equipped institution devoted to the scientific oultiva- 
tion and study of indigenous plants. Ever since the Cape’s 
earliest Commander, Jan van Riebeeck, had planted 
vegetables for passing seamen in the, mid-seventeenth 
century, this had been a country renowned for its splendid 
gardens where Araucaria excelsa (Norfolk Island pine) and 
roses, Magnolia, oaks and sweet peas grew in abundance. 
But no one had ever troubled to create a garden solely 
devoted to the fascinating flora of South Africa, the 
ocology of which botaniste had scarcely begun to explore. 
As he grew familiar with the country, Prof. Pearson began 
to foresee an establishment on the limes of the Royal 
Botanic Gardens, Kew, a natural garden, supported by 
the Government, where South African gardeners could be 
trained to cultivate and preserve South African plants 
under South African conditions. In addition, it should be 
an expression of the intellectual and artistic aspirations 
of & nation whose duty it was to appreciate the rare and 
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the beautiful with which Nature had so 
lavishly endowed it. 

It was not until November, 1910, that 
Pearson had the opportunity +o offer his 

ion to the public m a concrete form. 
The South African Association for the 
Advancement of Science was to meet in Cape 
Town; six months earlier the four provinces 
of South Africa had been united under the 
British flag, and Pearson realized that ihe 
time was ripe to present & proposal that 
would appeal to the strong spirit of patriot- 
ism then prevailing and, at the same time, 
be of the utmost scientific interest and mpor- 
tance. It was in his presidential addross, 
therefore, that he invited his associates to 
consider with him the establishment of a 
national botanic garden. 
Response was immediate. A meeting was 
held under the presidency of Lord de 
Villiers, Chief Justice of South Africa, and 
a deputation was sympathetically received 
by the Prime Minister, General Louis Botha. 
Eventually, on May 16, 1913, & happily 
unanimous Parliament resolved that a 
national botanic garden, subsidized by the 
Government, should be established wrthout 
delay. 

Prof. Pearson had already chosen the sito 
of his garden. Government-owned Kirsten- 
bosch Estate lay on the eastern slopes of 
Table Mountam approximately seven miles 
from Cape Town and covered an area of 
some four hundred acres. Ita soil was rich 
and varied; it was well watered by mountain 
streams, and indigenous plante—inoluding 
seven acres of rare and beautiful silver trees 
(Leucodendron argenteum)—grow there in 
abundance. South and east of the estate 
there spread a wealth of woodland stretching 
towards the Cape Flate, the blue waters of 
the Indian Ocean and the shimmering peaks 
of the Hottentote' Holland mountains some 
forty miles away. Behind, cleft by deeply ` 
wooded ravines, towered the ramparts of 
Castle Rock, 2,000 ft. high, wrth tho limitless 
blue of the African aky beyond. It was of 
this oorner of the Cape Penmsula that 
Burchell wrote: “The view from this spot, 
and imdeed all the scenery around, is the 
most picturesque of any I have seen in 
the vicinity of Cape Town”. Without 
doubt Kirstenbosch, supported by the 
Government and developed under the expert scientific 
guidanoe of Prof. Harold Pearson, could become one of 
the great botanic gardens of the world. 

But, according to & newspaper of tho day, it had been 
allowed to degenerate into a “melancholy monument to 
neglect".  Onginaly an outpost of van Riebeeck's 
seventeenth century Dutch colony at Oape Town, Kirsten- 
bosch had been occupied by a garrison of soldiers who 
protected the town against the depredations of noighbour- 
ing Hottentots. A hedge of wild almond (Brabeium 
stallatifoltum) was planted crescent-wise across the lower 
eastern slopes of Table Mountain and remnants of this 
one-time southernmost boundary of civilization may still 
be seen at Kirstenbosch, a national monument, 16 ft. high 
and in parte impenetrable. Later, a Government official 
named Kirsten owned land in the vicinity and it is thought 
that it was from him that the estate acquired ita name. 
When the British occupied the Cape early in the nineteenth 
century Kirstenbosch was divided into two portions and 
allocated to Henry Alexander and Colonel Christophor 
Bird, both senior officials in the Colonial Service. Bird 
built himself a homestead high against the mountain on 
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Fg. 2, A display of Fetios trvoolor. In tember the terraces at Kirstenbosch are vivid with bngh coloured spring annuals, 
Bep (Photo: Richard Symons) ur 


the aite of the original barracks; he planted Spanish 
chestnuts and, it is thought, paved the beautiful lrbtle 
bath which now forms the heart of the Gardens and from 
which rises a perpetual, crystal-clear spring. Alexander 
built & house lower down the hillside and, according to 
legend, refused to put windows into the bedrooms, main- 
taining that where one slept there was no need to look at 
the view. 

In tame Bird returned to England, Alexander died and 
in 1823 his unhygienio abode was transformed by Dirk 
Gysbert Eksteen, member of an old Cape family, into a 
gracious Cape-Dutch homestead with lofty windows and 
wide welooming doors. Eksteen planted the oaks which 
remain to this day; he laid out vineyards and orchards 
and lived according to the genial, generous pattern which 
characterized nineteenth century Cape Town. But 
Eksteen died; his descendants moved away and the house 
became aruin. It was at this time that Cecil John Rhodes 
bought Kirstenbosch Estate and, on his death in 1902, 
bequeathed it to the people of South Africa. At first little 
was done to develop it; pigs rooted among the fallen 
acorns, weeds grew rampant in vineyard and orchard and 
undergrowth obscured the dimpled beauty of the little 
paved bath. 

When Prof. Pearson assumed honorary directorship of 
Kirstenbosch in August, 1913, he faced a formidable task. 
Despite the financial aid of the Government and the 
support of the newly formed Botanical Society of South 
Africa, funds were dangerously short. Moreover, the 
Professor was obliged to fulfil his duties at the College 
in addition to restoring an ordered garden out of a chaotic 
wilderness. “It will be a burden," he wrote to his friend 
and colleague, Prof. A. C. (later Sir Albert) Seward, ‘but 
it is worth carrying even if it never falls to me to exploit 
ita contentae." 

Those were prophetic words. Scarcely three years later, 
after an almost incredible amount of work had been 
accomplished against all odds—moet of it in war-time— 
Prof. Pearson died at the age of only forty-six. His grave 
lies on the hillside overlooking the Gardens and his head- 


stone bears an inscription taken from the epitaph of Sir 
Ohristopher Wren: “If ye seek his monument, look 
around". i 

It was not until the First World War was over that ` 
Pearson’s successor, Prof. R. H. Compton, was able to 
agsume duties and in the lean years between—during 
which the already inadequate Government grant was 
reduced—Kirstenbosch Gardens were maintained by the 
combined efforts of the Botanical Somety and of the 
curator, Kew-trained J. W. Mathews. Under Compton’s 
directorship they expanded to the very summit of Table 
Mountam by an additional grant of 600 acrea in 1922. 
Paths were laid, swamps were drained, hillsides were 
terraced and planted and the work by Prof. 
Pearson developed to maturity. In 1923 natural history 
classes for local school children were inaugurated, first 
entirely m the fleld then, with the completion of the 
thatched lecture hall, partially indoors. The Gardens’ 
academic work extended further with the establishment, 
in 1938, of the Compton Herbarnum, where 200,000 
specimens of South African flora are preserved and whore 
plants are brought for identifloation by both amateur and 
profeesional botaniste. More than 80,000 packets of seed, 
gathered at Kirstenbosch, are despatched, free of charge, 
each year to the 4,000 members of the Botanical Society, ' 
while many others are sold to nurserymen all over the 
world. Seed collection and preparation is therefore an 
important part of the work carried out at Ki 


. and ıt is largely due to the Gardens that South African 


flowers are now cultivated as far afield as the U.8.8.R. and 
New Zealand, Japan and California. 

After thirty-five years at Kirstenbosch, Prof. Compton 
was succeeded by Prof: H. B. Rycroft under whose 
energetic and enthusiastic guidance the National Botanic 
Gardens—one of the glories of South Africa and famous 
throughout the world—are now entering on therr Golden 
Jubilee Year. : 

A most ambitious programme of fostivities, extending 
over ten months, has been planned. In February a 
garden party will be held on the lawns.at Kirstenbosch and 
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at this the State Preaident, Mr. C. R. Swart, 
as patron-in-chief of the celebrations, will be 
guest of honour. Exhibita from America, 
Europe, Australia and the East will be on 
viow at the International Flower Show 
planned for March, while the national sprmg 
and wild flower show in September promises 
to be of beauty and of great 
botanical and horticultural interest. 
Museums, libraries and art galleries through- 
out the country are collaborating with the 
Jubilee Council to organize displays of books, 
paintings and other exhibita, botanical in 
character and interest, and an international 
exhibition of floral "Flora 03"— 
has been sponsored by the Lions Club of 
South Africa and the Thematic Stamp 
Club. In the spring & week has been set 
aside for the young people of South Africa, 
who wil hold their own flower show, a §& 
procossion. of (artificial) flower-decked floate - BM 
through the streeta of Cape Town and 
orchestral and choral  oonoerts with 
"Flowers" as the theme. 

Most important and serious of all the 
festivities will be the assembly at Kirsten- 
bosch of fifty or more of the world’s most 
distinguished botanists and hortioulturista, 
inoludmg Sır George Taylor, director of the 
Royal Botanic Gardens at Kew; Dr. W. 
Domke, of the Botanical Gardens in Berlin; 
Prof. H. Merxmiller, director of the State 
Museum, Munich; Prof. H. Weimarck and 
Mr. Rolf Dahlgren of the Botenio Institute 
and Museum, Lund; Prof. W. Robyns, 
director of the Botanical Gardens, Brupsels; 
Prof. Reed C. Collins of the Gray Herbarium, 
Harvard University; Prof. H. P. Riley of the 
University of Kentucky and many others. 

These specially invited guests of tho R 
Jubilee Council will be entertained on day ' |j 
excursions to places of particular botanical 
interest near Cape Town and will attend 
lectures on South African flora for 
their benefit. Finally, they will be en on 
a tour of South Africa which will last for 
more than three weeks and during whioh 
they will have &n opportunity to study in 
the field a wide variety of vegetational typos, 
and, at the same time, to see some of the 
country’s most splendid scenery. Heed- 
quarters of all these events will be Kirsten- 
bosch Gardens, superbly beautiful through- 
out the year but at their most colourful in the southern 
spring months of September and October. 

Primarily the purpose of these celebrations will be to 
make known to the world in general and to botanists and 
horticulturists in particular the work and functions of 
Kirstenbosch. At the same time ıt is earnestly hoped to 
raise fonds which are urgently needed for immediate and 
necessary development. Since its inception fifty years ago, 
Kirstenbosch has struggled to establish and maintain a 
scientific foundation without which it could not rightly 
claim the title ‘Botanic’. Financially, the Gardens are 
dependent on grants from various local authorities and 
funds accumulated by the Botanical Society of South 
Africa. But Kirstenbosch, situated as it is in the heart of 
a floral region second to none in scientific mterest, has 
much to offer the world and it is for the world to make that 
contribution to botany a reality. When Prof. Pearson 
conceived the simple but magnificent idea of the National 
Botanio Gardens he foresaw. as ita heart. & botanical 
research institute staffed by scientists who could set 
about the thorough exploration—ecological, morpho- 
logical and systematic—of South African flora. In his 
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Arum lilies grow m profumon here. ( 1mons) 
preaidential address to the South African Association for 
Advancement of Science on November 2, 1910, he said: 
“Science has not fished with a plant when it has been 
labelled and placed in a herbarium. . /. Research should bo 
undertaken with the single object of discovering the truth 
regardloes of the consequences. These may at any timo 
assume & practical and economic importance which no one 
has been leas inclined to expect than the investigator 
himself." This holds true in 1963 as it did fifty years ago 
and thus far, at least, Pearson's dream has not been 
realized for there is, as yet, no research institute at 
Kirstenbosch. It is estimated that the establishment and 
maintenance of such an institute would cost a minimum 
£43,000 while & further sum of £22,000 is urgently needed 
to enlarge the totally inadequate lecture hall where 12,000 
children attend biology leasons each year. Though tho 
extent of Kirstenbosch is more than 1,000 acres only & 
relatively small area is under cultivation. To develop the 
Gardens further would cost an estimated £9,000. It is to 
the publio—nstional and international, scientific and lay— 
that the National Botenio Gardens of South Africa appeal 
for these funds. 
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EVIDENCE THAT THE Xg BLOOD GROUP GENES ARE ON THE 
SHORT ARM OF THE X CHROMOSOME 


.. By J. LINDSTEN 
Department of Endocrinology and Metabolism, Karolinska Sjukhuset, Stockholm 60 
Dr. M. FRACCARO 
Biology Division, Euratom, c/o istituto di Genetica, Università di Pavia 
Pror, P. E. POLANI and J. L. HAMERTON 
Paediatric Research Unit, Guy's Hospital Medical School, London, S.E.I 
. AND 
Dr. RUTH SANGER and Dr. R. R RACE, F.R.S. 

Medical Research Councll Blood Group Research Unit, Lister Institute, London, S. W.I 


ROM an examination of two women with ovarian 

dysgenesis, and of their families, evidence has 
emerged which suggests that the locus for Xg, the 
X-linked blood group system!, is on the short arm of the 
X chromosome. 

The two patiente were consistently sex chromatin 
positive and each displayed, in the tissues sampled for 
cytological study, chromosome mosaicism of two cell linee: 
one, the minority, had 45 chromosomes including a single 
X and the other, the majority, had 46 chromosomes. In 
the cells of the latter line there was one normal X chromo- 
some and a metecentrio chromosome resembling No. 8 of 
the set; this abnormal chromosome haa been interpreted’, 
in these and in other patients with similar karyotype, as 
an isochromosome for the long arm of the K chromosome. 
While other interpretations are possible the suggestion 
that these metacentric chromosomes are isochromosomes 
for the long arm of the K seems likely from the combined 
cytological and clinical evidence. A recent observation’ 

rte this interpretation: the sex chromatin masses 
of five such patiente have a greater amount of DNA than 
do those of normal females. Furthermore, the presump- 
tivo isoochromosomes have been shown‘ to be symmetri- 
cally ‘hot’ along their whole length when labelled with 
*H-thymidine late in the period of DNA synthesis. 

The argument to follow concerning the site of the Xg 
locus hinges on this interpretation—that the structurally 
altered chromosome consists of two long arms of the X 
chromosome without & short arm. 

Family J. The pedigree of this family is shown in Fig. 
1. The proposita, IT-3, briefly reported by Lindsten’, is 
aged eighteen; sho has primary amoenorrhosa and the out- 
put of pituitary gonadotrophin in her urine is increased 
while that of cetrogens is decreased. She is of short 
stature (4 ft. 6in. or 138 om). Sho has neither an unusual 
number of pigmented nsevi nor webbing of the neck. Her 
father was thirty-three and her mother twenty-five at the 
time of her birth. 

Cytological investigations showed that the proposita 
was sex chromatin positive in ocells from 
buccal mucosa smears, skin sections and 
in ocells from two skin biopsies grown im 
viro. Cells were cultured from one blood 
sample and from two different skin biop- 
sies and chromosome mosaicism was 
observed: the majority of cells had 46 
chromosomes, imeoluding an apparently 
normal X and a presumptive - 
some for the long arm of the X; the 
minority of cells had 45 chromosomes with 
an XO karyotype. The parents and sibe 
of the proposita have sex chromatin 





scope testa III-2 and III-5 are deuteranopie: the pro- 
posite, III-8, ie deuteranopio according to Ishihara 
but has & normal Raleigh equation with an increased 
contrast. By both tests Il-8 and II-4 and D1-1-4-6 were 
normal, and by Ishihara II-1 and II-2 were normal. 

The Xg groups of the family are shown in the pedigree. 
The proposita lacks her father’s Xg* antigen and this 
indicates that her normal X is from her mother, as does the 
fact that she has her mother’s oolour-blindnees gene but 
not her father’s gene for normal colour vision: the iso- 
chromosome would therefore have to be of paternal 
origin. (The family illustrates crossing-over between the 
looi for Xg and for deuten colour vision; this is to be 
expected for the cross-over rate between the two genes is 
known to be high’.) 

Family E. The pedigree of this family is shown in Fig. 1. 
The proposite, II-2, is aged twenty-two years, has primary 
amenorrhose with markedly increased output of pituitary 
gonadotrophin, is of short stature (4 ft. 0$ in. or 146 om) 
and has numerous pigmented ns;vi but no webbing of the 
neck. At the time of her birth her father was thirty-ono 
and her mother twenty-six. She has & normal elder 
brother. : 

The patient is sex chromatin positive in cells from the 
oral mucosa, from akin biopsy grown in vitro and in the 
leucocytes of the blood smear; some of the sex chromatin 
masses in the oral mucosa cells appeared to be unusually 
large. The patient’s chromosomes were examined in cells 
from two blood cultures and one akin culture and showed 
her to be a chromosome mosaic: the majority of her cells 
had 46 chromosomes, inoluding an apparently normal X 
and & presumptive isochromosome for the long arm of the 
X, and the minority of cells had 45 chromosomes with an 
XO karyotype. The presumptive isochromosome in the 
cells with 46 chromosomes was found’ to be symmetrically 
‘hot’ and to label with *H-thymidine later than the other 
chromosomes in the course of DNA synthesis. The father 
and mother had & normal chromosome complement in cella 
from blood cultures. 





corresponding to their phenotypic sex. + TO o-— + + + d od 
tha e pud nae nn ue es Xig.1. The family J. (left) and the family R.(rnght). Arrow = Xg groups: 
b ms ther, 1-2, + = Xgia+), — = Xg(& — ). Colour vinon: inte © solos bund (deuteranopie), 
hollow = narmal (for details see text). d. = dead and not tested for Xg or for colour vadon 


colour-blind. By Ishihara and anomalo- 
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colour vision; the first:two were tested on the anomalo- 
ee ooy ee 
Xg groups of the family are ahown in the pedigree: 

because the proposita is Xg(a—) while her father is 
. Xg(a +) it must be considered that the morphologically 
normal X which she has in both her cell lines is from her 
mother (who must be heterozygous Xg*Xg). It follows 
that the presumptive isochromosome present in the cells 
with 46 chromosomes is of paternal origin—yet the 
patient is Xg(a —). : 

Other oases. The families of 12 other patiente who have 
Pees eee ee ego asi 

ve been tested, but the Kg did not in 
the informative way they did in J. and R. families. 
The groups of these other families are recorded in Table 1: 
in four of the 12 patients the presumptive isochromosome 
appenes o be Of patema: cram: tenes Senet 

.; Beo discussion). = 


Tablo 1. TWELYE FAXILIES IK WHICH THM PROPOSITA HAS à PEESUMPTIVE 


Identl- groups 
Investigator fication Father Mothac Prodi others Sisters 
Court Brown Hig.* + + + - 
and Whyte  Tho.* t o.b. + + ob. + 
Motulaky Bea. - + + + 
Polani and Tra. -= + + 
Gib.* + + + + + 
Bog. + + + - 
Lindsten Las. * - +t - +++ 
AIL” - + + + 
And. - + + ++ 
Bri. - * + + 
2 BJo. - + - + 
Bye. + to. c 
+, +) —, &-—). ob., colour blind. 
* not io Bs moma CEOE Bo X) 
t Her mother, sister and 2 brothers are all +. 


Discussion. Analysis of the two families, J. and R., 
indicates that the presumptive isochromosome of both 
patienta is of paternal origin. If this abnormal chromo- 
some found in the Xg(a —) daughters consista of two long 
arms of the X chromosome from the Xg(a +) father then 
theses arms do not contain the Xg locus, which should 
therefore be located on the short arm. (The evidence that 
family J. gives for the deutan locus being on the short 
arm has already been discuased®:*.) 

Two possibilities could upset this argument. The 
hypothesis of Lyon!*, which postulates that in the mouse 
and possibly in all mammals only one X. chromosome is 
‘active’ in any one cell, makes it theoretically le that 
the isochromosomes of our two patients are ‘i ive’ in 
all cells. If this were so the Xg(a —) reactions of the two 
patients could merely reflect lack of gene action and would 
not afford evidence of the arm on which Xg is located. The 
‘fact that the isochromosome is ‘hot’ when labelled with 
'H-thymidine late in the period of DNA syntheeis** 


NEWS an 


The Academy of Sdences of the U.S.S.R.: . 
Academidan V. A. Kirillin 


ÁOADEMIOIAN VLADIMIR A. KIRILLIN, director of the 
High on anand Laboratory of the Department of 
Technical Sci , has been elected a vice-president of 
the Academy of Sciences of the U.B.8.R. in succession to 
Academician A. V. Topchiev, who died in Moscow on 
December 27. Academician Kirillm is & graduate of the 
Moscow Power Institute, where he has taught for the 
past twenty years. Ten years ago he was elected cor- 
responding member of the Acadamy, and in 1962 he 
became a full-member. He has been awarded a State 
Prize and a Lenin Prize for his participation in theoretical 
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indicates that it synthesizes later than the other chromo- 
somes: whether this means that it is also 'inactive' 
remains to be demonstrated. 


The second possibility is that the two different oell lines 
found in both patients might be so distributed that thoee 
producing the grou vo 45 chromosomes inoluding 


tbe single, maternal, X carrying the silent Xg gene. In 
this event again the Xg loous could be on either arm of the 
X chromosome. However, an identical, non-random dis- 
tribution of two cell lines in two unrelated individuals 
seems most unlikely. 

Thus, though the evidence is suggestive, deflnite proof 
that the Xg locus is on the short arm of the X. chromosome 
must await clarifloation of these problems. 

In some of the patients, the Kg findings can help in 
tracing the origin of the presumptive isochromosomes, 
but there are certain limitations and two sete of factors 
have to be taken into consideration: the ‘activity’ or 
otherwise of the Ive isochromosomes and the 
situation of the Xg locus on the short or long arm of X. 
chromosomes generally. If the presumptive isochromo- 
somes of the patienta were ‘inactive’ in all cells, a paternal 
origin could assumed in six of the 14 patients (R., J., 
Fra., All, And., Eri.) irrespective of the situation of the 
Xg locus: on the other hand, if they were ‘active’, one 
could conolude a paternal origin for the six only on the 
assumption that the Xg locus is on the short arm. In the 
two patiente J. and R., ‘activity’ of the isochromosomes 
would imply that the Xg locus is on the short arm (if we 
disregard mossiciam), and indeed this is the object of the 

t article. 

We thank Dr. P. M. F. Bishop, London, who referred 
the proposita of family R. for investigation, Dr. M. 
Bvenmar, Rvemála, for help in obtaining blood samples 
from the family J., and Prof. I. Kugelberg, Stockholm, 
for the colour vision in igation of that family. We also 
thank Dr. W. M. Oourt Brown, Edinburgh, Dr. E. G. 
Oastler and Dr. W. G. Whyte, Glasgow, and Dr. A. 
Motulsky, Seattle, for samples from three of the families 
listed in Table 1. We thank Dr. J. D. Mann, Grand Rapids, 
and Dr. A. Cahan, New York, for generous supplies of the 
anti- serum. 

One of us (J. L.) gratefully acknowledges a grant from 
Nordisk Insulinfond. 
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and experimental investigations of the thermal propertios 
of water and steam. He is also chairman of the U.B.B.R. 
Co-ordinated Committee on the Properties of Bteam. 


. Academiclan B. E. Paton 


ACADEMICIAN Bows Paron, director of the Electrical 
Welding Institute, has been elected & new member of the 
Presidium of the Academy. He became a full-member of 
the Academy in 1962. Academician Paton has been 
working for some twenty years in the Institute, which 18 
named after his father, Yevgeny Paton. Last year he 
was elected president of the Academy of Sciences of the 
Ukrainian 8.8.R. 
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Engine Research and Development at the Ministry 
of Avlatlon : Dr. John Remfry 


Dr. Jons RxwrRv has been appointed director of 
engine research and development at the Ministry of 
Aviation, 1n succession to Dr. J. W. Drinkwater, who is 
now at the National Gas Turbine Establishment, Farn- 
borough. Born in 1904, he held a Foundation Scholarship 
at Sir Joseph Wilhamson's Mathematical School, Roches- 
ter, before entering H.M. Dockyard, Devonport, as an 
indentured apprentice to Marine Engineering and mE 
building in 1919, where he gained the Admiralty Prize 
for first place in school subjects in all dockyards in 1928 
and a Whitworth scholarship in 1924. He graduated with 
the degree of B.8c.(Eng.) with honours in mechanical 
engineering and motive power at the City and Guilds 
Engineering College m the University of London in 1926 
and was awarded the Diploma of the Imperial College in 
seronautios in 1927 after uate study at the 
Royal College of Science. r & year at the National 
Physical Laboratory, Dr. Remfry was until 1986 a 
research engineer with Mesars. Rowntree and Co., York. 
During the next year in the Chief Engmeer’s Department 
of the London County Council he was concerned with the 
efficient generation and utilization of steam and electrical 
power. In 1937 he jomed the Engine Department of the 
Royal Aircraft Establishment, Farnborough, and worked 
on problems of heat interchange for aircraft engine 
radiators, oil coolers and charge coolers. In 1944 he was 
transferred to the Directorate of Engme Research and 
Development, which was successively under the Ministries 
of Aircraft Production, Supply and Aviation, where he 
was engaged on the performance estimation and approval 
of reciprocating and gas turbine engines and the 
supervision of research at universities and contractors’ 
works on aerodynamics, thermodynamics, heat transfer 
and engine materials, He has been an assistant 
director for aero engine projects and performance since 
1950. 


" International Academy of Astronautics: 
Members 


Pemwos Lour pm Broar, Mise Jacqueline Cochran 
and Mr. Harry F. Guggenheim have been elected honorary 
members of the International Academy of Astronautics. 
The first honorary member of the Acadamy was the late 
Prof. Niels Bohr. 

Prince Louis de Broglie, the well-known French 
physicist, has made major contributions to the develop- 
ment of modern physics and to the fostering of inter- 
national scientific co-operation. He is a member of the 
French Academy of Sciences and has been its secretary 
since 1942. Prince Louis de B ie has reoeived many 
honours and awards, including the Nobel Prize for Physica 
in 1929. For his efforts to explain aspects of modern 
physics to the layman, he was the first recipient of the 
Unesoo Kalinga Prize in 1958. He has been professor at 
the Institut Henri Pomoaré in Paris since 1928, and in 
1948 he founded a Centre for Studies in Applied Mathe- 
matics. In 1945 he was counsellor to the French High 
Commission on Atomio 

Miss Jacqueline Oochran (Mrs. Floyd B. Odlum), the 
leading woman in American aviation, has done much to 
prove that women are as capable as men to achieve 
success in the field of practical flying. She was the first 
woman to fly in the Bendix transcontinental race in 1934, 
and has since won numerous Bendix trophies, as well as 
the Clifford Burke Harmon Trophy of the International 
League of Aviators. Miss Cochran was the first woman 
pilot to pierce the sonic barrier in 1958, and she holds 
several national:and international flight records. Since 
1959 she has been president of the International Asro- 
- nautical Federation, an organization the functions of 


Honorary 


^. which now inolude the verification and maintenance of 


manned space flight records. 
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Mr. Harry F. Guggenheim, American philanthropist 
and publisher, has played an important part in the pro- 
motion of seronautics and astronautics both on a national 
scale and on an international level. His interesb in 
aviation goes back to the 1920's. He was U.S. delegate 
to the International Conferences on Civil Aeronautics in 
Washington, D.O., in 1927 and 1928. As president of tho 
Daniel and Florence Guggenheim Foundation, he founded 
the Daniel and Florence Guggenheim Jet Propulsion 
Centres at Prmceton University and at the California 
Institute of Technology, where his father had previously 
founded the Guggenheim Aeronautical Laboratory. Mr. 

im was U.S. Ambassador to Cuba during 1929— 
33, and he has been honoured with numerous awards and 
decorations. 


Anglo-Belglan Company for, Marine Reactor Develop- 
ment 


Tu United Kingdom Atomic Energy Authonty and a 
syndicate of Belgian industrial companies headed by 
Belgonucléaire have jointly formed a company to own all 
the resulta of their development programme for the 
Vuloain reactor. The formation of the Company follows 
an anpouncement in May 1962 that the Authority had 
igned an agreement with Belgonucldéaire to undertake a 
joint research and development programme on a design 
of nuclear reactor suitable for marine propulsion—given 
the name of Vuleoin—on which mucléaire had 
already done much imi r work. is reactor is an 
advanced version of the pressurized water reactor em- 
bodymg the principle of variable moderation. The 
Authority’s participation in this joint effort is part of the 
programme of research announced by the Minister of 
Transport in November 1961 to develop a reactor system 
economically attractive to a wide range of se 
This research is being undertaken with the approv 
support of the Working Group on Marine kaa 
Research, appointed jointly by the Minister for Science 
and the Minister of rb. After ing the 
relative merite of a number of reactor types most suitable 
for further development for marine propulsion, the 
Working Group's recommendation was accepted in 
November 1962, that the programme of research be con- 
oentrated in future on two types. One of these is the 
Vuleasn reactor, and the other is tho Integral Boiling 
Reactor, which is an advanced reactor concept originating 
within the Authority. 


Fuel Elements for Scorpio Reactor 


TEs Metallurgy Division at Harwell has recently com- 
pleted the roduction of 400 plutonium-bearing fuel 
elements foc Bote (Sub-oritioal carbon-moderated reactor 
assembly for pd dace investigations) experiments at 
the Atomic Energy Establishment, Winfrith. They are: 
being used to simulate the partially used uranium fuel 
elements of a power reactor, in which plutonium has been 
formed by neutron bombardment of uranium-238; this 
plutonium build-up profoundly affects the bebaviour of a 
reactor, especially its response to temperature variations. 
The fuel elements take the form of cylindrical bars, 28 in. 
long by 1:2 in. diameter, of depleted uranium containing 
0-48 per cent uranium-285 with 0-25 per cent plutonium 
added; they are sheathed in stainless steel 0-015 in. thick. 
It is hoped that the Scorpio experiments will not only 
improve the basic understanding of plutonium reactor 
physics but will alo help to check the accuracy of 
theoretical calculations of the effects of plutonium build- 
up in power reactors. The Seorpio’s are sub-critical 
graphite-moderated reactor assemblies of widely variable 
lattice geometries and capable of being heated to tem- 
peratures of up to 400° O. Precise measurements of 
neutron flux distribution throughout such an assambly 
(in Scorpio 1), or within indrvidual lattice cels (in 
Scorpio 2), enable the reactivity of a system to be studied 
at different temperatures. 
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Astronomy In the United States 


A PANHIL to estimate the probable need for major now 
facilities in astronomy in the United States during the 
next 5-10 years has been set up by the National Acadamy 
of Baiences. Dr. Albert E. Whitford, director of Lick 
Obeervatory, Mount Hamulton, California, is chairman of 
the panel. Chairman of the Committee on Government 
Relations 13 Dr. George B. Kistiakowsky, profeeeor of 
chemistry, Harvard University, who was special assistant 
on science and technology to President Eisenhower. 

The panel will concern iteelf mamly with solar and 
galactic astronomy, optical and radio astronomy, ground- 
based and space astronomy, mdependent research 
observatories and those connected. with universities. The 
astronomer members of-the panel will also discuss the 
needs of astronomy with respect to manpower and tho 
use of new devices such as high-speed computers for the 
automation of telescopes and the processing of data, 
electronic-image tubes as substitutes for photographio 
plates, and radio-astronomy receivers. Other members of 
the panel are: Prof. R. N. Bracewell, Stanford University ; 
Prof. Frederick T. Haddook, jun., University of Michigan ; 
Dr. Frank D. Drake, National Radio Astronomy Observ- 
atory, Green Bank, West Virgmia; Dr. William Liller, 
Harvard College Observatory; Dr. W. W. Morgan, 
Yerkes Observatory, University of Chicago; Mr. Bruce 
H. Rule, California Institute of Technology ; and Dr. Allan 
R. Sandage, Mount Wilson and Palomar Observatories. 


The Institute for Medical Research, Federation of 

Malaya 

THe annual report of the Institute for Medical Research. 
Federation of Malaya, for 1960, which includes a report 
from the United States Army Medical Research i 
(Malaya) and statistical appendixes, as well as a list of 
publications and reports, includes also a report on tho 
eighth and final year of continuous filariasis investigations 
(Pp. vi+184. Kuala Lumpur: Institute for Medical 
Research, 1962. 2.50 Malayan dollars). This report 
envisages a co-ordinated campaign of control by mass 
treatment with diethyloarbamazine, starting in 1961, of 
all persons living in endemic areas, estimated at 5 per 
cent of the population. Research on Salmonella 
phage types in Malaya continued, but routine biochemical 
estimations occupied most of the time of the staff of the 
Division of Biochemistry. The Division of Entomology 
finished ita intensive collection of culicine 
and in wall tests with Aedes aegypit a new formulation of 
benzene hexachloride containing a resin gave similar 
resulte to the normal wettable powder formulation. An 
investigation Into monkey malaria in the country was 
commenced, and a notable advance was made in oo- 
operation by Government agencies to improve nutrition 
in rural areas. A valuable development was the opening 
of a plant for the production of tuna fish meal by a 
commercial firm in Penang. Further evidence was 
obtained that leptospirosis is & common infection in 
humans in Malaya. 


Salary Re-scallng for Colleges of Advanced Technology 


In replymg for the Government in the House of 
Commons on January 23, the Parliamentary Secretary to 
the Ministry of Education, Mr. O. Chataway, seid it was 
. intended, as one consequence of the transfer of the 
colleges of advanced technology to direct that 
salaries of the ataff in the Colleges should be related to 
those of university staffs. By the end of summer 1962, 
broad agreament had been reached between the Ministry 
and the national teachers’ bodies concerned on the main 
outlmes of the negotiating procedure to be followed for 
this transition from the Burnham system to one more 
closely related to the system. The Govern- 
ment, however, was at this time also considering the 
position with regard to university selary negotiations, 
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and eventually concluded the review of university salaries 
was most appropriately referred to the National Incomes 
Commission and that college of advanced technology 
salaries should be simultansously referred to the Com- 
mission. The Commission had not yet settled the pro- 
cedure for the submission of evidence, but when it had 
done so the various bodies concerned would be fully 
informed. When it was decided to authorize an immediate 
overall increase of 10 per cent in university salaries it was 
also decided, in view of the very substantial increase 
which college of advanced technology staffs had recaived 
as a result of the last Burnham settlament in January 
1962, that any adjustments in their salaries should be 
limited to. the more senior grades. Tho precise adjust- 
menta will be a matter for discussion with the teachers’ 
associations and the representatives of the chairmen and 
principals of the colleges as soon as it ia known what 
increases are to be approved for the various of 
university staff. Mr. Chataway added that he fully shared 
the view that the colleges must be recognized as equivalent 
in stetus to universities but that decision on that must 
await the Robbins report. 


Films on the Peaceful Uses of Atomic Energy 

As part of ite continuing programme to make informa- 
tion available in ita Member States, the International 
Atomio Energy Agency has established a film library and 
has recently published a catalogue of the 167 films that are 
now available for loan (Film Catalogue No. 1: Films on 
the Peaceful Uses of Atomic Energy available through the 
International Atomic Energy Agenoy. Pp. v--61. Vienna: 
International Atomio Energy Agency, 1902). In the 
catalogue, films are listed under subject headings such as 
geology, safety, instrumentation, space, physics, radio- 
isotopes, reactors, waste disposal. Each film is briefly 
described in & few sentences of text. Indicated in tabular 
form are country of origin, date of production, length, 
languages available and whether the film is in colour or 
black-and-white. Although most of the films at present, 
available are in English, about fifteen are available in 
French, seven m Russian, four in German and one each 
in Spanish, Italian and Japanese. Several films are avail- 
able in more than one . Films are loaned to 
organizations in the Agency’s 78 Member Nations for 
only the cost of return shipment. Copies of the catalogue 
are available from the Film Library. the International 
Atomic Energy Agency, Kürntnerring 11, Vienna I. 


Bibliography on Direction Finding and Related lono- 
spheric Propagation 


Forrowrsa a conference held at the University of 
California at Los Angeles in June 1960, at which tho 
aspects of long-range high-frequency radio „propagation 
that affect radio-location and. direotion-flnding, 
related problems of measurement and 


; Propagation 
Topics (Edited by Olaf D. Remmler. National Bureau of 
Standards Technical Note 127. Pp. 115. U.S. Govern- 
ment Printing Offce, Washington 25, D.C. 1962. 60 
cents). A group of the papers presented at the conference 
was published in Radio Bection D of the 
Journal of Research of the National Bureau of Standards, 
May-June issue, 1961. This bibliography, though not 
exhaustive, includes more than 850 titles on direction 
finding and related topics includmg mstrumental details, 
observations and date analysis, and theories of propaga- 
tion. In connexion with the conference, the Numerical 
Analysis Research Staff of the University of California 
at Tos Angeles prepared a bibliography of works on the 
conference subject published during 1955-59. This has 
since been edited and extended to include references to 
individual papers resulting in the present publication 
published during 1955—mid-1981. In addition, references 
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to bibliographies, of conferences, reviews, 
surveys &nd texta as far back as 1940 have been incor- 
porated to provide access to the earlier literature of the 
subject and to related fields of research. 


University News : Keele 


&rwom ita foundation in 1949 as the University College 
of North Staffordshire, one of the special features of the 
University of Keele has been the maintenance of close 
links between different disciplines and tho avoidance of 
departmental ion. Although there has been no 
Department of Sociology, considerable emphasis has been 
placed on the development of sociological studies in a 
number of De particularly those of Economics, 
Geography and Political Institutions. Moreover, for some 
years past the University has bean responsible for the 
running of the Sootological Review. The further develop- 
ment of sociological studies within the University will be 
greatly helped by a gift of £50,000 from the Nuffleld 
Foundation to provide & permanent endowment for a 
Statistioal Research Unit in Sociology. It is hoped that 
the director of the Unit will not only develop new socio- 
logical studies based on accurately recorded mformation, 
but will also forge fresh links between sociological studies 
already in progress in several Departments of the Univer- 
sity. 


Sussex 


Tan third annual report of the University of Sussex, 
covering the year ended July 31, 1962, which includes the 
formal birth of the University when its Royal Charter 
took effect on August 16, reviews briefly the progress in 
buildings and administration (Pp. 22--xii. Stanmer, 
Brighton: The University of Sussex, 1962). Capital 

iture amounted to more than £645,000, met mostly 
from £629,000 in non-recurrent grants from the University 
Grants Committee, which also made a reourrent grant of 
£40,500. The recurrent grants for the quinquennium 
1962-67 were announced m April 1962, but additional 
funds from Government sources will bo if the 
University's target of 1,700 students by 1966—67 is to be 
achisved. Further substantial donations ‘were received 
during the year and amounts received and promised 
against the origmal target figure of £500,000 exceeded 


£650,000. the year, addition of 28,000 volumes and 
pamphlets, 16,000 by " t the totel in the 
library to 38,000. October 1961 fifty-two under- 


graduates were admitted to the B.A. degree course and 
three part-time research students to courses leading to a 
higher degree. For 1962-63, 2,453 applications were 
received for the B.A. and 627 for the B Bo. course, and 
202 and 159 studente, respectively, were accepted. 


The Clough Memorial Research Fund 


Part of the Clough Fund has, in former years, been 
used in the form of research grants for the furtherance 
Pel eiecti ee ee ee 

The Edinburgh Geological Society has now decided to use 
this money to institute the Clough award. This is to be 
presented, biennially, to the person or persons normally 
in their early thirties and of British nationality whose 
geological work in Scotland or Northern England (as 
defined in the regulations for the administration of the 
Clough Fund) is of outstanding merit. The first Clough 
Award will be made during 1963. Further information 
oan be obtained from the Honorary Secretary, the 
Edinburgh Geological Society, c/o the Grant Institute 
of Geology, King’s Buildings, West Mains Road, Edinburgh 
9. 


The Natlonal Institute of Sclences of india 

^ AT the twenty-eighth anniversary general meeting of 
. the National Institute of Sciences of India, held on 
December 80, the following were elected offloers and 
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F. C. Auluck, Prof. Ram Behari, Prof. K. A. Chowdhury, 
Dr. B. N. Dasgupta, Prof. A. K. Dutta, Prof. 8. Gupte, 
Dr. B. 8. Kadam, Prof. 8. y, Prof. D. 8. Kothar:, 
Dr. L. 8. 8. Kumar, Dr. B. M ji, Dr. O. Radhakrishna 


Rao, Dr. M. L. Roonwal, Prof. M. R. Sahni, Prof. T. 8. 
Sadasivan, Prof. N. R. Tawde and Prof. W. D. West. 

Bir Lawrenoe Bragg, director of the Davy Faraday 
Laboratory, the Royal Institute, London, was elected an 
Honorary Fellow. 


The Night Sky In March 


FuLL moon occurs on Mar. 10d. 07h. 40m. v.r. and 
new moon on Mar. 25d. 12h. 10m. The following oon- 
junctions with the Moon take place: Mar. 6d. 22h., Mars 
3? N.; Mar. 22d. 10h, Saturn 1° N.; Mar. 22d. 13h., 
Venus 2° N. In addition to these conjunctions with tho 
Moon, Venus is in conjunction with Saturn on Mar. 20d. 
23h., Venus being 0-9" N. Mercury is too close to tho 
Sun for observation. Venus is & morning star, rising 
about an hour before the Sun. Mars is above the horizon 
most of the night, setting shortly before sunrise. It is at 
& distance of 77 million miles on March 15, when ite 
stellar magnitude is —0-2 and it is in Cancer. Jupiter 
and Saturn are too close to the Sun for observation. 
Oocultations of stars brighter than magnitude 6 are as 
follows, observations being made at Greenwich: Mar. 3d. 
28h. 21-6m., x! Ori. (D); Mar. 6d. 03h. 09-0m., 85 Gem. 
(D); Mar. "d. 00h. 46-8m., è Cno. (D); Mar. 16d. 04h. 
18-5m., 0 Lib. (D). D refers to disappearance. The vernal 
equinox occurs on Mar. 21d. 08h. 


Announcements 


Taa British Small Animals Veterinary Association and 
the Universities Federation for Animal Welfare are Jointly 
sponsoring & symposium on “Small Animal Anssthesia”’ 
at the Middlesex Hospital Medical School during July 
28-24. Further information can be obtamed from Mrs. 
J. G. Wright, 114 Maida Vale, London W.9. 


A symposium on ‘“The Natural Radiation Environment" 
will be held at William Marsh Rice University, Houston. 
during April 11-13. Subjects under discussion will 
include: instrumentation and techniques; coamic radia- 
tion; terrestrial Tadiation; natural environmental 
radiation studies. Further information can be obtained 
from Prof. J. A. 8. Adams, Department of Geology, Rice 
University, Houston 1, Texas. 

“Bæ Protection in Scotland” is the title of the Acorn 
Lecture to be given by Mr. G. Waterston, the Scottish 
Centre for Ornithology and Bird Protection, at the 
Arthur D. Little Research Institute on February 25. 
Further information can be obtained from the Secretary, 
Arthur D. Little Research Institute, Inveresk Gate, 
Musselburgh, Midlothian. 


A BYMPOSIUM on “Cell Electrophoresis”, sponsored by 
the British Biophysical Society, will be held at the Chester 
Beatty Research Institute during May 7-8. The types of 
cells under discussion will inolude those from normal 
tissue, cultures, blood and bone marrow, bacteria and 
lants. Further information can be obtained from Dr. 
Hi: J. Ambroes, Glieater Boebty: Eedoaroli Intine Fulham 
Road, London, B.W.3. 


EnRATUM. In the article entitled “Adaptive Teaching 
Machines”, which appeared on p. 1276 of the December 
29, 1962, iasue of Nature, tho word ‘mmimize’ in the first 
sentence of the penultimate paragraph should read 
n V Gu, 
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THE ASSOCIATION OF 


HE Association of University Teachers were tho 
eate of the Southampton Association of University 

Teac and the University of Southampton during 
December 17-20, and their meetings were presided over 
by Prof. W. W. Chambers of the University of Glaagow. 

The deliberations were dominated by the effects of the 
Government’s financial policy towards universities. The 
effects which were reported to the Council included losses 
of staff, failure to provide places for some 2,500 well- 
qualified candidates and postponement or changes in 
plans for expansion affecting every institution in the 
United Kingdom and Northern Ireland. Although most 
attention was grven to problems of expansion, the long- 
delayed issue of selaries gave rise to heated debate when 
representatives learned that the claim for increases of 
about 80 per cent, substantially agreed with the vioe- 
chancellors, had not been discussed with the University 
Grants Committee, as provided for in the procedure laid 
down by the Treasury. The University Grants Committee 
had not arranged the necessary meeting. This news, 
together with Prees reporta and rumours that the matter 
was to be referred to the not yet constituted National 
Incomes Commission, led to demands that the subject be 
taken up with the Chancellor of the Exchequer through 
Parliament. The Council in a resolution objected to the dis- 
crimination inherent in the National Incomes Commission 
but left the Association free to present data to the Com- 
mesion if university salaries were referred to them by 
the Government. 

The discussion of university expansion was centred on 
what was described as the “18+ Crisis", and the Council 
passed a policy resolution submitted by Liverpool: 

“That the policy of the A.U.T. on expansion should be 
based on the following principles: 

"(1) The A.U.T. recognizes and welcomes the necessity 
for a substantial expansion of the universities for reasons 
both of national need and social justice. It insista, how- 


ZOOLOGICAL 


db twenty-eighth annual meeting of the Association 
of British Zoologista was held at the Offices of the 
Zoological Society of London on January 5. The president 
for 1963, Dr. F. Fraser Darling, was unable to attend, 
and the chair was taken by . O. F. A. Pantin. After 
the business meeting several papers were read on ''The 
Scientific Aims, Planning and Results of Zoological 
ons". 

Mr. N. A. Holme (Plymouth) outlined his present work 
investigating the bottom of the English Channel. Since 
the pioneer i activities of the Poroupine and 

expeditions the faunistic loration of the 
benthos is now fairly oomplete, Sanopt tor the deep ses. 
In the English Channel the present surveys are concerned 
with assessing biomass and productivity, dispersal and 
aggregation, and the factors which limit the distribution 
of bottom-living animals. There is no ideal sampling 
apparatus, either qualitative or quantitative: trawl, 
dredge, Petersen bottom-sampler, anchor-dredge and 
automatic camera all have their disadvantages. On a 
rapid survey ug iced type of gear can be used at each 
station, and Mr. Holme streased the importance of careful 
planning to make the most of the ship’s time. After 
dealing with the practical aspecte of sorting, preserving 
and working-up samples of benthos, Mr. Holme made a 
plea for the early publication of results. 
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UNIVERSITY TEACHERS 


ever, that neither purpose will be served if expansion 
leads to deterioration in the quality of tho education 
offered. 

“(2) The special quality of university education derives 
from the active participation of university teachers in 
fundamental research and scholarship. Therefore, the 
A.U.T. regards the provision of adequate time and 
facilities for these activities to be essential to the successful 
fulfilment of the universities’ role. 

“(3) The A.U.T. considers that the maintenance of the 
mae of university education must have precedence 
over expansion if lack of money or other resources forces 
a choice. No lowering of essential standards can be con- 

ted. 

“The first duty of the A-U.T. in the present situation 
is to intensify the campaign for an immediate and sub- 
stantial increase in the resources available to the univer- 
sities. 

“Further, it is the duty of the A.U.T. to warn the 
public that grave injury to the national economy will 
result if university research is sacrificed in an attempt to 
expand undergraduate teaching without the necessary 
resources.” 

The Council then went on to discuss proposals for making 
the problems of university expansion widely known to 
the Lips panie: 

The gro of the Association to a membership of some 
10,000, almost all non-medical university teachers, in 
universities other than Oxford and Cambridge had 
created problems of organization which were the subject 
of further discussion, and proposals were made for chang- 
ing the form of one of the half-yearly ee 

Other matters which were discussed included proposals 
to improve the status of university technicians, the 
problems of student selection and the improvement of 
general degrees and possible ways of raising the popular 
esteem of the general degree. D. OHAPMAN 


EXPEDITIONS 


Dr. Anna Bidder (Cambridge) gave a lively acoount of 
her trip to the South Seas to study living specimens of the 
pearly nautilus in 1960-61. Local people in New Oale- 
donia, the Loyalty Islands and New Britain brought her 
Nautilus caught in traps baited with putroscent fish and 
meat. In this way she was able to study, in the public 
aquarium at Noumés or, elsewhere, in aquaria improvised 
from slop-basins on the foreshore, specimens of three 

jes of this nocturnal, bottom-livmg mollusc. The 
bered shell of the pearly nautilus has been sung by 
poets and worked over by every xoology student, and yet 
we have known scarcely more than Aristotle oould tell 
about the habita of the animal within. Now Dr. Bidder 
has not only been able to confirm the Aristotelian account, 
but answer much which was speculative concerning one 
of the most bizarre forms of cephalopod radiation. 

Prof. C. F. A. Pantin (Cambridge) deeoribed how, during 
a war-time holiday, his chance find in an English oakwood 
of the terrestrial nemertine worm Geonemertes lod him in 
subsequent years to pursue studies on the taxonomy and 
world distribution of this genus, and on ita anatomy, 
physiology and ecology, whanever on A could 
afford during visits to Europe, Africa, New Zealand and 
various oceanic islands. Prof. Pantin made tho point, 
which was further emphasized in discussion by Prof. G. C. 
Varley (Oxford), that whereas the objectives of an expedi- 
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The University of Cambridge Expedition to British 
Honduras in 1959-60 was & considerable enterprise where 
ten undergraduates worked in the fleld for eleven months 
on a oo ive programme inoluding archmology, 
botany, zoology and physiography. Mr. P. K. i 
(Cheltenham College) described the zoological work which 
was mostly concerned with the faunal ecology of the corals 
and the land ecology of the cays which lie scattered within 
& broad channel between the shore and a long fringing reef. 
Using mostly skin-diving methods the party lived much 
of the time in & small gailing-boat with which the 
managed to explore 150 miles of the channel. Intereating 
resulta were obtai 


y 
at least ftve expeditions from Britain and the United States. 
An expedition with a careful programme in applied 
science was described by Mr. P. D. Fry (Royal Veterinary 
College). In 1962 eight undergraduates visited East 
Africa, to study so far as they could the diseases which 
affect wild mammals and birds and domestic cattle, and 
to collect material which might show how theeo diseases 
affect man. Special attention was directed to game 
animals likely to be included in cropping programmes. 
Travelling in ‘Land-Rovers’ the party in ten weeks got 
through a great deal of work, mostly in Uganda, where 
they wero able to examine more than 200 animals ranging 
from the spiny mouse to the elephant. Systematic 
autopsies yielded pathological material and parasites, 
and there were collections of blood-smears and blood 
sera for studies on protozoal disease and on immunology. 
Some of the collections were from game anesthetized with 
the 'oapahur' gun. A notable feature of this expedition, 
to which Prof. Varley directed attention, was ita active 
co-operation in the field with medical and i 
research organizations of Uganda and Kenya, and the 
approval and patronage it won from the World Health 


on. 

Dr. Robert Clarke (National Institute of Oceanography) 
summarized the discussion and concluded with somo 
general observations. He recalled that the exploratory 
expedition in zoology had, in the past thirty years, mostly 
given way to specialized objectives in evolution, physiology 
and especially ecology. The emphasis 
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ductivity, both by land and sea, and he weloomed the 
kind of expedition described by Mr. Fry which had avowed 
economio ende in a world hungry for proteins. The 
planning of expeditions should take realistic account of 
le hitches in the fleld, so that, as mentioned by 

. Holme, any lengthy or coatly expedition should have 
alternative programmes which (combined, ga it may be, 
with the readiness to improvise) can in the event turn 
some impending failure into success. Only the enthusiast 
like Dr. Bidder, going out alone, could afford a single 
objective and be almost sure to achieve it. Working up 
results at home, an expedition always brings back more 
material than it can deel with. Great collections build up 
over the yeers, and there was an urgency in Prof. Pantin's 
plea for more taxonomists in professional zoology. Even 


Reviewing the general trend of expedition activity, 
Dr. Clarke noted that the major expeditions were national 
undertakings until about ten years ago. 
one of great achievement, and by example he mentioned 
the work of the vessels of the Di iti 


Ocean 
the best known scientifically of the world oceans; but 
he welcomed the present trend towards international 
co-operation in the expeditionary fleld. Such activity 
has mainly been at sea, and in ite modest way & inni 

was made by the Enern's voyage to the Anterotio in 1958 
when Norwegian, Dutch and British scientists collaborated 
in à whale-marking expedition. Development of the large- 
scale venture has been assisted by the growth of inter- 
national izations like the International Council of 
Scientific Unions and the iali agencies of the 


. The International Indian Ocean Expedition, 
in which ships of thirteen nations are engaged, will be 
i active in 1963, and in this year also five netions 
co-operate in surveying the equatorial region of the 
Atlantic. International relations could not but benefit 
from such work, and it was ing to mention in 
conclusion another aspect of the co-operative iti 
which he illustrated from a recent mission with Food 
and Agriculture Organization to the west coast of South 
America. No traveller could have failed to notice that 
past expeditionary work in the countries of Asia, Africa 
and Latin America has mostly been the enterprise of 
and North Americans. But it was desirable 
that the nationals of these countries should explore their 
own deserts and rain forests and seas. Enthusiasm was 
not lacking, and now, with the development of technical 
assistance programmes of the United Nations and of 
bilateral organizations, the necessary aid and training had 
become available and was already in the field. 
RoBugT CLARKA 


THE GALE OF FEBRUARY 16, 1962, IN THE WEST RIDING OF YORKSHIRE 


By C. J. M. AANENSEN and J. S. SAWYER 
Meteorological Office, Bracknell, Berks 


'Y many people living in and around Sheffield will 
remember for & long time the disastrous westerly 
gale of February 16, 1962. Tho gale commenced at about 
0480 Gait. in the West Riding and continued for the 
next 8 h. In Sheffield alone 101,500 dwellmgs out of a 
total of 161,000 dwellings were in one way or 
another, and 98 dwellings (including 69 prefabricated 
houses) ware damaged beyond repair. where through- 


out & broad belt running he iic ied the 
Pennines from North Derbyshire to Northumberland 
very oonsiderable damage occurred to both buildings 
and trees. 

As soon as the soale of damage became known, Meteoro- 
logical Office staff in the area made a survey of the type 
and distribution of damage and later some theoretical 
and climatological aspects of the storm were considered 
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Wg. L Mean surface wind speed in knota at 0900 o 16, 
1002, in the aree cast af the Pennines. or aan, puri 


at the Meteorological Office headquarters. It is proposed 
to publish a report on this work in detail in the future, 
but the following summary may be of interest now. 

Without doubt the worst hit area was in and around 
Sheffield, and it was fortunate that a record of the wind 
strength and direction was obtamed from the pressure 
tube anemometer mounted above the Weston Park 
Museum in Sheffield itself. The anemometer head is 
some 35 ft. above the flat roof of the Museum and only 
slightly sheltered by rising ground to the west. The 
record shows a maximum gust of eighty-four knots with 
at least five other gusta of eighty knots and more and 
thirty-six gusta of more than seventy knots. The recorded 
direction of the wind was 280°-300°. 

An analysis of the various wind speeds recorded through- 
Gut Groat Britai showed that on the whole Hik ue wa 
not particularly noteworthy, especially west of Pen- 
nines. In fact the most outstanding feature was that 
major wind damage to structures and trees occurred in a 
relatively narrow belt in the lee of the Pen- 
nines running aimee tely from Chester- 
fleld through to Tyneside. This 
feature of the wind speed is brought out in 
Fig. 1, which shows the distribution of 
surface wind speed east of the Pennmes at 
0900 aat. It will be seen that as well as 
the belt of maximum winds close to the 
Pennines there is & further belt of maximum 
wind some 40 km to the east with a marked 
line of lighter winds between and another 
area of minimum winds in Lincolnshire and 

The gale was associated with & strong 
pressure gradient between a depression 
moving from Iceland to the Baltic and an 
almost stationary anticyclone over the 
eastern North Atlantic. Tho gale was at its 
height while the depression was moving 
across Scandinavia. Inspection of normal 
synoptic charts showed evidence of a very 
distorted pressure fleld over Northern 

d and this was analysed im detail 
by Mr. D. C. E. Jones. Of the various charts 
available, that for 0000 Gar.T. is based on 
moet observations and shows the distor- 
tions most clearly (Fig. 2). The interesting 
features are: (a) a trough of low pressure 
extending north to south on the east side of 
the Pennines with separate low-pressure 
centres at Sheffield, Dewsbury and Ilkley; 
(b & small centre of high pressure to 
the west of the Pennines between Bolton 
and Blackburn; (o) the intense pres- 
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sure gradient across the Pennines. The wind was gener- 
ally from west-north-west over the whole area &nd 
was far from a geostrophid balance with the pressure 
field. The air was accelerated as it passed from regions 
of high to low pressure and reached its maximum near 
the centre of low pressure as expected from Bernoulli’s 
equation. 

It is well known that the deformation of airflow in the 
neighbourliood of hills and mountains may give rise to lee 
wave phenomena and that large variations of surface 
wind and disturbance of the field occur in associa- 
tion with wave effects aloft’. It was natural, therefore, to 
inquire whether this was in some way associated 
with the topography of the region, particularly in view of 
the fact that Sheffield lies to the east of the highost part 
of the southern Pennines. The present state of the theory 
of lee waves is not sufficient to allow a three-dimensional 
caloulation to be made; but & calculation was carried 
through for a steady-state, two-dimensional gravity 
controlled flow over & ridge similar to the cross-section of 
the Pennines upwind of Sheffield, using the ure 
developed by Sawyer’. This calculation revealed the 
existence of a powerful leo wave downwind of the Pennines 
with the unusually long wave-length of 22 km. In 
Fig. 3 is shown the caloulated streamlines across the 
Pennines but with the vertical scale exaggerated sixteen 
times with the horixontal scale. It is note- 


surface winds of thirty-five knots in the undisturbed 
stream would be increased in the vicinity of Sheffleld to 
seventy-three knots. Thus, in spite of the restriction of 
the calculation to two-dimensional airflow and the neglect 
of condensation effecta, it is clear from the calculations 
that intensifloations of surface wind in association with 
lee waves aloft oan provide a perfectly feasible mechanism 
for the exceptional winds at Sheffield. 





pressure (milHbars) for 0000 a.x.T. February 16, 1902. Land above 
@ Indicates Sheffield. Arrows indicate surface wind direction 
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Fig 3 Calbenlated stieanilines for the flow across the Pennines in the 
viomlty of Sheffield 


Damage by wostorly gales has been experienced in the 
Weat Riding on other occasions, notably only four days 
earlier on February 12, 1962. Damage on this occasion 
was by no means so severe in Sheffield but was widespread 
along the east of the Pennmes and was of severity equal 
to that of tho later gale in places from Leeds northwards. 
The large-scale weather situations on theso two occasions 
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were remarkably similar, but on February 12 tho arr, 
though stable, did not have such large inversions. Lee 
waves aloft were again possible and the theoretical 
calculations agam mdicated & powerful leo wave system 
with the wave-length having the exceptionally large value 
of thirty-eight kilometres. Because of the longer wavo- 
length Sheffield did not lie beneath the trough of the 
second lee wave downward of the Peak, as on February 16. 
but somewhat downwind of the first trough. However, 
there was still a sufficient concentration of low-levol 
streamlines at Sheffield to cause a substantial increase in 
surface wind speed, as actually happened. 

Engmeers, builders and meteorologists alike need some 
idea of the probable frequency of occurrence in Sheffiold 
of severe galea such as that of February 16, 1962. Con- 
siderable damage in Sheffleld by earlier gales occurred on. 
March 1, 1956, and on December 22, 1894. The Sheffield. 
anemograph records date from March 1958 only, and 
there are no other anemographs in the area. It is perhaps 
unoertain whether the usual climatological methods of 
estimating the frequency of near extreme values are 
applicable, but comparison by Mr. H. C. Shellard with‘ 
the long period records for Manchester Airport and 
Cranwell gives a tentative estimate that a storm of tho 
severity of that of February 16, 1962, would probably 
come in the ‘once in 150 years’ category. 


! Quenay, P at Aat World Afeleorol. Oig., Genesa Tech. Note No. 84, IF 0O- 
* Sawyer, J. pone J Roy Al&. Soo.. 86, 326 (1960), 


SEMICONDUCTIVITY AND CEMENTING ACTION IN HYDRAULIC-BOND 
TYPE CEMENTS 


By A. K. CHATTERII and T. C. PHATAK 
Central Bullding Research Institute, Roorkee, India 


E ess variation of electrical conductivity with tempera- 
ture has been measured of some hydraulic-bond type 
coments, such as ill- calcium silicate hydrate, 
calcium sulphoaluminate hydrate, calcium sulphate 
dihydrate.: Resulte indicate that these materials may 
be impurity semiconductors. A probable mechanism 
of cementmg action as a semiconductor surface reaction 
is suggested. 
Electrical conductivity of calcium silicate hydrate, 
calcium sulphoaluminate hydrate and calcium sulphate 
dihydrate has been measured at different temperatures. 
Calcium silicate hydrate was prepared by the interaction 
in solution of analytical reagent caloium nitrate 
and sodium mlicate. Calcium sulphoeluminate hydrate 
was prepared by the second method mentioned by Jones! 
(precipitation from aluminium salt solution). Calcium 
sulphate dihydrate was prepared as a precipitate from the 
interaction of analytical reagent quality calcium carbonate 
and sulphuric acid. The materials were washed with 
absolute aloohol to remove any free calcium and excess 
moisture and were identifled by chemical, X-ray diffrao- 
tion and differential thermal analysis methods. Dehydra- 
tion of calcium silicate hydrate on heating and the 
dehydration and phase bem aT in calcium 
gulphoaluminate hydrate when at different temper- 
atures were also examined. These results are not given here. 
For measurements of electrical conductivity the com- 
pounds were made mto tablets usmg a 20-mm cylindrical 
mould and plunger and were compressed in a hand- 
operated hydraulic press at a 140-kg preasure. Tho 
surface of the tablet was cleaned with a fine emery 
paper, and ita dimensions were noted. It was then placed 
between two spring-loaded platmum electrodes mounted 


at the end of a tube of fused quartz. The complete 
assembly was inserted in a tubular furnace with natural 
atmosphere. The ture of the furnace was raised 
at a rate of about 20° C/mm through manual control of 
the &uto-transformer. The lead to the electrodes, which 
consists of two wires of platinum and platinum-rhodium, 
served the dual purpose of measuring temperature and 
resistance. These quantities were simultaneously measured 
with a Tobe and & S imo bridge 

Curves (abcd), (pqr) and ) (Piet 1) ) are respectively 
for calcium silicate erm calcium sulphoaluminato 
hydrate and calcium sulphate hydrate and show points 
of sharp inflexions. The figures at the inflexion points 
indicate the temperatures in degrees centigrade. 

For calcium silicate hydrate the conductivity inoreasoe 
with temperature in the range 50°-150° O (ab), decreases 
in the range 150°-825° O (bo) and in increases in the 
range 825°—750° C (cd) and above. For calcium sulpho- 
alumimate hydrate, the portion (pq) of the curve corre- 
sponds to the portion (bc) of calcium silicate hydrate (gr) to 
(od) and the portion corresponding to (ab) is &beent. It would 
perhaps have been obtained if the measurements wero 
extended to lower temperatures. In the curve for calaum 
sulphate hydrate tho portions (im), (mn) and (no) corro- 
spond to the (ab), (bc) and (cd) respectively of the calcium 
silicate hydrate curve. Portion (kl) representa rise in 
resistance owing to the removal of surface moisture. 

Change in conductivity with temperature of theso 
materials may be attributed to the escape of water 
molecules during heating and to the phase changes occur- 
ring at the inflexion temperatures. These considerations, 
however, leave the question regarding the nature of 
current carriers open. Further, there is always a tempera- 
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of hydrogen ions, acting as holes, involved 
ema E cementing action. That the hydrogen 
ions from some of the water molecules in the 
hydrate may behave differently may be tho 
reason why all the inorganic hydrates aro 
not cementitious. 

Assuming that the hydraulic bond type 
cements are ‘p’ type semiconductors, cement- 
ing action of such cements (that is, the 
adhesion between such cement and aggro- 
gate) is considered to be a semiconductor 
surface reaction with a ‘donor’ typo bond 
formed through the capture of ‘holes’ by 
the aggregate. Inside the cement orystal, 
the ‘holes’ constitute negative valencics 
which are free and are able to move about 
throughout the crystal and may appear at 
any point on the surface of tho crystal. 
Thus the questions of choice or of relativo 
orientation of crystallographic planea in- 
volved in adhesion do not arise. As such 
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ture-lag in the phase-changes occurring by the two modes 
of heating—static and dynamio. The io. Tho following 


provides an answer to the question of carriers avoids 
the other issue. 

An lanstion of foregoing observations may also 
be given in terms of the possible change in concentration 
and mobility of the carriers with temperature considering 
these materials as impurity semiconductors. There is & 
marked similarity of these curves with those showing 
tamperature oo of conductivity for arsenic- 
doped silicon samples". The explanation for the latter 


phenomenon is that at low temperatures the conductivity . 


is low as the carriers are frozen and with the rise of 
temperature ionization of carriers occurs which results 
in an increago in conductivity. This goes on for cal- 
cium silicate hydrate up to 150°C and for calcium 
sulphoaluminate hydrate possibly close to 80° C (as tho 
curve becomes practically flat about this temperature). 
For calcium sulphate dihydrate this temperature is 
150° C. Drop in conductivity with further rise in tempera- 
ture—portions (bo), (pq) and (mn) of the curves—oocurs 
owing to the decrease in mobility of the carriers with the 
riso in temperature’. Conductivity again rises with 
temperature—portions (cd), (gr) or (no) of the curves— 
owing to intrinsic semicondustivity* (or ionic conductivity 
or superimposition of both depending on the material). 
As regards the nature of carriers involved in these 
materials, it is recalled that hydrogen atoms in solid 
interstitial solution in a crystal may act as ‘donors’. 
In a similar manner it is assumed that in these hydrates 
hydrogen ions act as ‘holes’ and are mobile. It need not 
be assumed that the hydrogen ions from all the water of 
hydration act as ‘holes’. The h; ions which act 
as ‘holes’ are considered to be deri from water mole- 
cules retained at higher temperatures at least up to tho 
temperature at which intrinsic semiconductivity begins. 
Some of the molecules of water may provide for ‘holes’ 
and these can act as ‘impurities’. On this basis, these 
hydrates should be considered as impurity semiconductors 
with ‘hole’ conduction. This is the basic assumption of 
the present approach and needs direct verification. (It 
may be of interest to note that, under certain conditions, 
water may produce surface states of acceptor type on 
surface of germanium?.) From dehydration experiments 
one oan find out the number of water molecules retamed 
at high temperature. This is found to be two for caloium 
sulphoaluminate hydrate and leas than one for calcium 
silicate hydrate and calcium sulphate dihydrate per 
molecule of the hydrate. This gives an idee of the number 


0040 4 reaction will depend on the position of 
the Fermi-level in the aggregate also, tho 
aggregates with the Fermi-level relatively 
lymg deep will have poor bond. In tho 
present view, adhesion is a semiconductor 
surface reaction involving capture of ‘holes’ by tho 

te. This view of adhesion, due to free valencies 
within the orystal, is opposed to the prevalent view 
of adhemon due to localized valencies on the coment 
surface. 

It is useful to have the structure of the cementing 
phase as a gel structure (or glass-like random structure) 
in order to maintain three-dimensional continuity; but 
in contrast with the concept held at ies that tbe gel 
structure is essential for coments, emp. in the preeent 
view is on their semiconductivity. A cementing phase 
will be preferred as a cement if it has æ gel structure, 
but to behave as a cement at all the easential requirement 
is its semiconduotivity. As in the present case. semi- 
conductivity is considered to be due to ‘impurities’ and 
since adhesion, though- weak, is developed even at the 
initial stages of setting of cement, tho present view seams 
to indicate that the cementing crystals are formed from 
the very beginning of the setting process. This supports 
Le Chatelier’s views. 

Hydraulic action may now be considered. Cement 
clinker minerals react with water—whether in pasto or 
in suspension—at different rates. Tricalctum aluminate 
reacts very quickly, tricalcium silicate less quickly, 
a silicate very slowly and the ferrite phase 

ydrates at a rate slightly lower than tricalcium aluminato. 
The difference in the rates of reaction with water is 
attributed to the difference in the basicity of the cationic 
reactant. The higher the basicity the higher the rate of 
reaction. For example, tricalcium silicate may be con- 
sidered to be a basic salt Ca,(CaO)8iO, and the high rate 
of reactivity of tricalcium silicate with water may prob- 
ably be attributed to the facility for reaction with water 
possessed by the loosely held calcium oxide part of tho 
structure of tricalcium silicate*. 

Thero are two views regarding the mechanism of 
hydraulic action of cement olinkers. According to ono, 
the hydraulic action is considered to be a solution pro- 
cipitation process. The clinkers go into solution (what- 
ever slight solubility these may have) and the reaction 
oocurs in the water medium with the formation of corro- 
sponding hydrates which, because of their still lower 
solubility, precipitate out’. There is another view which 
considers that the growth of hydrates occurs by solid-stato 
reaction though the solution precipitation process can 
oocur in favourable conditions. From the study of the 
gel formed during hydration it is held that the hydra- 
iion process is a solid-state reaction whioh occurs by 
diffusion’. 
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“Tf it ia taken that the hydraulic action is a solid-state 
reaction, then one would lke to identify it with the 
known types of solid-state reactions. For example, 
it is known that the chemical reaction on the surface 
of a semi-conducting crystal is controlled by the position 
of the bulk Fermi-level in the crystal. Position of the 
Fermi-level can be raised or lowered by introducing 
suitable impurities in the crystal. Reactions which 
oocur through transfer of electrons from the orystel 
are favoured by raising the Fermi-level and its lowering 
favours the reactions which occur through transfer 
of holes. 

If hydraulic action were a semiconductor surface 
reaction, then, by introducing suitable impurity in the 
crystal, say, & ‘donor’ type impurity, the hydraulic action 
could be altered. To check this point Portland cement 
clinker (of composition tricalcium silicate, 37 per oent; 
dicalcium silicate, 85 per cent; tricalcium aluminate, 
11 per cent; the ferrite phase, 8 per cent; free lime 0-65 
per cent) was used for the folowing experiment as indivi- 
dual clmker minerals were not available in sufficient 
quantities. The olinker was to a size finer than 
53u. A portion of the powder was heated to 800° O for 
áh. Another portion was mixed with a ore eere: 
oxide (an ‘n’ type semiconducting oxide) and heated 
similarly. Tho rates of reaction with water of the clinker 

, olmker powder heated and of the clinker powder 
heated with the admixture of zinc oxide were obtained by 
estimating the lime liberated in a given time. It was found 
that the amount of lime liberated and hence the rate of 
zino oxide and loweet in unheated sample. 

When clinker was heated alone, it was in reality heated 
with calcium oxide—an ‘n’ type semiconducting oxide. 
If some of the lime enters in solid solution into any or 
all of the clinker minerals, the effect of calcium oxide in 
solid eolution would be to raise the Fermi-level of the 
erystel. Addition of xino oxide would raise it further. 
With rise in Fermi-level more free electrons would be 
available for reaction on the surface provided such 
reaction is an ‘ ' type reaction. The observed 
enhancement of rate of hydraulic action on heating the 
olinker may meen that: (a) the clinker minerals are semi- 
conductors; (b) hydraulic action is an ‘acceptor’ type 
semiconductor surface reaction. 

There are no published data ing electrical pro- 

ies of the olinker minerals. It is only known that 

O.BiO, is probably an ionio conductor’, that is tho 
electronic part in any electrical conductivity shown by 
thia material is negligible. Water is practically without 
any action on this mineral’. This may indicato that 
electronic conductivity of the clinker is & necessary condi- 
tion for hydraulic action. Though it is not known if 
clinker minerals are semiconductors there is no bar for 
these minerals to be impurity semiconductors through 
either non-stoichiometry or through trace impurities, and 
clinker minerals are known to have both. Glassy phase 
clinkera may be glassy phase semiconductors. 

In a water molecule the hydrogen and the hydroxyl 
group are connected by a slight polarized bond with the 
positive pole on hydrogen atom and the negative pole on 
the hydroxyl group. The molecule of water on approach- 
ing tho orystal with appropriate crystallographic structure 
may geb attached to it by ‘acceptor’ bond through & 
capture of electron from the conduction-level of the 
crystal. » 

Tnoreasing the caloium oxide content in olinker orystels 
plays a part in influencing their hydraulic action by making 
more electrons available, for the presence of calcium 
oxide raises the Fermi-level of the crystals. Rate of 
hydraulic action thus becomes dependent on the position 
of Fermi-level in the olinkers and the higher it is the 
greafer is the rate. The difference in the rates of hydraulic 
action in different clinker crystals may be due to the 
difference in the position of the bulk Fermi-level of these 
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. Thus tricalcium alummate should have a 
Fermi-level higher than tricalcium silicate and the lowest 
should be in dicalcium silicate. The position of the 
Fermi-level in the ferrite phase should be controlled by 
two opposito factors, caloium oxide raising it and ferrio 
oxide (‘p’ type semi-conductor) lowering it. The resultant 
position should be close to that of tricalcium &luminate 


_ and ite rate of hydraulic action should also be alose to 


tricalcium aluminate as is actually observed, while from 
the point of view of basicity the ferrite phase should 
have a higher rate of hydraulic action than tricalcium 
aluminate. 

When gypsum is ‘overburnt’ it either does not hydrate 
or hydrates after a long time. When it is heated more 
than 1,000? C a part of it breaks up into calcium oxide 
and sulphur trioxide and the resulting calcium oxide goes 
in solid solution m the residual calcium sulphate. The 
product thus formed readily hydrates and this fact is 
utilized in producing a type of gypsum oament. The 
explanation of this may also be along the lines given 
bere and parallelism between hydration of cement 
clinkers and calcium sulphate is obvious. This should 
be true for hydration of lime, and high reactivity with 
water for lime may be due to being an ‘n’ type semi- 
conductor with relatively high Fermi-level. 

Puzzolans are materials which react with lime in 
presence of water and harden. These fall on the border- 
line between hydraulic- and reaction-bond-type cements. 
The reaction between a puzzolan and lime in the presence 
ete ade O bo eae ert See Since a 
chemisorption process depends on electrical character- 
istiœ of the reactants, it had been suggested that abeorp- 
tion of lime by puzzolan in the presence of water may 
be a semiconductor surface reaction and for a material to 
behave as a puzrolan ib has to be a semiconductor’. 
These ions are made on the basis that the variation 
of electrical conductivity with temperature of lans 
like kaolin and kaolinitic clay on firing with and without 
admixture of zinc oxide was found to be charaoteristio of 
semiconductors’ and an increase in the electrical con- 
ductivity of these materials resulted in the decrease of 
lime absorption®*. Work on lime reactivity of ferric 
oxide (a ‘p’ type semiconductor) has shown that lime 
absorption increases with the electrical conductivity of 
ferric oxide and thus the reaction is a ‘p’ type reaction on 
a ‘p’ type semiconductor. Applying these results, it 
has been ible to improve the puxzolanio activity of 
kaolin and kaolinitio clay’ and of fired laterite. 

It appears that the cementing behaviour of a large seo- 
tion of oements—hydraulic-bond type and pusxolans— 
may find explanation from the pomt of view of semi- 
conductor chemistry and the cementing action may be 
governed by a few general principles. It may be that 
organic cements would also fall in line but nothing can 

The present view regarding cementing action of 
hydraulic-bond-type cements may be summarized as 
follows: cement clinkers and purzrolans are probably 
semiconductors. The hydraulic action of cement olinkers 
and the reactivity of puxzolans with lime in the presence of 
water are semiconductor surface reactions and the rates 
of such reactions are governed by the position of bulk 
Fermi-level in these crystale—the higher the Fermi-level 
the greater the rate. The reaction rate can be altered by 

ing the position of Fermi-level. Cementing hydrates 
owe their cementing property to their semiconductivity 
and these may be ‘p’ type semiconductors with some of 
the hydrogen ions from the water molecules m these 
hydrates behaving as ‘holes’ and this distinguishes the 
cementing hydrates from other inorganic hydrates. 
Adhesive perty of cementa is due to these ‘holes’ 
peti aa ros negative valencies which can move through- 
out the orystel and can appear at any point on the coment 
surface so that the bonds are not localized on tho surface. 
Adhesion between cement and aggregate is a semicon- 
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ductor surface reaction and the bond involved is a 'donor'- 
type bond. 
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EQUALITY OF VELOCITY OF GAMMA-RAYS OF OPPOSITE CIRCULAR 
POLARIZATION IN A TRANSVERSE MAGNETIC FIELD 


By Dr. V. KNAPP* 
Department of Physics, University of Birmingham 


HE influence of the magnetic field on the propagation 
of light has been a subject of a number of investiga- 
tions. Among more recent ones, those of Farr and Barn- 
well: may be mentioned. Using an interferometer they 


passing through a transverse magnetio field of 20,000 G. 
However, the increase observed, about 84 cm/sec, was 
comparable with the estimated error of the experiment, 
19 om/sec. 

A much more accurate i t was performed 
recently by Prof. R. V. Jones’. Tio pasend a beau oF light 
through a transverse magnetic field of prismatic shape, 
80 that & change in the velocity of light would result in 
a daflexion of the light beam, just as in an ordinary optical 
prism. A very sensitive optical lever arrangement was 
then used to detect any deflexion that may occur. No 
change in the velocity of light was observed. By pushing 
the sensitivity of the optical lever to extreme value and 
by taking very considerable utions to eliminate or 
reduce various disturbing effects, such as pressure and 
temperature variations, the experimental error Was 
minimized so that an upper limit on the change in velocity 
as low as 10-* am/sec could be established. This is.an 


improvement of several orders of magnitude as compared . 


with the experiment of Farr and Barnwell. Jonoe's 
apparatus, as ho pointed out, does not test the possibility 
of the magnetio field ‘splitting’ the velocity of light, 
that is, affecting different circular polarizations in opposite 
ways. Such an effect is theoretically possible owing to 
the polarization of the vacuum predicted by quantum 
electrodynamics? 4. 

Different velocities for two circularly polarized oom- 
ponents would, of course, mean the rotation of the 
polarization plane and could be detected by the usual 
optical methods-—with an arrangement consisting of a 
source of light, polarizer, analyser and an intensity- 
sensitive detector of the light passing through the analyser. 

What the analyser, and detector should be 
depends on the choice of radiation. In choosing the 
wave-length of the radiation, one has to consider the 
relative merits of various experimental techniques 
applicable for respective wave-length regions and the 
accuracies attainable. Ifthe difference in velocities of two 
opposite circular polarizations ia Ac, and if it is maintained 
through the time #, the polarization plane will be rotated 
by an angle 2zct/A, where A is the wave-length of the 
radiation in question. 

It would thus at first sight appear clearly advantageous 
to use short wave-length, that is, y-radiation. This is, 
of course, not so simple, the difficulties in polarizing and 
analysing y-radiation being comparatively great. For 
visible light, much leas rotation of the polarization plane 

*Present address : Institut Ruder Bclikovic, Zagreb. 


is compensated by much higher acouracy in moasuring 
this rotation. 

The Mossbauer effect, however, offers a new possibility 
of increasing the accuracy in the determination of the 
polarization plano and in polarizing y-radiation. 

To obtain polarized y-raya, one can utilize nuclear 
reactions, where the outcoming y-rays can show various 
degrees of polarization ; radioactive stag (selecting the 
angle of emission of the preceding radiation); or Compton 
scattering. These are, obviously, not very convenient 
ways; either one has to face the intensity problem if 
scattering is used, or an accelerator is needed when 

polarized y-rays through nuclear reactions. 

Now, if one looks at the radiation pattern of a dipole 
placed in a magnetic field, one can see that tho radiation 
emitted in a direction perpendicular to the magnetio field 
is, in fact, linearly polarized. Why not then use the 
roagnetio field to polarize y-rays, dipole transitions being 
readily available in a radioactive decay? A process of 
resonant absorption of this radiation by nuclei placed 
also in an external magnetic field could serve to analyse 
the polarization. The answer is, of course, simple. Dipole 
radiation consists of the m = 0 and the m = + 1 com. 
ponents, both linearly polarized in the direction per- 
pendioular to the applied field, and also to each other. 

If we attempted to analyse the polarization of dipolo 
radiation in a way suggested here, no change in tho 
intensity of resonant absorption would be seen though tho 
relative orientation of the external polarizing and analys- 
ing fleld is changing. While this statement can bo verified 
for any orientation, it becomes obvious if ono 
considers the izing and the analysing fields to be 
perpendicular to each other. The m = + 1 components 
cannot then excite identical components in absorbing 
nuclei, as their polarization is wrong; however, their 

larization is correct to excite the m = 0 component. 
reri hoe 0 can excite them = + 1 components. 
However, although the tacit assumption of this reasoning, 
that the difference in energy between the m = 0 and the 
m = + 1 components is small compared with a width of 
the resonance, is certainly more than fulfilled for the 
Doppler broadened y-rays, it can bo questioned under tho 
conditions of reooilleea emission and absorption when the 
resonance width is of the order of natural width. 

To take the best-known example of a dipole Mossbauer 
transition, the energy spectrum of 14-3-keV y-rays emitted 
without recoil by cobalt-57 nuclei in an iron lattice shows 
a clear separation in energy of the m = Oandthem= + 1 

ts ; the strong internal fleld at the nuclei of 
such a lattice (of the order of 380 kG) affects the energies 
of the magnetic substrates sufficiently to produce energy 
differences of several natural lme-widths between these 
components, and external polarizing and analysing flelds 


600 


can serve to orient the magnetic domains and therefore 


internal magnetio fields. The m=0 and m = 1- 


source components can excite only those of identical 
energy in the absorber, so we have in effect a source of 
linearly polarized y-rays and an analyser with a strong 
dependence of resonant absorption on the relative oriente- 
tion of external fields, maximum absorption oocurring 
for parallel external fields and minimum for perpendicular 
ones. 

A general plan of arrangement would then be as follows. 
The source and the polarizer are replaced by cobalt-57 
nuclei in the iron lattice, the domains of which are oriented 
by the external field. The analyser is an iron lattice to 
which the external orienting fleld is applied. A 
tional counter detects changes in transmission of on. 
This can be done with a good accuracy, up to 0-1 per cent, 
and consequently small changes in the orientation of the 
polarization plane can be detected. 

Another argument for choosing ;-rays for the detection 
of the effect of the magnetic fleld comes from quantum 
electrodynamics ; the effect of the magnetic fleld on 
light can occur through tbe virtual pair production 
and this is, of course, more probable at higher energies, 
that is, more probable for y-rays than for visible light. 

The effecta of vacuum polarization on the velocity of 
light are proportional to the square of the fleld intensity 
and to the path of the photon through the field?. Thus, 
in order to bring the upper limit as low as possible, one 
should aim at using the largest and strongest magnetic 
flelds available. At the time the new radial-ridge cyolo- 
tron was nearing completion, which offered the opportun- 
ity to use a large magnet with little outlay. The maximum 
field in the magnet was over 18,000 œrsteds, falling to 
15,600 carsteds at 20 m. diameter and rather more rapidly 
at diameters. The field in the ridge was about 
15,000 carsteds. The use of this large magnet (pole 
diameter 55} in.), the spece available and the source 


strength determined the experimental arrangement to & 
considerable 
The b with the best sensitivity to the rota- 


Ao Geet Gr ere MAD Ao MR Gea ae 
field parallel ( icular) to that of the mam 
miaon t and an enulpner with fia field at 40°: The experi- 
mental procedure with such an arrangement would consist 
in observing the counting rates in the ional counter 
with the field of the main magnet switched on and off. 
However, the strong field from the mam oyalotron 
magnet, extending to a considerable distance from the 
machine, creates serious difficulties for such an arrange- 
ment. Unless the analysing magnet was removed several 
metres from the machine & rotation of the analysing 
magnetic field would ocour when the cyclotron magnet is 
switched on and off—because of the 45° between the 
analysing and strong magnetio fleld. Unless this rotation 
could be reduced to well below 1° the advantage of this 
arrangement would be lost. However, removal of the 
analysing magnet to sufficient distance was inconvenient 
and would have meant & reduction of the counting rate 
by a large factor. Thus, it was judged better to avoid 
the difficulty at the expense of sensitivity to the rotation of 
polarization plane, by aligning both the polarizing and 


possibility of improving the geometry appears, that is, 
the possibility of using the main magnet also to serve as 

polarizing and analysing magnet. Such a set up, finally 
adopted for the experiment, gives the minimum distance 
between the source and the sbsorber, and the best 
alignment between the analysing, polarizing and the mam 
field, as one field performs all three functions. 

In this arrangement one, obviously, cannot compare 
the counting rates with the fleld switched on and off— 
the main fleld switched off will not perform ite polarizing 
and analysing fonction. Instead, one can compare the 

counting rates at half and at full field. At half feld the 
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fringing field is’ still sufficiently strong to perform ite 
polarizing and i function, while any affect 
depending on the gquare of the fleld intensity is reduced to 
one-quarter of the full field value. This was the pro- 
cedure used in the experiment. 

The source, about 80 mo. of cobalt-57 diffused into the 
iron foil and giving the Mossbauer radiation of 14:8 keV, 
and the pure natural iron absorber were placed in front 
of the two opposite melanex windows on the cyclotron 
EEE ee UA IUUD OGUEY 
was mainteined the erperiment. 

The absorber was followod by a PX 130 xenon-filled 
proportional counter, the output of which was fed into & 

-channel pulse height analyser ing the 14:3- 
keV y-ray peak. The scaler input was gated wrth a crystal 
controlled timing circuit, accurate to better than one part 
in 10,000. 

In the course of the experiment, the half-fleld absorber 
transmission was compared with the full-field tranamission 
in frequent alternation and the corresponding counting 
ratea—hereafter called HF and FF—recorded. 

To detect any possible effect of the change of the mag- 
netic field on the source and the counter, control readings 
with the abeorber removed were also taken. The effect 
of the magnetic field on the proportional counter was 
further investigated in separate testa. 

In the arrangement adopted, the polarizing and analys- 
ing field changes and one must know whether this could 
affect the counting rates, ly due to differences in the 
degree of polarization of the source and the absorber 
material. This effect was indeed observed and therefore 
the experimental procedure had to be such as to enable 
one to separate such spurious effects from any real ones. 
This was done by test runs in which the absorber was 
placed immediately after the source, before the main 
fleld, everything else being unchanged. Such test runs 
were performed in alternation with the normal sequence: 
souroe—31nain fleld—absorber—counter. 

Denoting the test and the normal source—field— 
absorber sequence with SAF, respectively SFA, the 
experiment seen ely conaisted in repeating the following 
set of measurements 


Field: » Half Tul Half 
Oounting rate: HF FF FF HF ` 
Results are here expressed as the ratios of counting 
rates at half and full flelds. A total of about 2 x 10° 
counts were recorded and the following values obtamed: 


SFA arrangement: H F/ FF —1-0071 + 0-0015 
SAF arrangement: H F/F F -1-0004 +0 0015 


Removing the absorber the following ratio was obtained : 
No absorber: H F/F F = 1-00017 + 0-0016 

The errors quoted are standard deviations, obtained. 

standard 


SAF 


‘from the spread of the actual 


deviations calculated from the number of counts . being 
smaller by a factor of two. 

One should first note that both HF/FF ratios deviate 
from unity; there is an morease of absorption at full fleld. 
As oan be Been from the HF/FF ratio when the absorber 
is removed, the increase is not due to the effect of the 
magnetic fleld on the counter. This effect is due to the 
fact that, although at half fleld the abeorber material 
reaches a high degree of magnetization, the complete 
saturation isnot yet attained. Thus, there is an Increase in 
Feux iu discri epee eee 
from ite ‘half fleld' value of 1,250 carsteds to the ‘full field’ 
value of 2,500 carsteds, when the material has reached the 
magnetic saturation. The existence of the change of 
the HF/FF ratio due to the incomplete saturation must 
also be considered as a possible source of error; should 
there be an axial asymmetry in the fringing fleld m two 
absorber positions, then a different ratio H/F F could bo 
obtained for two source—field—abeorber arrangements. 
The fleld in these positions was carefully measured and 
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it was found that the polarizing fringing fleld when the 
fleld is at ita half value is 1 per cent smaller on the source 
side. The difference in the degree of magnetization in 
the two positions due to this fleld difference should be of 
the order of 0-01 per cent, and the change 
in absorption (and in the ratio HF/FF) would be com- 
pletely negligible in comparison with the standard devia- 
tions given. 
From the ratios one obtains the increase in HF/FF due 
to the effect of the magnetic field on the radiation: 
4QIT| FF) = 1 0071— 1.0004 
— 0-0013 + 0-0020 
that is, A(H F/F F) is in the limite of the values — 0-0048 
to —0-0008. Since the polarizing and analysing fields are 
parallel, any real effect must give a positive value of A, so 
we shall take the upper limit of the increase in ratio to be 
— 0-0023 + 2 x 0-0020 or 0-0017. 
Assuming, in analogy to optics, that the absorption of 


unesly porre rau a ig depanuegs on ee TURN 
of the coame of the angle 0 between the polarization p. 


of radiation and of the analyser, the intensity of trans- 
mitted radiation can be written in the form: 


I= A + Bain*0 


For small angles 9, the fractional change of the intensity 
A = AI/I = 2B/A4 A9?! corresponds to the change A0 in 
the angle between the polarization planee. 

The ratio B/A was determined in a separate calibration. 
experiment, by observing the transmission for parallel and 
crossed polarization planes. A value B/A = 1:05 was 
obtained. With this value, and with the upper limit for 
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the intensity change A = AI/I = 0-0017, one obtains tho 
upper limit for the rotation of the polarization ‘plane 
6 = 1:6°. a E EE d 
splitting is obtained from: c 
à A0 3 
Acmo. 8 . 360 


where S is the path of the photon through the magnotio 
field and ìà ite wave-length. Inserting the values (S = 
50 in, A= 8-6 x 10 am) one obtains for the upper limit 
to the velocity-splitting : 

Ac = 9 x 10° cm/sec 


Ac < 10-* cm/sec 


which happens to be the same as Jonee's limit to the 
changes of mean velocity : 
Hc + Ac) + (e — Ae) 


One might add that this is by no means the limit of acour- 
acy at present available using the Mossbauer radiation. 
With a stronger source, so as to be able to use the most 
sensitive arrangement (45° between the polarizer and tho 
analyser), an improvement by a factor of at least 10 
will be possible. 
I thank Prof. P. B. Moon for the hospitality of his 
piu Dd and for valuable disousmions. 
1 Farr, O. O., and Barnwell, O. I., Proc Hoy. Soo., A, 187, 275 (1082) ; A, 
is. 1 (i040) 
» Jones, R. V., Proc. Roy. Soo., A, 260, 47 (1061). 
* Erber, T., Nature, 190, 25 (1961). 
1 WeWakopt, V. O., Kgl. Dansk. Vid. Seish., 14, 6 (1086). 
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POSSIBLE USE OF ARGON-39 IN THE POTASSIUM-ARGON METHOD 
OF AGE DETERMINATION 


By Pror. JOHN J. NAUGHTON 
Department of Chemistry, University of Hawall, Honolulu 


N the determination of ages by the potassium—argon 

method the generally accepted technique in preeent 
praotioe is to measure the amount of radiogenic argon 
present in the sample by the method of isotopic dilution, 
with argon-88 as the diluting isotope. In the present 
research & new technique has been investigated in which 
argon-89 is used as the diluting isotope, and is added 
dissolved in an artificial silicate which approximates the 
pertinent properties of the rock being analysed. The ease 
of handling and measurement involved in such & procedure 
is ap 

Feohtig et al.1 have reported the use of neutron gener- 
ated argon-89 in natural silicates and in potassium 
chloride to measure the diffusion characteristics of argon 
in these substances. Reynolds? has also applied this 
technique to similar measurements on potash-lime— 
silica 

For the exploratory experiments & sample of potassium 
silicate glass was prepared as a melt from high-purity 
milica glass powder and analysed grade potassium carbon- 
ate, and was homogenized by heating at 1,450° O for 
8h. The potassium content of the product was 10-8 per 
cent. The resultant clear glass was to 40-60 
mesh size in a diamond mortar, and was activated m the 
Brookhaven graphite reactor in the fast neutron section. 
Argon-89 was produced by the reaction: 

“K (n,p)MAr 

After removal from the reactor, and ‘cooling’ of short- 
lived activities, the samples were coloured purple from 
neutron structural interactions. Annealing at 200° O 
for 2 h removed this colour. 


The annealed samples were carefully analysed for 
argon-39 content by melting in an ultra-high vacuum 
system. Tho evolved gases were purified by condensation 
at liquid nitrogen temperatures and by gettering with 
titanium sponge. Isotopic dilution with an argon-38 
enriched spike was used, and final determination of argon 
was made with an inert gas mass meter’. Tho 
a kaa die + O17 x 10-7 standard c.o./g. 

use the argon-39 spike was added, dissolved in a 
weighed amount of ground and sized artificial silicate, to 
a known weight of similarly sixed rock or mineral bemg 
analysed for radiogenic argon-40. The contamination 
of the sample with air argon-40 is the factor which limits 
the accuracy and usefulness of the agsium-argon 
method, especially for young minerals. is may &mount 
to as much as 10-* standard o.c. and can completely 
swamp the radiogenic argon-40 for rocks of ages leas than 
ten million years. Therefore, as a first step the combined 
samples should be subjected to a treatment to preferon- 
tially remove or reduce this contamination. One such 
treatment is discussed here. For analysis, samples were 
placed in an apparatus to remove the required representa- 
tive ion of the argon by melting or crushing, and to 
P this gas by suitable freere-out and gettering?. 
Extraction by melting was carried out in & molybdenum 
crucible at temperatures of 1,0600—1,800? C. It should be 
emphasized that sinoe only & repreeentative sample of 
gas from the mineral-artifloial glass mixture is needed for 
analysis by this method, the degree of completeness 
of extraction of the gas from the sample is not important. 

For vacuum crushing the tus used was & DATTOW 
mortar of stainleas steel attached to the ultra-high vacuum 
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thróufh.& glass-to-metal seal. The pestle was a 
visis ajeti Pinton loo fitd nto the mortar, and 
by a rod to a soft iron armature within the glass 
portion of the system. The. pestle was lifted once a 
second by this iron core actuated by a solenoid situated 
outside the apparatus. It was allowed to fall under ita 
own weight to crush the sample. The temperature of the 
crusher could be controlled by external baths or furnaces 
for degassing or for temperature-controlled runs. After 
a typical run of 17 h, a sample was found to have been 
reduced. from 40-60 mesh to 60 
mesh sieve. Gas was copi 


Measurement of the argon peaks of the purified gas was 
mado with the inert gas bakeable mass spectrometer. By 
determination of the $6, 39 and 40 peak ratios, & oorreotion 
for air argon-40 was applied, and the volume of 
argon-40 in the mineral sample calculated according to the 
method of i io dilution. 

The radi of the argon-39 suggests an alterna- 
tive method of measurement which is at present under 
investigation. If the air argon contamination can be 
made o by a suitable pretreatment (see lator), 
eee uis quei qoc cA lys d 
gas sample can be measured, and radioactive counting 
used to determine the -39 content. These two 
measurements would give argon-40 to argon-39 ratio 
necessary for the ea a of the radiogenic argon-40 
oontent of the original mineral sample by the dilution 
method 


The validity of the application of the isotopic dilution 
procedure in these instances depends on the identity of 
behaviour of the argon-39 in the spike, and the radiogenio 
argon-40 in the mineral. After in i by melting 
there would be little question of this; but during pre- 
treatmont for removal of air contamination, or during 
heat-up to the ing point, there may be some unocer- 
tamty that the behaviour of the isotopes of argon will be 
tho same in the different silicates. The property of 
importance would be the rate at which argon-39 diffuses 
from the artificial samples relative to the diffusion rate of 
radi -40 in natural silicates at similar tempera- 

peg dS the diffusion constant D was used to 
measure the efficiency of the annealing of the structural 
damage produced by neutron bombardment, and for 
comperi of the diffusion of the various argon isotopes. 
The particles of the powdered and sized samples were 
assumed to be spheres of effective radius a, and diffusion 

was evaluated as D/a*, thus moluding the particle sire 
factor ani oluinatng the TAANA tate determine: 
tion. This function could be calculated from the fraction 
of argon removed during & heating treatment according to 
well-established models for the solution of the Fick 
diffusion equation‘. 

The heating for diffusion measurements was carried 
out in the extraction system at between 
500° and 1,000° O for known periods of time. The gas 

removed was spiked, purified and measured with the inerb 
gas mass spectrometer as was done for total argon determ- 
inations. The diffusion values calculated from these 
measurements are shown in Fig. 1, Section a. It will be 
noted that the diffusion of argon-89 in the artificial samples 
was the same, within experimental error, as that of radio- 
genic -40 from the natural glasses and microcrystal- 
line rock (dolerite) measured during this work. It can 
also be seen that there is little signi t difference for 
the diffusion of atmospheric argon-40, despite the mtuitive 
assumption that this argon would be held on surfaces or in 
microcracks, and would be released at an entirely different 
rate. 

The release of gas on crushing was also in me 
similar manner. If we assume that the ne E 
step for the release is the desorption of gas from the 
surface newly exposed by crushing’, wo may again use 


* 


NATURÉ 


February 16, 1963 vou 197 


(a) 
Heating 


\ 
104 


(b) Crushing 
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the D/a* function as & convenience in plotting. D is 
now & desorption coefficient for the gas leaving the newly 
exposed surface and a is the radius of the particles result- 
ing from the crushing. We can also plot this as a function 
of the temperature at which the crushing was conducted. 
This has been done as shown in Fig. 1, Section b. We note 
that thero is little dependence on temperature for gas- 
removal by this process, particularly for the air argon-40. 
videntis the fete of orisal dacerda manr anvils vats 
at which new surface is exposed; in other words, on the 
efficiency of the crushing process. Most significant is the 
similar desorption coefficients of radiogenio argon-40 and 
argon-39, and the dissimilarity in the coefficient for air 
argon-40 release from these same substances. Again 
using the analogy with diffusion release, the ‘half-lifo’ 
for removal of a gas is equal to 0-03 a'/D for particles 
assumed to be spherical‘. For air argon-40 removal in 
this particular machine this is about 80 h, as 
opposed to 8,000 h for the other argon isotopes. One 
Ban he optikoita, ther that Mise Cu bs deroil te 
such & value as would make it possible preferentially to 
remove the air argon-40 contamination within a reason- 
able time by improvement in the design and efficiency 
of the vacuum crushing device. 

Using the method of isotopic dilution with argon-39, 
measurements of the radiogenic argon-40 content of two 
test materials were made (Table 1). These samples were 
a young volcanic glass (K A-40) and a very old pegmatite 
muscovite mica which represented extremes in mineral 
types and contents. Both samples were kindly 
sipplied by W. A. Bassett, as were the results for the 
Sed ee analyses of the mica. For the argon-39 

herir ed up represents fractions from a 
pleas while heating at the temperatures indicated, ' 
with or without crushing. The results show order-of- 
magnitude agreement. The poor agreement, both in 
precision and accuracy, seems to be a result of the very 
small gas samples being handled and measured. 

For these measurements rock and silicate samples were 
taken of such & sire as to be handled conveniently in 


Table 1. VOLUME oF RADIOGIMIO ARGON-40, F*ANDARD C.C./Q OF SAMPLE 
Argon-99 spike Argon-39 spike Argon-88 spike 


heating only orushing 
Yoloanio glass pur 1:79 x 10~ (500*) 1-87x10-' (250°) 212, 228x107 
KA-+40 6 38 x 10-* (melt) 3-53, 1-86, 5-74, (melt) 
4-90 x 10-"" 500°) 
1:43, 1-47, 
411 x 107* (5007) 
Muscorite 1-45 x 107 (melt 109,368x10^ 170,1-85x10- 
mies Un x Ms (malt) (500*) (meti) 
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existing equipment, with little regard for optimum size 
of the radiogenic argon samples. Natural glasses aro 
probably most like the gpike-oonteining artificial glass 
in pertinent i such as argon diffusion, but 
unaltered samples suitable for age determinations are of 
young ages, hence low in radiogenic argon. For radiogenic 
argon gas samples in this low range of about 107" standard 
o.c. the standard deviation for measurement in the 
instrument used, without electron multiplier, was about 
20 per oent. By the nature of the technique described 
here, fractional gas samples were taken which varied from 
1 to 60 per oent of the total gas, so that tho results obtained 
with these, in turn, exhibited corresponding lower 
cision. Also, Ea atO, ad dilfarant bors 
the mi artificial glass as is the mica, the 
i observed here was not surprising. 

It is believed that the measurements with these two 
samples were encouraging, but were an insufficient test 
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of the method. As yet, unfortunately, no opportunity 
has been available to repeat the measurements with 
equipment designed to give radiogenic argon samples of 
a size more suitable to this technique. At present, tho 
technique of measurement, using the radioactivity of the 
samples as described here, is under investigation. 

I thank Oliver A. Schaeffer for assistance and other 
members of the geochemistry group, Chemistry Depart- 
ment, Brookhaven National Laboratory, where this work 
was done, for discussions. 

This research was performed under the auspices of the 
U.S. Atomic Energy Commission. 
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INTRINSIC ELECTRIC STRENGTH OF POLYTHENE 


By Dr. R. COOPER, C. H. ROWSON and D. B. WATSON 
Department of Electrical Engineering, University of Manchester 


RENE experimenta! with sodium chloride and potas- 
sium bromide single crystals have shown that their 
intrinsio electric strengths decrease slowly with increase 
in specimen thickness, and also that there are statistical 
time-lags. The average time-lag decreases rapidly with 
over-voltage, and it depends on the cathode material— 
but the electric strengths are i of this. The 
foregoing are oharacteristica of the single electron 
avalanche breakdown mechanism’. The collective eleo- 
„tron theories’, which predict electric strength independent 
of specimen, thickness, cannot apply to these materials. 
The intrinsic electric strengths of solid dielectrics have 
previously been considered independent of thickness of 
the i * provided this exceeds a few electron mean 
free paths; but in fact the possibility of there being a 
small effect is not completely excluded by the available 
evidence. Measurements made with comparable speci- 
mens usually yield appreciable variance of electric 
strength. A small rate of decrease of electric strength with 
increase in specimen thickness cannot be established for 
statistical reasons unless t numbers of specimens are 
mex Ge tbe tengo thickuces is great. Examination of 
the literature shows that these conditions seldom have 
been satisfied, and the question of whether or not the 
intrinsio electric strength of solid dielectrics depends on 
specimen thickness needs to be re-opened. 


specimens with thicknesses between 0-0005 in. and 0:002 
in, and & group having thicknesses between 0:002 in. 
and 0-008 in. ver, close inspection of Fig. 7 of ref. 6 
suggests that this conclusion is false. In this diagram, 
is plotted against thickness for speci- 
m n E ines ia bor There 
i slopes of the lines which best fit the 
points at the two extremities of the range of thickness. 
A detailed analysis of Oakea’s measurements yields the 
following results. There were 41 specimens in the thick- 
ness range 0-002 in.—0-008 in. and of these 22 exceeded 
0-005in. The mean electric strength of these 22 i 
was 16-2 MV in. and the variance was 1-51 OY In.-1)*. 
Values of electric were also obtamed for 40 
specimens of the same grade of polythene in the thickness- 


range 0-0005—0-002 in. The mean electric strength was 
17-8 MV in.! and the variance was 1:58 (MV in.-!). 
The probability of the difference between the moans of 
the two groups being due to chance variations in the 
samples is shown, by application of Student's ¢ teat, to 
be lees than 0-1 per oent. ; 
We have sought confirmation of the thickness effect 
by ing the electric strength of ‘Alkathene 7’ in 
the thickness-range 0:001-0-018 in. The specimens 
were of the plane-reoees type, prepared by moulding 
in a manner similar to that described by Oakes’, and as 
in his experiments the electrodes were of colloidal graphite. 
The diameter of the recess was 3/8 in. for specimens 
leas than 0-006 in. thick, but it was increased to I in. 
for the thicker specimens in order to ensure adequately 
uniform field at the base of the recess. In Oakea’s experim- 
ent, the voltage was increased at the rate of about 800 V 
sec-! until the specimen broke down; in the present 
investigation a series of 1: 8,000 useo voltage impulses 
was applied to each specimen of thickness less than 
0-006 in. and a series of 1: 120 psec impulses to the 
thicker specimens. (The wave-front of 1: 8,000 psec 
impulse increases from 10 to 90 per cent of value in 
luseo and the tail decays to half-peak value in 8,000 usoo.) 
In both cases the amplitude of each impulse exceeded 
that of ita predecessor by 3 per cent. An independent 
experiment was performed using specimens of thicknesses 
between 0-002 in. and 0-004 in. which established that the 
average electric strength was the same for both voltage 
wave-forms. The results of the experiment is illustrated 
by Fig. 1 in which electric strength at 20° C is plotted 
against specimen thickness on & logarithmio scale. The 
best straight lme drawn through the 128 points obeys the 
law E = 12-8 — 8 (log,,t) where E is in MV in.-! and ¢ is 
in unita of 10* i. The uct moment correlation 
coefficient is — 0-79, and the probability of this occurring 
by chance is leas than 103. The thickness effect present 
in Oakes’s observations is therefore confirmed. The mean 
electric strength obtained with impulse voltages is, how- 
ever, only about 80 per cent of the corresponding value 
obtained by Oakes using slowly increasing vo. This 
effect does not appear to be due to the use of different 
pe oe ee eee UNE 
or the impulse tests, or to systematic errors in the 
measurement of voltage and thickness. 









































" 1 2 4 6 8 1018 16 %9 30 
‘Thickness (0-001 tn.) 
Fig. 1. NWüiectne strength of polythene at 20° C 


Measurements using our equipment yielded maximum, 
average and minimum values of respectively 15:2 MV in.-!, 
12-7 MV in. and 10-6 MV in.-! for the impulse electric 
strength of 8 specimens of ‘Alkathene 7’ of thicknesses 
between 3-5 10-* m. and 4:5 10* in. The variance was 
3.0 (MV in.-)'. Corresponding values obtained from a 
group of seven similar tested with slowly rising 
voltages were 16-8 MV in.-!, 15-8 MV in.-! and 12-8 MV in.-!. 
The variance was 1:6 (MV in.-!)*. The difference between 
the means is significant at the 1 per cent level. Oakes 
used seven i of grade 20 polythene in the above 
range of thi . The maximum, average and minimum 
values of electric strength were respectively 18:3 MV in.-!, 
16:1 MV in. and 13:1 MV in.-!, and the variance was 
3-0 (MV in.-!)*. The difference between the mean values 
of 15-3 MV in.-! and 16-1 MV in.-! obtained with slowly 
increasing voltages is not significant. The cause of the 
impulse effect is not known but the mean impulse 
electric strength was also found to be about 80 per 
cent of the mean value measured with slowly increas- 
ing voltage at —74° C and —195° O. This fact seems 
to elimmate an explanation involving the mechanical 
properties of the material aince these change appreci- 
ably when polythene is cooled from about 20° C to 
— 195° C. 

'An investigation of the influenoe of cathode material 
on the mean statistical time-lag at 20? C was made using 
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groups of not leas than 50 specimens of 'Alkathene 7’. 
The specimen thicknesses were within the range 0-002— 
0-004 in. The voltage-wave rose to its peak value in 
0-3 psec and remained within 1 per cent of this for the 
subsequent period of 5 usec. Mean statistical time-lags 
of 0-9 usec and 0-5 psec were obtained using 1 per cent 
voltage increments and cathodes respectively of colloidal 
graphite and vacuum-evaporated aluminium. When the 
voltage increment was 3 per cent the mean time-lag was 
0-5- useo for specimens with hite cathodes. The 
difference between the com le mean statistical time 
lags of 0-9 psec and 0-5 usec is appreciable, but because 
of thé great variance it is barely significant. The experi- 
Inent was repeated using similar of specimens 
prepared Foma fresh oriy or ASA T, but the 
mean time-lag for graphite electrodes was about 20 times 
the value already quoted and the mean electric strength 
was about 5 per cent lese, so that combination of the two 
sets of resulta cannot be justified. 

The mean electric strength of alkali halide crystals does 
not depend on the cathode material but Oakes* observed 
a small effect with polythene. In the present experimenta 
mean electric strengths were obtained of 12-4 MV in. 
when the cathodes were of colloidal graphite and 11-2 
MY in. when they were of evaporated aluminium. The 
difference between these mean values is significant at the 
0-1 per cent level. The specimens were those used for 
time-lag studies with 1 per cent voltage increments at 
20° C. A cathode effect may be accounted for plausibly 
by assuming the formation of electronic space charge. 
The poesibility of this depends on the magnitude of pre- 
breakdown current, electron mobility and density of traps, 
and little is known about these quantities in polythene 
If space charges form, the basic assumption of uniform 
electric fleld is of course invalid. 

We thank Mr. W. G. Oakes, of Imperial Chemical 
Industries, Plastics Division, for his oo-o tion in 
providing records of his e i and Mr. W. Reddish 
of the same organization for assistance with the supply 
of ‘Alkathene 7’. i ` 
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INVESTIGATION OF SMALL CYCLIC STRAINS BY ETCH PITS AT 
DISLOCATION SITES 


By ALWYN H. KING 


Materials Research Section, Research and Development Division, 
Arthur D. Little, Inc., Cambridge, Mass. 


F the several methods at present available for the 
more or lees direct observation of dislocations, the 
chemical etching technique is the simplest and most 
versatile for those materials for which it is appropriate. 
The development by Livingston? and Young’, indepen- 
dently, of etchanta capable of revealing dislocation: sites 
on single crystals has extended the scope of this 
SE S greetly: and should lead to an increased under- 
standing of the important dislocation mechanisms 
involved in the deformation of face-cantred  oubio 
materials. 
This article describes some of the preliminary results of 
Ade arse ee ee eae 
to study dislocation densities and arrangements in face- 


centred cubic metals in the early of cyclic deforma- 
tion at very low streas amplitudes. materials used are 
copper and a-solid solution oopper-eluminium alloys, 
chosen. because available evidence®‘ indicates a definite 
relationship between free-electron concentration and 
stacking fault energy within the a-range of this type of 
alloy system. Since much of the recent work an fatigue in 
ine materials stresses the importance of cross-alip 
in the development of a fatigue failure’, the stacking 
fault energy should be an important parameter in determ- 
ining the fatigue behaviour of face-centred cubio metals. 
We find, in fact, distinct differences in dislocation 
ment which can be related to ing fault energy 
effecta, oven during the first few cycles of a fatigue test at a 
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streas amplitude considerably leas than the macroscopic 
yield as determined by single crystal tensile tests. 

Annealed single crystals of pute copper and copper- 
aluminium alloys were cycled in a four-point reversed 
bending apperatus attached to a ceded Rostro tensile 
machine. The alloy compositions and maximum shear 
stress am litudes on the primary slip system are given in 
Table 1. Livi 's (111) etchant was used in this inves- 
tigation and, following the chemical polishing procedure 
described by Erdmann‘, was effective in producing dislo- 
cation etch pits in alloy crystals containing to 14:8 
atomic per cent aluminium. The axial orientation of the 
crystals was controlled during growth from the melt to 
ensure & predominance of slip on the primary system 
during cycling. 


Table 1. STRIPS AMPLITUDES IK OYCLIO BENDIKG 

Orttioal shear alax. be siress Meran fault 

Com poattion stress (ref. 3) energy 

(xg/mm") dm (erga/em") 

On 0-10 0-07 160 

On + 27 Al 0-81 0-51 

Ou + 53 Al 0-96 057 20 

Ou + 148 Al 1:20 0-80 1-3 


Some of the observations of interest, representative of 
the differences between pure copper and the alloys, are 
illustrated in Figs. 1-7. Differences m etch-pit arrange- 
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‘As grown’ dislocation arrangement in copper + 2-7 atomie 
per cent aluminium ( x 185) 
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ment among the alloys were very slight during the initial 
of cyclic strain at comparable stresses. 

Figs. 1 and 2 show the (111) faces of a copper crystal and 
a copper + 2:7 atomic per cent aluminium crystal, respec- 
tively, in the as-grown (annealed) conditions. No great 
difference in dislocation density is evident, both composi- 
tions showing between 10* and 10* etch pite/c'. The 

however, is somewhat less uniform in the 
alloy, where the pite show & greater tendency tp line up 
in the form of striations and subgrain boundaries. (This 
becomes even more pronounced in the alloys of 

higher solute content.) 

After 6 cycles of reversed bending at a maximum shear 
streæ of 70 g/mm* in the copper specimen, o general 
increase in dislocation density has occurred, “and rather 
diffuse and regularly spaced slip linea have formed. The 
etch-pit picture in Fig. 3 illustrates this arrangement 
quite clearly; & comperison with the more pronounced 
alip-band structure of Fig. 4 suggests a much greater 
restriction of the newly generated dislocations to their own 
slip planes in the alloy, and more freedom of movement of 
both the grown-in and the new dislocations in the copper. 
There is an apparent ‘assembling’ of dislocations along 
sub-boundaries in the copper, whereas the pit density 
between slip bands in the alloy remains virtually un- 





TX. 5. 


Disloeaiion pile-ups tn copper + 2-7 
bending test at maximum shear 


Fig. 7. Same aa Fig. 5, after 40 cycles (x o. 200) 


changed with increased cyclic strain. There is evidence of 
& limited amount of slip on secondary planes (the oonju- 
gate slip system) after six bending cycles in both the pure 
copper and the alloys. 

Because of the restriction of the dislocations to their 
primary elip planes in the alloys, pile-upe at barriers such 
as striations and sub-boundaries have become quite 
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t aluminiom orystal during reversed 
siess o£ 0-51 kg/mm". after 3 cpciea (x È. 225) 
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numerous after as few as three cycles at a 

maximum sheer stress of about two-thirds 
of the thacroscopic critical shear streas 
(Figs. 5, 6 and 7). A study of a large number 
n diei condition id Gantt. CE gael 


dinge dr he aie ee dai 
the dislocations tend to run back toward the 
source, finally arriving at an equilibrium 
distribution of small groups bounded by 
minor obstacles on secondary slip planes. 
The average spacing of these obstacles 
(about 12 microns) indicates a density of 
about 7 x l0*/com!, i reasonable agreement 
with the original dislocation density in the 
unstrained specimen. No significant de- 
orease in this spacing is evident within the 
firat 40 cycles of reversed 
Etch-pit distributions and densities have 
been observed at intervals up to a total of 
Piet vai alban m There is little 
terns illustrated here between the 
100th cycles. Tn tho alloy crystals 


glide polygonixation is apparent ab about 

100 cyoles in the copper corre- 
sponding to a total tive strain of 
about 0-008. 

These experimental results reveal signifi- 
cant differences in dislocation behaviour 
between a pure metal and an alloy of face- 
centred-cubic structure even in the very 
early stages of cyclic straming. The ob- 
pinning effect in the alloys, are in general 
agreement with a previous suggestion based 
UN tendis ted dite MAB namely, that initial 
hardening of alloys of low-steoking faul; 
energy is largely attributable to a Suzuki- 
type mechanism wherein soluto atoms are 
concentrated at stacking faults because of 
their higher solubility in the hexagonal 

The apparent restriction of the dislooa- 
tions in the alloy crystals to their own slip 
planes is thought to be a direct result of the 
decrease in stacking fault energy with 
alloying; the more homogeneous increase in 
dislocation density in pure ooppar should. 
result in a more rapid initial work-hardening 
rate (as observed in tension tests) and con- 
ceivably a more rapid approach to satura- 
tion hardness, with orack initiation at 
smaller total strain. The limited data 
available in the literature are in ap 
agreament*!?. In both tensile and 
tests leas source activation on secondary 
slip systems is apparent in the alloys, 
which is probably due to & latent hardening 
of secondary slip planes by the intersecting 
dislocations of primary slip. 

The frequent occurrence of „prees 
observed in the aloy crystals at these 
smell strains was somewhat unexpected 
and lends support to present-day theories that stress 
the importance of pile-upe in the later stages of harden- 


A more ive analysis of these results and the 
extension of this investigation to include fatigue tests to 
failure at various stress-levels and distributions is in 
progress and will be the subject of a later report. 
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C/ESIUM-137- FROM FALL-OUT IN HUMAN MILK 


By A. AARKROG 
Health Physics Department, Danish Atomic Research Commission, Research Establishment, Ris5, Roskilde 


T is well known that in human milk the ratio between 
strontium-90 and calcium is lower than in the diet of 
the mother!. Only sparse information exists as regards a 
i of the contents of osweium-187 (the other 
long-lived biologically significant fission product) in & 
mother’s milk and in her diet. Several animal experimenta 
have been performed by Wasserman, Comar and Twar- 
dock! and have shown that the !*'Ca/K ratio in goats’ 
milk is 1:4 based on a dietary !''Cs/K ratio of unity. 

The following measurements were performed with milk 
from & primipara 24-year-old Danish woman, who bore & 
child October 15, 1961. The milk was collected daily during 
the Pro November 1, 1961-September 10, 1962." Until 

half of August 1962 the daily mean production 
of milk was about lj l.; of this, about } 1. per day was 
consumed by her baby; the rest was obtained for analyses. 
The milk used for analyses was identical to the milk used 
for the feeding of the baby, as the mother drew out all 
milk before each feeding and fed the baby from a feeding- 
bottle. Most of the daily samples were dried and ashed 
(at 400°-450° O), and the ash was bulked into monthly 
samples before measurement. These ashed samples have 
been measured in a 8 in. x 4 in. well-type sodium iodide 
(T1) crystal (Harshaw) with a 50-ml. well. Several samples 
were, however, measured as fresh milk in & 1-6 L oan, 
which fits around a 8 in. x 3 in. sodium iodide (Tl) 
crystal (Harshaw). The pulses were analysed in a TM C256 
channel analyser. 

Table 1 shows the results of the monthly measurements 
and gives furthermore, for the levels of 
monthly collected dried milk samplea from dairy cows 
living in the same part of the country as the woman. 

Table 1 shows that the human milk (as well as the cows’ 
milk) displays a variation in content of oweium-187 with 
time. In the winter and in early spring, before the dairy 
cows started grazing, the human milk-levels were rather 


Table 1. CABIUM-137 AXD POTASSIUM IN MILK 





constant: 8-4 + 0-5 po. !"Oe/[g K. In May the level rose 
by a factor of nearly four, and in the following three 
months, June-August, the level was nearly constant: 
34 po. !"'Oa/g K. Already, in September, Danish dairy 
cows start to have an increasing amount of food other 
than grass, and the effeot of this decreasing contribution 
from grazing was observed both in the human milk and 
in the cows’ milk collected in September. 

As the content of oseium-187 in the human milk 
appeared to be nearly constant in the period November— 
March (Table 1), and as the mother was on a regular diet 
in this period (1 kg dairy producta, 0:16 kg grain products, 
(3 Eo fui sud voasteblss, 0,9 Ez meat, Heh bad eme, 
and 0-6 kg water as tee or ooffoo), it was anticipated that 
a steady state between the mother, her diet and her milk 
had been reached. The mother’s diet and her milk were 
gathered for one week m March. The diet-sampling was 
performed by having the mother prepare double portions 
of everything she consumed in the week the experiment 
ran. The duplicates were put into a pail, which was sent 
to the laboratory. Six months later, in the ing of 
September, the iment was repeated, but unfortun- 
ately the milk-production was decreasing rapidly in this 
period, and after September 10 only very little milk was 
secreted. Table 2 shows the resulta from the two periods. 

Table 2 shows that the !''Oes/K. ratio is higher in the 
donor’s milk than in her diet. ratios between cæsium- 
137 secreted by the milk and ingeeted with the diet aro 
related to the amount of milk secreted. Thus the por- 
centages of ingested cæeium-1$7 secreted per litre milk 
only differ alightly for the two experimental periods, 
March and September. As probable explanations for the 
relatively large differences between the observed ratios 
between milk and diet from the two months, beside the 
differences due to variation in milk production, one could 
mention that the daily average intake of potassium with 
diet in March was 2-8 g against 2-2 g in September, and 
that the concentration of potassium in the human milk 


Humen milk Cows’ milk from September was about 20 per cent higher than in 
ae ee po. Osja E g Rig ash pe. ?'Oa/g K the milk from March; but most important, that tho 
Puro 81 023 45 September period waa just before the end of the lactation 
January 1-81, 1962 9:2 oxi 15 period and thus could not be assumed as representing a 
February 1 T1 0-25 30 steady state 
Apel 3, 10 108 928 40 To gotan estie dE ch and how long a time it 
-20, o get an of how much an: w longa i 
REDE SO, ieee ne on E - would take for a single oral cwaium-187 dose given by 
UY à ate then a - MES i the food to be excreted in the milk, 200 g of reindeer meat 
opor d^ do lot 29-1 051 200 from Greenland E k donor on April 26. 
Lidén* has shown that reindeer meat haa a relatively high 
ion ior ae due to the measurements of the human mik is ls (ocium-187 content, and thus is suited as a tracer in 
Table 1. A COMPARISON BETWENE THR LEVELS oF CxstuM-197 IK HUMAN MILK AND IX THE DIET OF TH DONOR 

(pe. *"Ca/g K) milk po. “0s secreted TOs 

Sampling period Sample "Og K TOs seoreted mO Ingested. ——— — ——— —— L 
5 : Gaity in the milk ^ dafly with diet (po. ""Oa/g K) diet po. "Os ingested Mu ae 

Maroh 10-16, 1903 Milk 9-2 + 01 6r1 — 19 + O1 0-43 + 0-08 3116 

March 0-15, 1002 Diet 4-0 + 02 = 14 £1 
4-10, 1961 MI $74 t 16 9t — 11+ 01 017 + 004 
September $11: 1962 Dist 143 i05 = 5315 t Set 


The error terms in the table indieate one S.D. due to the measurement. 
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Table 3. Oxsium-137 LEYALS IN HUMAN MILK AFTNR A BINGLR ORAL 


INTAKE OF 8,900 pc. OASIUM-137 


Acou- 
lated Aocumu- 
JC. content — exeretion lated 
Sampling W'Oalg K MORS] gini the iru fi uw 
pe. pe. Or per- 
penod fall-out fall-out 
pe. ge 
April 27-29 220 97 372 45 
April 30- 
1 93 42 4 524 63 
May 0 33 640 TT 
May 6-8 65 28 732 89 
May 0-11 55 15 5 812 98 
May 12-14 14 20 871 10-5 
May 15-17 48 2 14 ore 1 
May 18-22 20 14 913 11d 
May 23-51 31 15 15 — — 
June 34 16 16 — — 


N D d M em emenia:is 1i fhan LO Tse 


human biological experiments. The total content of 
cæsium-187 in the 260 g of meat was measured at 8,300 + 
55 po. The milk was collected and measured (mostly as 
milk) during the month following mtake. Table 3 
shows the resulta. 
This experiment was complicated by the fact that the 
dairy cows in the part of the country where the milk donor 
~is living began grazing about the middle of May this 
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year and consequently the ‘normal’ eseium-137 content 
in the mother’s milk increased by a factor of nearly 4 
(Table 1) during the experiment. However, it is evident 
from the figures in Table 3 that about 7 per cent of the 
ingested dose of oserum-137 was excreted in the milk 
within the first week after the intake of the reindeer meat. 
and within a fortnight about 10 per cent was excreted by 
the milk. For dairy cows, it has been shown‘ that about 
10 per cent of a single oral dose of radiocssium will, in a 
7 days collection period, be recovered in the milk. 

The present investigation indicates that babies fed on 
human milk could be exposed to a greater cesium-137 
body burden than if they were fed on milk from dairy 
cows, provided that the diet of the mother shows a 
greater (about 2—8 times) }*70s/K ratio than the cows’ 
milk. It should be mentioned that the specific omeium-13'7 
activity per litre cows’ milk normally will be greater than 
in human milk, even if the 4"Cs/K ratio is greater in tho 
human milk. This is due to the fact that the concentration 
of potassium in human milk is only about one-third tho 
concentration of potassium in cows’ milk. 

* Long doe Hamada, G. H., and Oomar, O. L., Proc. Soc. Eap. Biol Afed., 
104, 194 (1060). 

1 Wasserman, R. H., Oomar, O. L., and Twardock, A. R., Intern. J. Rad. 
Biol., 4, $99 (1961). 

nr 4ds Rsdiclogica, 64, 237 (1061), and personal oommunioation 


*Lengemann, F. W., and Comar, O. L., presented at FAO/WHO/TAEA 
seminar, December 11-15, 1961. / 
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NITROGEN METABOLISM OF AFRICAN CATTLE FED DIETS WITH 
AN ADEQUATE ENERGY, LOW-PROTEIN CONTENT 


By R. C. ELLIOTT* and Dr. J. H. TOPPS 
Department of Agriculture, University College of Rhodesie and Nyasaland, Salisbury, Southern Rhodesia 


N recent years increasing interest has been directed at 
the protein requirements and nitrogen metabolism of 
ruminants kept under adverse nutritional conditions. 
Mach of this interest has been centred on the urea excretion. 
of these animals!*, smoe rumimants can utilize urea for 
protein synthesis, and so any- mechanism which they may 
possess to conserve urea is of prime importance. The 
work of Schmidt-Nielsen e£ al. showed that the camel 
(Camelus dromedarsus) excretes very small amounts of 
urea when deprived of water and fed diets low in protein. 
Schmidt-Nielsen and Osaki" have shown that the excretion 
of urea nitrogen by sheep Kept on a very low crude protein 
diet is also low. More recently Livingston ei al." reported 
a reduction in the amount of urea nitrogen excreted by 
Bos taurus and Bos indicus cattle fed rations ively 
decreased in crude protein-level and which were also 
ived of water. 
tudies in this laboratory on the basal nitrogen catabo- 
liam and protein requirements of African cattle have 
shown that low uree nitrogen excretion may be related 
to the energy as well as the protein content of the ration. 
Concomitant work has shown also that steers fed rations 
with an edequate energy content appear to utilize dietary 
nitrogen much more efficiently than previously recorded. 
These i ts and the resulta are briefly described in 
this article. The nitrogen metabolism of the animals con- 
cerned was examined by means of balance trials and the 
determination of the percentage distribution of nrtrogen 
in the urine. 

Twelve Afrikander steers and twelve Mashona steers 
(a local indigenous breed) were used in the trials. Each 
breed comprised three groupe of four animals aged 

proximately one, two and three years respectively. 
Hour different rations (crude protem contents 5, 7, 9 and 
11 per cent) were fed to each group with the treatments 

* Beoonded fram the Federal Ministry of Agriculture. 


arranged factorially. The rations were formulated to be 
approximately iso-caloric and consisted of 60 per cent 
concentrates (a mixture of molasses, cassava, maize and 
ootbon-seed cake) and 40 per cent roughages (lucerne and 
Rhodes grass hay). The variation of crude protein content 
was obtained by adjusting the relative amounts of cassava 
and cotton-seed cake in each feed. The feeds were milled, 
mixed and cubed so it was impossible for any of tho 
animals to select the more palatable components of tho 
diet. The amount of feed offered to each animal was 
related to ita body-weight and based on the finding of 
Blaxter e al.* that the voluntary feed intake of ruminants 
is directly related to W*™. The actual weight of feed 
offered (in Ib.) was equal to 0-152 Wen, where W was the 
live-weight of the animal in pounds. 

In general, the feeds were readily eaten, and only very 
small mounts of waste were recorded except with the 5 
per oenp crude protein ration, where feed refusals were 
appreciable. Access to water was provided at all times. 
Each nitrogen balance trial consisted of a ten-day pre- 
liminary period followed by a seven-day collection period, 
when total fecal and urinary collections were made. The 
total nitrogen intake, fecal excretion and urinary excretion 
of each animal was determined for the seven-day collection 
periods. In addition, the urine samples were analysed 
for urea, ammonia, creatinine, uric acid, allantoin and 
hippuric acid content. In every nitrogen balance trial all 
the 24 animals retained nitrogen, that is, were in positivo 
nitrogen balance. This indicates that the amount of 
nitrogen supplied was always in exoees of the animals’ 
maintenance i ta. The apparent nitrogen 
digestibility of the feeds did not vary to any signifi- 
cant extent with the age or breed of the animal. The 
detailed results of these two aspects of the work, together 
with the feed consumption of the cattle as a function of 
body-weight, will be presented in another communication. 
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In Fig. 1 the logarithm to the base ten of daily urinary 
nitrogen excretion is plotted against the total dietary 
nitrogen tor each &GEGAL i tha mix Dreed/ ege groupa «n 
all groups there is a very high correlation the 
two seta of values and the relationship in each case is 
apparently linear. Extrapolation to zero nitrogen intake 
gives an estimate of endogenous ni cataboliam of 
the cattle of varying body-weight under trial. These 
estimates are given in Table 1 together with the mean 
body-weighte of the four animals in each and the 

ous ni calculated from the Apu well- 
used relationship of Brody’. Endogenous nitrogen 


Table 1. MIAN BODY-WKIQHTS AND HWDOGENOUS NITROGEN J 
CATAPOLISM (DIRBOTLY ESTIMATED AND 
FORMULA) FOR THR SIX GROUPS OF 


Mean weight H.N. estimated E.N. (Brody) 
Animal (kg) (g/day) (g/day) 
1-yr.-old Mashona 241-9 2-01 8-06 
1-T. Afrikander 294-5 444 9-03 
2-yr.-old Mashona 341-0 4-05 10-31 
2-yr.-o)d Afrikander 401-9 5-06 11-02 
3-yr.-obd Mashona 504-8 4-06 11:46 
3-y1.-okd. Afnkander 454-6 6-80 13-32 


Table 2. AVERAGE DISTRIBUTION OF NITROGEN (g/DAY) DK THE URINE OF FOUR STEERS OF Six BRNND/AGE GROUPS FED Four D. 
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2-yr.-old steers 
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3-yr.-old soars 
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160 0 
Dietary nitrogen (g/day) 
Fig. 1. Urinary nitrogen loss as a funstaon of Intake of nitrogen of six groups of African cattle, O, Mashona; A, Afrikander 
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equals 146 W*", where it is expreesed in milligrams por 
day, and W is the body-weight of the animal in kilograms. 
Examination of the values in Table 1 shows that the endo- 
genous nitrogen obtamed is approximately 50 per cent of 
that given by the Brody relationship. 

The resulta of the distribution of nitrogen in the urine 
of the 24 steers, which are detailed in Table 2, may be 
summarized as follows. A ive reduction in the 
crude protein content of the ration produced & decrease 
in the amount of urea, ammonia, urio acid, hippuric 
acid and, in general, allantom excreted. Creatinine 
excretion was fairly constant and not affected by a decrease 
of nitrogen intake. It was, however, closely related to the 
body-weight of the animal, which agrees with the con- 
clusions of Brody’. The largest relative decrease was 
shown by urea. Dura uo period or Poning o S Ter 
cent crude protein ration the urea excretion of the steers 
was 3 per cent or leas of their output on the 11 per cent 
crude protein feed. In fact, the decrease of urinary nitro- 
gen with protein-level of the ration was mainly due to this 
declining output of urea. 


DIETE 


OTT 
Urea Uric acid SUMMO Unidentified 


N x add X N X 
0-324 2 099 1:108 0-451 4 912 1041 
1-310 2-385 1-718 0-931 4-061 1-120 
4561 2 297 1-410 0-005 6 053 0-184 

11:841 2-454 1-461 0 826 8.100 0-561 
0-480 2-404 1 006 0-344 5-206 1-004 
3-023 2:908 1-352 0:707 5-077 2334 
5-061 2-514 1-613 0:728 8-250 0-006 
18-850 3-013 1-371 1033 10 246 0-740 
0-387 12-054 1 486 0-472 7-261 1:865 
2-184 8-116 1 445 0-011 7-509 0-810 
9-007 2-067 1-985 0-749 8 520 0-621 
22-840 3-060 1-786 1-030 9:257 3-749 
0 611 3-533 1:749 0-565 9-781 —0 289 
3-002 3 720 1-265 0-064 9-423 0 035 
16-252 8-619 2-220 0-709 11-601 1 320 
26-025 3-700 2-943 0-965 10-573 2-386 
0-787 2-000 1474 0 603 7-185 2-054 
4:724 $1 0-791 1:044 6 050 1 138 
24-045 8-780 0 545 1-024 8671 3 340 
0 515 4-060 1:847 0-086 8:400 2:802 
4:720 HT 0 954 10387 8 032 2 241 
30-0640 4 010 0 997 , 1:848 14-848 3 732 


* Determined by the Larean method. Young and Conway (ref. 9) showed that this method gires values averaging 33 per cent higher than estimates by the 


Pec cent aude Total Ammonis, 
Animal protein of feed N x. 
1-y1.-old Mashona 5 10-372 0-877 
7 12-246 0-736 
9 15-555 0-786 
11 26 665 1-742 
1-yr.-old Afrikander 5 12-211 0-527 
7 16-136 0-785 
9 225 1:044 
11 86-618 1-856 
2-yr -old Mashona 5 14117 0-402 
7 17-084 1-349 
9 26-184 1-375 
11 44 -080 1459 
S-yr.-old Afrikander 5 16-446 0-406 
7 20 466 1-367 
9 37-207 1-456 
11 49-8329 - 2-650 
3-yr -old Masbona 5 16-287 0-717 
7 19-347 0-868 
: 9 26-181 — 
. 11 45 806 3-220 
9-yr -old Afrikander 5 18-703 0-775 
T 23-003 1-338 
9 30-802 — 
11 55-499 2 026 
Rumnini-Bohryver reaction. 
Table 3. AVERAGE PERCENTAGE DISTRIBUTION OF NITROGEN IX THE U. 
OF THE 
Per oent orude B value of Ammonia Urea 
protein of feed Big: N N N- 
5 82521319 3-84 8-52 
7 78-743 78 5 96 1704 
9 73 344-55 4-84* 85-14* 
u 62-9.-0-25 5 79 50-97 
* Mean values for 16 animals. 


OF 24 AXIWALS FED FOUR DIFFERENT DIETS AKD THE MRAK BIOLOGICAL VALUES 


IN TEE DOTS 
Oreatinins Uric add Allantoin UnMentified 
N N N N N 
20-02 9-40 $-64 48-49 11-08 
19-29 7 54 5-38 37-35 7-45 
12-01* 7 e4* 3-27* 85-20* 1:89* 
7:85 3-30 1-06 £25 70 522 
7 
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From Table 3, it will be seen that urea is only a minor 
constituent while allantoin is. the major nitrogenous con- 
stituent of the urine during the periods of lowest i 
intake. Table 3 also lista the mean biological values of 
the protain in the.four diets as a measure of the efficiency 
of protein utilization by the 24 steers. The biological 
values were calculated by the Thomas-Mitehell method 
using the values obtained for metabolic fæcal nitrogen 
(0-366 g nitrogen per 100 g of dry matter intake) and 
endogenous nitrogen (endogenous nitrogen in mgm = 
95:6 Wim). A reduction in biological value as the 
protein-level was increased is apparent from ‘the resulte. 
urther, it is interesting to note that the highest biological 
values are obtained when the urea excretion is low and tho 
amount of allantoin excreted relatively high. 

Two important conclusions may be drawn from the 
results of the trials. The two breeds of African cattle 
studied appear to have a low endogenous nitrogen catabo- 
lism. This suggests that their in requirements 
for maintenance are also low, whi supports the recent 
work of Elliott’. In addition, many people from field 
observations have suggested that indigenous cattle in 
Central Africa are better adapted to withstand a deficiency 
of protein than exotio or introduced cattle. It is possible 
that this adaptation may be manifested in a reduced 
protein requirement for maintenance. Secondly, cattle 
fed diets with an adequate energy but very low protein 
content excrete very small amounts of urea. Reasons 
for this low excretion are suggested by the work of 
Chalmers et al. and that of Somers‘. The former workers 
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found that ruminal production of ammonie, the pre- 
oursar of urea, is low when the diet fed contains adequate 
energy in the form of available or readily fermentable 
carbohydrate. Somers concluded that in sheep the return 
of nitrogen as urea to the rumen by the aaliva is likely to 


urine will be very small. 

The results of the trials also showed that the most 
exoretion or alternatively a high percentage of the nitro- 
gen in the urine present as allantom. The ratio of urea 
nitrogen to allantoin nitrogen in the urine may be a useful 
index of protein utilization by the ruminant. 

This work was supported by the Rockefeller Founda- 
tion. We acknowledge the co-operation of the Federal 
Ministry of Agriculture and the encouragemont of Dr. J. 
Oliver. 
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REPRODUCTIVE PERFORMANCE OF FEMALE MINIATURE SWINE 
INGESTING STRONTIUM-90 DAILY 


By R. O. McCLELLAN, M. E. KERR and L. K. BUSTAD 


A LONG-TERM mvestigation designed to determine 
the biological effecta of daily strontium-90 ingestion 
in miniature swine has been in action hero since 1958. 
The ultimate objective of the work is to provide data 
which will assist in evaluating-the hazards of dietary 
strontium-90 for man or his progeny. The animals being 
used in these investigations are Pitman—Moore miniature 
swine which have a mature weight of 60-80 kg!. The 
dietary requirements, gastrointestinal tract, and bone 
mass of miniature swine are quite similar to man. : These 
factors, along with a relatively long life-span, dictated 
ther use in this work. 


In considering the long-term effects of any toxic agent, . 


ono area of concern is the influenoe on the reproductive 
performance of the individual. As shown by the large 
amount of pertinent date presented at a recent conference 
on this subject’, an extensive amount of work has been 
done on the effects of radiation on reproduction. For 
the most part, this work was performed on the smaller, 
commonly used species. “Almost without 
exception, these experiments have utilized external whole- 
body y-, neutron- or X-irradiation. This article summar- 
izes some data on the reproductive performance of a largo 
animal where the source of radiation is internal. . 

The basic i procedure as applied to each 
level of radionuclide feeding is shown in Table 1. A more 
detailed description of the experimental design and the 
procedures utilized has been presented elsewhere’. Feeding 
levels used are 0, 1. 5, 25, 125, 625 and 3,100 po. of stron- 
tium-90 per day. At the two highest levels, the basic 
experimental procedure is not completed because. of the 
early death of the original females and/or their offspring 

All animals are maintained in group housing, which is 
equipped with individual feeding facilities to control 


Biology Laboratory, Hanford Laboratories; General Electric Co., Richland, Washington 


Table 1. Basio HYFERDXEKTAL PROCEDURE 
Original females “fir feeding intitated at 9 months of 
control male iInrtlated at ap 


F, generation 


F, generation 


dietary intake. Strontium-80 is administered each day 
in & single large foed pellet with the morning aliquot of 
the ration. 

All females scheduled for breeding are checked daily 
with a vasectomized male to determine if they aro in 
cestrus. Bred females are removed from group housing to 
individual farrowing pens approximately one week before 
they are due to farrow. All offspring are weighed ahortly 
after birth. - 

No apparent differences have been noted in the fre- 


Table 2 summarizes birth data on all litters born on 
the main strontium-90 experiment. No differences in 
litter size are apparent at levels up to 25 uo. “Sr/day. 
The differencóe which are seen at tho 125 yo. and 625 uo. 


Table 2. LITTER-MIB AXD BIKTM-WEIGHTB OF ANIMALS IN STROXTIUN-00 - 
Exmoor 
Adult level of “Br feeding (ec./day) 
1 5 25 125 


No. of litters .. , 10 — 45 19 2 6 2 


À litter siro 56 &4 52 53 40 65 
D. . t20 £125 tft11 +17 +14 
Ko. of offspring 8e 241 9s 117 24 13 
A birth weight 073 0 09 %75 
mkg t $.D. ~ £016 £015 +013 +6013 +012 4014 


no.asea February 16, 1963 


"Sr/day-levels may be real; however, insufficient numbers 
preclude definitive conclusions. No great differences in 
average birth weight are noted between levels. At the 
625 uc. *Sr/day-level, there was a suggestion of change 
with one of the two litters born being of subnormal size, 
while the other was of normal size. Out of the litters 
(110) observed to date, only five offspring were stillborn, 
ono control and two each at the 1 uc. and 5 uo. *Sr/day- 
levels; this ia well within the normal range. i 
At the 8-1 mo. **Sr/day-level, the animale succumb at 
about 100 days after initiation of the feeding, which does 
not allow time for a term . At the time of the 
death of the animals, developing fostuses were observed. 
These fumos appeared to be of normal morphology and 
size. A blood sample obtained from one of these fostuses 
wa8 examined and exhibited normal values. Presumably, 
had the dam survived to term, viable offspring would 
have I 

It 


man, viable offspring of normal morphology will be born 
to females fed high levels of strontium-90 daily if the 
animals survive long enough to allow to go to 
term. It should be recognized that the limited data 
presented here for higher levels might not permit detection 
of subtle changes in reproductive performance which 
would be readily apparent with a larger number of animals. 

it is mtended that a more comprehensive 


additional date are available for the higher feeding-levels. 

These results are nob surprising in view of the radio- 
nuclide under consideration and its metabolic and physical 
characteristics. Strontium, with a metabolio pattern 
analogous to calcium, concentrates almost exclusively 
in the osseous tissues of the animal. Further, strontium-90, 
with a half-life of i y 28 years, decays with 
emission of a 0-54-MoeV B-particle. Ita daughter, yttrium, 
with a half-life of 64 h, decays with emission of a 2:27- 
MeV B-perticle. The range of these B-particles in bone is 
not great, about 1 mm for the higher-energy B and about 
0-2 mm for the lower energy; in soft tissue, the range is 
somewhat greater. 

On the basis of these physical factors, it is readily 
apparent that in a large animal essentially all the radie- 
tion energy from absorbed strontium-90 would be released 
in bone or adjacent tissue. Furthermore, sinoe the repro- 
ductive tissucs are not contiguous to bone, the radiation 
dose from this source would be negligible. Perhaps the 

test source of radiation to the otive ‘tissues 
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location of the ovary in an animal fed 3-1 mo. strontaum-90 
daily for about 100 days verified these assumptions. 
Since the developing fostus has the thickness of the 
uterine wall and the placental membranes and fluids 
between it and the i i tract, it is doubtful 
the fostuses. Undoubtedly, the 
the footuses of a dam 


discrimination, so that the & 
to the bone of a full-term foetus at 25 po. per day-lovel 
is about 0-5 rad day. Of significance, too, is that for 
earlier periods o fostal life when ossification is less oom- 
plete, the doee-rate would be much leas. The same limite- 
tions of range of the 6-particles that were pointed out 
for the adult animal apply to a considerable degree for the 
footuses, gince at least in late stages in fetal life, whan 
oemifloation : i» progressing rapidly, the fatuses have 
obtained considerable size. 
It is well to point out, however, that the foregomg 
ions and the experiment so far only consider the 
affect of the radiation emitted by the strontium-90 on the 
reproductive tissues or footuses of the young adult swine. 
It is, of course, conceivable that if thees females were 
bred later in life after a considerable radiation doso had 
been accumulated by the skeleton and associated tissues, 
the generalixed debilitated condition of the animal might 
normal reproduction or, possibly, if pregnancy 
were to occur, the associated streases might jeopardize 
the life of the dam or offspring. 
We thank W. J. Clarke, V. G. Horstman and J. R. 
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DETERMINATION OF THE PARTICLE WEIGHT OF SPHERICAL VIRUSES 


By Da, K. SCHMID* and Da. H. M. MAZZONE 


Laboratory of Protein Chemistry, Massachusetts General Hospital, Harvard Medical School, and Children’s Cancer 
Research Foundation, Boston 


ECENT advances in the sedimentation study of 
solutes resulted in the ication of so-called short 
the time required to 

equilibrium i for macro- 
molecules. Further, the introduction of tho Rayleigh 


sy Pabiishod Tavestizator ot ti Helen. Hay Ear eae 
or 


of the latter . This article describes the use 
of the Spinco analytical ultracentrifuge and the short- 
column method for the determination of the partiole 
weight of plant viruses from sedimentation equilibrium 
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Table 1. PARTICLE WAIGHTS OF OXETADE PLANT VIRUSES OBTAINED BY THA SHORT COLUXEN BADDOUETATIOK HQUILIBRIUM METHOD 











Partido weight x 10-* 

















Bpeed of difference 
(r.pm.)) (fringes)f 

1,180 450 : Pa 

1,186 511 * 4 6 (ret. 5 

1,495 9-80 6 6(ref. 6 

1,240 7 50 8 9-10 6 -14) 
*The volumes used for the ealoulation of the ts 0-660 foc TYNY . 4), 0 710 for BWY 6), 0-606 for BBAIV (of. 

Cente IR A Ra volan particle weights were ‘or (ref. 4) ‘or (ef, 6) or [t 

T across the cell at equilibrium expressed in number of fringes. 


Àf. particle weight obtained by sedimentation equilibrium. 


studies. For the determination of the degree of homo- 


geneity and the sedimentation coefficients of the viruses, 
rotor speeds between 12,590 and 35,600 r.p.m. were 
selected. A capillary type synthetic boundary cell and 
the interference optics were used for the measurements of 
the concentrations of the viruses. The rotor speed for 
these experiments was, initially, 7,000 r.p.m. and after 
25 min was reduced to approximately 4,000 r.p.m. For 
the equilibrium runs carried out at very low revolutions 
the speed of the rotor could be satisfactorily controlled 
by using an An-J rotor, the weight of which is 22 lb. The 
average speeds were derived from the counter of the 
Spinco ultracentrifuge. The variation in speed amounted 
to + 8 per cent. Again the Rayleigh interferenoe optics 
was found advantageous as a means of recording the 
distribution of the virus in dilute solutions. The tempera- 
ture of the rotor, although constant for each run, was in 
the range of 18?-28?. The calculation of the particle 
weights was carried out accordmg to Richards and 
Schachman® using cy — Cm/c, (Table 1) and also by tho 
slope of the plot In c versus x? (Fig. 1). 





| NN 


a 





48 0 485 


s* (cm*) 


Fg. 1. Plot of log o versus # from sedimentation equilibrium data for 
brome mosefs virus. The -oondikions of thie experimen’ are quein 


The following viruses were examined: turnip yellow 
mosaic virus and bushy stunt virus (BSV) (Dr. 
O. Knight, Virus Laboratory, University of California, 
Berkeley), brome mosaic virus (BMV) (Dr. M. Brakke, 
Department of Plant Pathology, University of Nebraska, 
Lincoln) and southern bean mosaic virus (SBMV) (Dr. 
W. C. Price, Department of Plant Pathology, University 
of Florida, Gainesville). On sedimentation velocity 
analysis these viruses, after dilution with 0-1 M sodium 
chloride to give a concentration between 0-2 and 2 per 
cent, appeared essentially homogeneous at the time of our 
experiments. The calculated sedimentation coefficients, 
corrected to standard conditions, were 989 (virus con- 
centration 2-0 per cent) and 1155 (0-3 per cant) for 
TYMV, 909 (1:0 per cent) and 91S (0-25 per cent) for 


Table 2. ATTADNMUENT OF BEDDOMNTATION EQUILIBRIUM OY CERTAIN PLANT 
VIRUSES A8 JUDGED BY THE OONFTAXCOY OF THM NUMBER OF FRINGES OF 
. THE OPTICAL PATTERRS 


Time of centrifugation Xo. of fringes 

(5) BBMV BSY 
1 5-0 26 
i - 6-0 45 
3 65 55 
4 78 55 
5 8-5 60 
6 9-0 TO 
7 100 T6 

?0 98 TÉ 


The conditions of centrifugation aie given in Table 1. 


BMV, 112S (0.7 per cent) for SBMV and 114S (2:0 per 
cent) and 181S (0-3 per cent) for BSV. These valuos 
are in good agreement with those reported in the litera- 
ture*-*^^. TYMV, SBMV and BSV each oontained a 
minor component which &ooounted for lees than 1 per 
cent and the sedimentation coefficients of which were very 
similar to thoee of the virusee. 

The particle weights of the viruses investigated are 
given in Table 1 and are in close agreement with-tho 
known values. Further, the particle weight of BMV and 
BSV calculated from the slope of the plot In c versus z* 
was found to be 5-2 x 10* and 9:4 x 10%, respectively. 
For all determmations, rotor speeds between 1,000 
and 1,800 r.p.m. and virus concentrations between 0-15 
and 0-24 per cent proved to be optimal. A higher speed 
of 1,967 r.p.fn. consistently resulted in accumulatmg virus 
material at the bottom, solvent-oil interface of the oell. 
A minute accumulation of virus at this mterface could 
readily be detected by Schlieren and at low concentrations 
by the interference optica (Fig. 2). If solutions with 
concentrations above 0-85 per cent were analysed even 
at a speed of approximately 1,000 r.p.m., deposition of 
solute was again noted (Fig. 2). The observed height of 
the columns for the experiments rted in Table 1 was 
close to 1 mm. Under these conditions, equilibrium as 
judged by the constancy of the fringes of the optical 
patterns (Table 2) was obtained after 6—8 h of centrifuga- 
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tion. However, all runs were continued for a total of 
20 h to ascertain that true sedimentation equilibrium had 
been attamed and that no material was deposited at the 
bottom of the oel. For the viruses studied the time for 
attainment of equilibrium derived from the equation of 
Van Holde and Baldwin! for a column height of 1 mm and 
an assumed F*-factor of less than 1-0 would be less than 
94 h. Thus, for the short-oolumn method, if applied to 
macromolecules of the size and shape of those of tho 
viruses investigated, the rotor speed should probably not 
exceed 1,400 r.p.m. nor the virus concontration be in 
exoees of 0-25 per cent. 5 

The first report of the particle weight of & virus derived 
from sedimentetion equilibrium is probably that of 
McFarlane and Kekwick!', who investigated Bsv using 
a oolumn of approximately 2 mm and a speed of 1,500 
rpm. Equilibrium was obtained between 48 and 96 h 
and a value of 7-6 x 10* was calculated. Recently, Beams 
ei al.*, using a magnetically sup ultracentrifuge, 
briafly reported the particle wei of BSV and SBMV 
to be 7-8 x 10* and 6-8 x 10*, respectively. Although the 
value for BSV obtained by Beams e£ al. agrees with that 
of McFarlane and Kekwiok, there is a discrepancy between. 
these values and the value reported herein. Determina- 
tion of the particle weight by other methods such as light 
scattering’*, direct particle counting’, sedimentation 
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and diffusion’, sedimentation and intrinsic viscosity? 
and X-ray scattering’ yielded values from 8:2 to 
10-8 x 10* with an average of 9-7 x 10%, which &greo 
well with our data. ` , 

We thank Drs. M. Brakke, C. Knight and W. C. Price 
for supplying the viruses. 

This ine supported by grants from the National 
Saienoe Foundation (G—16253) and the National Institutes 
of Health (4—8504[02]). 
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DONOR AND HOST CONTRIBUTION TO SPLENOMEGALY IN 
HOMOLOGOUS MOUSE CHIM/ERAS 


By IRMGARD M. ZEISS* and MILES FOXT 


NIMALS tolerating the presence of living homologous 
spleen cells in their organism may be deecribed as 
‘homologous spleen cell chimmras’. Splenomegaly is & 
recognized phenomenon in the early stages of such 
chimerism. It is caused, or at least acoompanied, by an 
immunological reaction of donor oells against their host, 
the so-called ‘graft-versus-host’ reaction. This may be 
eonoluded from observations in suitable donor—host 
combinations. Six relevant examples based on evidence 
published by Simonsen! and Michie, Woodruff and Zeiss" 
are summarized in Table 1. The apparent relation of the 
graft-versus-host reaction to splenorhegaly, together with 
the fact that immunological reactions involve cell prolifera- 
tion**, suggests multiplication of donor cells as the direct 
cause of the spleen enlargement. Gorer and Boyse*, in 
distinguishing between the host and donor componens in 
chimera mouse spleens by means of specific cytotoxic 
antisera, found that donor oella may constitute the vast 
majority of the total spleen cell population, which implies 
a considerable donor cell multiplication. However, the 
proportion of each camponent seemed to depend on the 
genetic relation of the host and donor strains used. 
Biggs and Payne’ traced the donor cells in chimera chick 
embryos by the sex chromosome difference, and found 
44 per cent of the dividing cells to be of donor origin. 
On the other hand, according to Davies and Doak’, 
donor cells—if at all demonstrable—form a very small 
minority of the dividing oells_m enlarged spleens of 
chimeric mice: Similarly, the analysis of mouse chimara 
spleens by the discriminant spleen assay’ nearly always 
revealed & donor cell minority". Moreover, Howard, 
Michie and Simonsen!’ were able to show that in F, 
hybrid mice injected with spleen cells from a parent strain 
splenomegaly is mainly due to a host cell proliferation. 
The use of different test systems may to some extent 
acoount for the discrepancies in the various observations. 
* Present address : of Surgery, Otago Untversity Medical 


School, Dumedm, New 
+ Present address : Department of Urology, General Infirmary, Leeds. 


The evidence now seams to favour the viow that at least 
in mouse chimseras splenomegaly is mainly due to host 
cell proliferation. But this does not rule out the possibility 
of a phase of intense mitotic activity of donor cells which 
must be expected to occur if the postulated immunological 
reaction does in fact take place. The present investiga- 
tion was therefore designed to permit the detection of 
donor and host oell proliferation, even if one of theeo 
factors were relatively small. The study was based on the 
analysis of large numbers of dividing calls from chimmra 
spleens, utilixing the abnormally short chromosome peir 
of the OB.A/T6 mouse as a marker for donor oells. 

Induction of ohimarism. Members of A-strain litters 
were injected intravenously within 24 h of birth with 
15 million adult OBA/T6 spleen cells. Test animals and 
uninjected litter mate controls were killed 3, 5, 6, 7, 9 
and 10 days after injection and their body and spleen 
weights, recorded. These specimens formed the I 
experimental series’, but in addition & one-day specimen 
and two specimens each for the second and sixtieth day 
after injection were available. 

Ohromosoms preparation. The methods described by 
Ford and Hamerton™ and Rothfels and Simimovitch™ 
were combined and modified to allow analysis of a largo 
number of dividing cella in each i A detailod 
Lon of the proéedure has bon published else- 

18 

Evaluation of specimens. In all test and control prepara- 

tions of the main series the number of metaphase nuclei 


Table 1. PRESEKCE OR ABSEXOH OF SPLEMOMEGALY IN DIFFERENT DOKOR- 
Hos? COXEUNATIOKB 


Recipients, strain and age 
(B/O) F, 4-8 days old 


B adult 
4 splenomegaly gin terea 
B foetal no splenomegaly no splenomegaly 
8 only oeeurs if the donor is capable of immuno- 
io only oome thn Büek Ia-da cobes, ot defence- 
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Table ?. SPLMKOXEGALY LX THR HOMOLOGOUS Orrwais 
Diak dis Relative spleen weights * Ratios 
control 

Gea 3 days 1 z 1-30 

43 15$ 

Goo 3 days 75 57 131 

Ge8 5 days 103 56 164 

a 6 days 106 82 129 

ge T days 143 18 1-88 

oe 10 days Et To 204 

24H 

G65, 10 days 146 83 176 


in 10,000 nuclei was counted, and in each of the chimmra 
preparations the chromosomes of 368—790 metaphase 
nuclei, mostly divided into batches of 100, were screened 
for the presence or absence of the marker chromosomes. 
Only those nuclei were included in the analysis in which 
at least 39 of the 40 chromosomes could be clearly dis- 
tinguished. The reliability in typing metaphase nuclei 
was checked by 151 blind teste in pure preparations of 
A and OBA/T'6 spleen cellé. In the first 52 testa 6 out of 
17_A cells and 2 out of 85 OBA/T6 cells were incorrectly 
classified. In the following 99 testa only 1 out of 62 A 
cells was filed in the wrong category, while all 37 OBA/T'6 
cells were correctly identified. There was thus a posi- 
bility of overestimating the number of donor cells in the 
test spleens. To avoid this pitfall all cells in the chimera 
specimens which could not be classified with certainty 
were excluded from the analysis. Of those cells thought 
to be of donor type the position on the slide was noted 
and the cells were rechecked after the discernment had 
been re-aharpened by studying pure preparations. 

In four instances the numbers of dividing donor cells 
were observed in 50—70 batches of 10 cells, which were later 
combined to make unite of 100. In these specimens the 
frequency distribution of dividing donor cells was exam- 
ined for its agreement with that expected in a binomial 
distribution. The observed data gave a satisfactory fit 
with those predicted and it was thus assumed that the 
distribution was in fact binomial. With large samples the 
binomial distribution very closely approaches the normal 
distribution. In this study, therefore, the mean number 
of dividing donor cells in a specimen and the 95 per cent 
confidence interval were estimated from the results in 
batches of 100 colls according to the formule for normally 
distributed items. : - : 

Splenomegall.: Tho basic requirement of the study— 
“thet all chimeras should show  splenomegaly— was 
actually accomplished, as may be seen from Table 2. 
It seems convenient and permissible for judging tho 
significance of the spleen enlargement to adopt the stand- 
ards elaborated by Michie, Woodruff and Zeiss’, becauso 
the “A-strain recipients of the present experiment were 
derived from one of the colonies on which the data of 
reference are based. Accepting that for a comparison 
of one test and one control animal a relative spleen weight 
ratio of 1.32 significantly exceeds the normal variability, 
only two of the chimmras—(68/1, 3 days; and G69/8, 
6 days-—fail by a little to comply with this standard. 
As both these animals were killed before splen y 
reached its peak it may be assumed that by a later date 
they may well have had acquired a significant enlarge- 
ment. It seems justifiable therefore to conclude that a 
graft-versus-host reaction was in process in every ono of 
the chimeras studied. 

Hate of spleen cell proliferation. The use of ‘Coloomid’— 
though essential for suitable chromosome preperations— 
rendered tho estimation of the true mitotic rate in chimsera 
and control spleens impossible. However, as both test 
and control animals had been exposed to the effect of 
similar doses of the drug, a comparison of the number of 
metaphase nuolei in 10,000 nuclei allows at least a relativo 
evaluation of mitotic activity. From this it is apparent 
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that durmg the 3-10-day period the mitotic activity in 
chimsra spleens always exceeds that of their litter mate 
controls (Table 3). - The moan exoees of metaphases in 
chimsras (77-22 per cent) was found to differ mgniflcantly 
from zero; 0-02 < P < 0-05. 

In the controls cell proliferation seemed to proceed at 
two markedly different levels. Statistical analysis of tho 
date shows that the mean number of 99-33 metaphases/ 
10,000 nuclei in the 3-6 day i differs significantly 
from the mean (281.20) of the 6-10 day i 
(P < 001). This division into two phases of mitotio 
activity is somewhat obscured in the chimwras (Table 3). 
The difference between the mean numbers of metaphases 
in the corresponding time intervals 1s suggestive but not 
statistioally significant (0:05 < P < 0-10). 

Donor and host contribution to cell proliferation. Tho 
fact that the chimmra spleen cella are a mixed tion 
consisting of unknown quantities of host and cells 
makes the evaluation of the results in absolute terms 
impossible. In spite of this, two definite statements can 
bo made; first, during the 8-10-day period, dividing donor 
cells, invariably demonstrable, constitute only a minority 
—though of varying magnitude—of all dividing cells in 
the chimera spleens ; and secondly, however high their 
absolute mitotic rate may be, depending on the unknown 
number of donor ocells which settled in the chimmra 
spleen, donor cell multiplication alone cannot account 
for the increased overall mitotic activity of the chimmras. 
On the contrary, evon after subtracting the donor oon- 
tribution from the total number of metaphases there 
remains @ considerable excess of host metaphases, which is 
probably significant (Table 3). Tho calculated average 
excees of 68 per cont of host metaphases underestimates 
the true-rate of excess of host oell multiplication, as it is 
related to 10,000 chimera (host plus donor) nuolei instead 
of 10,000 host nuclei. For this reason the difference 
between this average excess and zero (for which P was 
found to be «0-1 but >0-05) may be more significant 
than is apperent here. : D 


Table 3.' OONPAXISOX OF THE MULTIPLICATION BATA OF CELLS DI CHI RA 
AKD CONTROL BPLEHKS AXD OCONTEIBUTION or Host MITOEPM TO 
BFLENONEQALY 
x . Ratio noe 
Age taphase nuckel/ Ratio 
Specmmen (days. 10,000 nuclei ohimsra in ehtmuera / 
f ! Control ~ SENI. control 
Q88/1 3 143 101 1-42 1:34 
gm a iat is "TB 113 
3 bi . e 
b 311 i574 A20 - 416 
ken 6 171 2129 1-18 138 
G07, 7 305 353 1-44 1-38 
O65, 9 171 216 t18 T01 
QU? 10 196 173 1:313 110 
065/3 10 300 285 119 1-24 


+ Aes gninis from pero; O08 Pe O08, 


Mean 
Absolnte Metaphase nucle! pereen 96 per cent 
Specimen spleen. analysed donor 
(days) weight Sample No.of in analysed Interval 
(ng) siro mm 
Ges 3 12 100 651 T175- +927 
108 4 
113 
460 
Gea/1 3 15 50 $93 +035- +751 
184 4 
es 
102 
3 3 19 100 7 143 —150-+4-45 
Goats » 100 5 140 -0412- +3 
4 6 47 100 6 0 50 —118- +18 
eer, T 47 100 6 1133 +601- +16 65 
,9 4* 100 6 7-33 +363 - 410-83 
10 66 100 5 2-60 -04 - + 5-64 
10 50 100 6 4-07 —005- +999 
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Table 5. MARLY amp Late DATB OHDLERAS. CONPARIBOK OF SPLEEN 
WLIIONT AXD Mrromo ACTIVITY, AND BSTOLATION OF THR NUMBER OF 
Dirippra Doxom CELLS 


Relat. 
spleen. *}ittotie 
vous rate No. of Percentage 
Age No. of mies ra omt metaphases donor mitoses 
(dars) ohim. contr ehm contr. ysed spleen marrow 
contr. 
1 1 096 ool (030 50 0 — 
2 2 1 1-08 0-05 0-65 100 0 — 
00 9 .42 164 090 — 300 2 e5 


* These figures are based on the ostimated total number of cells and 
total mitoses tn the spleen. 


Donor cell multiplication. A oomperison of the absolute 
spleen weights and the percentages of donor cells in 
dividing cells of the 86-day specimens (Table 4) suggests 
a constant absolute division rate in the donor cell popula- 
tion in the face of increasing numbers of dividing host 
cells. A striking break in this process of ‘dilution’ of 
donor mitoses by inoreasing numbers of host mitoses is 
apparent at 7 days, when donor mitoses gain considerable 
ground in spite of intense. host cell proliferation (Tables 
3 and 4). After this sudden outburst of donor oell multi- 
ploation, ‘dilution’ of dividing donor cells by rapid host 
proliferation (9 days) and a ine in donor ell multiplica- 
tion (10 days) jointly seem to reduce the proportion of 
donor mitoses. There is thus evidence, in spite of 
the difficulties of obtaming information about the true 
rate of division in donor cella, which suggests that at 
about 7 days an enormous multiplication of donor cells 
occurs. 

Observation in l-, 2 and 60-day specimens. As may be 
aoon from Table 5, there was no indication of spleno- 
megaly in tho 1- and 2- day specimens, nor were donor 
mitoses observed in the spleen. However, it is interesting 
to note that in these chimeras the mitotic activity, oom- 
pared with that in their controls, appears considerably 


60-day specimens a minority of donor mitoses 
and was found to occur even in the bone 
marrow. Both chimseras had survived runt disease, and 
although smaller than their uninjected litter mates, were 
apparently healthy. The high relative spleen weight 
ratio, which might suggest a persistence of a sub-le l 
graft-versus-host reaction, is partly the result of the 
lower body weight of these animals. 

Discussion. The results of this oxperiment onoe 
again demonstrate the inant role of host cell 
proliferation in chimmra splenomegaly, but they also 
reveal a phase of intense donor oell multiplication which 
may well be a decisive factor in the timing of peak 
onlargement. 

Reoently, the immunological capacity of new-born mice! 
and the importance of host contribution to splanomegaly 
in hybrid/perent strain chimmras (that ig F, hybrids 
injected with spleen oells from ar adult perent strain 
' donor)!* have been demonstrated. The latter observation 
implies that a factor other than a host-versus-graft 

i ibly a mechanism of self-protection—is 
involved in the host cell proliferation. Therefore three 
factors must be considered when trying to interpret the 


In the 


hypothetical protection mechanism, which is set into 
motion by the effects of the graft-versue-host reaction. 
As the observations in hybrid/perent strain chimeras 
o De ee i 
m action as as 6 days. graft-versus-host and host- 
versus-graft reaction, and cell proliferation of such 
mtiology must be expected to occur at an even earlier 

. The ‘dilution’ of donor mitoses by increasing 
numbers of host mitoses in the 36-day specimens of this 
experiment may thus possibly illustrato the waning of 


NATURE 


675 


the donor and host cell multiplication resulting from the 

' reaction i one another, and the com- 
menoement ofthe host’s protective activity. This inter- 
pretation is further supported by the finding of Fox" 
that in  hybrid/parent strain chimaras—{CBA x 
OSTBL)F,JCBAT6—2 majority of donor mitoses (60 per 
cent) at the second day atter DONON is reduced to & 

inority (8-10 cent 4 ; 

B Hie P liceo um iani e of donor mitoses 
in hybri strain chimmras with the data presented 
here, it would seem that the generally low level of donor 


the present chimm#ras—had they been allowed to survive 
—may be assumed by analogy with the observation that 
the injection of 9-15 x 10* CBA spleen cells mto new-born 
A miee induced tolerance in most oases’.) 
ion of mitotic activity in the very early stagos 
after spleen cell injection seams to be & common feature m 
both hybrid/parent strain chimsras!* and the homologous 
chimmras of this experiment. However. as non-specific 
causes cannot be ruled out yet, it would be premature to 
describe the phenomenon as an ossential part of the graft- 
versug-hoat reaction. : 
The sudden increase of donor mitoses at day 7 again 
isos the question as to the nature 


expreesion of & secondary immunological roeponse of 
host and donor to one another’s antigens, it could be 
assumed that tolerance is not 
reaction has occurred. f 

Most of this experimental work was carried out in the 
Department of Surgical Science, i 
of us were guests; one of us (M. F. 


and the other (I. M. Z.) 
University of Otago, New Zeeland. We thank Prof. 
M. F. A. Woodruff for his hospitality and guidance. We 
also thank Mr. R. 8. Booth, Mathematics Department, 
University of Otago, for his advice on tho statistical 
handling of the data, and Drs. B. F. Heelop and N. W. 
Nisbet (Depertment of Burgery, Otago University), 
and Dr. D. Michio (Department of Surgical Science. 
Edinburgh) for oritioiam of the draft manuscript. 
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BREEDING OF THE CHILEAN OYSTER (OSTREA CHILENSIS PHILIPPI) 
IN THE LABORATORY 


By P. R. WALNE 


Ministry of Agriculture, Benoa end Food, Mussel Purification Tanks, 
nway 


“ee 1948 Lund Univermty Expedition to Chile! 
collected samples of Ostrea chilonsis from the northern 
part of the Golfo de Ancud and in the nei ing Bahia 
de Ancud, where they were found on stony beaches and 
on sand and mud down to depths of 11 m. In one of the 
samples collected in November 1948, several specimens 
brooding eggs and larvz were found which were stated to 
measure 0-5—0-75 mm and 0-7—1-2 mm respectively. This 
is abnormally largo for Ostrea eggs and larvm and suggested 
that all the larval development would ocour while 
being brooded in the mantle cavity and that the duration 
of the planktonio stage would be very short. A similarly 
reduced planktonic stage has been recently reported for 
the New Zeeland oyster, O. lutaria’. 

A consignment of O. chilensis was ‘received im good 
condition in this laboratory on September 17, 1962, and 
placed in glass tanks with running sea-water. Within 
& few hours & number of early embryos were aborted, 
indicating that some of the oysters were brooding when 
they arrived. Four liberations of larv; were obtained in 
October during which period the temperature of the water 
gradually decreased from 18° to 11° O. Thi i 
approximately that found in the late spring 


The larves ab liberation had a well-developed foot and 
eyespot, and mostly metamorphosed within a few hours 
on the glass and slate sides of the tank and on musel 
shells suspended for spat collection in the tank. The 
shell shape agreed with that figured by Ranson‘ although 
the size was lees than that estimated by Boot-Ryen!. 
The mean and range of shell-length of six liberations are 
given in Table 1. 


Table 1 i 
Mean Range 
1 435 390-510a 
H i M 400-510 
6 491x 400-5100 


The larves were sufficiently active to swim up to the 
surface film, although the velum is small compared with 
that of O. edulis. The gill rudiment, consisting of 6-8 
projections on the left side, is more pronounced than in the 
maturo larve of O. edulis. Some larve isolated in 9) glass 
beaker had not become attached 24 h later, suggesting 
that clean glass was not a favourable surface, although 
two specimens had metamorphosed without attaching—a 
phenomenon which has also been seen in O. edulis. Some 
of the larvie which had not metamorphosed were placed on 
mussel shell and two became attached in the next 5 h, 
indicating that metamorphosis can be delayed for at least 
24 h. , 

Two brooding adults have been opened and the number 
of eggs or embryos estimated (broods of O. edulis of this 


Table 2 


Mean diam. Internal vol. Dry meat wt. No. of embryos 
1 60 mm 15-0 ml. 118g 66,600 
2 fl mm 11-6 mL 62,800 


094g 


size would contain about 500,000 embryos) (Table 3) 
Early embryos are white in colour, but at the later stages 
the brood is light brown in oolour instead of the grey or 
black of O. edulis. 

One adult waa observed to be spilling a fow eggs in the 
exhalent current. When opened few were in the inhalent 
chamber but there were many in the exhalent chamber 
and filling the water tubes of each demibranch, and more 
ware seen issuing from the genrtal pore. The eggs, which 
measured 328 x 2641, were exceptionally large 
lamellibranch with io -larvw.. Thorson’ noted that 
the largest egg to develop into a pelagic 
stage (Yoldia limatula) has a diameter of 1504; those 
species with larger eggs have a direct non- io develop- 
ment. In O. edulis the egg is 150j in and m 
O. lurida 10041. A number of individuals of O. chélensis 
have been observed to spill either eggs or ear embryos 
in the exhalent current, and it is suggested t this is 
caused by the difficulty of forcing these very large eggs 
through the gills into the mhalent chamber. 

Some of the adults which had spilled oc early 
embryos over & period of 3 days were separated from non- 
breeding individuale. When one was opened 11-13 days 
later the larve had grown to a mean shell length of 381u 
at a temperature of 18°-15° O. When another was opened 
after 27-29 days the larvæ had a mean shell length of 
3904; the temperature in the second part of the period 
had been 9°-14° O. A sample of this brood was cultured 
and at 13°-14° C the shell length of the larve grew at 
about 10% per day. A rudimentary foot was seen on 
the third day and on the seventh day the foot waa well 
developed, & row of rudimentary gill filamenta was visible 
and the eye spot was clearly developing. On the eleventh 
day one spat was found attached to the wall of the vessel 
and many on the fourteenth day. It is probable then that 
the incubation period at temperatures of 13°-15° O is 


, about 5-8 weeks. 


The spst have grown well after settlement and some 
exceeded 1 mm in length within 12 days at 13°-15° C. 
O. ohdlensis might be a valuable species to introduce into 
British waters, since the loss of larve by tidal currents 
and predators would be substantially reduced and most 
of the settlement would take place near to the parent 
stock. The temperature at which b ing occurs is 
lower than the 17°—20° O required by O. edulis, and this 
could result in an earlier production of spat and, since 
the larvæ at release are more mature than those of O. 
edulis. spatfall would presumably be more reliable. There 
is the possibility, however, that production of larvm 
would continue for a large part of the year, resulting in 
thin oysters with a proportion ‘white sick’ during the 
normal marketing season. In this case O. chilensis might 
be suitable only for the cooler waters of the British Isles. 
In external appearance it closely resembles O. edulis and 
in the imported sample the oysters were m excellent 
condition. 


1 Boot-Ryen, T., dete Unde. Lund Avd. (2) bë, No. 6 (1959). 


'* Hollis, P. and Millar, R. H., Weture, 197, 512 (1963). 


* Bratizirbm, H and Dahl, H., Acta Uv. Lond Aed. (2) 48, Xo. 8 (1961). 
t Ranson, G., Bwil. Ins., océtnogr. Monaco, No. 1183 (1900). 
* Thorson, G , Medd. Greniand, 100, No. 6 (1036). 
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LETTERS TO THE EDITOR 


PHYSICS 


Perturbations in the S; Spectrum 

THA pressure effect on the predissociation of diatomic 
molecules is an experimentally well established phe- 
nomenon; but the detailed perturbation mechanism is 
not yet clear. In this communication, some new obser- 
vations are on the.well-known predissociation in 
tho B*ZX,4tX*Z4 system of S, (ref. 1). In absorption, the 
v' progression shows, in pure sulphur vapour, a sudden 
intensity increase starting from v’ = 9. In the emission 
spectrum the v’ > 9 bands are missing. Ifa large amount 
of foreign gas is added to the absorbing vapour, new 
perturbations occur in the absorption spectrum, and in the 
emission? the missing (v’>9) bands appear’. 

Lochte-Holtgreven! finds the v’> 9 levels to be pressure 
perturbed; but Kondratjew and Olsson obeerve modifica- 
tions of the rotational structure in the bands v’ < 9, which 
are usually not perturbed. The ‘bations in emission 
are due to collisional of the prediseociation 
according to Ásundi*, but to the population increase of 
the levels v > 9 according to Ohristy and Naudé*. The 
experiment reported here may olarify tbe foregoing 
process. : 

We essentially repeated Kondratjew and Olsson’s 
experiments increasing the collisional effect. Nitrogen gas 
at 70 om was replaced by xenon gas (atomio 
weight 9 times greater) at a preesure ab 2 kg/am*. The 
absorption spectrum of sulphur obtained in the presence 
of 2 em? of xenon contained in a cylindrical silica 
vesel 15 am long is illustrated by spectrum B of Fig. 1. It 
may be compared with spectrum A obtained in absence of 
pe ae The oomparison between the two spectra 
shows t the vibrational perturbation is partially 
removed when the pressure is increased. In spectrum B 
all bands have the same apparent structure and are regu- 
larly distributed in the spectrum, as though there were no 
perturbation or predissociation. As a quantitative check, 
the relative intensities of the bands should be compared 
with the relative transition probabilities in the v" = 0 
progression. The Franck—Condon factors are estimated 
by direct calculation of the overlap integrals using the 
Morse wave function. The results obtained are given 





elsewhere. In spectrum A, an important discontinuity is 
soon atv’ = 9. . 

The pressure-induced urbation of the rotational 
lines was in i kiss & JA grating 
spectrograph and a 0-5 A per mm reciprocal dispersion. 
The fota tional absorption lines of the à 2828-0 A (0-9) band 
show a considerable broadening in the presence of xenon 
gas as compared with that in purè sulphur vapour. In 
the usual qualitative investigation of the effect of pre- 
dissociation on the shape and the width of absorption lines, 
the inverse of emission by atomic recombination is 
usually neg . At low gas pressure the contribution 
of the emission is negligible; but, when the gas pressure is 
increased, the atomic recombination can no longer be 
neglected, for the intensity and shape of the emission lines. 
depend not only on the relative values of radiationless and 
absorption probabilities but also on the atomic radiative 
recombination rate. It is indeed plain that if the atoms 
formed by photodissociation can partially recombine in & 
three-body collision procees before they separate oom- 
pletely, the apparent radiationleas transitional prob- 
ability will be reduced. 

In short, the foregoing experiments show that the 
pressure bations observed in the B*X,4*X*'Y, band 
system of S, are of two kinds: (1) the vibrational pertur- 
bation closely connected with ‘inverse predissociation’ 

; (3) the apparently independent rotational per- 


turbation of the v’ < 9 levels. P 
L. HxrxgxAN 
R. HERMAN 
Observatoire de Paris, 
Meudon, 
Seine et .Oise. 

Henri, V., and M. Acad, Soi., Paris, 179, i 
PAR dA, sod ae. pue G., Molsoujer AUR end M cmi 
Structure (Yan Nostrand Ine., 1089). Hersberg, G., and 


* Asmåi, B. K., Nature, 187, 93 (1981). van I H. XL, (bid., 
(1980). Sugden, T. M., and Demerdache, A, +, 185, 
* Kondraijew, V., and O H., Z. Phys., 99, 671 ! 
W., bid., 103, 936). Rosen, B., Ads Pita Pania, 
5, iS (1986). Gay 
1 Christy, À., and Naudé, 3. M., Phys. Rev., 87, 008 (1981). 


Dependence of Angular Width of High- 
frequency Diffraction on Sound Wave- 
length 

Ir has been well established!* that, in the case of 
diffraction of light by very-high-frequency sound waves 
only the first order of diffraction appears in the fleld of 
view and it attains the maximum intensity when the 
sound wave-front is tilted to the corresponding Bragg 
reflexion angle. Any further tilt from this position resulta 
in gradual diminution of intensity and finally in the 
disa of the diffraction order. The angle over 
which the intensity of the diffraction order is distributed 
is called the ‘angular width of high-frequency diffraction’. 

David’, following Brillouin's theory, gave for intensity 
I,, of the first order the following expression, assuming 
the higher orders to be of negligible intensity : 


. rL 
] Ia =- Is (1) 


Ai* 
where I, is the maximum intensity of the first order, L is 
the length of the sound path traversed by the light beam, 
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X^ is the sound wave-length in the medium and 9 is the 
angle of deviation of-the sound wave-front from the Braeg 
position. It can bé seen by differentiating the expression 
(1) that the angular width of high-frequency diffraction 
depends only on the value of the parameter (wL/2*). That 
is to say, for very high frequencies and large lengths of the 
sound field, the phenomenon of characteristio reflexion of 
light gains importance. The angular width of diffraction 
does not depend on any other factor like the wave- 
qun of the incident light or the intenaity of the sound 
d. 


It' has been shown‘ that the intenmty of the first 


order attains its maximum when L = u,A*'[A. This 
value of L makes the parameter (xL/2*) equal to (uj 
1).X*— where u,18 the refractive index of the medium and 
à is the wave-length of light used for diffraction —showing 
that the angular width of high-frequenoy diffraction is 
directly proportional to the sound wave-length in the 
medium. ' 


Intense diffraction orders are produced at several 
ultrasonio frequencies and their intensity maxima at the 
corresponding Bragg angles are adjusted to be the same 
with the help of a photo-tube. by controlling the power 
input to the crystal. The crystal holder is tilted towards 
either side of the Bragg position and the exact position of 
disappearance of the diffraction order is judged by the 
photo-tube. The expreesion (1) clearly predicts the 
positions of disappearance, which occur whenever 


Teg = nn, whero n 0 is any integer. This can be 


simplified and written, in the case of the first order, as: 
aa 
Eis? (3) 
The values of » calculated from the relation (2) and 
those obtained experimentally by the photo-tube are 
tabulated in Table 1 for several sound frequencies utilized 


in this investigation using water as the medium for 
sound propagation. 
Table 1. TXxrFERATURA, 28° O; L, 1-5 OX 
Frequencies of ultrasonics (in mm of are) 
i (Mej*) Calculated from (f) — Measared by 
Bhoto-tube 
28 06 15 0 16-6 
49-97 70 80 
73-04 ig 5-0 
91-20 40 45’ 
144-0 24’ 310 
1640 fl £t 
184-0 19 20 


Table 1 shows a remarkable agreement between theory 
and experiment. However, the measured values by the 
photo-tube are slightly higher than thoee caloulated from 
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expression (2) and this slight deviation is due to the fact 
that the sound field is not the ideal one with undamped 
js as sasumed in the theory. 

plot of the values of p against sound frequency is 
shown in Fig. 1. The ourve clearly indicates the depen- 
dence of the angular width of high-frequency diffraction 
on sound wave-length. The angular width is scarcely two 
min of arc and the sound wave-length is only about 
thirteen times the wave-length of light at the highest 
frequency used in this investigation. 


C. RAcHnuPATHI Hao. 
Department of Physics, 
Nizam College, 
Osmania Univermty, 
Hyderabad-A.P., 
India. 

! Rao, D. B., thesis, Andhra University (1048). 

t Rao, O. R., thems, Omnania Untversity (1063) 
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Pressure Calibration of a Tetrahedral Anvil 
Device 


THE tetrahedral anvil high-preesuro device was first 
described by Hall! in 1958. The pressure calibration of 
this device was based on the resistivity measurements of 
Bridgman’. Because the calibration pointe based on 
those measurements have been revised downward’, the 
original linear plot of sample pressure versus applied 
force no longer has validity. In a prelimmary determina- 
tion of the shape of & calibration curve based on the 
newer values of the calibration pointe, curve A (Fig. 1) 
was obtained. These values were obtained with an 
apparatus containing 7-in. hydraulic rams and triangular 
tungsten-carbide anvila which were 0:781 in. in edge- ' 
length. The calibration wires were inserted in silver 
chloride cylinders 5/32 in. in diameter which in turn 
were inserted in the pyrophyllite tetrahedrons, which were 
about 25 per cent overmze (edge-length). A thick cost- 
ing of iron oxide mixed with water was applied to the 
assembled tetrahedron before it was The use ~ 
of tetrahedrons which were 35 per cent oversize caused 
the samples to be more distorted by the flattening of 
the ends of the silver chloride cylinders, as described 
Tetrahedrons which were only 15 per cent 
oversize transmitted the applied force to the calibration 
wire less effectively. In this case about 10 per cent more 
ram force was necessary to attain 25 kbars on the calibra- 
tion wire. 

Ourve B (Fig. 1) was obtained under the same experi- 
mental conditions as here, except that the pyrophyllito 
tetrahedrons, completely assembled, were dried at 90° C 
for 2 h after the iron oxide was applied’. In addition 
to this substantial increase in efficiency, the deformation 
of the sample was reduced. Results obtained following 
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this procedure were reproducible to about 1 or 2 per cent. 
It should be observed that the pointe on curve B can be 
connected by a nearly straight line which does not pass 
through the origin. Preliminary experimente indicate 
that sample porosity may reduce the efficiency of pressure 
transmission by 5-10 per cent. 

The pressure-transmittmg qualities of pyrophyllite 
can also be improved by heating the tetrahedrons to 
650° C for Several hours before the samples are assembled. 
This treatment oauses the pyrophyllite to be about 
10 per cent more efficient in pressure transmission. How- 
ever, this procedure apparently reduces the elasticity 
of the pyrophyllite, because frequent blow-oute were 
observed on decreasing the applied pressure. 

This work was supported by vec Dynamics Research 
Project No. 14-61-5386. : 

j R. B. Guar 
B. O. DRATON 


Applied Research General Dynamics, 
Fort Worth, Texas. . 
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GEOLOGY 


Association of Dolomite and Anhydrite 
In the Recent Sediments of the Persian 


Gulf 
A. Wars! has recorded the presence of dolomite 
associated with ite and in the Recent 


sediments of the higher parte of the tidal flats around the 
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Qatar peni in the Persian Gulf. A similar environ- 
ment a and tidal flats extends eastwards 
from Qatar along the Trucial Coast towards Oman. This 
communication refers to a short core collected from tho 
niches D of the coastal flate (the sabkha) in the Sheik- 
dom of Abu Dhabi, some 200 miles east of Qatar. The 
core, 20 cm in length, was taken from the surface of the 
sabkha on the mainland approach to the Abu Dhabi 
causeway. 

Wells interpreted the dolomite and gypsum around the 
Qatar peninsula as having been "derived from sea-water 
left behind in the sediment on the upper part of the tidal 
flate and concentrated by evaporation during the time 
between spring or storm high tides, although it has not 
yet been established to what extent the dolomite 
primary and to what extent it is a penecontemporaneous 
replacement of pre-existing carbonate”. The distribution 
‘of dolomite in the core from Abu Dhabi, which is de- 
scribed in this communicatian, indicates that the dolomite 
ig -an diagenetic replacement mineral. 

*. Tn the Abu Dhabi core, aragonite, calcite, dolomite and 
“halite have been identified. G: which occurs m the 
“sample described by Wells! from Qatar, has not been found. 
but anhydrite oocurs in considerable amounts. The 
vertical distribution of these components is shown in 
Fig. 1. The 8 om consists eementially of an 
accumulation of sand- and silt-sized graine of quartz and 
carbonates, associated with evaporitic halite and anhy- 
drite. ,This buff-coloured upper part rests on @ creem- 
' colouted, very fine-grained carbonate mud, which is well 
laminated at certain levels. Halite occurs throughout. 
but anhydrite, which characterizes the superficial parts 
of the core, has not been identifled below 4 em. Ata depth 
òf 9-14 èm from the surface the carbonate is almost exclu- 
sively aragonite, but below this level dolomite makes ite 
_ appearance in detectable amounts. The ratio of dolomite to 
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aragonite increases downwards from lees than 1 
15 em to approximately 2 : 1 at 20 am. 

The anhydrite is clearly an evaporitic component, but 
the vertical distribution and mutual relationships of the 
dolomite and aragonite suggest that the dolomite is an 
early diagenctic replacement of aragonite. Although 
wind-blown grains are scattered. throughout the length of 
the core, there is nothing to suggest that the dolomite is 
detrital. All the available evidence indicates that rb was 
formed in situ and is chemical in origm. 

Owing to the extremely low annual rainfall, the pore 
fluids in the sabkha are supplied. by the high salinity sea 
water of the adjacent lagoons. The waters of the tidal 
lagoons are alkaline with pH values up to 8-0. In the 
sébkha, which extends inland for 7 miles near Abu Dhabi, 
the -water is acid with the pH varying between 6-0 
and 6:2. Transitional pH values are found in a narrow 
rone along the seaward margin of the sabkha. During 
October 1962 the ground water-level in the sabkha stood 
at approximately 75 cm below the surface, although it 
varied slightly from place to place. The ground water 
temperature averaged 35? C. A lateral and vertical 
migration of these fluids within the sediment is caused by 
evaporation from the sabkha surface. It is thought that 
the pore fluids, probably rich in magnesium, bring about 
the transformation of aragonite to dolomite. However, 
until a more detailed field and laboratory study has been 
completed this conclusion can only be & tentative one. 

The mineral identifications were made by the X-ray 
diffraction powder method. The dolomite consistently 
showed an absence of the superstructure reflexions (221) 
and (111). This feature is characteristic of protodolomites*. 
The dolomite identified by Wells is rich in calcium 
(Ca, Mg,,) and has an expanded Isttice which 
that it may also be a protodolomite, although Wells did 
not record the absence of the superstructure reflexions. 

It is of interest at this stage of the investigations, that 
the dolomite is associated in the Qatar region with gypsum 
and at Abu Dhabi with anhydrite, m what at first sight 
ap to be similar environments. 

t work on a series of short cores taken across the 
seven mile width of the sabkha near Abu Dhabi has 
revealed the presence of abundant gypsum. A complex, 
and as yet not understood, series of relationships existe 
between the gypsum and the anhydrite. The resulta 
of these later investigations will be more fully described 
elsewhere. 

This communication is based on work forming part of a 
programme of research on the Recent sediments of the 
Trucial Coast, Persian Gulf, financed by the Department 
of Scientific and Industrial Research. 
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R. Curtis à i 


G. EvANB 
D. J. J. KINSMAN 
D. J. BHHARMAN 


Department of Geology, 
Imperial i ve Science and Technology, 
ndon, 8.W.7. 
1 Wells, A., Nature, 194, 274 (1062). 
"Graf, D. L., and Goldamith, J. B., J. Geol., 64, 173 (1950). 


The Cabot and Great Glen Faults 

Ix his recent contribution to this journal, Prof. Tuzo 
Wilson! describes the Cabot fault in the eastern coastal 
region of North America and compares it with the Great 
Glen fault which bisects the Scottish Highlands from the 
Firth of Lorne to the Moray Firth. He finds that trans- 
current movements on the line of the Oabot fault oocurred 
during an interval extending from late Devonian to 
early Carboniferous times, and cites B? similar 
findings for the age of movements on the Great Glen fault 
as additional evidence of the close similarity of the two 
faulta. 
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I have been engaged in & detailed investigation of the 
history of movements on the Great Glen fault, and have 
reached conclusions which are relevant to the question of 
the equivalence and possible former contmuity of the 
Cabot and Great Glen faults. I have found conclusive 


- evidence that while a mnıstral transcurrent movement of 


the type by Kennedy* postdates the emplace- 
ment of the Morvern-Btrontian and Foyers ‘Newer 
Granite” complex, this movement was completed prior to 
the deposition of the Middle Old Red Sandstone in the 
area about Loch Nesa and the Moray Firth. The presence 
of sedimenta of undoubted Middle Old Red Sandstone 
lithology? among the sheared rocks of the fault-zone has 
resulted from further and distinctive transcurrent move- 
menta, of somewhat smaller magnitude than those of early 
Old Red age, which occurred in Tertiary times. These 
later movemente, which were dextral in sense, are chiefly 
recognizable because they have caused the dislocation of 
the Skye Tertiary dyke swarm at the line of the Great 
Glen fault. Prior to these movements, the major outcrops 
of the Middle Old Red Sandstone astride of the fault 
showed a detailed correspondence, as regards both 
geometry and lithology, such as is not apparent at the 
present day. 

The dating of the major sinistral movement on the 
Great Glen fault is thus more narrowly defined and is 
earlier than the age mterval found by Kennedy! for the 
same dislocation. The comparability of this fault with the 
Cabot fault is therefore much less close than is claimed by 
Wilson}. i 

Norman HOLGATE 


Department of Geology, 
University of Glasgow. 

! Wilson, T., Natwre, 198, 185 (1002). 

1 Kennedy, W. Q., Quart. J. Geol, Soc 


Lond., 1 
* Hyles, V. A., and MaoGregor, A. G, Geol. 


, 41 (1046). 
Mag., 89, 426 ( 


1061). 


Tra new information provided about the Great Glen 
fault by N. Holgate is naturally weloome. I am grateful 
to him for pointing out ita possible bearing on my va ea 
tion! that the Great Glen and Cabot faulte might have 
been two ends of the same fault, if Europe and North 
America bad been joined together at the time of the form- 
ation of these faults, and if the continents had afterwards 
moved apart. Granted that Holgate’s views are correct, 


there are still at least three pomte to be settled before they, 
can be held to have invalidated my suggestion, although 
they may have modified it. 


First, if the supposed date of faulting can be changed in 
an area Bo well studied as is most of Scotland, so can the 
age of the Cabot fault. I hmted in my paper at the 
conflict in the views which have been published about the 
age of faulting in Massachusetts and Rhode Island. If 
there appears to be leas conflict in northern Newfoundland, 
it is because the areas of fossiliferous rocks are small and 
they have been little studied. D. M. Baird and officers of 
the Geological Survey of Canada have been so kind aa to 
confirm in conversation that the age of the Oabot fault is 
neither firmly nor precisely established. 

Secondly, the argument has been made more complex by 
R. Dearnley’s description’ of the Minch fault between the 
Outer Hebrides and the mainland of Sootland. It is said 
to be similar in age and displacement to the Great Glen 
fault, but it 18 not precisely dated since ‘‘the available 
evidence, though fragmentary and inconclusive, suggests 
that the fault-movement occurred probably after the 
intrusion of the Lower Old Red Sandstone lamprophyres 
and almost certainly before the intrusion of the (supposedly 
Permian) camptonites’’*. Dearnley the Great 
Glen, Minch and other minor faulta aa members of the same 
fault system. * 

Thirdly, displacements of tens of miles on fault zones 
hundreds of miles long must have been spread over con- 
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siderable periods of time. Displacements may have been 
renewed after long intervals of quiescence as Holgate 
pointe out. Where a fault zone has several branches, 
movements may have occurred at different times on 
' different branch faulta. 

Thus the whole situation is that the displacementa 
which were found by Holgate to have occurred m 
Scotland before the deposition of the Middle Old Red 
Sandstone might have occurred in North America, without 
yet being detected; while the Lower Carboniferous move- 
ments found in North America could have their counter- 

in the Minch fault without ing into question 
pee? observations along the Great Glen fault. 
us, it is still possible to believe that the Cabot fault 
may be the same age as the Great Glen fault alone and 
even easier to maintain that it corresponds to the whole 
Great Glen-Minch fault zone. 
Tuzo WILs0n 


Geophysics Laboratory, 
University of Toronto. 


1 Wilson, T., Netwre, 195, 185 (190%). 
* Dearnley, R., Quart. J. Geol. Soo. Lond., 118, 143 (1962). 


Devonian Conodonts in Stratigraphic 
Succession of Malaya 


Ix 1958, whon correlating the pre-Tertiary stratigraphic 
successions then known in Malaya with those in Thailand, 
Alexander! indicated that no sediments of Devonian age 
had been proved in either country at that time, although 
the possibility existed of their occurrence. During the 
course of a short visit to Malaya in July-August 1902, 
at the mvitation of the Geological Survey, one of us 
(K. J. M.)*^ was given and collected a number of rock 
specimens for conodont identification. 

One random specimen picked up from the Government 
limestone quarry at Kanthan, Chemor, Perak, 
to have 


mirada Branson and Mehl!, 
nodosa Ulrich and Bassler. However, 
further work will be necessary for systematic checking 
and confirmation before full descriptions can be prepared 
‘and published. 

It is too early yet to assess the full implications of the 
discovery, and this imi announcement is being 
made to indicate the Increased probability of an almost 
complete succession without major break of strata from 
Upper Cambrian to Triassic m Malaya. 

J. B. ALEXANDER 

Geological Survey of Ipoh, 

Federation of Malaya. 
Kraus J. MÖLLER 
Technical University, . 
Berlin. 
t Alexander, J. B., Neture, 183, £30 (1959). 
“Muller, K. J., Mogtichketion der Oonodomten Sh atigraphis (1950). 
"Moller, K. J., Geologische Rundsohes, 49, 83 (1900). 
* Muller, K. J., and'Muller, H. M., J. Peiesentol., 31, 1009 (1957). 


Sponge Spicule Pebbles at Hut Point 
Peninsula, Antarctica 

Prasias that range up to 20 mm in diameter composed 
entirely of sponge Siculos, originally found by Priestley}, 
are sparingly distributed over the loeesio gravelly soil of 
the two miles of ice-free area at the southern tip 
of Hut Point Peninsula, lat. 77° 51’, long. 166° 48’ E. 

The pebbles are extremely resilient and appear to have 
been eroded out of loes by the wind. By experiment it 
waa found that the pebbles readily pick up sponge spicules 
and build them on to their surface in continuity with those 
below. 
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Sponge spicules are not uncommon in the loess of Hut 
Point Peninsula, and are common in marine sediments 
dredged from the Antarctic sea-bed. Sponges make up a 
large part of the bottom fauna of the sea-bed around the 
peninsula. 


The sponge spicules which form the pebbles are oon- 
sidered to have been blown from sea-bed that was exposed 
during the last glaciation when the level of the sea was 
lower, to have been concentrated on ice surfaces because 
of their high albedo relative to rock fragmenta, and to have 
aggregated into pebbles on the ice by wind action. Tho 
pebbles were probably blown to Hut Point Peninsula 
when the loess was being deposited. 

I shall be interested to learn of other occurrences of such 
pebbles, either fossil or recent. 


Department of Geology, 
Viotoria University of Wellington, 
New Zealand. 


1 David, T. W. B., and Priestley, R. E., Brt Ant. Exp. 1907-0, Geol., 1, 
274 (W. Heinemann, 1914). 


H. W. WELLMAN 


Transport of Pebbles over Smooth Ice in 
` Antarctica 


AT Hut Point Peninsula (lat. 77° 51’ 8., long. 166° 48' 
E.) pebbles of basalt up to 17 mm in diameter with somo 
sand and silt have recently been blown half a mile up & 
enow-free ice slope to be stopped by snow cover 200 ft. 
higher than the foot of the slope. After being halted the 
pebbles melt their way down into the ice. pebbles 
are probably transported during winter when southerly 
gusta reach a velocity of up to 120 knots. 

At present only a small portion of the ice-oovered 
of the peninsula is free of snow, and the pebblea which 
are being wind rted now are entirely of local 
basalt. Widely distributed pebbles of granite and sand- 
stone which are foreign to the peninsula are scattered 
through the gravelly loeesio soil of the ice-free part. The 
pebbles have an unusual size distribution, already noted by 
David and Priestley!, that is similar to that of the basalt 
pebbles, modal diameter being 16 mm, and maximum 
diameter, with the exception of a single pumice pebble. 
being not more than 18 mm. Because of their size distri- 
bution, it is considered that the pebbles were blown from 
the mainland some 30 miles to the west, probably during 
the last glaciation when there was more ice cover but leas 
mow cover and the climate was colder, windior, and 
probably considerably drier than at present. 

Pebbles with a similar shape, composition, and miro 
distribution are abundant in dredgings from the nearby 
sea-bed, and wind transport of pebbles over smooth ioe 
may have been of considerable importance in the past. 


H. W. WELLMAN 


Department of Geology, 
Victoria University of Welli n, 
New Zealand. 
u Devt: T W., 4 Joder, R. B., Bra. Ant. Exp. 1907-09, Ceol., 1 
CRYSTALLOGRAPHY 


Crystal Structure of £-Tricaprin 

Tus triglycerides belong to a large class of compounds, 
the lipids, that are widely distributed in biological systems 
&nd frequently are struoturally or functionally important. 
In spite of the interest in the pert played by the tri- 
glyocerides in such systems, no complete single 
structural studies have appeared except that of Vand and 
Bell’, who reported the chain structure and pecking in 
B-trilaurin. , 

















« b 
^7 Fig. 1. a, FP, synthesis showing molecule ected 100]. 
Gontours at fn persto eerie verra naria Nd 
b, molecule as viewed along [010] 
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The crystal structure of B-tricaprin has now been solved 
and refined in from incomplete three-dimensional 
equi-inclination Weissenberg date collected with iron Ka- 
radiation (à = 1-037 A). Masses of plate-like orystals of 
the B-form (m.p. 31:9? O) were grown at 0? O by slow evapo- 
ration of hydrocarbon or hy bon-ethanol solutions. 
The triclinic unit cell haa eters a = 5-50 A, b = 12-10 
A.c = 27-08 A, a = 85-25°, B = 87-30°, y = 79-64° for the 
cell chosen according to Dirichlet’. Statistical treatment of 
the results of Ramachandran and Srinivasan’s? modifica- 
tion of the method of Howells. Phillips and Rogers 
indicated a centre of symmetry. Hence the space group 
was assumed to be PI, 

The structure was solved easentially from a Patterson 
projection along [100] and packing considerations, and the 
pronounced sub-cell lent evidence supporting the indicated 
orientation for the hydrocarbon chains. The position of 
the glyceryl group was initially chosen on the basis of 
stearic considerations. and a Patterson projection along 
[100] based only on the non-sub-cell reflexions served as 
a validity check. Refinement by AF syntheses gave 
sufficiently good y, z co-ordinates to permit approximate 
evaluation of the z co-ordinates and to enable refinement 
to proceed with the general Akl date. 

Fig. 1 a is an F, synthesis showing the electron density 
of one molecule projected along [100]. The general oon- 
figuration of the molecule shows well in this projection 
and may be described as an unsymmetrical ‘tuning fork’, 
Two hydrocarbon chains with two ester oxygen atoms and : 
two of the glyceryl carbon atoms form one long, nearly 
straight, ohain. The third hydrocarbon chain branches 
off from the remaining glyceryl carbon atom, by way of 
the ester oxygen atom. bends and packs in parallel to 
and between the other two chains of adjacent molecules. 
The difference in configuration of this chain in vee 
of O,, and CO, shows to advantage when the mo e is 
viewed along [010] (Fig. 15). 


NATURE 


February 16, 1963 vo. i97 


For approximately 600 obeerved reflexions, the present 
value of È is 0-179 with an over-all isotropic temperature 
factor parameter B = 3-0 A’ for the O and O atoms. Tho 
structure is being refined further and a more detailed 
account will appear olsewhere. 

The computational part of this work was supported by a 
grant of computer time from the Research Computer 
Laboratory, University of Washmgton, and by grant 
44—3288 from the National Institutes of Health. 


L. H. JENSEN 
Departmont of Anatomy, 
Universıty of Washington, 
Seattle. 
° A. J. Manis 


Miami Valley Laboratories, 
Procter and Gamble Oo., 
Cincinnati, Ohio. 
1 Vand, V., and Bell, I. P , Acta Crpet , 4. 463 (1051). 
* Balashov, V., and Ursell, H. D., Acta Oryx., 10, 582 (1957) 
* Ramachandran, G N., and Srinrvasan, R., Acte Cryet., 18, 410 (1069). 
‘Howells, E. R., Philltps, D. C., and Rogers, D , Acte Cryat., 3, 210 (1050). 
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Unusual Twinning in Graphite 


AoooRDING to the Kennedy interpretation! of twinning 
in graphite. the twin boundary can be regarded as tho 
result of insertion or removal of a full hexagon width on 
alternate planes in the bexagonal lattice. This means 
that the twins are rogions of the crystal which are mis- 
oriented in relation to the matrix by an angle of tilt, tan-! 
ajc, a and c being the unit cell dimensions, equal respec- 
tively to the width of a hexagon and the distance between * 
alternate basal planes. This interpretation is corroborated ` 
by the recent work of Freise Kelly’, thero being no 
doubt that the twin composition plane is {1121} with 
respect to the morphological axes (conventional notation). 
In Kennedy’s paper, theoretical reasons are adduced 
which favour tho existence of (1171) rather than {1101} 
twins, which rosult from the insertion or removal of & 
hexagonal length, 2a[4/3, into every other plane. It is 
also stated that ‘No cases of the observation of a (1101) 
twin composition plane appear to have been reported, 
although ıt may be possible to produce such twins in 
thin flakes of very perfect graphite’. This statement 
forms the basis of this communication. 

, We have studied twins on the surfaces of over a thousand 
crystals of natural, Ticonderoga graphite*+., The orystals 
are frequently not perfect single crystals, but are com- 





b 
Fig 1. (0001) surface of oxidized 


Ticonderoga graphite showing unusaal 
twin (x o. 145) 
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posed of two or more flakes of Highly perfect graphite 
twisted with respect to one another. Almost invariably 
the twins were of the form (1121). Very occasionally, 
however, twins which intersect the usual ones at 30° or 
90° may be identifled—they are therefore of the form 
110}, | being unity if the angle of tilt is ten-! 20/4/86. 

e twin AB (Fig. 1) which cute the side of the pit C at 
90? and tbe twins DE and FG at $0? is unusual and must 
clearly be composed of (1101) planes. Moreover, since this 
twin is not vimble at the base of the pit O, and since the 
. pit depth is about lp. we have evidence here which 

suggeste that the perfect graphite flake on which the 
unusual twin appears 1s quite thin. 

The views of Kennedy are therefore substantiated by 
our observations; but complete verification waits the 
experimental determination of the of tilt which, if 
l = l,a = 2-461 and o = 6-708 (refs. 4 and 6), should be 
22^ 57’. f ` 

This work was supported, in part, by the U.K. Atomic 
Energy Authority, Harwell. We are indebted to tho 
Department of Boientiflo and Industrial Research for 
maintenance grants (to E. E. G. H. and B. R. W.) and 
Prof. A. J. Kennedy for his suggestions. 

Jomw M. Tuoxas 
E. E. GLENDA HUGHES 
Brian R. WILLIAMB 
Department of Ohemistry, ] 
University College of North Wales, or 
Bangor, Caernarvonshire. ; 
. J, Pree. Phys. Soc., 78, 607 (1900). 
, and Kelly, A., Proc. Hoy. Soo., A, 964, 200 (1061). 
B. E. G.. and Thomas, J. ML, Nature, 193, 858 (1962). 
* Hughes, R. E. G.. Willams, B. R., and Thomas, J. AL, Trans. Fared. 
, 68, *011 (1902). 
B. E. G., Syers, K., and Thomas, J. AL, J. Sci. Instr., 39, 485 (1062). 
. and Wilson, B. A. (private oommunieation). 


CHEMISTRY 


Spontaneous Phase Changes during Rapid .. 
Cooling of nd Melts ; thelr Detection 
' and Characterization 


A FUSION-QUENOH ence as & means to opening the 
very refractory cyclo-silicate mineral beryl, Be,A1,8i,0,,. 
is the basis of a well-known extractive process! in beryl- 
lium metellurgy. Much of the fundamental chemistry 
involved has been'obecured by undertaintiea surrounding 
the constitution of beryl'inelts and the’ crystallization 
peths which they oan follow during cooling at rates too 
swift to allow equilibrium to be atteined. We have found 
non-equilibrium ordering proceases, and their dependence 
tee Ei E A E i 
the chemical reactivity of ed beryl melts. The 
difficulty of systematically studying evente occurring 
spontaneously during the course of rapid cooling has been 





Cooling-rate to 1,320°, 260° /sec 
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Fig. 2. Cooling-rate to 1,310*, 325*/wec 
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Fig. 3 





Fig. 1. 


Cool!ng-rate to 1,220*, 750*/seo 


overcome by a refinement to the technique of high- 
temperature microscopy*. In addition to being able to 
observe the melt directly, heat effects, accompanying 
phase generation during chilling, can be detected. A 
series of peeudo-liquidus temperatures associated with 
any crystallization, can be defined, and any dependence 
that the ordering processes occurring in the melt may have 
on variation in the rate of cooling can be established. 

To achieve this the thermoelectric E... from the 
thermocouple microfurnace is monitored during cooling by 
a cathode-ray oscilloscope. The evolution of heat, eignal- 
ling a phase change, is marked as an arrest on the E.M.r. 
(temperature) versus time trace. Initial cooling rates can 
be varied by altering the lower temperature to which the 
melt is quenched. 

Provision is made for thia by incorporating two parallel, 
interswitched, heating circuits into the instrument. 
Pre-heating of the system to any desired temperature by 
means of one channel can precede elevation to the desired 
temperature of the melt by the second channol. 
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The specimen is quenched in water immediately follow- 
ing the thermal arrest by impelling a water stream over 
the thermocouple with simultaneous cut-off of the heating 
current. Quenching rates of 10,000°/sec are thus achieved. 
The sample is removed and examirfed by K-ray methods 
to identify the crystalline phases. 

Arrest temperatures and cooling rates are measured 
directly from the photographic record of the cooling 
curves. Four such curves are shown in Figs. 1—4. These 
are selected from many which trace an interesting relation- 
ship between the rate of cooling and the structures 
generated. The arrest at 1,820? (Fig. 1) was shown to 
arise from the simultaneous generation of beryllium 
oxide and mullite. The temperature at which they appear 
together is depressed to 1,810? when the cooling rate is 
increased and a second discontinuity marks the appearance 
at 1,220? of a new phase (Fig. 2). At a still higher rate of 
cooling (Fig. 8) ionic segregation into beryllium oxide and 
mullite was completely prevented and only one arrest, 
corresponding to the emergence of the new phase, noted. 
On quenching in air to room temperature the rate of 
cooling through these characteristic peeudo-liquidus 
temperatures was such as to prevent any crystallization 
and an X-ray-amorphous glass was produced (Fig. 4). 
This behaviour of beryl melta is fully reproducible. 

The new phase is of uncertain composition, but wider 
investigations concerned with defining the conditions 
governing ite formation and ita mode of thermal decay 

support the view that it is a metastable hybrid 
orthogilicate of beryllium and aluminium genetically 
related to both mullite and phenacite. The lines of its 
X-ray spectrum closely correspond to all those of natural 
phenaaite for which l is either 0 or divisible by 3. It bas a 
hexagonal unit cell; a = 7.38 A; o = 2.82 yd 
R. A. Mmnoawa 


1 White, D. W., and J. R., The M. ; Tt . Boo. 
; ' TUN Burke, J. R. ea] Beryllium, 74 (Amer. 
? Weloh, J. H., J. Sot. Instr., 81, 458 (1054). 


Micro-packed Columns for Gas Chromato- 
graphy 

' As long ago as 1956, Dr. A. J. P. Martin pointed out! 
that operation of thermal conductivity detectors at 
reduced pressures should enable them to measure samples 
at-the ug-lovel and he states that columns would be 
correspondingly smaller in diameter, perhaps 0-2 mm. . 

No work has been reported on such a system, and 
many workers have expressed the opinion that oon- 
ventional paoked columns of such diameters could 
not be fabricated and would not be practical. I havo 
confirmed that the system suggested by Martin is not 
only practical, but also gives good results and is sur- 
prisingly easy to fabricate. 











—— — 
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L Chromatogram with packed capo ATE. £m x 0-25 mm, Carrier, 
M ed column, squalene; . 75°; sample, 1:3 x 10? g; flow- 
a MORE erm testis onal tia) 
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Hd E ipe pe ag with packed . 2mx 05mm. Oarrkr, 
nt , squajane; temp., s: 1:3 x 10* g, 
flow-rate, e. 0-16 c.c./min (oolumn ) 
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3. with 0-5 mm packed capillary and thermistor 
' 103 g; how-rata. e. 0-25 e.c. /min endi contia] 

Two columns were made, one of 0-25 mm internal 
diameter and one of 0-5 mm internal diameter. Each 
was 2 m long, made of stainless steel, and packed with 
dry glass beads of 0-04 mm diameter which were after- 
wards coated by passing a 10 per cent solution of squalane 
through the column. Packing was asmsted by vibration 
and presented no difficulties. A wire insert prevented 
the beads from falling out. 

The 0-25-mm column gave 1,000 theoretical plates for 
methyloyolohexane at 75? O and an inlet pressure of 180 om 
(Fig. 1). The 0-5-mm column at 200 cm inlet pressure 
gave 2,800 theoretical plates for methyloyolohexane and 
a performance index" of 700 at a flow-rate of approx- 
imately 0-25 o.c.[mim at w.r.». (Fig. 2). i 

The 0-t-mm column was later fitted into a Parkin- 
Elmer model 451 ‘Fractometer’ and had a capillary re- 
striction between the column exit and the thermistor 
detector (cell volume, 0-5 c.c.). The exit pipe of the 
instrument was connected to a vacuum pump so that the 
detector pressure was about 15 mm (estimated); the 
column outlet pressure was estimated at approximately 
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100 am. A stream splitter was used to introduce smaller 
samples. 

Peaks were 20 per cent wider (Fig. 3) than those for 
the flame detector; this is attributed primarily to the 
eps A carrier gas from nitrogen to hydrogen, with 
an itional effect if the detector preesure were higher 
than estimated. 

The detection limit (twice noise-level) for these particu- 
lar conditions was 2 x 10-1* g/sec (which is about five 
times worse than & flame ionization detector yielding 
0-4 ooulombe/g), corresponding to a oonoentration of 
5 p.p.m. in the detector. 

H. V. CARTEB 

Perkin-Elmer, Ltd., 

Beeoonsfleld, Bucks. 

1 A. J. P., Vapour Phase Chromatography, odit. by Desty, D. H., 1 
(8 London, 1957). 

* Golay; M. J. HB., Ges Chromatography, odit. by Desty, D. H., 46 (Butter- 
worths, London, 1968). 

* Golay, M. J. H., Nature, 188, 1146 (1958). 


Mosaic Permselective Membranes 

We have succeeded in ion-permaselectivo 
membranes from a sheet of commercial polyethylene 
which are cation-selective on part of their surface and 
anion-seleotive on the adjoining part with a sharp line of 
demarcation between them!. To this end we treated the 
original polyethylene film either with sulphuryl chloride 
in the liquid or vapour state or in a mixture of chlorine and 
sulphur dioxide gas, in the light of incandescent lampe. 
Swelling by addition of carbon tetrachloride enhanced the 
reaction. A film, 0-1 mm thick, reacted completely in 2-8 
h at about 50° O. This sulphoohloride film was washed in 
carbon. tetrachloride, dried, and half of it was pressed 
between two sheets of rubber with two metal plates. The 
rest of the film projected from this device and was im- 
mersed in a bath of tetraethylene pentamine at 80° O for 
2h. It became yellow and was transformed into an anion- 
selective membrane: the pentamine molecules became 
linked by sulphamide bonds into the film. The device was 
then opened and the whole film immersed into a 5 per 
cent solution of sodium dihydroxide in 1 : 1 dioxane/ 
water. In this bath all sulphochloride groups which had 
been protected from amination between the rubber sheets 
underwent hydrolysis to sulphonate groups whereas tho 
aminated part of the fllm was not disturbed. The sulphon- 
ated portion of the membrane proved to be strongly 
cation-selective. having 95 per cent permselectivity and a 
reaistance of 2 ohms/om?*. The aminated ion was anion- 
selective with 87 per cent permselectivity, but improved 
after methylation with alcoholic methyl bromide to 96 per 
cent, ite resistance being 1 ohm/om?. 

Such mosaic membranes may be of technical interest 
sinoe they provide the possibility of in effect joining two 
membranes to each other. They are also interesting from 
the point of view of electrochemistry. . 

F. pr Kónósv 
J. BHonR 
Negev Institute for Arid Zone Research, 
Beer-Sheva, Israel. 
2 Imach Patent No. 14720. 


Enhanced Salt Diffusion along the Border-line 
of Mosaic Permselective Membranes 


Ax ideal permeelective membrane between, for example, 
a salt solution and water only allows its oounter-ions to 
pass at the moment of immersion. The ions which have 
passed are attracted to the surface by their partners of 
opposite charge which remained on the other side: both 
sides of the membrane become charged and under ideal 
conditions the Nernst tial is established. This 
prevents further counter-ions from passing the membrane 
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so that no actual diffusion of salt takes place. nd 
holds true for a membrane of op Pu du y 
signs are reversed. Hoesverdthobodor Mta ween two 
ive membranes of opposite sign a new situa- 
tion has to be expected. Anions and cations respectively 
&re preeent on the two sides of the borderline. Here they 
eliminate, or in any event weeken, the potential differenoe 
in the neighbourhood of the border because they neutralize 
each other's charges. Thus it should be possible for further 
anions and cations to pass across their respective, adjacent, 
domains. Actually salt should diffuse across the mem- 


. brane along the borderline, anions and cations pasing 


through beside each other on both aidea of the border. 

We have succeeded in demonstrating this effect. The 
membrane was soaked in distilled water and preased 
against a pad of filter paper which had been soaked in & 
1 per cent sodium iodide solution. In order to immobilize 
all iodide ions which had diffused anywhere across this 
mosaic membrane ing communication) we prepared 
a sheet of ‘Cellophane’ impregnated with silver bromide 
by successive immersion in silver nitrate and potassium 
bromide solutions and rinsing with water. This ‘reagent 
“Cellophane” ’ was pressed against the free surface of the 
moeaio membrane. It acquired a bluish-grey colour in 
the daylight by photoreaction but changed over to yellow 
silver iodide wherever iodide ions reached it, deraonstrating 
exactly where diffusion had been going on. This diffusion 
pattern may be fixed in the followmg manner: silver 
bromide dissolves in concentrated ammonia solution 
whereas silver iodide does not, hence bathing the reacted 
‘Cellophane’ for 1-2 min in it removes all unreacted silver 
bromide. The pale yellow silver iodide, on the other hand, 
can be easily transformed into black silver by immersion 
in any pho io developer. Fig. 1 is the pho h 
of a mosaic membrane with the photograph of ita diffusion 

ttern below it; it has been prepared in this manner. The 

lack line on the diffusion pattern at the border between 
cationic and anionic parte of the membrane definitively 
proves that our assumptions concerning enhanced diffusion 
along the border are correct. 





The aforementioned technique is not quite go simple. For 
one thing, membranes are never ideal and always allow 
salts to diffuse acroes them to some extent. It is im t 
that this ‘illegal’ diffusion be small and not very different 
across the cationic and anionic parts of the membrane, 
otherwise borderline effects become swamped. Diffusion 
across the hydrolysed, cationic, sulphochloride sheet is 
appreciably stronger than across its counterpart if it has 
been aminated with tetraethylene-diamine. This is 


686 


because the large attached amine molecule fills the pores in 
the membrane. Therefore, we changed over to ethylene- 
diamine instead, quaterniring it with methylbromide 
after amination. Diffusion across this anionic membrane 
was tly ar than-scross the cationic part, but 
detection of the border effect became possible. Secondly, 
the diffusion experiment iteelf is very time-sensitive: 
under-exposure or over-exposure of the diffusion pattern 
ruins the experiment. In our case, with membranes 0-1 mm 
thick, 1-2 min proved to be the right time for diffusion. 

Not much can be said about the breadth of the active 
surface along the border-line. However, it certainly is very 
narrow. We measured actual diffusion o ium 
chloride from an N/10 solution against di water 
acros the cationic, the anionic and the border-line part of 
the mosaio membranes using a 2-mm wide, 40-mm long 
slit for the i t. Diffusion across the anionic part 
was about twice as quick as across the cationic part, but 
it was impossible to measure enhanced diffusion along the 
border-line: the phenomenon which is Bo easily demon- 
strated on the picture evidently proceeds along so narrow a 
strip that it is swamped in the diffusion of the adjacent 
normal membranes. : 

It seems possible that diffusion across border-lines 
between anionic and cationic membranes might play a 
part in nerve conduction}. The change-over of the nerve 
potential from inside negative td ite opposite together with 
the enhanoed diffusion of salts across the nerve membrane 
at the point at which the electric impulse is passing could 
be due to a wave of sign-inversion running along the nerve. 
This could be because acidic sites in the membrane become 
esterified to choline or this choline ester hydrolysed, 
thus changing the sign of fixed ions from negative to 
positive or vice versa. 

F. pp Kéndey 
Negev Institute for Arid Zone Research, 
Beer-Sheva, Israel. 


‘ Bull. Res Cowno Israel, 11, A, 53 (1982); J. App. Polymer Sei. (In tho- 
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Crystal and Molecular Structure of Titanium 
(IV) Ethoxide 


Bora speculation and oontroversy on the stereo- 
chemistry of the trimeric titanium (IV) &lkoxidee!-* have 
followed the discovery* of their trimeric nature in solution. 
Opinions have differed on which structure is stereochemi- 
cally reasonable and on which structure will account in a 
natural way for the hydrolysis products of titanium (IV) 
alkoxides, the so-called titanium oxide-alkoxides of oom- 
postion Tigs:)O~(OR)asi, These titanium oxide- 
alkoxides have been characterized, at least for z = 1 and 
z = 8, as solids’. The purpose of this communication is to 
indicate that titanium (IV) ethoxide 1s & tetramer in the 
solid, and hence that this long-awaited X-ray analysis of a 
titanium (IV) alkoxide not only fails to confirm one of the 
proposed structures, but also makes unreasonable the 
assumption, implicit in much of the recent discussions, 
that the species in solution are identical with those precipi- 
tated from solution. 

R. L. Martin and G. Winter very kindly supplied several 
crystals of titanium (IV) ethoxide already mounted and 
sealed in soft-glass capillary tubes. Methods of prepara- 
tion and analysis as well as techniques involved to main- 
tain anhydrous conditions have been described pre- 
viously)’, from two different batches were 
examined and found to have identical unit cells. The 
white, prismatic crystals of titanium (IV) ethoxide belong 
to one of the space groups O34. — O2/o or C$ — Oe of the 
monoclinic system with a = 19-50,b (unique axis) = 
14-67, o = 17-14 (all + 0-08 A), 8 = 106-1 + 0-3°. A 
density of 1-28 g/cm" calculated for 16 Ti(OC,H,), in the 
unit cell is in satisfactory on with a density of 1-23 
g/cm? found by Crowe and Oaughlan® and with a denmty of 
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1-24 g/am? measured by Martin and Winter by flotation of 
the crystals in benzene-ethylene dibromide solutions. 

From these data alone it is probable that titanium (IV) 
ethoxide is dimeric or tetrameric. Nevertheless. a oom- 
plete X-ray determination of the crystal structure was 
carried out. Three-dimensional X-ray data were collected 
at room temperature with copper radiation by the equi- 
inclination Weissenberg technique, and the intensities 
were estimated visually. The structure was solved by 
standard procedures: the space group O2/o was assumed; 
the titanium pomtions were inferred from a three-dimen- 
sional Patterson function; these positions lead to only 
very slight contributions of the titanium atoms to the 
Lodd reflexions. Asa result, a Fourier synthesis, based 
on the signs of the Leven reflexione from the titanium 
contributions, has, in addition to the titanium peaks, two 
sete of eight major peaks in the asymmetric unit that are 
related by a false mirror plane. From geometrical oon- 
siderations one set of eight was chosen. Subsequent least- 
squares calculations and Fourier syntheses have led to the 
refinement of the titanium and oxygen positions and to the 
determination of approximate carbon positions. There is 
considerable thermal motion, and perhaps some thermal 
disorder. The temperature factors for titanium are about 
6 A*, for oxygen about 8 A‘, and for carbon somewhat 
higher. Work is in progress to resolve some of the over- - 
lapping carbon peaks in the difference Fourier. The usual 
R factors for the 572 observed reflexions are: 0-12 for all 
atoms; 0-28 if carbon atoms are omitted; 0-46 if carbon 
and oxygen atoms are omitted. None of the unobserved 
reflexions has a calculated mtensity which exceeds the 
estimated minimum. The over-all good agreement 1s 
taken as justification for the assumption of the space 
group O2/e. 


1 
1A 
Fig. 1. The tetrameno titanium (IV) otboride moleedle yosted on to 
the eb plans, Tho four titanium ) are m ths 
plane. The crom-hatehed atoms are below the ; the `- 
clear oxygen atoms are above at distances Qn À from the 
plans given beneath the atom The ‘x’ the oentre of 


The titanium—oxygen arrangement is ahown projected 
on the ab plane in Fig. 1. The molecule is tetrameric, 
and possesses a centre of symmetry. The four titanium 
atoms lie at the corners of & planar rhomb. Above and 
below the titanium plane are nearly planar oxygen layers. 
The titanium atoms are octahedrally co-ordinated by 
oxygen atoms. There are three different oxygen-titanium 
interactions. Oxygen 1 is bonded to three titanium atoms 
at an average distance of 2-23 A; oxygens 4 and 5 are each 
bonded to two titanium stoms at an average distance of 
3-08 A; the other five independent oxygen atoms aro 
terminal, with an average distance of 1:77 A. The 
estimated standard deviation of a Ti-O bond-length 1s 
0-03 A, and there are some significant variations among 
bond distances of & given type. The ethyl groups spread 
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out from the oxygen atoms and lead to . molecule that is 
approximately cylindrical in shape. . All intermolecular 
contacts are normal. 

The structure depicted in Fig. 1 haa several satisfying 
features, most prominent of which are the octahedral 
co-ordination of the titanium atoms and the readily 
visualized termination of polymerization. The relation of 
this structure to those of the titanium (IV) alkoxide 
species present in solution is as yet unknown. The struc- 
ture is sufficiently different from any proposed for the 
trimeric species so that, at the least, reconsideration not 
only of the features of those structures but also of the 
proposed mechanisms of hydrolysis seems necessary. 
What is more important, however, is re-examination of 
the evidence in favour of the trimeric species as the largest 
present. To this end Martin and Winter, as reported in the 
following communication, have carried out extensive 
cryoscopic molecular weight studies on titanium (IV) 
ethoxide and butoxide in benzene. They indeed find | 
evidence for a tetrameric titanium (IV).ethoxide species in 
benzene solutions. B 

I thank Prof. R. L. Martin and G. Winter for their 
wholeheerted tion. * 

This work was carried out under the auspices of the 
U.8. Atomic Energy Commission. 


JAMES A. IBERS 


Chemistry Department, 
Brookhaven National Laboratory, 
Upton, Long Island, New York. 
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Association of Titanium (IV) Alkoxides in Benzene 


Tua single crystal X-ray structure determination of 
titanium (IV) ethoxide described in the preceding com- 
‘munication establishes the fact that the molecule is a 
tetramer formed by the stacking of four TiO,-octahedra 
so that edges are shared (Fig. 1). Dr. Ibers’s analysis also 
confirms the long-acoepted belief that mtermolecular 
attachment between Ti(OO,H,), molecules is through 
ethoxide bridges (two per titanium atom) and reveals that 
two t of intramolecular ethoxide bridges can be dis- 
cerned in the molecular unit. 

While it is not unknown for & structural entity in the 
solid state to differ from that present in solution, it now 
becomes important to extend previous oryosoopio measure- 
mente in benzene’* to higher concentrations to establish 
whether the degree of association of titanium (IV) 
n-alkoxides can, in fact, exceed three. 

For titanium (IV) n-butoxide we have now increased the 
range of -concentration over which molecular weight 
measurements have been made from 15-1 x 10 to 84-0 

x 10-7 molal, that is, approximately 11-5 wt. per cent 
(Fig. 2). Tho degree of association of the butoxide at the 
hi concentration is 2-6. We have also recently oom- 
pleted studies of the concentration dependence of the 
degree of association of titanium (IV) ethoxide in benzene 
using the techniques described elsewhere’. The date are 
presented graphically in Fig. 2 and it will be seen that 
although the curve rises more steeply than for the n-bu- 
toxide, oven at the highest concentration the experimental 
degree of association has not exceeded three. Activity 
offecte and problzms associated with supercooling inter- 
vene in more concentrated solutions so that it cannot be 
resolved whether average degreos of ameociation greater 
than three occur 
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Fig: 2. Uepeco eon th Satie ae a n-alkoxides In benzene. 
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It is mgnificant, however, that while the new date for 
the butoxide can still be desoribed by the curve previously 
derived! for an equilibrium involving monomeric, dimeric, 
and trimeric species in benzene, such a description is no 
longer adequate for the ethoxide. The introduction of at 
least one further equilibrium species, namely a tetramer, is 
required to fit the experimental variation of the average 
degree of association with concentration. Since the 
experimental values for the butoxide can also be fitted in 
terms of a similar set of equilibria, it is not possible to 
resolve cryoecopically whether for this compound also the 
limiting degree of association is greater than three. 

Oryoscopic studies in solvents other than benzene are 

R. L. MARTIN 
: G. WINTER , 
Department of Inorganic Chemistry, 
University of Melbourne. . 
ghe Hy one Bee ie W., and Crowe, R, W., 
? Martin, R. L., and Winter, G., J. Chem. Soe . *047 (1901). 
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Hydration of the Alite Phase in Portland 
Cement 


CALORIMETRIO studies! indicate that the rate of 
hydration of the alite phase (tricalcium silicate) in neat 
Portland cement pastes reaches a maximum 6-11 h after 
mixing. Two heating cycles, or periods of high heat 
evolution, are found with all cements; some show a 
third. The first, immediately on mixing, is 
moet likely due to the dissolving of soluble species and to 
an initial rapid reaction of the aluminate phase. The 
second cycle, which reaches a maximum 6-11 h after 
mixing, is assigned largely to the alite phase. The third 
heating cycle shown by some cements is attributed to the 
exhaustion of sulphate ion (gypsum), the breaking down 
of the ettringite coating on the tricalcium aluminate 
particles, and the subsequent rapid hydration of the 
remaining aluminate to Ca,AlO,XH,0. X-ray ‘diffrac- 
tion work in this laboratory offers direct evidence that the 
foregoing conclusion regarding the alite phase is correct. 

Twenty grams of a Portland cement are made into a 
neat paste in & 50-ml. polyethylene beaker using & water- 
to-cement ratio of 0-25. Hydration is carried out in a 
carbon dioxide free atmosphere at 95 cent relative 
humidity, 25° C. After a predetermined: period, the 
sample is broken up, and tho hydration stopped by 
thoroughly washing with acetone. It is then dried in a 
vacuum oven for 1 h at 70° O and 10 in. of mercury. A 
10-g portion is ground with 10 per cent MgO iclase) by 
weight. Tho 2-11 A MgO line and the 1-76 A cement line 
are used for the X-ray analysis. The 1-76 A line in the 
diffraction pattern of a Portland cement is due mainly to 
the alite phase‘. The small contribution that belite 
makes to this line 18 neglected. 


Lire a/l 2k 
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Time of hydration (h) 
. 1. of the alite phase in a Type I Portland oement 
Orie aces ome xg erum alrite kdded 10 pee aui by 
weighs of solid material 


10 


Fig. 1 is a plot of the ratio of the intenmty of the 1:76 A 
line to the 2-11 A MgO line versus the timo of hydration 
for & Type I Portland cement. Each point is the average 
of three samples. Much of the alite hydration occurs 
during the period 5-15 h after initially mixing the cement 
with water. The hydration rate reaches & maximum 
about 7 h after mixing. When calcium chloride is added 
to the mix water at a concentration equivalent to. 1-0 per 
vent by weight of calcium chloride to anhydrous cement, 
the maximum rate of hydration occurs-about 2 h earlier. 
The hydration of the alite phase in the presence of calcium 
chloride is also shown in Fig. 1. The slight difference in 
the points at which the two curves intersect the y-axis is 
due to the fact that the two experimenta were carried out 
on two different diffraction units with slightly different 

Hydration of neat pastes on the X-ray goniometer 
itself in a specially designed sample compartment oon- 
firms the general nature of the alite reaction. When 
. hydrated in this manner, the alite reaction is moet rapid 
5-10 h after mixing and reaches a maximum about 6 h 
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Time of hydration (h) 
Fig. 2. H Of itho altto -phase Ei Tyre T Portland. cement. 
O, No a present; a commercial caletum to 
xao dd AR ecc by weight of solid 


after mixing. This technique also shows that a oom- 
mercial calcium lignosulphonate delays the occurrence of 
‘this period of rapid hydration. In Fig. 2 the y-axis is 
relative. A strict quantitative comparison is not possible 
when the reaction is followed in the paste itself. This is 
due to preferred orientation problems and the lack of an 
internal standard stable in the alkaline .cement—water 
system. No reliable numbers can be obtained during the 
first few hours of hydration while the paste is still plastic. 
These resulta have an in ing relation to at least 
one physical property of cement pastes and mortars. 
Calcium chloride is commonly used to accelerate the set of 
Portland cements, calcium lignosulphonate to retard it. 


R. L. Awasrapt 
3 F. R. HuzrLEY 
n Reeearch Center, 
. R. Grace and Oo., 
Clarksville, Maryland. 
1 Laroh, W., and Bogue, B. H., J. Hes. Nai. Bur. Stsmds., 12, 645 (1934). 
1 Lerch, W., Proc. Amer. bvo. Teu. hiat., 46, 1252 (1046). 
Stein, H. N., J. App Oven 11; 474 (1061); 
, L. B., Brunaner, 8 Kaniro, D. L., Schulz, E. G., and Weise, 
©. HL, Anal. "1811 (1959). 
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Preparation of Carcinogenic Polynuclear 
Hydrocarbons labelled with Tritium by 
Wilzbach's Method 


THE need for radioactive labelled polynuclear hydro- 
carbon carcinogens, to be used in biological investigations, 
led to an investigation of the feasibility of a tri&ium 

-exchange procedure for their preparation. Wilzbach’'s 
method! offers a simple method of labelling complex 
compounds which are comparatively difficult to 

However, the prooedure has ite attendant problems in that, 
ec Ma ee ee rdi aM quet cid 
exchange reaction, tritium will tend to be taken up by 
reducible compounds present. The purification of the 
product must, therefore, ensure ramoval of the high specific 
activity by-products. 

Samples of benzo(a)pyrene, 7,12-dimethylbenx(a)anthra- 
oene and. 20-methylcholanthrene (500 mg of each) were 
exposed to tritium gas for 2 weeks. The specific activities 
of the producta were, respectively, 0-80, 0-46 and 0-70 
mo./mg. The distribution of radioaotivity in the producta 
was examined by chromatographing 15-100 pg samples on 
Whatman No. 1 paper in a dias Homini de aansetans 
system’; the chromatograms were out into sections and 
eluted. The ultra-violep absorption spectrum of cach 
fraction was taken in and the 
assayed by liquid scintillation counting. 

radioactivity was virtually 100 per cent and of the poly- 
nuclear hydrocarbons 90-100 per oant (these being in the 
single fluorescent zone on each chromatogram). Less than 
10 per cent of the radioactivity was associated with the 
fluorescent zones, the remainder being mainly ab the 
starting line and below the fluorescent sone. These 
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Table 1. RECOVERY OY TRPTPUM IX RRMAOTIOK PRODUCTS OF PURIFIHD HYDROCARBONS 


D 7 








20-Meihylobolanthrene | 
289,000 





204,000 








71 
6,7-qainone (ref. 4) 
al s | 


160,000 
O-methy! 7,12 benz(ajanthra- 
quinone-8-acetic (ref. 6) 























fractions showed no ultra-violet absorption and must, 


therefore, contain material of very high specific activity. 

Approximately 400 mg of each of the tritiated products 
was chromatographed on & 28 x 8 am column of magnesia- 
‘Colite’? and eluted with hexane—benzene, followed by 
mixtures of hoxane-benzene-aoetono. The non-fluorescent 
material preceding the fluorescent zone was collected in 
two portions, the beginning of the fluorescent xone next 
and ihe bulk of the fluorescent material in the fourth 
fraction. Each was evaporated to dryness and the 
material in the fourth fraction was i from ben- 
zene-ethanol, this being the tritiated polynuclear hydro- 
carbon. 

The yields of crystalline material were, respectively, 
bonro(a)pyrene 81 cent, 7,12-dimethylbenz(a)- 
anthracene 92 per cent and 20-methylcholanthrene 92 
per cent. All had sharp melting points, in agreement with 
those of the pure non-radioactive compounds. It is 
notable that the dimethylbenz(a)anthracene was oolour- 
lees, whereas most samples of the non-radioactive oom- 
pound are yellow, even after purification. The specific 
activities of the three orystalline h bons were— 


occurred on each paper chromatogram, this was evidence 
that the three tritiated hydrocarbons were sufficiently 
pure for biological experiments. 

The distribution of tritium in the three polynuclear 
hydrocarbons was studied by oxidation to known pro- 
ducts, the loss of radioactivity in the course of these 
reactions (tritium was removed as tritium oxide) being 
compared with that expected if the tritium were distribu- 
ted randomly in the molecule. One series of reactions 
involved oxidation with osmium tetroxide to dihydrodiols, 
which were dehydrated to phenols and theee allowed to 
oxidize to quinones‘. The second series of reactions 
involved oxidation in glacial acetic acid with chromic acid 
to quinones and inone acids, followed by further 
oxidation with aci to polycarboxylic 
acids’. The aromatic products of these reactions were 
extracted with benzene after dilution with water and the 
radioactivity assayed. Tho resulta are given in Table I. 
The absorption spectra of the reaction producta showed 


the absence of the hydrocarbons and the presence of 
quinones. It appears that tritium was distributed ran- 
domly in 7,12-dimethylbenr(s)anthraoene, but not in 
benzo(a)pyrene or 20-methylcholanthrene. 

Approximately half the radioactivity of the crudo 
tritiated was in strongly adsorbed material, 
probably phenols and other oxygen containing compounds. 
which could only be eluted by acidification of the 
absorbent. 

The fractions eluted from the column chromatograms 
below the fluorescent hydrocarbon zone contamed. reduc- 
tion products of the polynuclear hydrocarbon and consti- 
tuted, almost half the radioactivity of the crude tritiated 
products. Paper chromatography of theee fractions in the 
dimethylformamide-isooctane system revealed the major 
portion of the radioactivity in material travelling near the 
solvent front, which probably consisted of perhydro oom- 
pounds. There were fluorescent bands of smaller Rr on 
each of the chromatograms and these were eluted and 
examined gpeotroecopically. Those with indications of the 
presence of identifiable compounds were rechromato- 
graphed in the same system until background absorbmg 
material was removed and were obtained which 
could be compared with those of known compounds. 

No identifiable reduction products were obtained from 
7,12-dimethylbenz(a)anthraoeno. Two reduction pro- 
ducts of 20-methylcholanthrene were identiflod on 
scopically as 6,7-dihydro and 17,20,22,23-tetrahydro- 
methylcholanthrene’, the yields and speciflo activities 
being, respectively, 760 and 180 ug, 6-6 and 15-9 mo./mg. 
Two reduction producta of benzo(a)pyrene were identified 
as 4,5-dihydro and 7,8,9,10-tetrahydrobenzo(a)pyrene’, 
the yields and specific activities of these being, respec- 
tively, 86 and 45 ug, 18 and 38 mo./mg. Two other 
reduction products of benzo(a)pyrene, both with hi 
specific activity, had well-defined spectra but could not 
identified with any known compound. One was spectro- 
soopically identical with pyrene and the second had a 
spectrum similar to that of 7,8,9,10-tetrahydrobenro(a)- 
pyrene, but with considerably more fine structure. Theso 
two compounds remained chromatographically homo- 
geneous after chromatography in several different 


The spectrum of tritiated 7,8,9,10-tetrahydrobenzo(a) - 
pyrene was identical with that of the non-radioactive 
compound except that the wave-lengths of tho absorption 
maxima were translated 4 mu towards the visible. The 
chemical identity of the two compounds was established 
by crystallization from hexane of 50 mg of the non-radio- 
active compound with 40 ug (1-5 mo.) of the radioactive 
compound, which gave 31 mg of orystals of specific 
activity 0-028 mo./mg. _ 

The exposures to tritium gas were conducted by tho 
New England Nuclear Corporation. This investigation 


690 
was supported by grant 0—5170 of the National Institutes 
of Health, U.S. Public Health Servioe. 


WinLIAM  LiJINBKY 
HUNBHRTO GARCIA 
Division of Oncology, 
Chicago Medical School. 
! Wilzbach, K. XL, J. Amer. Chem, Soc., 79, 1013 (1957). 
* Lifinaky, W., Anal. Chem., 88, 684 (1900). 
* Lftnky W., Baffoti, U., and Bhubik, P., J. Net, Osmosr Insi., 18, 067 


Cook, J. W., and Sohoental, B., J. Chem. Soo., 170 (1948). 
Windats, A., and Ratohle, K., Ann., 
Cook, J. W., and Haslewood, G. A. D., 


157 (1080). 
Chem. Soe., 
Ber., 44, 2992 (1911). 

. B., J. Amer 

and Zoohmelsier, L., J. Amer. Chem. Soo., 75, 5495 (1953) 


Observations on Potassium H 
(HI) 


cyanide of titanium by reacting a liquid ammonia solution 


otitanate 


oomplexes'* showed that the compound contained 
hexaco-ordinate titanium and should be .asaigned’ the 
formula K,Ti(CN),2KON. Although eight co-ordinate 
titanium (III) has been reported‘, and cyanide usually 
results in the highest co-ordination number of the central 
metal ion, the agreement of the absorption spectra with 
hexaco-ordinate complexes makes the higher co-ordination 
doubtful*. Carduok has also reported the existence of a 
dark green complex cyanide of titanium having the 
formula K,Ti(ON),3KO0l prepared by mixing stoiohio- 
metrio solutions of titanium (III) chloride and potassium 
cyanide in liquid ammonia. The excess i 


) potassium 
chloride could not be removed from the precipitate by. 


repeated washings with liquid ammonia. It is not clear 
how the excess potassium-cyanide or potassium chloride 
is bound to the parent complex’, but the bond is appar- 
ently strong enough to resist removal when washed with 
excess liquid ammonia?'5. 

Work conducted in this laboratory has shown that a 


non-contaminated compound the expected 
hexaco-ordination and the formula %,Ti(ON), may be 
prepared by mixing stoichiometric aqueous solutions of 
titanium (LT) chloride and potassium cyanide. A typical 
preparation involved the following steps: titanium (III) 
chloride prepared by the Union Carbide Metals Oo., with 
a minimum purity of 98 per cent, and potassium cyanide 
(J. T. Baker’s ‘Analyzed Reagent’ grade), were used for 
each preparation. Entrained oxygen was removed from 
the solid reagents by successively applying vacuum and 
then bleeding the system with argon. This process was 
repeated five times in order to ensure the absence of 
oxygen. The distilled water used in the preparations was 
boiled to remove dissolved oxygen. Argon was bubbled 
through the water while it cooled and for 48 h afterward. 
A micro-Winkler oxygen determination‘ on a sample of the 
water treated in this manner showed that there was con- 
siderably leas than 0-1 p.p.m. dissolved oxygen present. 
All glassware used in the preparation was rigorously dried 
and stored under argon in a dry-box equipped with a 
vacuum line. A dry-box waa used, even though water waa 
present, to ensure oxygen-free conditions. To start-the 
actual preparation, an aqueous solution of 3-90 g (0-06 
mole) of oxygen-free potassium cyanide in 250 ml. distilled 
water was stirred vigorously while a solution of 1-54 g 
(0-01 mole) anhydrous titanium (IIT) chloride in 100 ml. 
distilled water was slowly added. A deep blue curdy 
precipitate formed immediately and was filtered on a glass 
frit by a vacuum as soon as it settled. The precipitate was 
washed with six 25 mL portions of the oxygen-free distilled 
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water and dried under the argon atmosphere. (Anal, 
caloulated for K,Ti(ON), : K, 80-51; Ti, 14-91; ON, 
48-58; found, K (as the tetraphenylboron salt), 36-46: Ti 
(as the oxide after igniting the cupferrate), 14:80; ON y 
an &rgentometrio titration after fusion with metallic 
sodium), 48-12.) When excess cyanide is used in the 
preparation the deep blue precipitate has the formula 
K,Ti(ON),-KON, an a t seven co-ordination. The 
extra potassium cyanide was removed by successive 
washings with distilled water with considerable difficulty. 
Apparently, in both the aqueous and liquid ammonia 
systems ihe extra potassium cyanide and potassium 
chloride are rather strongly attached to the parent 
K,Ti(ON),. The difference in colour observed between the 
compound prepared in the aqueous system (deep blue) and 
that prepared m liquid ammonia (dark green) could be due 
10:8 typs of oryetallisation donner atin to to wees 
isomers obtained in the violet and green forms of hex- 
hydrated titanium (III) chloride’. The absorption 

of titanium (IIT) salts lead one to expect violet or blue 
colours due to the amounts of red and blue light trans- 
mitted!:*; 

Qualitative magnetic measurementa by electron para - 
magnetic resonance indicate that the compound K,Ti(ON), 
is paramagnetic, quite typical of trivalent titanium com- 
pounds with one unpaired electron at the 3d level. 

On prolonged contact with de-oxygenated water, or on 
inmediata contact with air, the deep blue potassium 
hexacyanotitanate (IIT) becomes oxidized. The initial 
oxidation proceeds quite rapidly, resulting in a pale blue 
solid which approaches the composition KjTi(CN),- 
K,Ti(ON),. Once a1 : 1 ratio of Ti to THY is attained, 
oxidation proceeds more slowly until a snow white product 
is obtained which yields titanium dioxide, potassium 
hydroxide and potasaium cyanide on contact with water. 

the complex cyanide of tetravalent titanium—potassium 
hexacyanotitanate (IV), K,Ti(ON),—does exist, it ia quite 
different from other known complex transition metal 
cyanides whioh are hydrolytically stable’. 

When the deep blue solid was placed in a sealed tube 
under an argon atmosphere it was found to be stable for 
10-12 days after which the colour slowly turned to pale 
blue. Possibly the titanium (III) was attacked by the 


oxygen in the glass. 
EpwAnRD A. Hmmwrz* 
Metals Research Laboratories, 
Union Carbide Metals Co., 
Niagara Falls, New York. 
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BIOCHEMISTRY 


Glu hosphate Dehydrogenase and 
Aldolase In Lenses of Lactose-fed Rats 


IT has been shown that in lenses of galactose-fed rata 
there is a decrease of glucose-6-phosphate dehydrogenase! 
and aldolase’. These findi support the statement that 
there is an interference of glucose metabolism in the lens 
during the development of galactose cataracte. In the 
previous experimenta? glutathione reductase was also 
determined aa a coupled system with the glucose-6-phos- 
phate dehydrogenase through the utilization of the 
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oxidized and reduced forms of nicotinamide-adenine 
dinucleotide phosphate (NADP). The activity of the 
glutathione reductase was reduced similarly to the 
glucose-6-phosphate dehydrogenase. Incubation of 
normal lens h te with or galactose- 
1-phosphate showed no inhibitory effect on the glucose- 
6-phosphate dehydrogenase or aldolase activities™*. 
Considering these resulta, and also that & lowered amount’ 
of soluble proteins per mg lens was found in the lactose-fed 


rata", we came to the conclusion that this was due to a” 


decreased protein synthesis in lenses in this condition. 
However, aldolase was more affected than glucose 6-phos- 
phate dehydrogenase, which may indicate a more direct 
action on the glycolytic pathway, which is, quantitatively, 
the most important pathway of glucose metabolism in 
lens‘. The former experiments were performed indepen- 
dently with two different sete of rats. In order to know 
which of the two pathways is affected firat, another group 
of animals was examined. 





Albino rats, weighing less than 100 g at the beginning 
of the experiment, were given a diet containing 40 per cent 
lactose and 60 per cent normal rat chow. Concurrently, 
another set of rata was maintained on a diet containing 
40 per cent cane sugar and 60 per cent normal diet. This 
low galactose diet was chosen in order to obtain slower 
changes in the enzyme activities of the lenses. At 
S des intervals the rate were killed by decapitation, 
and the lenses removed immediately. Both lenses were 
homogenized with ice-cold distilled water in & glass tissue 
homogenizer in an ice-bath, and centrifuged at 4° O at 
12,000g. The t solutions were assayed for 
glucose-6-phosphate dehydrogenase by Zmkham’s modifi- 
cation’ of the method of Glock and McLean‘, and for 
aldolase according to Sibley and i 7 and foll 
Fleisher*. In these experimenta the level of vodnieed 
glutathione was also determined as an index of one of the 
earliest measurable changes in the lenses of -fed 
rata’, according to Beutler's modification’ of the method 
of Grunert and Phillipe!*. 

Fig. 1 shows a very early fall in the glutathione content 
of the lens, even with this low galactose diet. It may also 
be seen that the aldolase activity decreases earlier than the 
glucose-6-phosphate dehy After 20 days of 
feeding, aldolase fell to a lower value than the mean minus 
one standard deviation of the normals, while glucose- 
6-phosphate dehydrogenase "was still normal. These 
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experiments indicate that evan though there is a decrease 
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of the phosphogluconate pathway in the development of 
cataracts, the glycolytic pathway is affected perhape 
more intensively than the other. 

This work was supported by research grant R F-25 from 
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Concentration of Nicotinamide Adenine 
Dinucleotide in Carrageenin-induced 
Proliferation 


Ir has been shown! that the inhibitory effect of cortisone 
on the respiration of rheumatoid synovial tissue could 
be reversed by the addition of nicotinamide adenosine 
dinucleotide (NAD), and as there have been many 
reports"? of lowered co-enryme levels in rapidly prolifer- 
ating tissues, the NAD ooncentration of normal and 
proliferating synovial tissue has been determined. Pro- 
liferation was stimulated in rabbit synovia by injection 
into the femorotibial joint of 2 ml. of a 0-2 per cent solu- 
tion of carrageenin in saline‘. The synovia were removed 
after 1, 2, 8 or 5 days. One knee of each rabbit waa 
injected, the other being used as control. A fairly wide 
range in NAD values between rabbits was found but little 
difference between knees of the same rabbit. NAD and 
NADH, were extracted from the synovial tissue by the 
method of Jedeikin and Weinhouse* and estimated by the 
fluorescent method using methylethylketone and alkali’, 

Resulta obtained for NAD are given in Table 1. Values 
obtained for NADH, were one-tenth of those for the 
NAD. 

The buffers used in the extraction of NAD did not 
affect the deoxyribonucleic acid phosphorus (DNA-P) 
content of the tissue so that it was pomible to estimate 
the DNA-P content of the residue after centrifuging. The 
residue was washed and DNA-P extracted by the method of 
Schneider’ and estimated by Burton's modiflcation of the 
diphenylamine reaction’. The NAD resulta are thus 

on & wet weight and DNA-P basis. It is seen 
that after the first day there is & rise in the oo-enryme 
concentration on & wet weight basis but when related to 
DNA-P, that is on & cellular basis, there is a fall in the 
concentration per cell until the fifth day. The lowest 
levels are seen on the first and second days after injection, 


` corresponding to the day before and the day of greatest 


liferation as shown by the mitotic index*. By the 
Afth day when the rate of proliferation slows down, the 
difference between injected and normal knees is not 
ignificant. 

The effect of artificially increasing the concentration of 
NAD on carrageenin-stimulated growth has been investi- 
gated using the granulomata formed in rats by a dorsal 
subcutaneous injection of 0-2 mL of a 2-5 per cent solution 
of carrageenin. 0-2 ml. of a 1-0 per cent aqueous solution 
of NAD was injected immediately after the carrageenin 
and a further 0-4 mL after 2 and 5 days. The rata were 
killed after 9 days and the granulomata removed and 
weighed. An equal number of oontrol rata received 
distilled water instead of the NAD solution. The-average 


` 
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* Significance of variance botween tioated and control knees. » 


weight for granulomate from 14 rats treated with NAD 
was 0-544 + 0-052 g while for control rate the value 
was 1:18 + 0-10 g. The difference between these two 
resulta is signifleant (P < 0-01) Rete which were 
injected with & 0-5 per cent solution of adenine instead of 
NAD had granulomata which were not significantly 
different from the control rata. 

Thus, it has been shown that the NAD concentration 
per cell of oarrageenin-stimulated proliferating tissue is 
lowered and i ing the NAD concentration exerte an 
inhibitory effect on cell division. A similar inhibition of 
growth by NAD has been shown in the case of methyl- 
oholanthrene sarcoma in rate’. 

Mori Luscomsa 
Medical Research Council Rheumatism Research Unit, 
Bath Area Central Laboratory, 
Manor Hospital, 
Bath. 
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Nomenclature of Serum Proteins 


HisTOBICALLY, the first names and definitions of serum 
proteins were based on their solubilities. The classification 
established by Tiselius consists of five or six zones of 
electrophoretic mobility. 

In order to be able to define the constituents of a 
mixture by at least two entirely independent criteria, 
we developed immuno-eleotrophoretio analysis'. This 
technique permits the definition of the constituents by 
their electrophoretic mobility and by their immuno- 
chemical specificity. Moreover, in certain cases, it is 
possible to introduce in the same experiments, by the 
use of special staining reactions, a third definition: either 
enzymatic activity or chemical composition. In the case 
of human serum, with the aid of convenient immune 
sera, 30-31 independent constituents can be distin- 
guished’. In the sera of some other species similar, but 
generally smaller, numbers of constituents (due probably 
to the use of less-potent immune sera) have been de- 
seribed’:*. The multiplicity of components detected by 
immuno-electrophoretio analysis has obliged us, since 
our first investigation, to elaborate a simple nomenclature 
which would follow the general trends of the classifloation 
of Tiselius. Thus, we use the same Greek letters and 
indices to define the mobility zones; but we add Roman 


capital letters to designate the various components. 


present in each rone. 
The detection of same new constituents has necessitated 
our introducing the designation by the Greek letter p 


t 


of those which migrate faster than the serum albumin, 
in order to streas their rapidity (this designation is prefer- 
able to ‘prealbumin’, because it is not a precursor of serum 
albumin) and by the letter a, those migrating in the zono 
of serum albumin and of distinctly greater electrophoretic 
mobility than the a, (ref. 2). The immuno-electrophoretio 
analysis has shown that the proteins which have been 
designated as y-globulins form a ‘family’ of constituente*, 
the members of which, although possessing the same anti- 
genic specificity when analysed with hetero-immune sera, 
have mobilities which extend up to the zone of «-globu- 
lins. Therefore, when we detected a new component, tho 
mobility of which was greater than the classical mean 
value accepted for the y-globulins, we classified it as a 
B.-globulin (ref. 6) and it B,4. Another globulin 
migrating in the same rone, but possessing a very high 
molecular weight, was called y,-macroglobulin by Kunkel 
et al.’ and later B,M by us’. 

In science, generally, one tries to preserve the name 
proposed by the author who first described a substance. 
Unfortunately, in recent years in different publications, 
designations have been used which may create confusion. 
The existence of common determinant ups on the 
proteins which we call y, 8,4 and Q,M the existence 
of antibodies among them has led Heremans! to group 
them as immuno-globulins. More recently, several authors 
designate all of them by y and divide them into y, and y, 
(some add even y, for the slowest). 

At first glance it would not seem important to oell y, 
those constituents which we classified aa B, but, if one 
admits such a nomenclature, How can one designate thoso 
proteins which have the same antigenio specificity and 
the same sedimentation constant as the slowly migrating 
y-globulins, but which possess mobilities of the B- or even 
of the a-globulins? If we give the name of y, to the 
slowly migrating y-globulins, it would be illogical and 
contrary to the general basis of the classification to 
designate also by Y, those which migrate in the B- or a- 
zones. On the other hand, if these latter are called +,, as 
some authors do, it would be necessary to find a criterion 
or & precise definition of the limite which would separate 
the ‘family’ into y, and y,. Bo far, we have never observed 
experimentally, either by mobilities or by general anti- 
genic specificity, any indication of the existence of such 
limita. The name of yss has been proposed to designate 
the main y-globulin family*; but this would unnecessarily 
introduce a complication in the usual classifloation. 

Furthermore, it is known that with some immune sera 
one observes two extended and more or leas parallel linee 
correspondmg to y-globulins and that sera of young 
children show two distinct y-globulin precipitation linee, 
which would indicate some differences in antigenic 
determinants. Therefore, it seems to us logical to desig- 
nate by y without numerical indices the whole ‘family’, 
giving the elongated line of specific precipitation and 

ing & 7s sedimentation constant, but to use letters 
(ya; YB) for the lines, and to continue to use 
6.4, B,M, BaB, 8,0 to indicate the distinct constituenta 
which migrate in the B,-rone and which do not necessarily 
belong to the immuno-globulins. Finally, in the oase, for 
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example, of mouse sera the number Ld Samet glow- 

i ing components seems larger t in human sera 
andan ditional zone, B,, has been envisaged to designate 
some of them?'!*. 

It would certainly be desirable that tho somewhat 
complicated nomenclature which we have been obliged to 
introduce, should be replaced by special names given to 
every detected component, as soon as ita role and physical- 
chemical properties become known, 88, for example, 
beptoglobin, ceruloplasmin, transferrin, eto. 
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Isolation of Two Permeability Globulins 
from Human Serum 


A PERMEABILITY factor, activated by dilution or surface 
contact, has been described in the B-globulin fraction of 
human serum. This substance, designated PF/di, 
seams to have much in common with the enxyme kalli- 
krein first noted by Frey’. Whether the serum of any 
given ies contains one, or more, permeability globulin 
has so far not been clear. Based on similarities of hypo- 
cvs and painea bity POTTE e S M Sekar 
that PF|dil and serum kallikrem may be the same’. 


Indeed, di-isopropyl phoephofluoridate (DFP) and soy- 
bean in inhibitor seem to inactivate both'*-*. Perme- 
ability globulins from guinea pig serum have been reported 


with the electrophoretic mobility of æ, (ref. 1) as well as 
y-globulin’; whether this indicates two molecular species, 
or is an artefact of preparative procedures, is not certain. 
Early chroma pbio work begun by one of us (J. P. L.) 
on certain lote of Cohn Fraction IL, obtained commercially 
from human plaama, had suggested the presence of more 
than one non-dialysable bility active substance. 
We wish to report tho isolation of two permeability 
globulins, differing in their electrophoretic mobility and 
chromatographic behaviour, from sera of normal young 
men. 

Permeability activity was assayed by its bluing action 
in the guinea pig skin, essentially as deecribed by Miles 
and Wilhelm’. 

Samples of normal human serum, when subjected to 
reparative starch-block electrophoresis, demonstrated 
road, merging peaks of activity in the y- and f-globulin 

regions. though these findings suggested the presence 
of two factors with differences in electrophoretic mobility, 
it was not possible to separate them completely from one 
another. We therefore turned to ion-exchange chroma- 
tography on DEAE cellulose. 

As seen in Fig. 1, the proteins of whole serum were 
separated with use of a variable ionic gradient, and 
two, non-dialysable, discrete peaks of permeability- 
inducing substances were found. The first of these (A) 
was eluted with a buffer conductivity of 0-0066 mhos, 
principally with the serum y-globulms. The second peak 
(B) deeórbed from the column at a higher ionic strength 
(between 0-0200 and 0-0851 mhos), along with a mixture 
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nA cellulose chromatography of 4 o.o. of 
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Lam 0069, PH 8-10 
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, Protein concentration; ---, uctivity; shaded 
bioassay of 1: 3 dilntion of content of each tube 





of y- and B-globulins. Because of the small amounts of 
active material present, attempts at starch-block electro- 
phoresis of these fractions failed to recover activity, 80 
that preliminary fractionation of larger amounts of serum 
was undertaken. 

247 ml. of pooled human serum were fractionated with 
ethanol, according to the method 10 of Cohn et al.*. Perme- 
ability increasing activity was present mainly in fractions 
I + III-8, and III-1, 2, with trace amounts in fraction 
III-0. The first two of these fractions were separately 
chromatographed on DEAE cellulose, under the same 
conditions as for whole serum. From each fraction, two 
peaks of activity were again recovered in the same positions 
as shown in the elution diagram for whole serum (Fig. 1). 

Samples of fraction A obtained from the chromato- 
graphy of the two ethanol fractions were pooled, as were 
those of fraction B, and each was run in steroh-blook 
electrophoresis, with good recovery of activity. The 
permeability activity in fraction A migrated towards the 
cathode in the manner of the serum y-globulins. Activity 
from B moved towards the anode with the mobility of 
p-globulin. 

Active samples of A and B were recovered after electro- 
phoresis and each was rechromatographed on DEAE 
cellulose, with no change in chromatographic behaviour. 

The active fractions A and B were both inhibited by 
50 pg/ml. of soy-bean trypsin inhibitor, or 5 x 10-* M DFP 
after incubation at 4? O for 1 h. 

Treatment of guinea pigs with the antihistamine 
diphenhydramine (20 mg/kg intraperitoneally, 2 h before 
testing) did not prevent the &otion of either permeability 
globulin. 

In view of the report!* of little affinity of serum kalli- 
krein preparations for DEAE oelluloee, the identity of the 
y-globulin factor with serum kallikrein, and of the B-factor 
with P F/dil of Miles may be suggested. 
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Acetyl Derivatives of Muramic Acid 


ATrmMPTS to prepare the fully acetylated methyl ester 
of muramio acid for subsequent use in the Koeniga-Knorr 
condensation have led to some unexpected compounds. 
A lactam II (‘muramo lactam’) was obtained when mura- 
mio &oid^* was treated with diazomethane at 0° and the 
exoess evaporated immediately to avoid methyl glycoside 
formation?. Lactam II, which oen also be obtained by 
the action of dioyclohexylcarbodiimide (DCC) in dimethyl 
sulphoxide for 48 h at room temperature, had negligible 
methoxyl content, negative ninhydrin and lactone‘ 
reactions and a broad absorption in the infra-red spectrum 
at 1,655 am-!, indicating its lactam character. 5 


20H 
»'0-CO-CH, 
CH; 
Y m 
00H Nol ne Vs 
Ch 


(1) (a1) 


Acetylation of muramic acid with pyridine and acetic 
anhydride (24 h at 40°C) and crystallization of the 
product from ethanol gave a mixture of 
two isomeric compounds III and IV in 
20 per cent yield. Chromatography 
of the residue from the ethanolio mother 
liquor on silicic acid gave more of crystal- 
lme TV and a further ine isomeric 
compound V. Compound IV 
Gob mendi ce Qo orn" anildiy elena 
agents. Similar acetylation of lactam IL 
and ' ization from ethanol gave 
compound LI in 37 per oént yield. 

The infra-red spectra of III and IV 
do not show amide II bands; the spectra 
are not changed by treating the com- 


D.C.C. 


acid 


pounds with diazomethane so it is 
unlikely that either compound could be 
an isomeric acid oxazoline I. It is there- 
fore assumed that they are anomers of 
tri-O-acetylmuramo lactam and, if this 


is s0, the optical rotations indicate that 
III has the B- and IV the a 
tion. The i red spectrum of V shows 


amide I and lI absorptions and with the 
analytical figures this indicates that V 
is a fully acetylated 0. or 8membered 
lactone of N-acetyimuramic acid. An- 
other lactone of muramic acid has been 


5 
For the preperation of N-&ootylmur- 
amio acid VI, the use of acetic anhydride, 
which might cause intramolecular cyclix- 
ation, was avoided and N-acetoxy- 
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phthalimide‘ (prepared in 84 t yield from acetyl 
chloride and finaly proundi podat. N hydvoxyphthalimids" 
in benzene) was used. Triethylamine (1 equiv.) in methanol 
was added to muramic acid (1 equiv.) in about 90 per 


prepared from VI with diazomethane 
and could not be crystallized. Acetylation of VII gave 
& product which was separated by chromatography on 
&ilioio acid into two isomeric fractions, VIII (crystallized 
from benzene) and IX (crystallized from ethanol). The 
overall yield of crystalline VIII and IX from mura- 
mic acid was 69 per cent in the ratio 9:1. From the 
analyses, these are assumed to be the anomers of methyl 
tri-O-acetyl-N-acetylmuramate, and the optical rota- 
tions indicate that VIII has the «- and the B-con- 
figuration. 


-_ 


Pyridine + B-Tri-O-&aoetylriuramo 
Acetic anhydride lactamr 


a-Tri-O-acetylmuramo 


Pyridine + Di-O-aoetyl-N-acetylmuramo V 
Acotlo inhyaride ^ lactone 


Methyl a-tri-O-acetyl- VIII 
N-acetylmuramate 
Pyridine + 
Acetic anhydride 
Methyl B-tri-O-acetyl- IX 
NV-acetylmuramate 
Fig. 1 
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Combination Analysis of Rabbit Serum 
Proteins, using dul bar Porath Zone 
Electrophoresis and Starch-gel Electrophoresis 


Two-dimensional horegis by the method of 
Poulik and Smithies! provides a powerful tool for the 
identification of serum protein bends ted in uni- 
dimensional starch-gel electrophoresis. It has in some 
cases revealed the presence of unsuspected components 
which are masked by others in the unidimensional run’. 
The method is, however, severely limited by small loading 
of protein sample possible by means of filter-paper inser- 
tion. Some improvement may be gained by making the 
prelimmary run in agar where not only is the loading 
higher but also the resolution is more powerful than on 

aper. ‘Thus two a, and two a, componenta are to be 

in agar runs of rabbit serum?. 

In order to start the starch-gel electrophoresis of the 
second phase of a two-dimensional analysis with an 

ite loading of it was decided to conoen- 
trate fractions from a Porath zone electrophoresis experi- 
ment. Protein concentrations were back to 1 per 
cent or somewhat more, with the exception of the frao- 
tions from the small y, peaks. 

The analysis obtained by this combination of methods is 
poem aatan e ee Tt is imme- 

that there exists a much greater oom- 

plexity of serum protein components than has previously 
been recognized. Albumin has been run off the Porath 
column, and is not retamed in the analysis. Four « oom- 
ponents are recognised in the Porath scan, and three of 
pu Gye, Gp ANd o4», have been concentrated and run 
. Œ,» appears to be resolved scarcely from the 

B, yot tho analysis shows a marked difference of 
composition even these two closely adjacent 
fractions. Little slow a,» macroglobulin, for example, is 
present in the B, and the heavily staining major p, 


demonstration that the leading slow « band is an a,» 
and to a lesser extent an qs. component. Here is a first 
example of an a, alow component, possibly macroglobulin, 
normally present in rabbit sera m our experience, 
though apparently not demonstrated by the older hori- 
zontal starch-gel technique. A component similar to the 
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Fraction Xo. 
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Tig L Cobban. of normal rabbit serum protein. First 
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slow a, has been demonstrated to appear during preg- 
nancy and certain tumour-bearing conditions in the rat. 
We are investigating the presence of this component in 
other species. 

A further point of interest is that the y, (or B4) fraction 
gives a single rather diffuse zone which has in fact greater 
mobility than the slow «, and thus lies ahead of it in the 
unidimensional pattern. Most accounts in the lrterature 
fail to mention the of y material so far ahead 


-of the well. The resolution of the y-globulins would thus 


appear to be much greater on starch than is generally 


exposed, although they do not form sharp banda. It is 
open to question whether this y, zone includes the y, 


macroglobulin, and work is in progress to investigate this 
point. 





The total number of components recognized as distinct 
by visual inspection of the original gel, and not shared by 
adjacent fractions, we record as 25 in this analyais. s 
compares with the previous 10-11 di i 
this species by unidimensional starch-gel isot op horeni, 
Since several of the major zones, such as faja, fai» and y, 
are diffuse, it may be that further refinomente of - 

nique will lead to sub-fractionation of some of these also. 


` No attempts have yet been made to vary buffer conditions 


from those established by Smithies. 

Zone electrophoresis was carried out by Porath’s 
method* on a column kept at about 5° O, of dimensions 
90 om long and 2-5 om diameter, on Munktell prepared 
cellulose, using veronal buffer pH 8-5, + = 0-05. 

The run was for 120 h at 1,000 V, 20 m.amp.: elution 
set ab a flow-rate of about 16 ml./h. Aliquots of approx- 
imately 4 ml. were collected on a time-controlled ‘Beau- 
maris’ fraction collector working overnight. Albumin was 
run off the column, being collected in & dialysis sack 
tied over the outlet. Protem determinations were made 
on alternate samples, using the method of Lowry e£ al.*. 
Starch-gel electrophoresis was carried out by the vertical 
method of Smithies’ using his buffer solutions. 

W. A. Hmnoncs 
R. E. Jones 
Agricultural Research Council Unit of Embryology, 
t of Zoology, 
University College of North Wales, 
Bangor. 
., and Smithies, O., Biechem. J., 08, €26 (1058). 
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Essential —SH Groups in Liver Ketohexokinase 


PruraRations of liver ketohexokinase (ATP: p-fruc- 
tose 1-phosphotransferase) phosphorylating fructose 
at C-1 have been obtained mainly by Leuthardt and 
Testat, Staub and Vestling*, Herst, Kuyper* and 
Parks’. Recently, Cadenas Sols" obtained a prepar- 
ation from intestinal mucosa. The importance of the 
—8H groups of the enzyme has not been investigated, 
except by Kuyper, whose results were rather negative’. 

Our ketohexokinase preparation was obtained from 
beef liver, according to Parks’s method, omitting the 
second fractionation with methanol, introducing small 
modifications and lyophilixing for better conservation. 
This preparation: phosphorylates 11 umolea of fructose/mg 
protein nitrogen in 20 min, under the conditions set up by 
Hers*. It also phosphorylates sorbose at a velocity of 
57 per cent of that of fructose. The Michaelis constant for 
fructose is 4-6 x 10-* M. 

With this preparation we have tested for —SH groupe 
with four reagents. 

The p-chloromercuribenzoate is a strong inhibitor of 
the ketohexokinase. At 8 x 10-* M concentration, the 
whole enxymatio activity disappears. This inhibition is 
partially reverted by cysteine 2 x 10-* M and the recuper- 
ation reaches up to 90 per cent with cysteine 2 x 103 M. 
If the unbound inhibitor is removed by dialysis, the same 
effect is observed. 

N-ethylmsaleimide, another effective —SH reagent, is 
also a powerful inhibitor of the enzyme, as is shown in 
Fig. 1. 


Activity (%) 





0-4 


jodoso- 
g-ohloaromereuribenzoate. Reaction 
Inhibitor, 0 1 mL fructose pec cent, 
0 1'mL ATP 0 06 M, 0-1 ml. 006 M, 0-3 ml. KAo 4 M, 0-1 ml. 
NaF 6-5 M, at 37 O, 20 min. o-Iodo&obenzoaie; A, W-ethyl- 
maltmxle; e, te 


enxyme solution with or without 


o-lodoeobenzoate as well inhibite the enzyme. The 
inhibition 15 about 50 per cent at 6 x 10-* M and reaches 
100 per cent ‘at 2-5 x 10-* M. Cysteine does not produce 
reactivation even at a concentration of 101 M. 

It has been reported’ that iodoacetate does not inhibit 
ketohexokinase. However, if the enzyme solution is 
previously maintained in the presence of 0-02 M iodo- 
&oetate at 87° O for some time, the enzymatic activity 
becomes clearly inhibited. This inhibition increases with 
the time of previous incubetion. 

If iodoacetic acid is recrystallized several times, some 
diminution of the inhibitory effect is observed. However, 
the monoiodoacetate action cannot be attributed to the 


possible presence of iodine. In fact, iodine is an inhibitor ` 


of the enzyme, but only at concentrations higher than 
10+ N, which cannot be found when the i 
monoiodoacetio acid is used. The inhibitory effect of 
iodogoetio acid is not due to the possible decomposition 
produota formed from it during the time of previous 
incubation, nor can it be attributed to a thermal inacti- 
vation of the enzyme. Neither is the pH appreciably 
modified durmg the previous incubation. 
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— These results seem to offer sufficient evidence for the 
resence of essential —SH groupe in the ketohexokinase. 
behaviour with monoiodoacetate can be explained by 
& lower reactivity between the sulphidryl groups and this 
inhibitor. 
F. Ponz 
J. M. Lrurmís 


Laboratory of Animal Physiology, 
University of Barcelona. 
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Isolation of a Polar Aldosterone-like 
Substance from the Urine and Adrenal 
Incubates of Patients with Arterial 
Hypertension 


A OONJEOTURHD role of disordered sodium-retaining 
function of the adrenal cortex in the genesis of eemontial 
hypertension has been largely founded on indirect 
evidence’*, including the rationale of low-sodium 
intake" and of naturetio agents** in therapy; and on 
direct steroid measurementa’*. These latter have shown 
hyper-exoretion of the mineralocorticoid, aldosterone 
(118,21-dihydroxy-20-ox0-pregn-4-ene-18-al), and its major 
metabolite, tetrahydroaldosterone (32,118,21-trihydroxy- 
20-oxo-bB-pregnane-18-al), in uncomplicated as well as 
complicated forms of this disease. These observations 
have favoured the hypothesis that esential hypertension. 
may represent, in effect, a special form of hyperadreno- 
corticism. Correlation of normal aldosterone regulation. 
with the renin-angiotensin mechaniam in the kidney*:!* 
has further focused attention on possible regulatory 
abnormalties of aldosterone in the pathogenesis of 
arterial hypertension. 

Investigations here of mineralocorticoid function in 
essential hypertensives have led to the isolation from 
urine and adrenal incubetes of an uncharacterized sub- 
stance, designated aa X,, which may be chemically and 
physiologically related to aldosterone but differing from 
aldosterone in that it is chromatographically more highly 
polar (? hydroxylated) in character. The isolation of this 
substance, and of three other highly polar metabolites 
(X, THX, and THX,), occurred fortuitously as s result 
of the application of reversed-phase partition ohromato- 
graphy’ to the concurrent measurement of aldosterone 
and tetrahydroaldosterone in urine. This ohromato- 
graphic modality has been considered of particular value 
for the separation of relatively polar O,, and O,, steroids. 
which, because of retarded mobilities, are poorly resolved. 
in conventional liquid-liquid. systems. Our interest in 
this unknown substance was intensifled by ite abeence in 
the urme of normal subjecta under basal conditions. The 
resulta of our biosynthetic studies have also stimulated 
this research. An adrenal site of biogenesis of X, has been. 
suggested by the incorporation of “O-acetate into this 
fraction during in vitro incubations of surviving adrenals 
surgically removed from one tient with essential 
hypertension (3:0 ug/g tiasne/8 h) &nd from another 

tient with Oushing’s syndrome due to adrenocortical 
hyperplasia (2-1 ug/g tiæue/3 h). A relationship of the 
excretion of this metabolite to stress and to cardiovascular 
disease was early seen on ita discovery in the urine of a 
subject who, while being studied by us during the course 
of intense peychologi streas, developed sinus teahy- 
cardia, mild h; ion, and retinal hgmorr s 

The mobilities of this metabolite isolated from urine 
of hypertensives by reversed-phase partition ohromato- 
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graphy, eluted and rechromatographed in two different 
systems as the acetylated derivative are shown in Table 1. 
Aldosterone and tetrahydroaldosterone were used as 
reference compounds. Inferences drawn from these studies 
were that X, is more polar than either of the f ing 
and that it probably posseases four or five acetylable 
hydroxyl groups. From its solubility in organic solvents 
and its ibition of a 280 mp spectroscopic absorption 
maximum, we have assumed X, to be a A‘,3-ketonic 
steroid. Further semi-qualitative information derived 
from chromagen formation bas shown & similarity of this 
substance to aldosterone with respect to the presence of 
an a-ketolic function at carbon 21 and has confirmed the 
absence of a 17a-hydroxyl substituent. 


- Table 1. CHROMATOGRAPHIC MOBILTTIES 
Steroid Chromatographic system 
RPPO* M: Bush GLPOt 
(Roo) ‘A’ (12) tton time 
(Rp) (mtn) ) 

Aldosterone 4-61 0 187 40 

Tetrahydroaldosterone 5-30 0-625 *8 

n 622 0-629 9 4 Qiajor) 

0-5 


* Reversed phase partition chromatography. mobilities compared with 


-deaxycorticosterone). 
; 550 per cent ‘SE-30’ column. 
Btoroids and unknown fraction acety 
unknown fraction acetylated. 
Table 2, NORMAL, PHYEIOLOGIQAL AND PSYCHO-PHYSIOLOGIGCAL STUDIES 
(Ux1XAEY HXORENTION, #G/24 H) 


Type of stimulus; of No.of Aldosterone * 
subject Ne subjects 


aldosterone 
Nono Normal g baseline 5 71882 487 + 26-7 0 
Normal g 1 
Same 12-7 180 0 
Same 162 1241 0 
Normald 1 
Bodtum depervation Bame Tet Had 126 
Anaijousd 1 
Baseline Same 17-8 68-0 54 
Stress; sobol exam. Samo 58-2 163-6 104.8 
Hypomana t i 14-0 609-0 1092 
* Standard recovery, 91 i 8 per cent. 
+? Sodtum intake; ? cxcosstve sweating. 


Investigations designed to demonstrate the possible 
physiological ri ei of X, have shown that ite 
excretion could induced by sodium deprivation and 
psychological stress, while exogenous ocorticotrophin 
appeared to be an ineffective stimulus (Table 2). Its 
maximal excretion during psychiatric hyperactivity will 
be noted. 

A systematio study of mineralooortiooid excretion, 
including X, (measured as a-ketolio material), was under- 
taken in arterial h ion. These results are shown in 
Table 8. It would seem that the excretion of X, described 
a provocative, if unknown, feature of essential hyper- 
tension and of hypertension associated with two hyper- 
adrenocortical disease entities. None of this substance 
was found in the urine of patiente with hypertension and 
hypokalsmic alkalosis due to unilateral renal disease. Of 
significance, it is believed, was the discernment of X, 
during each of the stages in the evolution of eemential 
hypertension, including ite earliest detectable expression 
in two genetically predisposed subjects. 

Table 3. ARTERIAL HYPERTEKRIOXN* (URDKAEY EXORETOX, xG/*4 E) 
Ethology of hypertension No. s Aldosterone Tetrahydro- X 


aldosterone 
Tamenidal, earty 2 8-6 24-0 160 
Essential, advanced 5 T9-5 108-3 86-5 
Hesentla], advanced d 
arctemtia 2 321:3 229-0 641 
Conn's syndrome 3 66-0 359-1 25-2 
syndrome 1 45-6 241 10-8 
Unilateral renal disease 2 475 47.3 0 


* Does not include patients adams, congestive heart disease, ascites, 
eto , or those on sodimm erben , 

The implications of this work are that the unknown 
substance X,, conceived at present as a A*,8-ketonio 
steroid physiologically and chemically related to aldo- 
sterono. is & stress-directed biosynthetic product of the 
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adrenal which may play a part in the pathogenesis of 
essential hypertension and in the hypertension of hyper- 
adrenocorticiam. Ohemical and physiological character- 
ization studies of this substance are now in progress. 

We thank Dr. Horace Martin, of Monsanto Research 
Corporation, Everett, Maae., for his co-operation in the 
characterization studies and for doing the gas-chromato- 
graphio analyses. We also acknowledge the support of 
research grants Noe. CA 06745 and HE 07041 from the 
National Institutes of Health, Bethesda. 
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Solubillty of Bean Leaf Protein in Ethanol 


Ir has been generally held that leaf proteins are insoluble 
in 80 per cent ethanol or similar solvente!. This belief 
has furnished a useful means of distinguishing two forms 
of nitrogen, ‘soluble’ (that is, amino-acids and peptides) 
and ‘insoluble’ (that is, proteins and nucleic acids). We 
became aware of a possible discrepancy in this logio when 
an aloohol-soluble ‘peptide’ fraction of bean leaf displayed 
an amino-acid composition indistinguishable from the 
bulk protein. Further tests, which included the biuret? 
and Folin® assays, trichloroacetic acid precipitability, and 
stainability with light green, indicated the protein-like 
nature of this ‘peptide’. The recovery of such presumed 
protein from fresh bean leaves was about 1 per oent of 


0 20 40 e 80 
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1. Sele ey of boan MAE protein, ed trichloroacetic 
peli in sea eater minea, De lol irapa inpia 
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the total protein. When examining peptide metaboliam, 
this error would be more or less serious depending on the 
amount of peptide present. The amount usually present 


in bean leaves was quite low judging by paper chromato- 
graphio methods‘, hence the presence of ethanol-soluble 
protein was an unfortunate complication. 


To establish the limite of bean leaf protein solubility in 
ethanol, freshly prepared protein solutions in buffer were 
treated with trichloroacetic acid and the resulting precipi- 
tates digested for 5 min with 4 ml. of varying oonoen- 
trations of hot ethanol-water. The remaining precipitates 
were dissolved in 0-5 N sodium hydroxide and assayed 
with modified Folin reagent*. The resulta (Fig. 1) show 
that the protein was ely, soluble in 60 per cent 
ethanol. Experimenta with protein precipitated by bydro- 
chloric acid showed similar iia Likewise, other 
solvents such as acetone, pe ia. and isopropanol] had 
an equally great solvent action on the protein precipitates. 

- This anomalous behaviour had earlier been considered 
unique for insulin and serum albumin’. Whatever the 
cause of such solubility, we must re-evaluate the proposi- 
tion that 80 per cent ethanol-extractable nitrogen does 
not oontein protein. It seems possible that some leaf 
may be in the acid-denatured state either naturally 
as & result of cellular senescence), or as an artefact of 
grinding which brings low pH materials into contact with 
native proteins. 

This work was supported by the U. d National Scienos 
Foundation. 

“Dav RAOUSEN 
Mursay Foorg 


Depar&ment of Agricultural Biochemistry, 


University of Vermont, 
Burli í 
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Solubilization and Proteolytic Activation 

of Glucose-6-phosphatase from Microsomes 

of Bovine Livers 

Is earlier publications?" we described the preparation of 
soluble glucose-6-phosphatase (G6Pase) from microsomes 
of bovine liver. We always found that a combined treat- 
ment of the microsomes with sodium deoxycholate and 
digitonin leads to a reproducible solubilization of this 
enzyme. However, it was noted that G6Pase is very 
sensitive towards sodium deoxycholate and under the 
latter's influence activity is markedly diminished. 

For this reason we looked for another possibility of 
treating microsomes with sodium deoxycholate in order 
to elucidate their structure. Heise and Kleitke* found 
that the fructose-1,6-dip hatase is activated by trypsin 
in & proteolytic manner. erefore, expecting & similar 
SUAE on the microsomes by trypsin we examined the 
influence of variable concentrations of trypsin and times of 
incubation on the disintegration of the stracture of tho 
resuspended microsomes. After discovering the best 
conditions of treatment with trypsin we examined the 
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influence of the time of incubation with digitonin an the 
pretreated particles. 

In Er podus: to microsomes, bovine livers were 
and this waa followed by homo- 
n rcm the liver in saline in Potter-Elvehjem-homo- 
genizer with a “Teflon’ for 90 seo. Undisrupted cells, 
nuclei and mitochondria were removed by centrifugation 
at 18,0007. By mixing the homogenate with 0:1 M citrate 
buffer pH 5-4 the microsomes were agglutinated and 
separated by centrifugation-at 18,000g for 20 min. 

Determination of activity was carried out by incubation 
of the samples with glucose-6-phoephate at 88° O (ref. 4). 
The liberated phosphate was measured by the method of 
Fiske and Subbarow!. Absolute activity was defined as 
pmoles liberated ae ane d in l-ml. le; the 
specific activity as umolee liberated phosphate pro- 
tem. Determinations of the protein were carried out by 
the biuret method and by the method of Lowry et ai.* to 
reveal very small amounts of proteins. 

We inoubated the suspension of microsomes with trypein ` 
at 40° O, the optimal temperature of this enzyme. Using 
‘Trasylol’, a specific inhibitor of trypsin, we were able to 
prevent the action of the proteinase. 650 Kallikrein 
inactivator unite of ‘Trasylol’ inhibit 100y of crystalline 
trypsin (“Trasylol,’ Trypsin-Kallikrem-Inaktivator: Bayer- 
Leverkusen). However, the amounts of ‘Trasylol’ neoee- 
sary for the complete inhibition of trypsin needed for a 
successfal treatment of the microsomes were too large for 
economic use. Therefore we prevented the action of 

by a rapid refrigeration of the samples in an ice- 
washing the residue obtained by centrifugation. 

To 1-0 ml. of suspended microsomes with 150 mg pro- 
teins, 2-5 ml. of solutions of trypsin of variable oonoen- 
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Wig. 2% Proteolytio activation of glueose-0-phosphatase inhibited by 
cooling. Times of noubetion: same as in Fig. 1 


trations and 0-5 ml. "Trasylol or 0-5 ml. distilled water 
respectively were added to obtain a final volume of 4-0 ml. 
for incubation. 

Four concentrations of trypain (0-1, 0-8, 0-5 and 
1:0 mg trypsin/ml. suspension) were applied. The influenoe 
of the time of incubation on the activity of the G6Pase 
was also examined. Alterations of enzymatic activity 
were expressed in per cent, taking the activity of the 
untreated microsomes as 100 per cent. Acoording to 
Swanson’ the activity of G6Pase is not proportional to 
dilution. However, our experiment showed that good 
proportionality exists up to a dilution 1 : 3. 

The resulta obteined are illustrated in Figs. I and 2. 
Fig. 1 shows the influence of trypein inhibited by “Trasylol’ 
on the activity of G6Pase; Fig. 2 shows the innere of 
trypsin without ‘Trasylol’ on dn the activity of the G6Pase. 
It can be seen that both methods alter the activity of 
G6Pase in the same manner. It was surprising that there 
were two peaks of enzymatic activity at 0-1 mg and at 0-5 
mg trypsin. This fact can be explained either by assump- 
tion of two iscenxymes of the G6Pase or by the existence 
of two different activable centres in the same molecule of 
the enzyme. The lowered altitude of the second peak can 
be interpreted by assumption of a proteolytic activation 
ofa G6Pase molecule, which is already damaged by tryp- 
sin. 

It ean be seen that incubation for 50 min at a conocen- 
tration of 0-1 mg trypein appeared to be the moet favour- 
able tment of the microsomes for the preparation 
of soluble G6Pase. 

Examining the influence of digitonin, the washed and 
centrifuged residue of the trypsin-treatment was mixed 
with the same amount of 2 per oent solution of digitonin 
and stirred at 0° O. After different times (5-120 min) 
aliquots of the mixture were removed, mixed with the 
same amount of 0-1 M oitrate buffer pH. 5-4 and oentri- 
fuged at 18,000g. Thereafter we determined the enzym- 
atic activity in the supernatant and in the resuspended 
residues. 

The resulta of these experiments are summarized in 
Table 1. It can be seen that the time of -action 
is without influence on the solubilization of the enxyme. 
For this reason we suppose that a 30-min action of digi- 
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tonin is sufficient for loosening the GGPase from trypein- 
pretreated microsomes. 
M. GoRniicH 
E. Hess 
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A Linear Transfer Function underlying Impulse 
Frequency Modulation in a Cock 


Mechanoreceptor 
Pringle and Wilson! have indicated the potential 
arg in neurophysiology of the Imear transfer 
of the engineering sciences’, in their 
Piece of the dynamic behaviour of the mechano- 
receptor of the large tactile spine on the femur of the ' 
cockroach Periplansia americana. They have pointed out 


lation with sinusoidal fo 
frequency response) are ted ed dens the transfer 
function, and that independent observations made with 
these two stimulus forms can therefore be compared to 
test the validity of proposed models of dynamic behaviour. 
In their work!, these authors proposed that the present 
receptor adapts according to a time function containing 
three exponential terms. However, only a small range 
of forcing frequencies was available for their frequency 
response study, and their conclusion was based largely 
on an interpretation of the adaptation curve. Moreover, 
the close agreement of their sinusoidal data with this 
model is evidently due to a miscalculation of three 
coefficients in their equation (2). 

In the investigation reported here we have extended 
this work, following essentially the same theoretical and 

i tal approech except in details of apparatus and 

methods of data mme In our preparation the isolated 
femur was mounted by insect pins, which also served as 
recording electrodes, on the armature of a strain gauge 
dynamometer (Statham G1-4-250), which recorded the 
tension applied to the spine by a servogalvanometer 
(Sanborn 171) driven with square or sine waves by an 
electronic function generator (Hewlett-Packard 202A). 

In a study of more than 20 receptors, the discharge pet- 
terns (Fig. 1) were in general agreement with those of 
Pringle and Wilson’. With sinusoidal forcing, impulse 
frequency modulation usually occurred over a tension- 
dependent range of forcing frequencies lymg between 0-01 
and 100 o.p.s., with modulated impulse frequency a 
mating a clipped sine wave at the forcing frequency (Fig. 1 
inset). Continuous firing throughout the forcing cycle was 
found on only one occasion. Usually with forcing frequen- 
cies below the frequency modulating range no discharge 
occurred, and above this range there was a single impulse 
per cycle, as with other mechanoreoeptors under vibra- 
tional stimulit-^. In analysing the clipped sinusoidal 
discharges we have computed the mean and fundamental 
terms of Fourier series of the impulse frequencies, using 
a digital computer. The result is a sine wave at the forcing 
frequency, fitting the date in the least squares sense, and 
filling in the silent part of the response cyole with fictitious 
negative impulse frequencies (Fig. 1, inset). These sine 
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Impulse Frequency ( sec) 


waves were taken as the response in evaluating the fre- 
quency response function from sinusoidal stimulation data. 


y= Bri (1) 
tin Sohal y = impulse frequency, t = time 
are linear ion coefficients of log (y) on 


E 


and 
og (t : 
Thus B is related to sensitivity of the receptor and E to 


adaptation rate. 


correspon is 
lace transform of equation (1) divided by that 


P(s) = B IY(1-k) sb (2) 
in which s is a complex variable (the ‘complex frequency’, 
p in the notation of ref. 1), I'!1—k) denotes the Y' function, 
and B and b are as in equation (1). The imaginary values 


of s correspond to the forcing frequencies of sinusoidal 
stimulation; substituting these into equation (1) yields 


the frequency response- function : 
F(2xf) = B I'(1-k) (2xf)k exp(jk r/2) (3) 
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in which j — (— 


l^ and f = cyclic forcing frequency. 


Henoe in this model the 


sinusoidal modulation 


leads the stimulus by a constant phase angle, k x/2 


radians, and modulation sensitivity 


vity (response /stimulus 


amplitude ratio) increases as the k power of the forcing - 


frequency. By contrast, a triple exponential adaptation 
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model predicte in-phase modulation at low foroing fre- 
quencies, with increasing sensitivity and leading phase 
angles passing through one or more maxima at inter- 
mediate frequencies, terminating asymptotically in a 
greater in-phase sensitivity at higher frequencies’. 

In many but not im all of the receptors studied, ency 
response functions determined with sinusoidal forcing 
agreed well with equation (8), with B and k evaluated 
from the transient response data (Fig. 8). We have not 
succeeded in these data with exponentially vie ire 
modele, but the possibility that some of the under 
mechanisms are exponential in nature is not neona 
excluded. 


3,000 
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Yoroing frequency (f, o/s) 


Fig. 3. Modulation sensitivity (solid atroles and line) and 
(Gea cree, dated Tine) piota Gf the frequency 
rooeptor of Mig. 1. Potnts were determined with 
tion, tensions as Fig. 1, foroing frequennes over 
whieh impulse frequency modulation occurred (phase angie at $0 


‘We conclude, therefore, that the time dependence of 
impulse frequency modulation in this cockroach meohano- 
receptor arises in a dynamic biological process or set of 
processes for which a power law transfer function ae esc 
2) representa an important mode of behaviour. view 
of the s» factor in the transfer function, it is convenient 
to summarize the net mathematical behaviour of these 
processes as fractional (kth) order differentiation of the 
stimulus with respect to time. The relative contributions 


attendant non-linearities, remain to be demonstrated. 
K. M. CHAPMAN: 
R. 8. Burrg* 
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Evidence for ‘Electrogenic’ Active Sodium 
Transport in an Epithelial Membrane 


Ix the course of active transport across the akin of & 
frog and the bladder of a toad, sodium moves against an 
electrical potential gradient both on entering and leaving 
the functional epithelial cell layer!*. Transport in both 
tissues is dependent on the presence of potassium in the 
serosal medium’. 

To explain these findings in frog skin, Koefoed-Johnsen 
and Ussing have proposed a model which, as applied to the 
toad blad e pisuines perve eee 
selective permeability ier at the mucosal surface, 
followed by active transport by a ‘sodium pump’ at the 
serosal surface’. Extrusion of sodium is thought to be 
coupled with active uptake of potassium, the latter leaking 

_ back out through the serosal surface, which is selectively 
permeable to potassium. Thus, according to this hypo- 
thesis, the sodium pump is not ‘electrogenic’, that is, 16 38 
not directly responsible for the separation of charge. 
Instead the potential steps are attributed to sodium and 
potassium diffusion potentials at the mucosal and serosal 
surfaces, respectively. 

The characteristios of the mucosal surface of the toad 
bladder are consistent with this hypothesis’’. The 
experimenta recarded here examine the nature of the 
active transport process at the serosal boundary of the 

. epithelial cell layer. = 

Ling-Gerard glass micropipettes were used to determine 
the polarity and magnitude of the serosal potential step. 
In 84 measurements in bladders exposed on the serosal 
surface to solutions of high potassium and low chloride 
concentration (K+ = 116 m.equiv./l., Ol- = 8 m.equiv.[l.) 
the median value was 13 mV, with seroeal surface posi 
to cell interior. Simcoe the potassium concentration of 
whole bladder averages 111 m.equiv./l. of non-inulin 
space watert, a potential of the observéd i and 
polarity is unlikely to be & poteseium diffusion potential. 

With constant water content, and control cellular chloride 
concentration greater than 8 m.equiv./L, & chloride 
taion porna also is unlikely. 

In order to examine the possibility of an anionic 
diffusion potential at the serosal surface due to the move- 
ment of any anion, net cation transport from mucosal to 
serosal surfaces was measured in the open-circuited blad- 
der, exposed on the serosal side to sodium-free potassium 
Ringer's solution. Demonstration of net cation transport 
from mucosal to serosal surfaces in the absence of signifi- 
cant tissue swelling ruled out net movement of any anion 
from serosal medium into cell interior, and hence an anion 
diffusion potential, if anions move only passively across 
this boundary. The alternative to bidirectional passive 
anion movement acroas the serosal surface, an ion-pair 
transport mechaniam, seems improbable’. 

A 150-fold change of serosal hydrogen ion concentra- 
tion (pH 9:25—7-02) did not affect the spontaneous trans- 
bladder potential or net sodium transport. A coupling of 
hydrogen ion uptake with active extrusion of sodium, or 
& hydrogen ion diffusion potential, therefore seems 
unlikely. 

Additional studies were performed to explain the depen- 
dence of sodium transport on the presence of potassium in 
the serosal medium. No direct coupling of sodium and 
potassium transport was demonstrable; uptake of 
potassium-42 from the serosal medium was independent of 
the rate of net sodium transport!*. Instead, the influence 
of serosal potassium appeared to be mediated at the 
mucosal surface, by regulation of the permeability of this 
barrier to passive entry of sodium. With sodium Ringer’s 
solution as serosal medium, removal of potassium resulted 
in a decrease of net sodium transport to 5 per cant of the 
control value, in association with significant alteration of 
tiasue electrolyte content and diminution of tissue labelling 
with sodium-22 from the mucosal medium. 
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When choline replaced sodium in the serosal medium 
removal of potassium resulted in only alight alterations of 
electrolyte content and mucosal permeability, and net 
transport fell only to 56 per cent of the rate in control 
tissues. Although sodium moved down a chemical poten- 
tial gradient in thie situation, in separate experiments net 
transport of sodium was shown to ocour even against an 
oa ete electro-chemical potential gradient. Thus, active 

i transport persisted despite absence of potassium 
from the serosal medium, when removal of serosal sodium 
prevented marked depression of mucosal permeability. 

The depression of active sodium transport resulting from 
removal of potassium from the ing medium, & property 
common to many tissues, has been demonstrated here to 
be an indirect effect, a consequence of decreased. 
availability of sodium at the site of active transport. The 
resulta indicate the necessity for critical evaluation of 
evidence for coupling in tissues having experimentally 
inaccessible permeability barriers. The resulte suggest 
also that the active transport mechanism in toad bladder 
involves movement of sodium acroas the serosal boundary 
without simultaneous and obligate movement of 6 
diffusible anion in the same direction or 4 cation in the 
opposite direction. The transport of sodium gives rise to 
the serosal potential step directly, that is, the sodium 
pump is ‘electrogenic’. 

This work was supported in part by groote from the 
John A. Hartford Foundation and the U.8. Public Health 
Service (H 2822, AM 4501, and H 0666401). 
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Formation of Histamine in Rat Tissues 


Ir has recently been suggested by Kahlson e£ al. that 
the capacity of tissues to form histamine is related to tho 
general process of growth, regeneration and repair’. 
Other workers have cast doubt on this theory, finding little 
or no histidine decarboxylase activity in various normal 
and malignant rapidly growing tissues**. Telford and 
West, finding that the optimal conditions for the determ- 
ination of enzyme activity in the rat vary from tissue to 
timgue*;*, and that the enzyme in different tissues behaves 
differently from 19, suggested that in this species 
there may be sev enzymes capable of forming hist- 
amine’. 

Recent experiments show that the methods at present 
being used for the determination of histidine decarboxylase 
activity do not give & true estimate of histamine-forming 
capacity. Using the optimal canditions for determination 
of enzyme activity as previously described’, tissues wero 
incubated with histidine for periods ing from 5 min 
to 5 h, and the amounts of histamine formed (ug/g) 
determined by biological assay. The results for t 
liver aro plotted in Fig. 1; similar curves were obteined 
for other tissues. In all tissues, maximum formation of 
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histamine occurred within an incubation period of 8 h. 
However, the rate of histamine formation was greatest 
during the first 80 min, up to 60 per cent of the total 
histamine production being formed within this time. 
During this early stage of the incubation period the 
Telationship between histamine formed and time was linear, 
and it was thus possible to determine for each tissue the 
initial velocity of the reaction (ug histamine formed/g/ 
min) by drawing a tangent to the origin of the curve. 
Calculated in this way, the histamine-forming capacity 
of rat tissues in vitro is approximately three times higher 
than when calculated, as in previous work, from the total 
amount of amine formed ufter incubation for 8 h. For 
example, the adult liver forms 0:17 pg histamime/g/min. 
This represents 30-6 ug/g in 3 h (1-7 mg/tiasue/day), as 
compared with only 10-0 ug/g in 3 h (0-6 mg/tissue/day) 
when estimated as total histamine production. Tho 
histamine-forming capacities of various rat tiasues using 
the two methods of estimation are compared in Table 1; 
considerable quantities of histamine may also be formed 
by other tissues in which enzyme activity cannot be 


detected by the present method. 
Table 1. Comparison of the histamins-form!ng eapecities of rat tienes 
when estimated as the initial Ate d of the Peaction histamme 
formed/g/min) and when as total Gs 
histamine formed/g/8 h) 
Histamine-forming capacity 
Eatimeted as total 
‘Thee Hatimated as Initial velocity 
agi time] 
xglghnin = ag/g/3h day Hulul* h day 
Fatal 
Eod 14) 46-1 8,298 0 8819 2,5546 101-5 
day ZD is TT 1,386-0 2,106 7 452-4 687 7 
[ 

(day 21) 0-15 25-4 1, 8-0 550-4 
Ad liver O17 90-6 1,713-6 10-0 660 0 
Adak pylorio 

43-2 188-2 18 0 576 
dnodenum 008 144 34-6 52 126 
Adult kxineys 0-04 T2 69-1 80 25-8 


Tho progrees curves of most enzymatic reactions are of 
the general form shown for rat liver histidine decarboxylase 
in Fig. 1, in which the velocity falls with time. Various 
factora may contribute to this fall in velocity, and they 
result in the curves not fitting the standard equations of 
homogeneous chemical reactions. It is only at the 
initial point that the conditions of the experiment are 
accurately known, and once the factors mentioned above 
have begun to operate the amount of histamine formed 
after a given time ceases to be a true measure of the rate of 
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histamine formation. It is important, therefore, that 
histidine decarboxylase activity be measured from the 
initial velocity of the reaction. Measurements of changes 
in the histamine-forming capacitiea of tissues should 
include determination both of the mitial velocity of the 
reaction and total histamine production, since it is 
poesible that while the former may alter, the latter may 
not, and vioe versa. 

The initial velocity is similar in all tiasues (range 0-15— 
0-19 ug histamine formed/g/min) when the amount of 
enzyme used for incubation is the same. Thus, different 
amounts of enzyme and different optimal conditions for 
enzyme activity do not reflect differences in the rate of 
the enzymatic reaction. 

Summation of the amounts of histamine capable of 
being formed by the adult liver, pyloric stomach, duo- 
denum and kidney shows that the adult rat is capable of 
forming as much aa 3 mg of histamine a day. This ia more 
than is capable of being formed by the rapidly growing 
fostal rat, which on the 21st day of gestation when enzyme 
activity is highest is able to form 1-0 mg/day. However, 
1t is worthy of note that at term a pregnant rat together 
with a litter of seven fostuses has, by deduction, the ability 
to form more than 18 mg of histamine in 24 h. In com- 
parison, the fostal and adult guinea pig are probably 
capable of producing even larger amounts, histamine- 
forming capacities of a high order being recently reported 
in this species*.1!, 
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HISTOLOGY 


Demonstration of Perineural Epithelium in 
Whale and Shark Peripheral Nerves 


It has been shown previously by us! that tho peri- 
pheral nerve fasciculus in rat, cat, guinea pig and frog 
18 surrounded by flat, stratified squamous epithelial 
layers, five in number in the sciatic nerves of the former 
three animals and only two-layered m the frog. The 
squamous cell layer surrounding the peripheral. nerve 
fibre has also been shown by Key and Retzius', Krenjevict, 
Lehmann!:*, and Rohlich and Weiss’. The cells of this 
squamous epithelium are uninucleated, the nucleus bemg 
very flat, and sex chromatin has been demonstrated in 
female cata and rate in these cells. In serial isolation of this 
epithelium we have demonstrated that the perineural 
epithelium represents & contmuation of the pia-arachnoid 
membrane from the central nervous system. In a further 
investigation, we have been able to show? that the lamel- 
lated sheath of the Paoinian corpuscle is made up of the 
extended permeural epithelium, indicating that the pia- 
arachnoid not only covers the central nervous system but 
also covers the peripheral nervous system as a perineural 
eprtholiam extending up to and over the motor and 
sensory end organs. 

In continustion of this work and in an attempt to 
demonstrate the universality of this membrane among 
vertebrates our work was extended to include marine 
vertebrates. The two animals discussed here represent 
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Fig. 5. Formaltn-fixed whale 
neural epithelium, Method same as Fig. 3. 
lapping each other Indicates many layers of (x 170) 
ups low on the evolutionary scale (sharks) and those 
igh on the scale (whales). 

The material was collected from the waters around 
North Bimini in the Bahama Islands. Facilities were pro- 
vided in Bimini by the Lerner Marine Biological Labor- 
atories of the American Museum of Natural History. 

A female nurse shark (Genglymostoma cirrakum), an 
elasmobranch, was anesthetized and tal nerves 
were removed and fixed in formalin. A female false killer 
whale (Orca sp.) was killed in the sea by & shot gun and 
the segmental and sympathetio chain nerves were removed 
and fixed in formalin. The formalin-fixed material was 
processed in our laboratory. 

Isolation of the perineural epithelium was carried out 
under a stereo-binocular dissecting microscope as de- 
scribed previously’. Standard hematoxylin and eosin 
sbaining was applied to the isolated perineural epithelium. 
0-5 per cent aqueous cresyl violet staining was used to 
demonstrate sex chromatin material. The cellular borders 
were visualized by washing the isolated epithelium 
repeatedly in distilled water to remove formalin from the 
tissues, and then treating with 1 per cent silver nitrate for 
24 h in the dark, mounting in glycerine and then i 
to sunlight to demonstrate the cell borders. Some isolated 
tissue was mounted in glycerine directly for observation 
with the phase-contrast microscope. 
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isolation of the perineural epithelium it was 
observed that the arrangement of the connective tissue 
components in both species of animals was the same as that 
of the peripheral nerves of rat, cat, guinea pig and frog. 
After removal of the epineurium, perineural connective 
tissue was seen. Meticulous clearing of incidental conneo- 
tive tiasue components revealed a thin, glistening semi- 
transparent membrane under the perineurium which 
completely covered the entire nerve fasciculus. On silver 
nitrate impregnation it was sean that this semi-transparent 
membrane was made up of flat, stratified squamous epi- 
thelium arranged as & continuous aheet (Fig. 4). The 
formalin-fixed, glycerine-mounted tissuo also demon- 
strated the presence of | squamous epithelium quite 
clearly under the phase-contrast microscope (Fig. 1). The 
epithelial layers were greater in number in the whale and 
it wa& possible, as in other mammals, to peel off up to five 
individual layers. The perineural epithelium of shark 
nerves, on the other hand, appeared to have three layers. 
The standard hematoxylin and eosin method does not 
demonstrate cell borders, but the nuclei were well stained 
and the cytoplasm pale (Figs. 8 and 5). Cresyl violet 
staining showed poesible sex chromatin in the whale, 
planoconvex in shape, lying at the edge of the nuclear 
membrane. In shark nerves the perineural epithelium 
showed no evidence of sex chromatin. A capillary net- 
work was also identified in this epithelium (Fig. 2). 

With these findings it becomes clear that, aa in the other 
mammals and one amphibian examined, the pia-araohnoid 
membrane extends over the peripheral nerves as a& peri- 
neural epithelium, following the nerves to their termina- 
tion, in both shark and whale. The only difference 
between the permeural epithelium in peripheral nerves and 
the pia-arachnoid in the central nervous system is the 
absence of the sub-arachnoid space. According to Harvey 
and Burr’ and Harvey ei ai.1* the pia and arachnoid mem- 
branes are ectodermal in origin and it is highly probable 
that in whale, as in other mammals, they have the same 
origin. The origin of the membranes in fish, however, is 
uncertain but we feel they, too, are likely to be ectodermal 
in origin. 

This communication thus demonstrates the peripheral 
nerves of whale and shark to be encased in an epithelial 
sheath which isolates them from the surrounding tissue 
fluids, maintaining them in an environment of their own 
which is akin to that of the central nervous system. 

Further histological, histochemical and electron micro- 
scopical studies of peripheral nerves of various types of 
marine animals, vertebrate and invertebrate, are m 
progress in this laboratory. 

This work was carried out in part with the aid of grant 
No. B-1914 of the National Institute of Neurological 
Diseases and Blindness and with funds from anatomy 
training grant No. 2G-805 of the National Institutes of 
Health, Division of General Medical Sciences. 

We thank Dr. Robert Mathewson, resident director, 
Lerner Marine Biological Laboratories, Bimini, Bahamas, 
and Dr. James Oliver, director, American Museum of 
Natural History, for providing the facilities to collect 
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IMMUNOLOGY 


Electrophoretic Analysis of Serum and 
Pleuroperitoneal Fluid Proteins and Antibody 
from Guinea Pigs 


INTRAPERITONEAL injection of Freund’s adjuvant (with 
or without antigen) into mice induces the production of 
ascitic fluid’.  Ascitio fluid contains y-, By-, Bi ta- 
a,-globulin and albumin determined by moving boundary 
olectrophoreeis*. Anti-bovine serum albumin precipitins 
in mouse ascitic fluid were identified as ,- -globulins**. a 
This work has been extended to include the guinea pig. 
In many of the animals ascites formation was also associ- 
ated with fluid accumulation in the thoracic cavity. 
Serum, pleural and peritoneal fluids were characterized by 
moving boundary electrophoresis. Preliminary evidence 
indicated little or no electrophoretic difference between 
pleural and peritoneal fluids. Since it is posmble that 
pleural fluid accumulates as a result of ascites formation, 
these fluids collectively are referred to as pleuroperitoneal 
fluid. 


> 
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bovine serum 
fuid from pigs inyeted with Freund’s 
fud from pigs Injected with Freand’s adjavant containing 
serum albumin 
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Big. 2. Detectson of anii-bovine serum albumin proolpitins m 
pis serum and asaro ftitd. A, Asmbe fluid from animas tn 


the same ascitic finid used in A with bovine m buffer; 
O, serum from animals injected Preund's adjuvant containing 
bovine serum albumm with bovine serum in the buffer 


Random bred guinea pigs of both sexes were injected by 
the intraperitoneal route with Freund’s adjuvant alone 
(85 parts ‘Drakeol’ mineral oil, 16 parte ‘Arlacel A’, 1 mg 
of Mycobacteryum butyrioum/ml.) or with Freund’s adju- 
vant containing bovine serum albumin (4 mg/ml.). Each 
guinee pig received six 0-5 ml. injections of adjuvant over 
a period of three weeks. One week after the last injection 
pleural and peritoneal fluids were obtained by - 
tesis and blood by cardiac puncture. Serum and pleuro- 
peritoneal fluids were clarified by centrifugation. Moving 
boundary electrophoretic analyses were made in a Spinco 
model H instrument (barbital buffer: pH 8:6, p = 0:1; or 
glycine sodium hydroxide buffer: pH 10, u = 0-1). The 
electrophoretic component containing antibody was 
determined by the boundary disturbance test’. In this 
procedure antigen added to the buffer in the electro- 
phoresis cell migrates into the antiserum and forms a 
specific precipitate with antibody. Location of the antigen- 
antibody reaction in the photographio record of the 
electrophoretic pattern is determined by a clear zone 
caused by interruption of light by the precipitate. 

Electrophoretic patterns of serum from uninjected 
guinea, pigs and serum and pleuroperitoneal fluid from 
animals injected with Freund’s adjuvant alone or Freund’s 
adjuvant containing bovine serum albumin are shown in 
Fig. 1. Seven components, v,-, Y, Ba- Bi-, 047, &:-globulin 
and albumin, were resolved. In some samples only 6 
components were resolved since y,-, Ba- and p,-globuhn 
could not be distinguished. Except for a,-globulin, which 
is higher in the sera and pleuroperitoneal fluids of 
immunized animals, the relative concentrations of electro- 
phoretio components of serum and pleuroperitoneal fluid 
were similar to the values determined for serum from 
uninjected animals. 

To study the effect of pH on the electrophoretic resolu- 
tion of guinea pig proteins experimenta were also done at 
pH 10. AN components migrated faster than at pH 8-6; 
however, the resolution of v,-, a, and f,-globulin com- 
ponents was not greatly improved. 

Serum and pleuroperitoneal fluid from guinea pigs 
injected with bovine serum albumin in Freund’s adjuvant 
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contained anti-bovine serum albumin precipitins which 
wore located in the y,-B.-globulin region (z, Fig. 2) of 
serum and pleuroperitoneal fluid. . 

7 componenta, Ys Yı- Ba» Bi 0, au globulin 
and albumin, could be resolved in gui ea pig serum and 
pleuroperitoneal fluid, in some only 5 componenta 
were distingui due to incomplete resolution of the 
Yi» Bar, and B,-globulins. Electrophoretic analysis at pH 
10 did not significantly improve the separation of these 
proteins. The yı- Ba- B;-globulin region probably consists 
of protein molecules differing progressively only slightly in 
charge. 


Anti-bovine serum albumin precipitins of guinea pig 
gerum and pleuroperitoneal fluid have the electrophoretic 
properties of y,- B,-globulin. On the basis of these studies 
15 is difficult to determine whether the precipitins are Y,- 


or B,-globulins or a mixture of both. Experimente to. 


determine the properties of guinea pig precipitins in serum 
and pleuroperi fluid are now in progress. 
This work was supported by t OY-65188 from the 
U.S. National Institutes of Health. 
J. BANOVITZ 
R. T. JOBDAN 
I. L. TRAPANI 
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A New Allotypic Specificity in the Mouse 
(MuA2) 


IMMUNOLOGICAL differences between y-globulins of the 
same species have been demonstrated in man, rabbit, 
guinea pig, mouse and possibly baboon. In man and 
rabbit, these differences have been examined in great 
detail’. In the mouse, only one allotypic specificity has 
so far been described in & report by Kelus and Moor- 
Jankowski". ‘These authors elicited, in 057B.L mice, an 
antibody to the y-globulin of BALB/c mice. This anti- 
body reacted with the y-globulin of BALB/c, O8H]He and 
‘Champagne Glaxo’ individuals. We have immunized 
BALB][cJ mice with the antigen obtained from C3H/HeN 
x O57BL/6J mice in two ways: (1) by injection with sera 
rncorporeted in Freund’s adjuvant; (2) by injection with 
bacteria coated with antibody incorporated in Freund’s 
adjuvant or suspended in 0-15 M sodium chloride*. 

In the first of these procedures, each mouse was given 
12 subcutaneous injections with 0-1 ml. of emulsion; the 
total period of immunization was 8 months. On the 7th 
day after the last injection, animals were bled and the sera 
were pooled. A second group of BALB/cJ mice were 
immunized with Proteus vulgaris (X19) coated with anti- 
body to the o ism which had been raised in hybrid 
mice O8H/HeN x OS'BL[0J. The mice were injected 
subcutaneously at weekly intervals; at first with the 
antigen in Freund’s complete adjuvant, and later with the 
antigen suspended in 0-15 M sodium chloride. Seven 
days after the last injection, the animals were bled and the 
sera wero pooled. 

Both pools of immune sera reacted in an identical 
manner, giving one zone of precipitation in double diffusion 
with OS7BL/6J, O57BL/10J and SJL/J. The antibody 
was shown by immunoelectrophoresis to react with 
y-globulin. The allotype was found to be absent in 
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A|HeJ, A|J, AKR/J, BALBicJ, OBAM, OSHIHe, 
Ob5TBR]edJ, ever O58/J, DBAJ]1J, DBA[3J, RF/J, 
SWR|J, 129/J, 2BO8H and 208H. ~A number of hybrid 
strains were also tested (03H/HeN x O57BL/6J, AKR/J 
x DBA/2J, O5TBL]6J x AlJ, OSIBL/6J x DBAJ[2J, 
BALB|eJ x AJJ, OWIL|J] x AjHeJ, O8H/HeJ x 
DBA/2J) and it was found that all hybrids having in their 
ancestry one of the strains containing the allotypic 
specificity also possessed the allotypic specificity. In all 
cases, 5 or more males and 5 or more females were tested 
for the presence of the allotypic ifleity, and in all 
cases, the distribution of the allotypic specificity in male 
and female animals was identical. 

We also examined one strain of non-inbred ‘Swias’ mice 
maintained åt the Connaught Laboratories and found the 
allotypic character in 10 of the 21 animals teated. 

In accordance with the agreed notation for rabbit 
allotypy*, and after discussion with Dr. A. Kelus’, we 

to call the allotypic specificity described here, 
MuA2. The allotypio specificity described by Kelus and 
Moor-Jankowski (y24) will now, following Dr. Kelus's 
suggestion, be called MuAI. 

Our allotypic specificity, MuA2, has been detected in 
three inbred strains of mice: 057BL/6, O57BL/10 and 
SJL. The presence of the same allotype in 057BL/6 and 
O57BL/10 is not surprising since these two strains are 
very closely related’. It is, however, interesting to note 
that strain SJL, which does not have any known relation 
to O57BL/6 and O57BL/10 (refs. 6, 7) contains the same 
allotype. This obeervation could result from the fact 
that the mutation which led to the formation of the 
MuA2 allotypio specificity occurred before the afore- 
mentioned strains ware bred. If this were the case, the 
allotype MuA2 should be present in some non-inbred 
strains. This assumption was rted by the finding of 
10 MuA(2*) individuals among the 21 non-inbred ‘Swise’ 
mice tested; this would indicate that this allotype may 
be present among non-inbred populations from which 

Generally, allotypio antisera have been obtained by 
immunisation with antigen-antibody complexes. Dray 
and Young’ reported the successful production of allo- 
typio antibodies in the rabbit by immunization with serum 
incorporated in Freand's adjuvant. In the hands of some 
other investigators, immunization with serum incorporated 
in Freund’s adjuvant has not been equally successful. In 
our hands, and using the mouse strains described, im- 
munization with serum in Freund’s adjuvant has led to the 
production of an antibody of satisfactory cy and 
would seem to be, in this species, the of choice. 

This work was supported by grante from the Banting 
Research Foundation, the Medical Research Council 
eo tala M'T'-832) and the National Canoer Institute, 


8. DUBIBXI 
B. Covapse 


Subdivision of Immunochemistry, 
Division of Biological Research, 
Ontario Cancer itute, and 

ts of Medical Biophysics and 
Pathological Chemistry, 
University of Toronto, 
500 Sherbourne Street, 
Canada. 


1 Ofnader, B., and B., in Ool. Tolérence Acquiss of la Tolérance 
Naturdls à l Üwbesnom Antiginigues Dáfriss (Abbayo 
Royaumont, June 1902 (m the prom). 

3 Kelnus, À., and Moor-Jankowski, J. K., Nature, 191, 1406 (1961). 

* Dubiaki, B., Dudsiak, E., Bkalba, D., and Dubiakt, A., Immemnol., 8, 84 


‘Dray, 8., Dubiski, 8., Kelus, A., Lennox, H. B., and Oudin, J., Nature, 


198s, 785 (1901). 
^ Kolun, A. ecommunination, 1062). 


(personal 
* Cancer Res., 80, 145 (1900). rm x 
(Roscoe B. Jackson 
fne 1908). 


* Dray, B., and Young, G. O., J. Immunol., 81, 142 (1058). 


- ` WV E 


700 


se Na art of Salmonellae by Reticulo- 
endothelial Cells of New-born Piglets 
lacking Natural Antibody 


phagocytosis of bacteria by fixed macro- 
phages of the reticulo-endothelial has been 
demonstrated by organ perfusion technique. It has been 
shown that serum factors playing a part in bacterial 
opeonization include immune or natural antibody, com- 
plement and possibly a third unidentified factor. 
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of three animals. The X value is determined by the formula: X = 
concentration; t, time expressed in min 


The use of radiolabelled bacteria has made possible 
quantitative measurement of o ins in the phagocytosis 
of bacteria by the reticulo-endothelial system $n vivo. 
The importance of antibody and complement in the 
phenomenon of bacterial opsonization has therefore been 
demonstrated in the intact &nimal*'. It has also been 
suggested that the rate of phagocytosis of bacteria in 
different animal species was related to the amount of 
natural antibodies present in their serum*. In germ-free 
mice which are sup to contain a lower amount of 
natural antibodies, blood clearance of E. coli is slightly 
decreased. Nevertheless the bacterial repartition in the 
phagocytes of liver and spleen is similar in germ-free 
and control mice‘. 

Recently, Sterzl e: al. have shown that serum from 
new-born piglets deprived of colostrum was totally lacking 
in natural antibodies but contained 1-3 unite of comple- 
ment per ml*. New-born piglets offer, therefore, an ex- 
ceptional opportunity to in igate whether phago- 
cytosis of bacteria by reticulo-endothelial cells tn vivo 


' ., occurs even in the absence of natural antibodies. 


Investigation of phagocytosis of S. typhimurium by the 
retaculo-endótbhelial system in new-born piglets deprived of 
colostrum are reported here. These experiments were per- 
formed in fasting piglets 3-5 h after birth. The smooth 
phase of S. typhimurium 34/59 trace labelled with iodine-131 
(ref. 4) was injected in anear vein The rate of blood clear- 
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anoe of labelled bacteria was established by measuring the 

- radioactivity of blood samples removed from the opposite 
ear vein. When about 90 per cent of the radioactive 
bacteria were cleared from the blood the animals were killed 
and the radioactivity of different organs determined. 

In another group of piglets the phagocytic activity of 
„tbe reticulo-endothehal system was established by 
measuring the blood clearance and organ distribution of 
intravenously injected colloidal carbon using a technique 
previously described. 

The results obtained in these experiments are sum- 
marized in Fig. 1. 

It appears that Salmonellae are removed very slowly 
from the blood with a K value of 0-007. 
The. distribution of the radioactivity in 
the organs shows that the majority of the 
bacteria are fixed in the spleen. The 
spleen, which weighed only about 1g, 
accumulated 44 cent of the injected 
bacteria while tho whole liver (about 
33 g) contained only 17 per cent. The 
number of bacteria per g of tissue was 
80 times higher in the spleen than in the 
liver and this latter organ contained 
about the same amount of radioactivity 
as the lungs. It is important to note that 
the organ distribution of Salmonellae was 
very different in adult animals contain- 
ing natural or immune antibodies. In 
adult animals the liver fixed 50-80 per 
cent and the spleen 5—25 per cant of the 
injected number of bacteria?*", 

Examination of the phagocytic 
activity of the reticulo-endothelial cells 
with oolloidal carbon in new-born pig- 
lets shows that the lack of bacterial 


minutes 


er cent of 
the injected dose fixation in the liver i» not due to the 
inefficiency of the phagocytic function 
ie of the Kupffer’s cells m the early stage 
12 of life, since these cells phagooytize 75 
traces per cent of the injected amount of 
traces carbon. The phagocytic index K and the 
B7Trote) carbon distribution m the organs of new- 


born piglets are similar to those of adult 
animals", Bterzl e al. have also shown 
that the retioulo-endothelial cells of new- 
born piglets deprived of colostrum 
eer rideo carbon particles at the 
same rate as piglets fed with colostrum". 

These resulta indicate that, in new-born . piglets, the 
absence of natural antibody inhibite the uptake of bacteria 
by Kupffer's ocells, while the phagocytes of the spleen are 
capable of vigorous p is. It is interesting to 
emphasize the striking difference in the part played by 
opeonins in phagocytosis of bacteria by the Kupffer’s 
cells and by the reticulo-endothehal cells of the spleen. 
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Glycoproteln Excretion following the Injection 
~ of Papaln Into Rabbits 


UNaorivaTep papain, injected intravenously into 
rabbita, passes from the blood to cartilage tissues where 
it is activated locally, causing ear collapse due to depoly- 
merization of chondromucoprotem (chondroitin sulphate— 
protein complexes). The enzymatic producta (for which 
the term ‘chondromucopeptides’ is proposed) leach out 
of the cartilage into the blood and are excreted in the 
urine}, 

In view, however, of the broad substrate specificity of 
papain’, it would be surprising if papain attack in vivo 
was restricted to chondromucoprotein. Several glyco- 
proteins (which contain sialic acid) act as in sub- 
strates, while papain has been found to liberate glyco- 
proteins from reticulum isolated from spleen’. Following 
injection of papain into rabbits inoreesed levels of serum 
glycoproteins (seromucoid, protein-bound sialic acid) have 
been observed which were presumed to be liberated from 
ground substance components other than chondromuco- 
protein‘. 

It therefore seemed of interest to know whether the 
increased muoopolyBaocharide excretion observed follow- 
an increase in urine glycoprotein components. The 
fraction investigated represents, in human beings, the 
major urinary glycoprotein component’, the excretion 
of which is closely correlated with serum glycoprotein- 
levels*. 
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neuraminio acid, indicating the absence of 2-deoxy-D- 
ribose and other interfering chromogens in the glyco- 
protein fraction. Resultas were expressed as mg sialic 
acid/24 h.” Urine chondromucopeptide-levels, expressed 
as mg hexuronic acid/24 h, were determined by a method 
already deecribed!*. The resulta are summarized in 
Table 1. 

The expected rise in chondromuocopeptide was accom- 
panied by increased excretion of glycoprotein material. 
the raised glycoprotein-level being maintained for longer 
periods than the chondromuco tide-level. This finding 
correlates with the changes o in serum‘, where 
glycoprotein and mucopol ide-levela were max- 
imal 2-5 days and 9-18 h respectively after papain 
injection. 

Although some of the urine glycoprotein fraction 
measured here is derived fram the urinary tract", plasma 
components entering the urine by glomerular filtration 
are also present. Part of the rise in urme glycoprotein 
following papain injection can be presumed due to release 
of cartilage chondromuocoprotein, the protein moiety of 
which may be a sialoprotein4, and to the release 
of glycoprotein components from cartilage and perhaps 
other connective tissues. 

Plasmin injected into rabbite causes a similar, although 
leas dramatic, sequence of eventa Bo far as muoopoly- 
saccharide liberation is concerned!'. Whether or not 
plasmin liberates other tissue components leading to 
raised serum and urine glyooprotein-levels 18 under in- 
vestigation, although the problem is rendered difficult 
since plasminogen, the precursor of plasmin, is iteelf a 
glycoprotein", preparations of human plasminogen used 


Table 1. URIXARY CHOMDROMUOOPEPTIDE AKD GLYCOPROTEIN EXORETION FOLLOWING TAE INJECTION OF RABBITS WITH PAPA 








Amount of Glycoprotein Hroretion Ohondromueo- 
pem E. poptlde Exoretion 
0. 
mg) mg Sialic ackd/24 h after Wo. af Hexuron» aeld/*i h No.of No. of 
eontatned in Aoin am to ee ane el to 
Weighe of 4-5 mL Pre- Post- to reach Ses ue "n Post- to reach mx 
physiological men excretion injection exoretion m, 
No. (kg) saline peak vel peak level 
1 10 ^ 40 0-76 148 1 7 16 5-0 1 2 
2 15 60 0-85 1:88 3 8 22 a4 1 3 
8 11 100 1:50 2-80 2 4 1-1 58 2 3 
,4 11 40 0-88 1-06 1 4 51 97 1 2 
b 1 100 1:70 2-25 4 6 15 T1 1 2 


The following method was adopted. Five rabbits were 
injected intravenously with crude papain (Messrs. A. M. 
Zimmerman, London) and the urine collected in 24-h 
periods. Their volumes were made up to 200 ml. with 
water and the samples stored at — 10? until assayed. 
Aliquots (about 25 mL.) of each urine were incubated at 
37° to re-dissolve any material that may have come out 
of solution during storage. After filfration, 20 ml. were 
taken, 20 ml. of water added and the mixture (at pH - 
8-5 + 1:0) adjusted to pH 7 with hydrochloric acid using 
a pH meter. 2 M sodium benzoate (5 ml.) was added. 
followed by 2 N hydrochloric acid (4 ml.). The resulting 
pH was 4:1. After standing for 30 min at room tem- 

the precipitate of benxoio acid, Lara] 
adsorbed glycoprotein, was filtered off under suction ani 
transferred quantitatively to a centrifuge tube (50 ml. 
capacity) with acetone. After the benzoic acid had 
dissolved, the glycoprotein reaidue was centrifuged down, 
washed once with acetone, suspended in water (2 ml.) 
and dissolved by the addition of 0-1 N sodium hydroxide 
ie ml). Glycoprotein was precipitated with acetone 
18 mL) followed by saturated aqueous sodium chloride 
(0-02 ml.) After the precipitate had flooculated it was 
centrifuged down, drained thoro y, suspended in 0-1N 
sulphuric acid (2 mL) and (80°, 1 h) to liberate 
free sialic acid. Aliquots (0-3 ml.) of the hydrolysate 
were taken and sialic acid estimated by the thiobarbituric 
aad method of Warren’. The adsorption curve of the 
chromophore was identical to that produced by N-acetyl- 


for injection, prepared from plasma fraction IIT by Kline's 
method", containing 75 pg sialic acid/ml. 

This work was partly supported by & grant to one of 
us (8. Y.A.) from the Nuffield Foundation. Wo are 
grateful for a grant from the Oentral Research Fund of 
the University of London for equipment. 
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Synthesls of Plasma Antlhaemophilic Factor 


In Nature of May 12, 1962, L. I. Woolf offered an: 
explanation of ‘severe’ and ‘mild’ X-linked hemophilia 4 
while discussing gene expression in heterozygotes. He 
pro that the plasms-level of antihsemophilio globulin 
(AHG, AHF, Factor VIII) ted ite rate of synthesis, 
that is, that ‘end-product ( ) inhibition’ controlled 
the synthetic rate. ‘Feedback inhibition’ is known to be a 
very important regulatory mochaniam in biosynthetio 
pathways, producing small anabolites such as amino-acids, 
vitamins, etc... We can find no documented evidence, 
however, that ‘feedback inhibition’ is a controlling 
mechanism in protein synthesis. ‘Feedback inhibition’ 
should be sharply distinguished in this respect from ‘feed- 
back repression’, which is recognized to be a highly impor- 
tant genetic mechanism concerned with regulating the 
synthesis of enzymes (proteins) in bacteria. 

Woolf apparently has not considered the implications of 
the existence of another disorder in which there is AHF 
deficiency. This condition, von Willebrand’s disease 
(v.W.D.), clearly results from a dominant mutation 

ing on an autosomal chromosome, and its main 
features hays been confirmed by many inveetigatora*-1*. The 
bleeding time is prolonged in v. W.D. but is normal in hæm- 
ophilia A. Thus, another component, tentatively 
designated ‘vascular factor’ (V.F.), apparently controls the 
bleeding time and is in v. W.D. along with AHF. 

One of us pointed out several years ago that the oocur- 
rence of these two disorders of AHF synthesis clearly 
distinguishable on genetio grounds, one of which is domi- 
nantly inherited, makes it difficult to understand the 
regulation of the AH F-level!. It would appear that an 
explanation of AH F regulation must take into account tha : 
(a) genes on at least 2 chromosomes are concerned; (b) at 
least two plasma factors are involved; (o) ‘feedback inhibi- 
tion’ is almost certainly not the controlling mechanism. 

Recently, French workers* have clearly documented an 
important earlier observation by a Swedish 1e, 
When fresh plasma from persons with hsmophilia 4 (low 
AHF, normal V.F.) is transfused into persons with 
v.W.D. (low AHF, low V.F.), & remarkable result is 
obtained. Within a few minutes the bleeding time be- 
comes normal as might have been expected; but there is 
also a progressive and completely unexpected increase in 

i AHF-level may reach a 
peak as much aa 24 h later only slowly returns to the 
low, pre-transfusion level. This ‘paradoxical’ effect is 
observed neither when the plasmas are mixed $n vitro nor 
when v.W.D. plasma is transfused mto persons with 
PETAEN A. The observations that the low 

of hmmophilia 4 and v. W.D. are achieved by 
quite different biochemical mechanisms. 

One explanatory model which comes to mind is one 
which might be called the ‘activator’ model. In this 
model an activator or oo-faotor of AH F is produced from 
information carried on the autosdmal chromosome, while 
the structural information for a pro-AH F is coded on the 
X-chromosome. In e.W.D. the amount of activator is 
reduced and only & small quantity of the structurally and 

itatively normal AHF becomes activated. 
hemophilia A plasma, rich in activator, is infused 
into a patient with v.W.D. the activator reaches the site 
where pro-AH F is activated. This is followed by a rising 
plasma AH F-level, until the activator becomes exhausted. 
When v.W.D. plasma, presumably containing normal 
pro-AHF molecules, is transfused into persons with 
bsemophilia A, only the rise in plasma AHF is 
observed, probably because the pro-4H FP cannot reach 
the gite where activation occurs. 

To explain the dominance of the mutation this model 
assumes either that the genes normally producing activator 
are working at maximum speed and that one normal 
allele does not produce enough of the competent activator, 
or that the mutant activator substance aote as an inhibitor. 


NATURE 


February 16, 1963 _ VoL 197 


It also assumes that the activator is a molecule which oan 
enter and leave calls with ease, while -AHF is a mole- 
cule which is expelled from cels but not enter them 
Pee The simplest situation would be ono in which the 
dts, i is responsible for the normal bleeding time, is 
also the activator of the AH F system, but this is not éasen- 
tial. V.F. might be & product of an associated reaction. 
The model described here is not without precedent. It 


r is controlled by 
two looi on different chromosomes (I and III). Mutation at 
either-locus resulta in decreased xanthine dehydrogenase 
activity ; however, in vitro mixture of extracts from the 
mutant flies results in return of enzymatic activity!*. 
Another model can be imagined which operates in 
accordance with the ,Bystem proposed by Monod and 


colleagues for protein synthesis in bacterial. 
In this ‘mducer’ model a dominant regulator muta- 
tion of the # type would lain v.W.D. altered 


repressor substance produ by this autosomal gene 
would not be inactivated by its inducer, and ite operon 
would always be repressed. Since this operon,. which 
would ordinarily synthesize the inducer for the X-chromo- 
somal AH F operon, is repressed, the plasma-level of AH F 
is reduced. This model also would be most elegant if the 
V.P. were also the inducer; but this is not essential. Here 
again the inducer would be required to be a small molecule 
because known inducers are small, and it is required to 
pass from blood of hmmophilia A into nuclei of persons 
with v. W.D. if de novo F synthesis is to -oocur. 

The chemical nature of V.F. is unknown. It is interest- 
ing to note, however, that both models require a highly 
mobile molecule which probably implies small gize. 
Coincidentally, several small molecular species are known 
to have striking physiological effeote on blood vessel walls 
(serotonin, pitreemin, adrenaline, acetylcholine). It is also 
of interest that AH F-levels in normal persons increase 
temporarily following adrenalin injections'* or heavy 
exercise", The presence of the inducer in Fraction I-0™ 
may be explained by the occurrence of a protein carrier or 
by its i solubility characteristios. 

Bos Naked Pano na could be due to a structural 
mutation under either model. Severe sex-linked hæmo- 
philia might result either from an operator mutation 
(0° type) or & major change in the structural gene in the 
‘inducer’ model. ‘Mild’ hemophilia, on the other hand, 
might be a ‘mis-sense’ structural alteration with mild but 
not complete loes of the activity of the molecule. í 

It is difficult to imagine teste which could be carried out 
and lead to a decisive choice between these models. It is 
also possible that neither model is entirely correct; but we 
believe their heuristic value justifies their description. 

This in ion was supported in by research 
grant H—8140 from the U.S. lio Health Service. 
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Experimental Oxidation of Hæmoglobin: 
Effect of Repeated Whole-body -Radiation 
in Rats 


Wun washed suspensions of mammalian red cells are 
treated with isotonic solutions of nitrites, the iron of their 
contained hæmoglobin is oxidized to the ferric state 
with the formation of brown methemoglobin. Using 
standard strength red cell ions and weak salu- 
Ee aie pit realan (onotión tuno, igs. 154) 
of the hæmoglobin to this can readily be measured?. 

The increased sensitivity of cord and infant blood to 
oxidizing agenta has long bean known, but a similar 
increase in sensitivity of hæmoglobin to oxidation in the 
growing mammal, in the pregnant and in those bearmg 
malignant tumours has only recently been reported!^*. 
The reaistance of the hæmoglobin of rats to oxidation IRE EN LU Ed I 
cen also be decreased by starvation!, by certain dyes and 
drugs’ and by ionizing radiations. The exact effect of 
such radiation is dependent on the age of the animal at 
the time of irradiation‘ and on the dose administered. 

In rate, 500 rads produce a rapid increase in the hamo- 
globin sensitivity which persists for at least three months. 
With smaller doses (1/80—-250 rads) in adult animals, the 0 14 6 8 1o 0114 5$ 8 
onset of the effect is somewhat delayed and recovery Deys Dew 
oocurs in from 4—7 weeks (Figs. 1, 2 and 8). The hamo- Fe. 
globin sensitivity of sham irradiated controls did not nating 
deviate from the normal value. Re-irradiation of the doses . 
sia within ono month of the return of their hamo- Uy fert dom. sh. Si Tada, D. 125 rads; @, 010 rada 

in sensitivity to normal produces 
an earlier change in their nitrite 
Subsequent doses of radiation at the 
seme intervals produce a progressive 
acceleration of the phenomenon (Figs. 

1, 2 and 8). 

The mechanism of the change in 
sensitivity of the hæmoglobin is, as 
yet, completely unknown. However, 
since the increased sensitivity to 
nitrites of the young pregnant or 
starving animal is at least partially 
reversible by the administration of 
riboflavin and the increased sensitivity 
following 500 rads of y-radiation is 
temporarily reversible by riboflavin 
plus adenosine triphosphate (although 
not by riboflavin alone)'*, it would 
appear that the flavoprotems may be 
involved in these phenomena. The 
latter observations would fit in with 
the mcreased ATPase activity and the 
disturbance in oxidative phosphoryl- 
ation following radiation reported by 
several authors**. Be 
. The possibility that the change in i 








Reacnon time 
Rescnon ume 





response with repeated doses of radia- 
tion is of an immunological nature is 
perhaps suggested by the finding that, 
while an initial series of T.A.B. injec- 
tions caused a marked morease in the 
sensitivity of the hæmoglobin to 
oxidation, a second series of T.A.B. 
injections in the same animals 7 weeks 
later was completely without effect 
(Fig. 4). In the case of radiation, the 
antigenic stimulus would presumably 
be the products of tissue breakdown. 

A fuller discussion of the possible 
mechaniam involved and of the ex- 
periments completed, in progress and 
planned, to elucidate the findings is .8. As Fig. 1; thaledfect af in the maximum pre. ; 
beyond the scope of this communic- E THN we, second dos. O, 1/90 Tad; G, 1/10 m; X, a TM 
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series of injections 
ation, but the bulk of the evidence so far strongly impli- 
cates the involvement of the intracellular electron transfer 
systems and henoe supporte the views of Tahmisian’ and 
many others that these systems are of paramount 
importance in the reaction of a tissue to radiation. 
W. K. Muroarr 


! Motoalf, W. K., Phe. in Mod. and Biol., 6, 427 (1961). 

1 Metealf, W. E, . in Med. end Ihol., 6, 437 (1903). 

* Motoalf, W. K., J. Anat., 97, 144 (P) (1003). 

* Metoalf, W. K., Nature, 194, 783 (1062). 

s Dubois, K. P., and Petersen, D. F., Amer. J. Physiol., 178, 282 (1954). 


ugs D: W. Mer CIBA Found. Symp. om Iomirimg Radiations and 
Cel Metabolism, 77 (1066). 


'Tahmisian, T. N., Peaceful Uses of Atomic Energy, 11, 256 (1056). 


Binding of Strontium In Blood 

Wn have reported! that, following the ingestion of radio- 
active strontium by normal subjecta, the specific activity 
in urine was appreciably greater than that in contemporary 
plasma. Consequently, we postulated that strontium 
existed in blood in two different chemical forms. We 
were unable, however, to find any difference in the specific 
activity of strontium in plasms ultrafiltrate compared 
with that of the aonda yeshi fraction. This result 
prompted further experiments which have now revealed 
an artefact in the original measuremente. Heparin, which 
is known to be a source of adventitious stable strontium’, 
was used in the collection of the blood. An incorrect 
allowance for this gave us falsely low values for the 
specific activity of ino A complete re-estimation 
of the relative specific activities of strontium m urine 
and plasma has therefore been made. 
these measurementa are given in Table 1. 


The resulte of 
The prob- 


Table 1. Breamo ACTIVITY OF STRONTIUM IN URINE AND PlASMA 
ject ( rand ) gpectfio activity 
Bub. coun 
Urine Teams urine/plagna 
B. H. M. 176 170 108 
G. B.H. 208 145 1-48 
A.J.P. 135 158 0-85 
T. H. F. C. 240 191 1-25 
P. W. M. 213 118 102 
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ability of the ratio being greater than unity is 32 per cent, 
the 95 per cent confidence limita 0-84 and 1-40. 

In some experiments already reported}, and in others 
unreported, heparin (batch No. 64378) was added to the 
blood samples. This addition was 40 mg (equivalent to 
4,800 units) to all blood samples of 100 cor more. 
As the strontium content of this amount of heparin is 
known, it was possible to correct these earlier determina- 
tions. The observed and corrected values for the ifio 
activity of strontium in urine relative to that in plasma 
are given in Table 2. The mean corrected value of the 
sane vial + 0-05 confirms the more recent values in 

e 1. 


Table 2. Hrrect OF HNPAEIK OX THE OBSERVED RATIO OF Sram 
AGTIYTTY OF STRONTIUM IN URNS RELATIVE TO PLAZXA » 
of strontium tn urine 
Bubjeck Tolative to pisgma 
A. J. P. 2:68 1-38 
P. W. E. rT 0-07 
s 0-08 
B. H. AL 1-70 0-81 
” 1-09 0-85 
r 1:80 1:10 
^" 117 1-02 
” 1-01 0-80 
» 1:45 114 
; 149 102 
F.8.W. 2-20 15 
0-98 + 0-06 


We conclude that the specific activities of strontium 
in plasma and urine are probably equal. It should be 
added that the same result has also been obtained for 
calcium by others*-‘, There is, therefore, no experimental 
evidence to support the view that there are two different 
forms of strontium (or calcium) in blood which the kidney 
is able to differentiate. 


T. E. F. CagR 
G. E. HAERISON 
J. F. Loor 
Atiog Surrom 
Medical Research Council, 
Radiobiological Research Unit, 
Harwell, Berks. 


* Our, T B, Harrison, G. H., Louttt, J. F., and Sutton, Alioo, Nature, 198, 
a G. H., Raymond, W. H. A., and Thretheway, IL O., Ola. Sa., 
14 681 (1965). 


* Nordtn, B. H. O. (personal communication). 
i Blan, ry Spencer, H., Bwernov, J., and Laszlo, D., Sotence, 189, 1029 


^A Multicomponent X-ray Survival Curve for 
Mouse Lymphosarcoma Cells irradiated 
In vivo 


NEARLY all investigations hitherto reported of the 
survival of animal cell populations exposed to single doses 
of ionizing radiations have yielded data which have been 
fitted by curves of the same general shape: a shoulder of 
varying size (which may be absent) followed by a region of 
exponential decrease. Only a single exponential com- 
ponent has been found even in those investigations in 
which survival was studied to fairly low levels (less than 
10-3), irrespective of whether survival was measured by 
colony formation tn viro!-*, or in vivo by tamour induc- 
tion*. These resulta have been obtained despite the fact: 
(a) that & given cell strain may be heterogeneous with 
respect to innate senaitivity*; (b) that celle may unde 
marked fluctuations in radiation sensitivity during the 
division cyole*; (c) that inhomogeneities in degree of 
oxygenation might exist, particularly in a tumour cell 
population in sttu!*. It may be presumed, therefore, that 
one or more of the following has been pertinent in each 
study: (1) A particular population may be homogeneous 
with respect to inherent sensitivity, degree of ak baer 
and presence of protective agents or other modi .of 
radiation response. (2) The overall sensitivity of cell 
populations heterogeneous with respect to radiation 
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may, under certain conditions, exhibit relatively 

simple survival kinetics’11*, (8) A lees-sensitive oell 

Gd legen Ald aca ee rece TR 

many decades of inactivation are effected’. 

(4) The precision of cell survival measurements, par- 
ticularly those carried out in vivo, is limited. 

Wo have observed a very different radiation response in 
the cell populations which constitute solid, subcutaneous 
603HED mouse lymphosarcomas, 1-2 om in diameter, in 
03H mice. When the viability of such cells is measured 
by Hewitt's method“ immediately after total body 
exposures to graded doses of X-rays (220 kV C.P.; 0-5 mm 
copper + 10 mm aluminium added filtration; half- 
value layer 1:9 mm oopper; 70-90 rads per min), survival 
is found to follow a multicomponent exponential curve, 
preceded by a small shoulder (Fig. 1). The resulta 
that the survival kinetics are determined mainly by of 
only two sensitivities. The relative proportions of these 
remained eeeentially constant in four experiments. The 
initial tial slope corresponds to a mean lethal dose 
ny of 110 rads; its extrapolation number is about 1-2. 

e terminal slope indicates a D, of 260 rads, and extrapo- 
lates to about 0-01 on the ordinate. Neither the precision 
of the data nor the size of the resistant fraction warrants 
resolution of the measured survival curve into components 
for the sensitive and resistant fractions at doses leas than 
1,000 rads. 

When tumours containing 10*-10° cells (about 1 g) are 
irradiated with 3,000 rads, the surviving cells, which 
should be of the resistant type exclusively, give rise, on 
injection into new mice, to populations which exhibit a 
survival curve identical to that shown in Fig. 1. Hence, 
the resistant cells do not appear to constitute a sub-group 
the low sensitivity of which is inheritable. 

The ratio of the exponential slopes, 2-3, ia typical for 
. oxygen enhancement of radiation sensitivity as observed in 
many studies!, including those concerned with cytological 
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damage and survival!:!':1* in tumour cella. It is proposed, 
therefore, that about 1 per cant of the oells of these tumours 
are anoxio and that the terminal slope characterizes their 
radiation sensitivity. The following preliminary results 
tend to this hypothesis: (1) Irradiation in aic of 
cells in chilled fotal calf serum yields survival ^ 
curve which has only one exponential slope; the value of 
D, is close to that for the majority population irradiated 
in vivo. (2) Teradinticn of nels in situ in mioo kid by 
either cervical fracture’ or asphyxiation in nitrogen, all 
of the tissues of which are presumably anoxic, yields a 
survival curve from which it is estimated that the fraction 
of radiation-resistant cells is about 10 times larger than in 
live mice. Further testa, both in vitro and in vivo, of the 
effecta of oxygen and of anoxia on the radiation sensi- 
tivity of these tumour cell populations are under way. 
The possibility that a given tumour cell population may 
be heterogeneous with respect to oxygenation has been 
considered previously!^!*, and the implications of the 
foregoing type of cell POEM response for the radiation 
therapy of tumours been discussed theoretically by 
several authors!?.1**, Such discussions would now appear 
to rest on & much firmer foundation. 
This investigation was supported by a grant (OA 05846) 
from the U.8. Public Health ice. 
W. E. Pownas 
L. J. TOLMAOH 
Mallinckrodt Institute of Radiology, 
School of Medicine, and 
, Cammittee on Molecular Biology, 
Washington University, 
y St. Louis 10, Missouri. 
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Carbohydrate Metabolism in the Sapwood of 
Pinus radiata 

Tru use of carbon-14 produced in nuclear bomb testing 
in biological investigation has been discussed in an earlier 
communication’. Since 1954 the specific activity of the 
carbon dioxide in the atmosphere over New Zealand has 
been increasing, as is shown in Fig. 1*. We have used 
this effect to examine the carbohydrate metabolism of 
Pinus radiata. 

Annual rings of a Pinus radiata tree felled in January 
1960 in the Kaingaroa Forest were ground up and acetone 
extracted in a Soxhlet extractor. The ground rings were 
treated with steam in an autoclave and then exhaustively 
extracted with water. Cellulose was separated from the 
residue. The water-extracted material and the cellulose 
were converted to carbon dioxide and counted in the 
Institute of Nuclear Science low-level carbon-14 counter. 
The 10/10 ratio of each sample was measured so that 
the resulta could be corrected for any isotope effect in 
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the metabolism of the tree or any possible fractionation 
in the laboratory procedure. The resulta are given in 


Table 1. 
If the specific &obtiviby of the cellulose (Table 1) is 
with that of the atmosphere (Fig. 1) it is 
seen that the cellulose activity corresponds to that of 
the atmosphere when ita ring was the outaide of the tree. 
Thus the oellulose is not in dynamic equilibrium with the 
metaboliam, of the tree and, once synthesized, remains 
fixed. This result is not altogether unexpected and has 
long been assumed by thoee engaged in the carbon-14 
age dating. The cellulose was included in these experi- 
mente as an internal standard. 

The activity of the water-soluble carbohydrate (Table 1) 
is considerably lower than that of the atmosphere at the 
time of felling the tree. Thus the soluble carbohydrates 
in the inside of sapwood of Pinus radiata are not 
in dynamic equilibrium with the metabolism of the.tree. 
These carbohydrates, therefore, are not’ analogous to the 
fat reserves of an animal. . 


Table 1. PARTS PER THOUBAND 4 CARBON-14 Values FoR CHEMICAL 
FRACTIONS OF ANEUAL RINGS OF Pinas 


radiata 
Water-soluble 
Anntal ring Cellulose (soluble carbohydrate) 
1053/54 + 1084/55 — 200 + 80 


1966/58 + 1066/57 


om 2:3 om 44 
Atmosphere at time tree felled (January 1060) = 


+ 200. 
boat ae ah pean thousand enrishment above 0 05 of 
National Bureau rem esie rein paige ape p eed 06 or 
fractionation Standard. 


isotopo t0 0:075 of tho: P-B. D:, Chicago 

It should be pointed out, however, that & small amount 
of ‘bomb carbon-14' has been incorporated into the water 
extractives since they are significantly higher than the 
cellulose. This might be due to the metaboliam of some 
of the parenchyma oells in the medullary rays. This 
casts doubt on the practice of attempting to determine 
the specific activity of the atmospheric carbon dioxide 
at times in the past by acourate counting of the wood 
a ae ae a ee 
cedure might be to do a chemical separation and to 
count only the cellulose. 

We thank the Forest Research Institute, Rotorua, who 
kindly felled the tree and separated the rings, the Institute 
of Nuclear Science for counting the samples, and the 
New Zealand University Granta Committee for financial 


support. A. T. WinBoN 
J. M. GuxnBLaY 
Department of Chemistry, - 
Victoria University of Wellington, 


New Zealand. 
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Use E Seea lice Homografts in the 
Study of Graft-versus-Host Reactions 

PrEssyt knowledge concerning the graft-versue-host 
reaction has been derived chiefly from examination of the 
consequences of injecting homologous adult lymphoid 
cell suspensions into tolerant hosts'+. We have attempted 
farther investigation of this phenomenon in so far as it may 
oocur when morphologically intact lymphoid tissue is 
transplanted. : 

In earlier work‘, a technique was developed for trans- 
planting slices of renal tissue from parental strain mice 
on to kidney of F, hybrid recipients. Homografts 
between such strain combinations are of icular interest 
sinee genetically they are capable of inducing a graft- 
versus-host response without a concomitant host-versus- 
graft response. These kidney slice grafts failed to exhibit 
any evidence of a graft-versus-host response, presumably 
because the kidney lacks cells capable of pro ting in 
response to homologous antigens. In the experiments 
recorded here, slices of an immunologically competent 
organ, the spleen, were transplanted in a similar fashion. 
On microscopic examination of theee spleen slice grafte, 
changes indicative of a graft-versus-host reaction were 
observed. s . 

Adult male mice weighing 20-24 g were used. The 
parental strain was O,,Bl,, and the F, hybrid strain was 
B.AF,J(0,BM 9 x AJJ d). The mice were obtained 
from Jackson Memorial Laboratories, Bar Harbor, Maine. 

Mice were anmethetized by the intraperitoneal injection 
of pentobarbital and tho left kidney was exposed through 
`a flank incision. A small atraumatic vascular clamp 
(bulldog) was placed across the renal pedicle to prevent 
subeequent bleeding. A thin slice of renal cortex was 
shaved off the convex surface of the kidney.with a sharp 
scalpel in order to provide a bed for the new spleen graft. 
The graft was taken from the spleen of the donor with fine 
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scissors, excising from the convex surface & disk of tissue 
measuring about 4 by 8 by 1 mm. The cut surface of the 
graft was then placed on the renal bed and preesed down 
gently. The vascular clamp was released and the abdom- 
inal wound closed. Seven days later the kidney with its 
splenic graft was excised and sectioned transversely. 
Blocks were fixed in 10 per oent formalin and sections 
stained with hematoxylin and eosin. Adjacent blocks 
were fixed in absolute methyl alcohol and stained with 


methyl green- in and with hamatoxylin and eoein. 
Each tal group was oompoeed of at least 20 
animals. During the week following transplantation 


there was no mortality, and no systemic manifestations of 
runt disease were observed. 

On examination at seven days, the control tal 
isografte (PP) and F, hybrid isografts (FF) were 
reddish-purple, firm disks resembling normal spleen and 
measuring 1:0-8-5 mm in greatest dimension. Folliales 
were frequently apparent on the cut surface. Homo- 
grafta of P—-F, were also reddish-purple, but were larger 
than the iso and on sectioning were seen to contain 
larger, grey follicles. Homografta of F,—P were swollen, 
soft, and reddish-brown. Greyish-yellow foci of necrosis 
were present on cut section. No follicles were seen. 

In histological sections, characteristic splenic arahitect- 
ure, including lymphoid follicles, was obeerved in the iso- 
grafts. Homografts of P—>F, were rm aris from the 
isografta by the presence of larger folli (Fig. 1) and of 
numerous large immature cells of the lympho-reticular 
series. These cells had prominent pyroninophilic cyto- 
plasm and were most numerous in the lymphoid follicles. 
They similar to those cells described by Fagraeus 
as transitional cells* and by Scothorne’ as large lymphoid 
cells. Grafts of F,»+P were enlarged to nearly twice the 
size of the F»F, controls and were heavily infiltrated by 
macrophages, small hocytes and immature cella of 
the anra and/or p serios. The bed 
was vily infiltrated by similar immature cells and by 
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small lymphocytes. Areas of necrosis were observed in 
the grafts and folicular architecture was completely 
obliterated (Fig. 2). 

This technique of spleen-alice transplantation permits 
direct obeervation of the histological changes occurring 
after transplantation of immunologically competent 
tiasue. The byperplasia of immature lymphoid cells with 
enlargement of the splenic follicle in the P—-F, graft is 
interpreted es a proliferative response of the surviving 
cells in the graft to host antigens. In the F,—P 
the focal necrosis, loes of lymphoid follicles, and 
infiltration of graft bed are interpreted as manifestations 
of the reaction of the host against the graft. The propor- 
tion of donor and recipient lymphoid oells surviving in 
such grafts and the functional capabilities of the cells of the 
graft are under investigation. 

This work was supported in part by the Veterans 
Administration and in part by a grant from the National 
Heart Institute, H-1771 and an Army medical contract, 
M.D. 2061. 
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Gustava J. DAMMIN 
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Use of Cyclophosphamide in an Attempt to 

modify the Canine Renal Homograft Response 

Ix view of the prolongation of skin homografts in mice 
as a result of administering cyclophosphamide as reported 
by Sutton, Griffith and Preston}, with the finding that the 
same drug used as a preconditioning agent permitted an 
increased survival of tumour transplanta in rata by 
Henegar, Jackson and Preston*, it was felt that this drug 
might be of use in prolonging canine renal homografts in 
line with previous investigations using other metabolites 
such as those of Calne*; Pierce, Varco and Good‘; and 
Zukoeki, Lee and Hume’. 

A comparative examination was made to evaluate this 
poesibility. Twelve mongrel dogs were used in the control 
series. They underwent bilateral nephrectomies and were 
recipients of a renal homograft from a similar type unre- 
lated dog of the same sex. The renal artery and vein of 
the donor kidney were anastomosed end-to-end to the 
iliao artery and vein of the recipient and the ureter was 
anastomosed to the bladder. Eleven dogs survived the 
operative procedure and lived for a period averaging 
twelve days with a range between seven and fifteen days. 
The blood urea nitrogen (BUN) increased precipitoualy 
about the seventh day and serial needle biopsies showed 
an intense cellular infiltration of lymphocytes, plasma cells 
and macrop inning at this time. The white 
blood count and hwmatocrit remained at almost the 
pre-operative level until this time and then fell. 

In the oyclophosphamide-treated group, 5 mg/kg of the 
drug was given intravenously at the time of surgery and 
l0 mg/kg of body-weight was given orally every other day 

inning on the first post-operative day and continuing 
until their death. In this group there was one immodiate 
post-operative death with the other animals living an 
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average of twelve days but ranging from 4-28 days. 
There were three animals who exoeeded the range of the 


control group, living 17, 21 and 23 days with two animals 


expiring before the control group at four days showing 
signs of drug toxicity. Outaide of the last two, autopsy 
findings were simular in all cases with the kidneys markedly 
swollen and hmmorrhagio. Microscopically, they showed 
the intense cellular infiltration mentioned above. The 
onset of this cellular infiltration and rising BUN appeared 
approximately four days prior to the animal’s death. The 
"white oounte post-operatively were depreased to about 
one-third of the pre-operative level with the hæmoglobin 
showing an approximate 80 per cent depreesion. Both 
thee findings occurred during the first few days and 
remained generally at this level. ~ 
In conclusion, it waa felt that cyclophosphamide.in the 
e and method used for administration in this series 
bad little over-all effect in prolonging the survival time 
although further study will be necessary to evaluate the 
response in the two that did survive beyond twenty days. 


GERALD B. RHAMB 
Animal Research Laboratory, 
U.S. Air Foroe Hoepital Keesler, 
Keesler Air Force Base, 
Mississippi. 
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Effect of Light on the Oxidation of Reduced 
Nicotinamide - Adenine Dinucieotide Phosphate 
in Animal Tissues 


Dusa the course of experiments on glucose-6- 
phosphate : NADP and phosphogtuconate : NADP 
dehydrogenases it was noted that the reduction of methyl- 
ene blue occurred much faster in the light than in the dark. 
Bubeequent experiments showed that this effect also 
occurred with isocitrate : NADP dehydrogenase but only 
to a alight extent with malate : NAD and succinate 
d . 

The rate of reduction of methylene blue was determined 
by the Thunberg method. The following reagenta were 
used: dye, 0-267 mM methylene blue; buffer, M tris- 
hydrochloric acid, pH 17:5; substrates mM, glucose-6- 
phosphate (disodium salt); 0:02 M (+)-isocitrate 
trisodium salt; 0.01 M sodium malate; 0-01 M sodium 
succinate; coenzymes, 0:05 mM NADP (sodium salt); 
0-2 mM NAD; enryme preparations. (a) Hsemolysate of 
human red blood corpuscles. 5 ml. of heparinized venous 
blood was centrifuged for 10 mm at 2,500 r.p.m., the 
supernatant plasma withdrawn, the corpuscles washed 
twice with 0-9 per cent sodium chloride, and the volume 
finally made up to 5 ml. with distilled water. A 1-in-20 
dilution of this hamolysate in distilled water was used for 
the experiments on glucose-6-phosphate and phospho- 
pue dehydrogenases. (b) Homogenate of mouse 

A mouse heart was homogenized in 2 ml. of dis- 
tilled water and the homogenate diluted with distilled 
water to contain 10 mg heart tiseue/ml. for the experi- 
mente on isocitrate dehydrogenase and 20 mg/ml. for the 
experiments on malate and succinate dehydrogenases. 

For the experiments on the red blood cell dehydro- 

enases 0-5 ml. each of the dye, buffer and diluted hæmo- 

te and a drop of octanol were placed in the Th 

tube and 0-5 ml. each of glucose-6-phosphate and NADP 
in the hollow stopper. The tube was evacuated for 5 min 
to ensure the complete deoxygenstion of oxyhsmoglobin. 
For the experiments with heart homogenate 0-5 ml. each 
of the dye, buffer, substrate and were placed in 
the tube and 0:5 ml. of the diluted homogenate and a drop 
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of octanol in the hollow stopper. The tube was evacuated 
for 8 min. 

After evacuation, the tube was placed in a beaker of 
11. capacity about three-quarters with water at 37° 
and allowed to equilibrate for 5-7 min, after which the 
reaction was started by mixing the tube and stopper 
contents. The tube was then either replaced in the 
beaker of water and iluminated with a 150-W frosted 
bulb or placed in the dark in a beaker of water at 37° in an 
incubator. In the former case, the tube was placed in the 
water-bath in a sloping position with the reaction mixture 
nearest the observer and-12 em in a horizontal line from 
the rounded end of the bulb. 

The time taken for the methylene blue to become 
reduced by 70 per cent, as estimated by comparison with a 
standard tube, was recorded as the reduction time. For the 
experiments on red blood corpuscles the standard tube 
contained 1-5 mL buffer, 0:5 ml. diluted hsmolysate and 
0-5 ml. methylene blue 80 per cent the concentration used 
in the reaction mixture. Tho tube was ovacuated for 5 
min. The standard tube for the experiments with heart 
homogenate contained 1:5 ml. buffer, 0-5 mL diluted 
homogenate and 0-5 ml. methylene blue 80 per cent the 
concentration used in the reaction mixture. 

At a certain time, when ib was learnt by experience 
that the end-point had almost been reached, the tube in 
the dark was removed from the incubator, examined in 
daylight, and immediately replaced in the incubator. 
This procedure was ted at 1-2 min intervals until the 
end-point was reach: 

The concentration of the enzyme preparations used was 
chosen so as to give reduction times of 8—6 min in the 


t. 
Typical results are shown in Table 1. 
Table 1. METTLE BLUE RIDVOTON Tos AND Dark/Lioer RATIOS 


(min) i) 
giueonate : NADP Guan carn 
Í oar- 
410 45 91 
: NADP (mouse beart) 34-0 83 103 
Malate : NAD (mouse heart) 6-0 41 14 
Succinate (mouse heart) 88 59 16 


In a further experiment with isocitrate : NADP dehy- 
drogenaae a reaction mixture incubated in the dark for 10 
min and then exposed to the light (150-W bulb) took 50 
sec to reach the end-point. 

The results show that light has a striking effect on the 
reduction time of methylene blue in systems in which 
NADP is the coenzyme. Since the reduction of methylene 
blue involves the oxidation of reduced coenzymes it can 
be concluded that light exerts a major stimulating effect 
on the rate of oxidation of NADPH,. 

H. ZwWARHNHTHIN 
V. Van Dna Sonyrr 
Department of Physiology, 
University of Cape Town. 


Size and Feeding of Different Types of 
Fishes 
Tua pelagic, predatory, marine fishes are a remarkable 
, containing many species of great importance for 
th commercial and game fisheries. Some examples are 
the mackerel (Scomber scomber), the Thunnidae, the spear- 
fishes (Makaira sp.) and Tarpon ailantious. 

As these fishes are both fast swimmers and pursue their 
abe ur they may be defined as ‘stayers’, that 
ja, capable of maintaining a high speed over a period 
of time. The ‘stayers’ are characterized by a body- 
musculature with a comparatively high amount of red 
muscle tissue, consisting of fibres of the thin red type. 
Thin red muscle fibres are characterized by the presence of 
myobsmoglobin, coupled with a good vascularization’ * 
and an aerobic metabolism, in which not only glycogen 
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but also probably fat may be used for the production of 
energy. The alternative, broad white fibres have a com- 
Plea cnn pomplex dt custo. ye They 

vo an anaerobic action, using glycogen exclusively for 
energy production, and have a faster contraction than the 
narrow red fibres with a greater number of sarcomeres. 
The alower narrow red fibres are suited for prolonged 
action. Consequently, a large amount of red muscle 
tissue in the body musculature enables the fish to cover 
lóug detana aie relatively: High araising aped. Ib is, 
however, an expensive ability, which demands a good 
supply of both calories and oxygen to function efficiently. 
A ‘stayer’ like the trout has a higher basal metabolism 
and food-coefficient than other of fish®>’, 

The drag on the surface of moving fish is correlated with 
the surface areas of ita body, which is in turn proportional 
to the cross-section of the musculature. This croes- 
section estimates the power of the muscle. As the fish 
pore oe et ere OE the ewig speed uk cal HB, 

the possibilities for fuel storage increase with the 
contents in the third degree of the proportions, much 
faster than the drag on the surface. 

In this connexion it is interesting that the biggest 
representatives of this group of typical ‘stayers’ occur in 
oligotrophio seas. tatives of thia group in the 
eutrophic North Sea are: Scomber scomber (mackerel), 
Trachurus irachurus (horse mackerel) and Belons belone 
(garfish), all small fishes with a maximum weight of 
1-8 Ib.*. 

On the contrary, in oligotrophic tropical seas, a oon- 
siderable number of pelagic predators with a of 
tore (had 80 ea aro fouhd, openly in the fanidly 

and also a number of real giants with a maxi- 
mum weight of 100-1,500 lb., with a maximum 
varying from 1-5 to 5m. The latter to the 
railed Sele aa a precede eaters pee Tuunnidés, 
, Rachyoentridae, Hlophidae and 
gidae?*.1¢, 


The more favourable relation between fuel-storage and 
drag on the surface gives the bigger fish a larger action 
radius. The migration of big pelagic fish-cating ies is 
often remarkable. For the albacore (Germo ) 
migrations of 4,724 miles in 324 days and 8,166 miles in 
176 days have been recorded". These big species can thus 
search hugo areas for food, which is an obvious advantage 
if food is scarce. 

An additional advantege the larger predatory fish has 
over a smaller species is the greater variation in the size of 
the potential prey. The huge swordfish and spearfiahes 
also feed on very small prey!*:15. If food is scarce and 
heterogeneously we may conclude that an 
increase of size is a favourable factor in the struggle for 
life of this type of fish. 

If food is abundant and more or leas homogeneously dis- 
persed, the greater possibilities for fuel storage of the 
bi species are not i rtant 

dat tehes rango and ncenal ormal swimming speed are not 
important, but time is the main factor which determines 
the quantity of food captured by the fish. Flat-fishes 


obtain the biggest part of their food (worms, lamelli-. animals 


branchs, crustaceans) by careful search of the bottom, 
which has to be done at a low : 60 that these fishes 
do not need & large amount of red muscle tissue which 
makes a high main speed possible. In order to eecape 
from their enemies and to catch & moving prey, the ability 
to sprint fast is very favourable. As ane might expect the 
body-musculature of flat-fishes consists mainly of broad 
white muscle fibres with low sarcomeres. This is well 
suited for the sprint. 

In eutrophic boreal seas flat-fishes are, in the main, 
much bigger than their relatives in oligotrophic tropical 
seas. The maximum of flat-fishes from Ceylon 
varies from 9 to 62 om an average of 20 cm. In the 
Norwegian and North Sea the corresponding variation is 
12-200 am with an average of 55 am® 1°, 
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The Gadoid fishes form another group of bottom-dwel- 
ling ‘sprintere’ which mainly live in the open sea. They 
are very common in eutrophic boreal seas but even there 
concentrated on spota abounding with food. They are 
almost absent from tropical waters. 

In tropical seas, flah-eating ‘sprinters’ are concentrated 
on coral reefs. Here they find quiet water, where their 
lack of stamina is of no importance, Drs aaa 
which increase their chances of seizing p 

cA relatively nego ebooks ok minal fishes Toana Gare 
corals and other invertebrates, and extremely clear water, 
are advantages to fishes who have to find/prey by the eye. 
Fishes of this type are the baracuda (Sphyraena baracuda), 
which. reaches a weight of 100 Ib. and the gro sae ay 
(Serranidae), same of them reaching a weight of 1,000 

On the shores of boreal seas, conditions are not so well 
suited for ‘sprinters’. There is not such a concentration of 
small fish, water is much lees clear and, in most cases, 
moving strongly. The genera Gobius (gobies) and Cottus 
(sea-scorpions) are good representatives of the small coast- 
dwelling ‘sprinters’ in the North Sea and the Atlantic. 

R. Boppaxks 

Rijkainsti Visserijond 1 

IJmuiden, The Netherlands. 
1 Boddeks, 
pontem, 0 1r cid UM Te d Ma dis Pros, Kon. Ned, Akad. 


TIN 


aspects of reproduc- 
tion in cyclostomes has recently been reviewed!" and we 
have already reported the results of a preliminary investi- 
gation on con mechanisms in the reproductive 
physiology of the river lamprey, Lampetra fluviatilis’. The 
present communication records the resulta of more 
extensive work. 

The experimental animals were obtained from the 
River Severn and kept in well-aerated running tap-water. 
Hypophysectomy was carried out as previous! prone, 
on & large number of individually mar 
biopey specimena of gonad fram both hypophysentomod 

sham-operated ee ee eee iae 
time of operation and at intervals afterwards. 
A bap er aretha Survival of all operated 
was excellen: 

When male hae of this particular lation 
begin their anadromous migration in late , the 
testis contains only ia, and mitotic divisions 
&re numerous. Between October and December the 
celis; anter bó propane of melodie; and thie blago lasts 
until mid-February when metaphase platea first become 
evident. From the beginning of March the testis contains 
an increasing number of spermatozoa and progressively 
fewer earlier stages. Maturation is complete and spawning 
oocurs in early April. The development of the germ 
cells is approximately synchronous within an individual 
testis and throughout a particular population, though this 
is nob absolute. Secondary sexual characters become 
evident durmg March and are usually fully developed by 
carly or mul Agel 
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Eighty lampreys were hypophysectomized between 
early October and early March, and in all cases of complete 
Bypophysestoniy seoondary sexual cbaracters failed to 

evelop. 


Examination in April of biopsy samples from the testes 
. of lampreys hypophysectomized in October revealed the 
presence of primary spermatocytes in late prophase, 
. together with meiotic metaphases, secondary spermato- 
cytes, spermatids and, rarely, spermatozoa. Several of 
these animals survived until the end of June when their 
testes were again examined by biopsy. In every case the 
testis contained spermatozoa, occasionally accompanied 
by late spermatids. These spermatozoa were never 
whorléd within the lobule, with their heads grouped 
together, as in the normal mature testis, and their appear- 
ance in sectioned testicular tissue suggested that they were 
incompletely developed. 

When examined in April, the testes of lampreys hypo- 
physectomized in November and December contained all 
stages of spermiogenesis from early spermatids to spermato- 
xoa, the latter being loosely scattered, similar to the June 
configuration of the October-hypophysectomized testis. 
The testes of lampreys hypophysectomized in January 
and later, when examined in April; contained only 
spermatozoa, the degree of whorling being greater in the 
later-operated animals. 

From the foregoing resulta it appears that removal of 
the pituitary, even when the germ-ocells are only at the 
spermatogonial stage, is not an insuperable barrier to the 
progress of spermatogenesis and spermi egis, though 
under these conditions spermatozoa are forined approx- 
imately two months later than in normal animals. Hypo- 
physectomy performed when the germ-oell& are in early 

phase of the first meiotic division (in November and 
Docsadiber) causes leas delay in sperm formation, and when 
performed during the later stages of prophase (January 
and February) there is little, if any, disturbance of the 
iio of sperm maturation and the nuclear evente which 
P eit. 

These results suggest that togenesis and spermio- 
genesis in lampreys, unlike other vertebrates, are autono- 
mous processes though they are appreciably catalysed by 
the pituitary, the absence of which from October onwards 
delays the appearance of sperm by some ten weeks. 
‘Moreover, in animals maintained for this length of time 
after the normal population has spawned, the sperms are 
loosely distributed i in the lobules and appear incompletely 
developed though, because no normal females are available 
at this time, their capacity for fertilization has not been 
tested. It may be noted in this context that & virtually 
normal testis picture could be obtained if hypophysectomy 
is carried out ab such a time that it does not unduly 


delay the development of the spermatozoa. This would’ 


to suggest that rt is a time factor, rather than 
asa of the pituitary, which is responsible for the some- 
what abnormal appearance of the testis of animals hypo- 
physectomized in October and examined late in the 
following June. 

In female lampreys, hypophysectomy abolishes the 
normal increase in size and dry-weight of the eggs which 
occurs between January and April. After hypophysectomy 
the ovary remains small and compact and the eggs are not 
released into the body cavity, whereas in the control 
animals they are ovulated by the beginning of April. 
However, no signs of atresia were observed, and this is a 
point of considerable interest since, so far as is known, 
atresia of yolk-conteainmg eggs invariably follows hypo- 
physectomy in other female vertebrates. 

The effecta of replacement therapy using lamprey 
pituitary extracts, mammalian gonadotrophins of extra- 
pituitary origin, and steroids, have also been investigated. 
Of two groups of hypophysectomired lampreys, one was 
injected with a suspension of lamprey pituitary material 
at a dose level of three glands per ani in 0-1 ml. saline, 
and the other with a mixture of 2001.0. pregnant mares’ 
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serum and 300 I.u. chorionic gonadotrophin in 0-1 ml. 
saline, at approximately fortnightly intervals between 
December and April. The animals displayed secondary 
sexual characters in April and sperm was present in the 
testes, in moet cases whorled within the lobules as in 
intact mature lampreys. Ovulation occurred in the 
females. These changes were more marked in the case of 
the pregnant mares’ serum—chorionic gonadotrophin 
injections, in which the dose was evidently more suitable. 
Control animals injected with saline retained the immature 
status of hypophysectomized lampreys. 

Intact lampreys of both sexes were also injected with 
pregnant mares’ serum and chorionic gonadotrophin at 
the same dose-level and at similar intervals between 
November and early March. Stimulation of both primary 
and secondary sexual characters was obtained. Secondary 
sexual characters first appeared during February, though 
the injections started in November. This suggesta that 
the tissues concerned are insensitive to hormonal stimula- 
tion until shortly before the time at which the secondary 
sexual characters normally develop. 

Intraperitoneal implantation of a 25- pellet of 
testosterone into hypophysectomized hale D erre in 
December or February caused the development of second- 
ary sexual characters in early May. Implantation of a 
12-5-mg pellet had only a slight effect. Intact and hypo- 
physectomized female lampreys implanted cach with a 
25-mg pellet of testosterone failed to develop the charao- 
teristic female post-anal fin, but developed an enlarged 
urinogenitel papilla similar to that of a mature male. . 
Thus, the nature of thé secondary sexual characters 
appears to depend on the type of steroid hormone adminis- 
tered 


. Three lampreys gonadectomized in November and 
seven gonadectomized in February survived until mid- 
April. None showed any sign of secondary sexual charac- 
ters. It therefore appears likely that thé relationshi 
between and secondary sexual characters, 
established in other vertebrates, holds also in cyclostomes. 


P. J. EvkNNHTT 
J. M. Dopp 


Department of Zoology, 
University of Leeds. / : 
1 Dodd, J. ML, in Marshall's P. , 1, Pt. 2, edit. b 
EU aen oq d poten i 


= Doe S, MOL aad P. J., and Goddard, O. K., Symp. Zool. Soc. Lond., 
0. ‘ 


- Unequal Weighting in Numerical Taxonomy 

In the i Imperfecti, the system of classification 
which has evo. over the past 150 years involves the 
recognition of ‘form species’ and ‘form genera’ which 
lack any established genetic basis. Thus it is possible 
to peak of ‘similarity’ but not of ‘relationship’. This 
system, though admittedly artificial, is at present eessen- 
tial to sorting and identifloation procedures. 

As no more natural scheme is yet in prospect, any 


consistent and reasonably objective way of placing an 


unknown or undescribed fungus within the existing 
framework would be useful both to the non-taxonomist 
attempting identifications, and to the scientific historian 
trying to explain the rationale of the present system. 

We have accordingly attempted to apply the numerical 
approach to taxonomy within the existing , 88 8 
first step toward making mathematics an operational 
tool in the taxonomy of the Fungi Imperfecti. 

The method originally tested was that described by 
Sneath! in which coefficients of similarity are formed be- 
tween pairs of organisms or taxa by the comparison of 
large numbers (at least 40 and preferably more than 60) 
of equally weighted qualitative and quantitative char- 
acters. Our initial work used & small group of Fungi 
Imperfecti comprising the genera Haplobasidion, Lacellin- 
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opsis and Lacellsna, each with three species. The data 
were derived from a taxonomic treatment by Ellis‘, a 
list of 70 features being compiled for use in the numerical 
scheme. 
When Sneath’s method was followed, it was found that ~ 
similarity coefficients between ‘form species’ from different 
ERE ‘form Bleu were in some cases higher than 
orm ' now considered io 
(ane 1 un 1) and no eects alternative ification. 
could be visualized. Consequently, it was felt that the 
method in its origina] form was unsuitable for this 
alg 
most discussions of numerical taxonomy** equal 
weighting of all characters has been & because 
of the difficulty of devising any rational criteria for 


differential weighting. 


zB acer 
AAS SEZ r 


& 833 FEF & 
AWS azs e 


to species: b, p T rigore, 1. apii . lelebes, H. musas, 
Ke ee l. levixpore, L. tpiralis. Be, bro, lacina 


The principal differences between H 
Lacellinopsis and-Laocellina are that only the first two 
possess swollen i vesicles at the apex of the 
conidiophore, and only the last two possess sete. In 
organiams like the Fungi Imperfecti, which are described 
largely in morphological terms, those terms may con- 
veniently be divided into primary and secondary char- 
acters. Primary characters are those organs (sete, 
vesicles, conidia) which require further characterization 
or description. This is supplied by a variable number of 
secondary descriptive features (width, septation, 


mentation). 


are not considered when 
spice and hanoo do not afoot Da szfartycoaien. 
E es 

& given primary character, to appear 
reu ee M MM ee E 
the primary character entirely, because of differences in 


secondary features of that character. This anomalous - 
situation seems, in fact, to have arisen in the Fungi, 


Imperfecti, although it has not apparently been en- 
ia ce ee IER 
a 

To obtain more realistic coefficients of similarity in the 
Fungi Imperfecti, an amended scoring system was devised. 
To each character was added a weighting of 
unity for each secondary character needed to describe it. 
The primary character ‘sete present’ is described by a 
maximum of eight secondary characters in any individual. 
In Lacelinopsis sacchari, for example, these are as follows: 
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o simple, (2) straight, (3) subulate, (4) ee 
5) pigmented, (6) septate, (7) 400-7004 long (max 
(8) 7-92 thick (max.). 

Under the modified scheme, the presence of sete in 
Lacellinopsis and their absence from Hi jon Was 
now scored as nine character differences. 

When this weighting system was used, the classification 
obtained was i in accordance with | present day f , the 


JEAN R. PROOTOR 
W. B. KESDRIOK 
Research Branch, x 
Department of Agriculture, 
Ottawa. 
ae P. H. " J. Gen. uu 17, 201 (1957). 


Germination of Basidiospores and Production 
of Fructifications of Members of the Agaric 
Family Bolbitiaceae using Herbarium Material 


DuazrxG the taxonomic examination of the Bolbitiaceae 
T n in order to carry out mating determ- 
pera die ee the basidiospores of numerous 

source of the spores has included not 
only fea poro prinia but bo poros fom dried fui 
bodies and from spore prints accompanying herbarium 
material. 

Fresh turgid spores, collected from a mature ahs Rub R 
and immediately plated out on 5 per cent 
agar, have germinated after a 48-h period m the dark at 
25° 0. Ug n ee ee ee 
apparently of this family, and y pronounced in 
the genus Conocybe, have been produced within a similar 
period of time. Spores of dried material, however, have 
not germinated satisfactorily, even during a 28-day period. 
Out of almost eighty collections, only in three have one or 
ee er oe ee T 
tubes. The subsequent growth of these garm tubes has 
been poor, and the vesicles have soon collapsed. No 
inorease in germination has been noted if the from 
the herbarium were agitated in sterile water for 
} 1, 2, 3, 4 h or longer periods of time. This 
that the lack of tion is not due to the activity of & 
simple water soluble and leachable inhibitor.  Bterile 
dilute aqueous solutions of organic acid and/or mincral 
nutrients have had no stimulatory effecta. 

Spores from herbarium material, however, germinate if 
they are incubated in & saturated atmosphere o ight, 
transferred to a phial of sterile distilled water, di by 
agitation in & micro-shaker and plated out. 

The incubation was carried out by placing the dry 
spores in & welled slide mounted on glass disks in a sterile 
Petri diah and surrounded by 5 mm of sterile water. This 
was left overnight in a darkened incubator at 27° O, the 
latter being the most favourable temperature. 

By this simple technique basidiospores of the type 
material of Conooybe perosncta, after two years in the dry 
conditions of a herbarium, have been induced to germinate. 
The viability of collections varies ing to the way 
the herbarium material has been dried. Herbarium 
material treated with insecticides has not germinated by 
this method. 

A few collections, approximately three years old, of 
Bolbitius vitellinus, Conooybs subpubescens and Agrocybe 
semi-orbioularis, have germinated after the foregoing trest- 
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ment, but normally after two years the spores have com- 
pletely dried out and the protoplast has become dis- 


M ds 

; Scarth! has shown that after freexing plant tiasue in 
micro-cold chambers and suddenly thawing under 
constant observation there is a flooding of the inter- 
cellular spaces, rupturing of the ‘protoplast, and conse- 
quently a low survival of the cells constituting the tissue. 
If gradual thawing is allowed there is no such tearing of 
the cell wall away from the protoplast and the o 

tion seems to be retained or not drastically disorganized 
as with a violent deplaamolysis. 

A similar mechaniam may explain the results with 
agario basidiospores. If water molecules gradually diffuse 
into the internal parte of the spore the survival rate is 
considerably higher than if the spores are swamped with 
excess free water. Using the dried herbarium material 
and inoubating the res in & saturated atmosphere, 
water is gradually imbibed by the viable spores preeent in 
the spore deposit. The colloidal components are allowed 
slowly to absorb sufficient water for reorientation over a 
twelve-hour period and are not disorganized by flooding. 

The spores so treated are in a suitable state to be 
agitated in either sterile distilled water or aqueous 
mineral solutions without further injury to the protoplast. 
A suspension of them in sterile distilled water was eprayed 
on nutrient agar, supplemented with 10 per cent dung 
extract. Agar diaks with germination vesicles and germ 
tubes were cut out with a flamed cork borer and trans- 
ferred to sterile half-pint milk bottles. In the bottles 
was placed a pad of shredded block paper pulp, 10 om in 
depth, soaked in water, partially dry and covered 
with nutrient agar. The bottles were kept on the labora- 
tory window aill at 20° O. 

Sufficient of the nutrient agar, made up. UE to 
Lange's formula plus 0-5 per cent malt extract, was added 
to form a 1-2 om-layer at the bottom of each bottle and & 
thin coat over the paper pulp. The alveolate nature of 
the pulp presents & larger aerated surface for fungal 
colonization. 

After about 50 days under the foregoing conditions 
primordia appear and within 60 days mature fruit bodies 
bearing normal basidia, basidiospores, cheilocystidia and 
dermatocystidia are formed. The spores produced by these 
fruotifloations are quite viable and fresh inoculations have 
been made from them. Some culturee, however, take 
longer to produce primordia or onoe they are formed do 
not develop further. Favourable growth and the produo- 
tion of sporophores in these cultures can be induced by 
covering the paper pulp pad with a layer of a sterile sand 
and soil mixture. 

Roy Watiine 


Royal Botanio Garden, 
Edinburgh. 


1 Boarth, G. W., New Phytol., 48, 1, 1 (1944). 

? Lango, M, Densh. bot, Arh., 14, 1 (1952). 
Incorporation of Hydrocyanic Acid labelled 
with bon-I4 into Asparagine In Seedlings 


In the course of work on the biosynthesis of cyano- 
gluooaidee in planta, it was observed in feeding experimenta 
that yo seedlings of a number of plant species incor- 
porate radioactivity from H3*UN into asparagine to a 
considerable extent. 

Sorghum vulgare, var. Honey Drip, was used in most of 
the experiments. Seeds were germinated and grown in 
the dark for 4 days at 29 + 1°0. Twenty seedlings were 
selected for uniformity and placed m a 10-ml. beaker oon- 
taining 5 ml. distilled water. This beaker and a vessel 
containing 1 uM Na™“ON (3-48 uo.) in 0-17 ml. 0-1 N 
sodium hydroxide were placed in a 2-5-L desiccator which 
was closed immediately after addition of a slight excess of 
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mineral acid to release HON. The seedlings were main- 
tamed in continuous light under incandescent lampe for 
40 h, during which period they appeared to grow normally. 
The planta were then collected, weighed, frozen in liquid 
nitrogen, ground and extracted with 100 volumes of 
boilmg 80 per cent (v/v) aqueous ethanol for 5 min. The 
solvent was evaporated in vacuo and the residue extracted 
with 2 ml. of 10 per cent (v/v) aqueous isopropanol. The 
extract was clarified by centrifugation if necessary and 
suitable aliquots were used for paper chromatography. 
Similar feeding experiments were also carried out with 
barley (Hordeum vulgare, var. California Mariout), pea 
(Pisum sativum, var. ), flax (Linum usitatissimum, 
var. Imperial), red clover (Trifolium pratense, var. 
Medium) and white clover (Trifolium repens, varieties 
Ladino and New Zealand Certified). 

Two-dimensional chromatograms were pre on 
Whatman No. 1 paper in phenol/water (80 : 20 w/v) 
followed by butanol/acetic acid/water (120 : 30 : 50 v/v), 
using the descending technique!. Autoradiographs wero 
made using Kodak 'No-soreon' X-ray film with 
tumes of 1-2 weeks. In all cases, a very intense spot waa 
observed on the autoradiographs, which superimposed 
exactly with the characteristic oun Bpot for asparagine 
observed on spraying the chromatograms with ninhydrin 
reagent and developing at room temperature. Percentage 
recoveries of carbon-14 in the asparagine were 
determined by eluting the radioactive zones from one- 
dimensional chromatograms run in butanol/acetio acid/ 
water and counting suitable aliquots at infinite thinness 
in a gas-flow counter (Nuclear-Chicago model 1813). 
Recoveries in two experiments with sorghum were 14 and 
17 per cent. 

Some leee-intense spots were also observed on tho 
autoradiographs, the pattern varying with different 
species. In several instances a spot was observed in the 
position where sucrose would be expected, corresponding 
exactly with & positive reaction to aniline phthallate 
reagent! on the chromatograms. A tracing of a typical 


Butanol-aoetio acid—water 
03 04 


TE due s 


04 


Phenol-water 


06 
0-8 


10 
3 A from 80 cent (v/v) ethanol extract of 
ot aed amis atn of 2 i a Mo 1) B enda 
blacked ; sucrose 7), 
= (unknowns) were labelled to a much &maller extent 


wo.48 February 16, 1963 


autoradiograph from the experimente with sorghum is 
shown in Fig. 1. 
The identity of the most heavily labelled oompound as 
ine was established conclusively for all the species 
studied. Aliquots of the extracta were chromatographed 
1n one dimension on Whatman No. 1 paper in each of the 
4 following solvent : methanol/water/pyridine 
(160 : 40 : 8 v/v), ethanol/water/ammonia (180 : 10 : 10 
v/v), methyl ethyl ketone/acetone/water ($0 : 10 : 6 viv), 
ethanol/tert-butenol/water/ammonia (60 : 20 : 15 : 5 v/v). 
The distribution of radioactivity was determined using & 
chromatogram strip scanner (Nuclear Chicago model 
R1000). In all cases the major radioactive peak was found 
to correspond with DL-asparagine marker. A superposition 
teat with authentic r-asparagine using methyl ethyl 
ketone-acetone-water as solvent was positive. Exact 
correspondence was also obtained when an aliquot was 
run on DEAE paper in 0-02 M phosphate buffer, 
pH 4-7 (ref. 3). 

Formation of aspartic acid was demonstrated by 
enxymatic hydrolysis with a Pseudomonas enzyme which 
exhibits both glutaminase and asparaginase activity‘. 
Prof. D. M. Greenberg and Dr. M. E. Ramadan, University 
of Cahfornia Medical School, San Francisco, kindly 
supplied an enzyme preperation of activity 200 cnzyme 
units per ml. (1 umt is defined as liberation of 1 uM 
ammonia per 15 min). Radioactive aspar&gme in the 
extracta was separated from glutamine by paper chroma- 

y in butanol-acetic acid-water. Suitable aliquots 
of the eluates were incubated for 15 min at 87° with 
constant shaking with 0:1 ml. enzyme in the presence of 
0-09 M sodium veronal buffer, pH 8-2, and 0-023 M potas- 
sium cyanide in a total volume of 1-1 ml. Obromatograms 
were then run in butanol-&oetio acid-water, scanned for 
radioactivity and sprayed with ninhydrin. A single radio- 
active poak was observed to correspond with aspartic 
acid in marker strips and no radioactivity was detected 
at the asparagine position. 

In a preliminary assessment of the distribution of 
carbon-14 in the asparagine, chromatograms of the 
partially purified asparagine-“C and of aspartic acid-*C 
derived by enzymatic hydrolysis were sprayed with nin- 
hydrin, dried for 5 min at 100° and scanned a second time 
in the strip counter. Whereas there was no reduction in 
radioactivity in the case of saperne &l the radio- 
activity waa lost from the aspartic acid by decarboxylation 
after spraying twice with ninhydrin. This suggested that 
the label was present solely in the B-oarboxyl carbon.atom 
of aspartic acid, or the amide carbon atom of asparagine’. 

The distribution of carbon-14 in the carboxyl- and 
amide-carbon atoms of ine was determined more 
precisely by the decarboxylation of asparagine-“0 and 
aspartic acid-“O with N-bromosuccinimide’. The “CO, 
ovolved was collected in 1 ml. M potassium hydroxide in 
the centre-well of Warburg veasels and determined by & 
modification’? of the scintillation counting method of 
Gordon and Wolfe*. Whereas 100 per cent of the carbon- 
14 of aspartic acid was recovered as 10O, only 1-6 per 
cent of the carbon-14 of asparagine was thus recovered. 

These experiments show that the carbon atom of hydro- 
oyanic acid is incorporated in relatively large amounts into 
the amide-carbon atom of asparagine in ees of 6 
species. It appears likely that asparagine can syn- 
thesized in these species by 3-carbon plus 1-carbon con- 
densation, where the l-carbon fragment 18 hydrooyanio 
acid or & related compound such as formamide. In 
aunilar feeding experiments with “OO, a much wider 
distribution of the label was found, showing that the 
observed resulta with H'*ON were not due to conversion 
to "CO, imi experiments with serine-“0 
support the hypothesis that serine or a related metabolite 
could be the 3-carbon unit. 

It will be noted that hydrocyanic acid was incorporated 
into e both in seedlings of species which contain 
relatively large amounts of cyano-glucosides (flax, sorghum 
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and white clover)’, and in seedlings which contain very 
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small amounts, if any, of organic nitriles. 

These resulta may also be of interest with respect to the 
use of cyanide as an inhibitor in experimenta with plant 
tissues, since the level af inhibitor mi t change during an 
experiment due to metabolism of hy: yanic acid in the 
manner described here. 

This work is supported in part by U.8. Public Health 
Service grant RG—5301. 

S. BLUMENTHAL-GOLDSCHMIDT 
G. W. BUTLHE * 
E. E. Conn 


Department of Biochemistry and Biophysica, 
University of California, 
Davis, California. - 
* U.B. Publio Health Service Internataonn] Postdoctoral Research Fellow . 
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Efficiency of Infective Propagules of Rhizoctonia 
solan! in reducing Vigour of Strawberry Plants 


Ws have found that the number of strawberry plante 
produced by the end of the season is inversely related to 
the number of mycelial ts of Rhézootonia solani 
adhering to small roote of strawberries at mid-season. 

On May 2, 1061, four different soil treatments were 
disked into the upper 8-5 in. of 7 x 10 ft. plots. The 
treatments, plus untreated control plots, were replicated 
four times. Six days later, Midway variety strawberry 
plants, naturally infested with R. solani, were set out. 
There were ten planta per plot. On August 28, samples 
of roota, 1 mm in diameter or leas, were taken from the 
plante. Soil particles were shaken from the roots. The 
latter were dipped in lactophenol, drained, and mounted 
m lactophenol for examination under the microscope. 
The average number of mycelial fragments of R. solam 
adhering to a 5-cm length of root was determined. The 
total number of strawberry plante—original plus all 
runner plants—were counted at the end of the season. 

Fig. 1 shows the highly significant negative correlation 
between root infestation by R. solani and the final numbers 
of planta. The data fit both an arithmetic and a logarith- 
mio regreasion equally well. Any eeeentiel differences 
between the two regressions is evident only above or below 
our range of observations as shown in Table 1. If the 
relation between cause and effect is arithmetic, then 
reducing the number of mycelial fragments from 10 to 1 
per 6 om of root could increase the expected number of 
plants by leas than 10 per cent. A logarithmic relation, 
however, implies that such reduction in mycelial frag- 
mente would about double the number of expected planta. 
if there were no other limiting factors. At the other end 
of the scale, an arithmetic relation would predict a com- 
plete loss of plante if there were more than 70 fragmenta 


Table 1. HrrBOT OF NUMBER OF R. solani MYCELIAL FRAGMEXTS ON THE 
FIXAL NUXHKR OF STRAWHARRY PLANTS. 


Y OONPARIRON OF AX ARITHMETIC 
WITH 4 LOGARITHMIO RELATION 
Mycelial fragments per No. of plants 
5 am of root at end of season 
Logarithmic 
1 49 87 
5 45 58 
10 43 10 
25 r $0 
50 16 17 
7 0 0 
100 0 


X--K=LOG ABSCISSA 
Y -87.26—41.142X 


0——0 * ARITH. ABSCISSA 
Y *49.87-0.673X 
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R. solani fragmenta per 5 em of root 


Fig. 1. Relation between number of E. soleni m fragments 
5 am of root and final number of sira A het or raga par 
regresucn oosMotsnta obtained with efthes the Dgaribenbrer 

abscess are both significant well beyond the 1 per cent level 


per 5 om of root. The logarithmic relatio would 
predict that more than 100 fragments would be needed 
to reduce the number of plants to one. 

eee of which relation applies, R. solani must be 
reducing the vigour of strawberries in Connecticut where 
this fungus is omnipresent. As biological cause-effect 
relations are usually logarithmic, the reduction in vigour 
must be appreciable. In addition, the logarithmic rela- 
tion accounts for why R. solani of itself rarely causes 
complete failure of plantings. 

B. Rida 
` P. M. MurmR 

Connecticut Agricultural Experiment Station, 

New Haven, Connecticut. 


and Tuber Dormancy in 
Potatoes 


THe seeds of temperate-rone wild plante are usually 
dormant at maturity and germinate only after a lapee of 
time and/or the application of certain more or lesa specific 
dormancy-breaking conditions. By contrast, the seeds of 
cultivated plants are commonly non-dormant, and this 
must usually represent a response to human selection ; logs 
of dormancy has thus been a significant episode in the 
eyolution of many cultivated planta. Since few genetical 
investigations of dormancy in crop plants have been 
reported, an investigation of the cultivated potatoes was 
begun in 1959; the finding that, m this group, seed and 
tuber dormancy are ardeat: &n obeervation of some 
general and practical interest, prompta a brief description 
of the leading results so far obtained, 

An inverse measure of seed dormancy may be obtained 
by counting germination of freshly gathered seed four 
weeks after being set out in the Petri dish and this method 
has been adopted as routine!. Tuber dormancy is estirn- 
ated by the mean time to ap oe of shoots from tubers 
buried in moist peat in the Sinn. 

One set of experiments started from highly hetero- 
geneous (open pollinated) bulks of seed! derived from fleld 
plantings of cultivated diploid potatoes (3m = 24) and 
Andigena Group tetraploids (2^ = 48) (ref. 2). The 
material all came from the Commonwealth Potato Collec- 
tion. Fresh seed was laid out in trays on moist filter 
paper and selection for early and late germination waa 
carried out: this was, effectively, selection for low and 
high dormancy. Of the four resulting lines, the two 
diploid (which were rebut pane were carried on by 
E a the two tetraploid by sib-oroesing and selfing. 
Responses were striking: the two low-dormanoy lines both 
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gave more than 80 per oent germination in three genera- 
tions; the high-dormancy lines dropped to 40 per oent 
germination in two generations for the diploids and to 
about 1 per cent in three generations for the tetraploids 
Thus selection for and against seed dormancy was effective 
Moreover, tuber dormancy showed a parallel response to 
the same selection: thus the low-dormant lines bear 
tubers that sprout in about 2-8 weeks (diploids) or 4-5 
weeks (tetraploids); and the high-dormant lines, by 
contrast, bear dormant tubers, sprouting in about 8-9 
weeks (diploids) and in over 12 weeks (tetraploids). 

Obange in tuber behaviour therefore occurs as a corre- 
lated response to seed selection. The converse is also 
true: seed derived from plants selected for different levels 
of tuber dormancy responds with a parallel shift in seed 
dormancy. Among the edible diploids, the Stenctomum 
Group (sin) have, in general, dormant tubers while tho 
Phureja Group (phu) have non-dormant ones and thin 
difference represents a response to human selection for 
different agronomic conditions in South America’.- Fig. 
1 shows & comparison of mixed lota of Phureja and Steno- 
tomum seed. It was six months old when tested, so some 
natural dormancy decline had certainly occurred!; never- 
theless, the difference is ing. The subject has been 
further investigated by means of diallel croasings of sin 
and phu clones, and the resulte reveal significant olona! 
and reciprocal effecte. The work is yet incomplete, but 
one experiment gave a mean seed germination of 74 per 
cent for phu crosses, 39 per cent for phu/sin hybrids and 
27 per cent for stn crosees. The oo nding figures for 
tuber dormancy are 2-3 weeks, 4-8 weeks and 10-12 
weeks or more. Once agnin, therefore, the two dormancics 
are correlated. ‘ 
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The implications of these resulte are: first, that seed 
and tuber dormancy are under a common biochemical 
control; and, secondly, that selection at the seed-level ia of 
potential practical importance. Thus the potato breeder 
could select for early sprouting tubers by piaking the first 
germinators in dormant seed lots; and the breeder who 
needs slow sprouting (‘good keeping quality’) could 
advance his selection by picking the slowest germinators. 
Emilsson?’ has shown that E selection generally 
favours a rest period of 9-11 weeks (roughly ivalent to 
the sane parlod of’dormianny ia day teh Gough méasdred 
quite differently), so the lower extreme displayed by the 
South American oultivars is largely eliminated. But other 
cultivations, in warmer countries, ONDE baad 
to permit frequent replanting, just as dormancy 
been selected in the Phureja Group in South America’. 
Examples are Israel! and Japan’. Seedling selection. 


no.4ses February 16, 1963 


could be a useful adjunct to potato breeding in these 
circumstances. 
N. W. Spasonps 
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‘Influence of Relative Humidity on the 
Uptake of Insecticides from Residual Films 


Ir is now well known that the effectiveness of insecticides 
absorbed by certain soils is much greater at high than at 
low humidity. Analytical resulte!-* have shown that this 
18 not due to an increase in concentration of the toxicant in 
the superficial layers of the soil. 

It has been suggeeted!:! that water is adsorbed preferen- 
tially on the soil particles, with consequent displacement 
of the insecticide molecules and increase in their mobility. 
Under these conditiona the toxicant was thought to be 
more readily available to the insect. 

The increased availability of dieldrm in humid oondi- 
tions has now been confirmed by the direct determination 
of toxicant pick-up by insects from residual films on glase. 

Insects were exposed in glass tubes, the inner surface of 
which (200 om*) had been treated with dieldrin labelled 
with carbon-14. A gentle flow of sir was led through the 
tubes during exposure to prevent accumulation of insecti- 
aide vapour and condensation of insecticide directly on to 
the insects‘. Pick-up of toxicant by the insects was thus 
achieved mainly by contact with the treated surface. The 
relative humidity was varied by feeding either dried or 
humidified air into the exposure tubes (relative humidity 

«10 or > 90 per cent vely). The exposure tests 
were carried out usi ieldrin-reeistant strains of Musca 


domestica and A gambiae, and a normal susceptible 
strain of Aedes aegypti. . 
After extracts of both the insects and the 


remaining insecticide residue on the glass were examined 
by & liquid scintillation counting technique. The total 
recovery of radioactive material, m terms of dosage 
applied, amounted to 95 per cent. 

Table 1 shows that uptake of insecticide was always 
higher under humid than under dry conditions, and 
provides a quantitative confirmation of previous findings, 
indicating a greater availability of toxicant at higher 
relative humidity. 


Table 1. UPTAKE OF *O-DIELDRIN UXDER DEY AXD HUMID CONDITIONS 


n No. of Residue uptake 
Species meccts (mg) (h) Dry umid hurmid/dry 
Musca domection — 10 1 34 0-480 0-760 16 
Aedes aegypti 20. 0-1 17 0-022 0-009 *1 
Anephelss gambiae IO 1 15 0 007 0 006 9-0 


It is interesting to note that the influence of humidity 
on the uptake of dieldrin is least with Musca domestica, 
which walks the most actively during exposure, and moet 
pronounced with Anopheles gambiae, which seldom 
walkgatall. Aedes aegypti is intermediate in both respecte. 

The most likely explanation for this inverse relati 
15 that Insects walking over the treated surface pick up the 
maecticide mechanically from a large area compared with 
that contacted by the stationary insects. The rate of 
pick-up by the stationary insects would depend largely on 
the mobility of the insecticide molecules in the residual 
film, and under these conditions the greater influence of 
relative humidity would be expected. 

The results obtained with residual films on were 
confirmed in further exposure tests on dieldrm-impreg- 
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pated filter paper, which showed that the uptake of toxi- 
cant by A gambiae was 2-2 times higher undor 


humid than under dry conditions. It seems likely, there- 
foro, that the effect of humidity is not restricted to specific 
substrates. Furthermore, similar observations have been 
made with y-BHO and with DDT on dried soils, and it 
would appear that we are dealing with a fairly general 
phenomenon. The influence of relative humidity should, 
therefore, receive careful consideration in the interpreta- 
tion of bioassay testa of the kind deecribed here. 
P. GEROLT 
Woodstock Agricultural Research Centre, 

‘Shell’ Research Ltd., 

Sittingbourne, Kent. 
1 Barlow, F., and Hadaway, A. B., Nature, 178, 1200 (1056). 
1 Barlow, F., and Hedaway, A. B., Bell. Entomol. Res., 49, 883 (1058) 
? Geroli, P., Bull. Wortd Health Org., 84, 577 (1001). 
4 Gerolt, P., Nature, 183, 1121 (1059). 
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Endotoxold Preparations 


Tam methods which are used for the preparation of non- 
toxic but highly antigenic toxoids from Gram-positive 
bacterial toxins could not be applied to the detoxification 
of toxio O-antigens of Gram-negative micro-organisms. 

During investigation of the relationship between 
chemical structure and various biological properties of 
Gram-negative bacterial O-antigens, it was found possible 
to abolish selectively ane or more biological activities by a 
variety of chemical treatments’. Endotoxio O-antigens 
soluble in trichloroacetic acid were isolated from Serratia 
marcescens cultivated on beef infusion broth. The lyophil- 
ized preparations were pas by extraction with 
methanol, a procedure which removes inert impurities but 
does not influence the biological properties of the endo- 
toxins’. The purified materials were then subjected to 
chemical p: ures. Those treatmenta which diminighod 
the mouse lethal toxicity while retaining the reactivity 
with homologous rabbit O-antiserum were further investi- 
gated. Three methods were found to be capecially 
effective. 

(1) 100 mg of the foregoing endotoxin refluxed for 60 
min with 10 ml. of 2 per cent boron trifluoride m anhy- 
drous methanol resulted in the almoet complete dissolution 
of the material in this solvent. When the reaction mixturo 
was diluted with 4 volumes of water and dialysed against 
distilled water for 48 h, the material showed leas than ono- 
tenth of the original lethal toxicity. 

(2) 100 toxic O-antigen preparation was refluxed for 
60 min with 20 ml. of 0-02 M potassium methylate in 
anhydrous methanol. The insoluble residue was filtered 
on a glass filter, washed with methanol and dried in a 
vacuum desiccator. This preparation waa practically free 
from any toxic properties. 

(8) Our earlier observation showed that the use of a 
powerful dissociating agent formed by concentrated 
pyridine and formic acid in a 2 : 1 ratio dissolves bacterial 
glycolipids at boilmg water bath temperature without 
altering their mouse lethal toxicity. A 10 per cent aqueous 
solution of the same t under identical conditions in 
60 min not only dissolved the O-antigen tion but 
detoxified it as well. 100 mg endotoxin and 10 ml. of 
concentrated pyridine and formio acid in & 3 : 1 ratio were 
first stirred in & boiling water bath. After 15 min 90 ml. 


Table 1. Toxtcery AND ANTIGENICITY OF THA PREPARATIONS 


Antibody Ripa (Rab 
N/m btt serum ttre 
Preparation LD (amg) preparation * after tmmuntsation f 
Parent O-antigen 100 54 1 DD 
JMindotoxoki 1 1-2 1: 
Hndotoroid 2 9-4 1: 1,280 
Tindotoroid 3 2,700 10 1: 1,280 

* Measured by the ultramierc-' teat. 
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E T Table *. QuaxTITATIYH CHEMICAL AXALYSES OF THA PREPARATIONS 
"sa ? Analytical data (per cent) 
Preparation Kıtrogen Phosphor ydrato Hexosamine Amimo-ecids Long-ohain Volatile 
(an ) oarboxyhe acids* carboxylic acis t 

Parent O-antgen *8 11 31-1 2-0 li-4 114 1:78 

7 1 30 11 25.5 142 109 141 re 

2 10 $20 302 125 55 183 

Endotoxold 3 39 10 ?9 6 203 11:3 98 196 

* Expreased as palmitic acd. | Expressed as aceto acid. 


water was added and stirring was continued at the same 
bath temperature for 60 more minutes. The O-antipen 
was then precipitated in the oold with 4 volumes of 
methanol, washed with 80 per oent methanol. dissolved in 
50 volumes of water and lyophilized. 

Some immunobiological properties of the preparations 
were investigated. The results are summarized in Table 1. 
The mouse LD, of the materials was determined following 
intraperitoneal injections. The results of quantitative 
precipitin teste revealed that while the treatment with 
boron trifluoride dimmished the reactivity with homolo- 
gous O-antiserum. the second and third detoxification 


procedures approximately doubled the amount of protein 


nitrogen precipitable by these modified O-antigens. The 
O-antiserum was obtained by injecting rabbita with & heet- 
killed suspension of Serratia marcescens cells. Immuniza- 
tion of rabbita with the detoxifled preparations produced 
in all cases a potent antiserum; however, the first pro- 
cedure reduced the antigenic character of the endotoxin. 

It was found, in co-operation with other groups, that 
the endotoxoids greatly increased the non-specific resistance 
of mice and rabbits i experimental infections. 
Preparation obtained by the second procedure causes 
marked hyperplasia of granulocytes in the bone marrow 
7 days after injection’. The same preparation gave 100 
per cent protection against total-body 700-r. irradiation in 
mioo when injected 24-72 h before irradiation‘. Detailed 
reporte of these resulta will be published separately. 

Quantitative analyses revealed certain changes in the 
composition of the preparation. Table 2 presenta some of 
' the resulte of chemical analyses. Evaluation ‘of those 
results and clarification of tho changes in the structure 
due to detoxification are under further investigation. 

This work was supported in part by U.8. Public Health 
Sorvice grant 2-8849 and U.S. National Science Founda- 
tion grant 18109, and it was started in the Department of 
Experimental Pathology, City of Hope Medical Center. 
Duarto, California. 
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Accumulation of Free Proline during Yeast 
Sporogenesis 

ALTHOUGH the composition of the pool of free amino- 
acids in the yeast cell has been much investigated, this 
has been done using commercially supplied yeast!-* or 
vegetative cells from growth oulturoe*4. No work has 
been reported on the amino-acid content of sporulated 
cells. We have undertaken to compare vegetative. 
sporulating and sporulated cells in respect of their content 
of free amino-aoids. 

Culture methods were easentially those of an earlier 
investigation’. 100-ml. volumes of pre-sporulation growth 
medium in 200-ml. round-bottomed flasks were inoculated 
from 2-day cultures on stock culture medium. The cells 
from a given pre-sporulation flask were collected by centri- 
fugation, washed twice ın distilled water, and suspended 


in 100-ml. of sporulation medium (0-1 M pH 5-0 phthalate 
buffer with addition of 1 per cont sodium acetate), and 
aerated in a 200-ml. flask at 27° O. For determination of 
amino-acid content the cells in a given flask were sep- 
arated from the medium by centrifugation, washed twice 
in distilled water, and suspended in 80 per cent ethanol 
for at least 12 h. They were then removed by filtration 
and dried for weight determination. The filtrate was 
evaporated to dryness in a hot water bath. The residuc 
was added to 1 ml. of distilled water and centrifuged to 
remove water-insoluble material. The supernatant, 
preserved by addition of a small crystal of thymol, was 
subjected to & quantitative chromatographic pco 

Fig. 1 summarizes in part the resulta obtained with 
& strain of Saccharomyces cerevisiae used in earlier sporula- 
tion work’. Spores were not present in the vegetative 
cultures and began to appear after about 24 h in tho 
sporulation environment. Frequency of cells containing 
spores at successive times were: 24h, 3 per cent: 48 h. 
40 per cent; 72 A, 55 per cent; 96 h, 60 per cent; 120 h. 
70 per cent; 144 h, 80 per cent. Twelve amino-acids 
and glutathione were detected. After six days in sporula- 
tion medium the total content of these substances was 
leas than in vegetative cells, largely ın consequenoo of a 
marked diminution in amount of glutathione, glutamic 
acid, lysine and glycine, which were initially the most 
abundant (at least 1,000 ug/g). It is of intercet that 
proline moreased from minute amounts in vegetative oells 
to become the most abundant free amino-acid in 6-day 
sporulated cells. The increase moreover, long 
before spores could be seen. It also preceded the meiotuc 
nuclear divisions, which commence in oells of this yeast 
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strain under equivalent cultural conditions about 15 h 
after transfer to sporulation medium‘. 

The procedures were done twice with both vegetative 
and 6-day sporulated cultures of Saccharomyces oleaceus 
Santa Maria-and S. mellis (Fabian and Quinet) Lodder 
and Kreger-van Rij. Proline was not detected in the 
vegetative cells of either yeast; but it was prominent 
among the amino-acids in sporulated cells. However, no 
proline was found in four experiments using vegetative 
and sporulated cells of Soh Lindner, 
nor in an experiment with Torulopsis famata (Harrison) 
Lodder. 

in amino-acid content after transfer of 6-day 
sporulated cells of S. cerevisiae to fresh growth medium 
were also followed. In about 4 h the spores were dia- 
tinotly swollen. A day later most had germinated, and 
growth was in progress. Whereas most amino-acids gave 
evidence of increase during two days in growth medium, 
proline diminished to 200 gjg. 

It would have been prefbrablo to use for theee experi- 
ments large volumes of sporulation medium, taking 
successive samples: during six days, instead of running 
each chromatogram with an individual 100-ml. culture. 
But as sporulation was poor in large sporulation cultures, 
the leas-accurate method had to be used, and this may 
account in part for the fluctuations in amount of glutamio 
acid and glutathione indicated by successive determina- 
tions. But as each point is based on at least four, and 
ın many cases ten, experimenta it is possible that marked 
changes occur in the content of these substances during 
active sporogenesis. 

We thank the National Research Council of Canada for 
the award to one of us (O. R.) of a postdoctorate fellow- 
ship. C. RAMIREZ 
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Stimulation of Sporulation in Penicillium 
by Anhydroglucose 

IN submerged shaken cultivation in & synthetio medium 
containing potassium nitrate, potassium dihydrogen 
phosphate, and magnesium sulphate, trace elements and 
pure (analytical reagent) glucose, Pentoillium griseo 
Dierckx (Strain ARL. $75) grows vegetatively but does 
not sporulate oven when ıt has used up all the available 

i . Abundant sporulation at & relatively early, 
exponential, stage of growth waa observed when pure 
glucose was replaced ‘by a crude commercial glucose 
derived from maize starch by acid hydrolysis’. Crude 
glucose was also found to stimulate submerged sporulation 
m 5 other species of Penicilltum out of a further 21 species 
which were tested. The natüre of the sporing factors in 
crude glucose was therefore investigated. 

It was found that the sporing stimulus depended on the 
minultaneous presence of two substances, of which the first 
proved to be calcium (Ca++), oocurring in amounts suffi- 
cient to give a level of approximately 5 x 10“ Mina 
medium containing 5 g/l. crude glucose. Oalcium was 
already, known to induce submerged rulation of 
Peniotlium griscofulouwm, but only at. le above b x 
10-* M. and then only at a late, post-exponential stage of 
growth when the nitrogen in the medium is either exhaus- 
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ted or nearing exhaustion. The amount of calcium present 
in the crude glucose added to our standard medium docs 
not, however, normally mduce sporulation, except in the 
preeenóe of a second substance oocurring in crude glucose. 
This was found to be a neutral organic heat-stable com- 
pound which appeared to be an acid reversion product of 
glucose. In fact variable amounts of a similarly activo 
substance were found to be produced by autoclaving pure 
glucose with acid. The substance was Sc ted from 
crude glucose by adsorption on charcoal and elution with 
ethanol, and the active fraction was identified as a 1,6- 
anhydroglucose by preparative paper chromatography. 
"When this fraction. together with 1 x 10-* M Catt. was 
added to a submerged oulture of P. griseofuleum in a 
medium containing pure glucose, abundant sporulation was 
induced early in the exponential phase of growth, although 
neither Cat nor the anhydroglucoee fraction produced 
this sporing effect alone. 

The nature of the organic sporing factor was confirmed 
by synthesizing 1,6-anhydro-f.p-gluoopyranose by alkali 
treatment of B-phenylgluooaide?. This substance gave the 
characteristic induction of sporulation in P. griseofulvum 
when added, with 1 x 10+ M Cat, toa oulture growing in 
medium containing pure glucose. Maximal sporulation 


"occurred when the anhydroglucose concentration was 


between 2 x 10-3 and 0 x 10-* M and was not increased at 
higher concentrations. No sporulation occurred in the 
absence of added Ca++ even with very high concentrations 
of anhydrogluooee in the usual growing medium. When 
the potassium nitrate was replaced by ammonium suo- 
cinate, however, very high concentrations of anhydro- 
glucose did induce (late) sporing without added Oat. This 
does not seem to be due to traces of Cet already present, 
and it indicates, as do certain accompanying morphological 
changes, that anhydrogluoose may have specific biological 
effecta apart from ite interaction with Ca**. A mixture of 
the pyranose and furanoee forms of 1,6-anhydro-D-glucose, 
produced by the pyrolytic distillation of starch’, proved 
to have the same sporulatian-inducing effect as the pure 
pyranose form, when tested (with Oat) in the same con- 
ditions. Smaller but significant inductions of sporulation 
were also given in the presence of Catt by 1,6-anhydro-6-p- 
galactopyranose and by 1,6-anhydro-a-D-galactofuranose. 

These observations show that the stimulus to sporula- 
tion of P. griseofulvum (and probably of other species of 
Penicillium) caused by crude glucose 18 due to the presence 
of anhydrogluooee and traces of Ca**. Further confirma- 
tion is provided by the absence of any sporing effect from 
crude glucose produced by enzyme hydrolyms instead of 


. by acid hydrolysis of starch. Studies of the effects of 


anhydroglucose and related compounds on metabolism 
and sporulation of fungi are now in progress. The ability 
of 1.0-anhydro-8-p-glucopyranoee to increase so powerfully 
the spore-inductive effect of Ca** provides another 
example of & biological effeot elicited by carbohydrate 
reversion productst:*. Interactions between Catt and 
hexose phosphates have been obeerved in the stimulation 
of perithecia formation in Ohastomium*. 
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VIROLOGY 


Two-sided Effect of Steroids on Interferon 
in Tissue Culture 


In the course of an investigation of interferon production 
in & line of rat tumour cells (DETR cells), infected with 
Sindbis virus A’,17a-methyltestosterono (‘Dianabol’, 
Ciba), an androgenic steroid known to increase protein 
synthesis in rata! was added to the virus-cell system, in 
the hope of obtaining higher interferon yields. The effect 
of ‘Cortisol’ was evaluated at tho same time in order to 
compare the actian of a glucocorticoid known to decrease 
protein anaboliam in vivo! with that of an androgen. The 
methods used for preparing the interferon and to test for 
ita activity have been previously described in detail’. 

‘Cortisol’ and ‘Dianabol’ were obtained in pure orystal- 
line form. Each steroid was diasolved in ethanol at a high 
concentration and kept at —10? O for a maximum of 80 
m Final dilutions in culture medium were carried out 

ore each experiment. The final ethanol concentration 
varied between 2 x 10-*and 5 x 10+. Care was taken to 
have the same amount of ethanol in the control fluids. 
Two concentrations of each steroid were tested: ‘Diana- 
bol’ was used at 2 y/mL-and 0-2 y/ml. (7 x 10-* M and 
7 x 10-7 M respectively), and ‘Cortisol’ was used at 0-25 
y/ml. and 0-025 y/ml. (7 x 10-* M and 7 x 10° M regpeo- 
tively). These concéntrations had previously been shown 
to have no toxio effect on rat cells in vitro by comparing 
growth curves of rat embryo flbroblaste with and without 
the steroids. 

Cultures of DETE cells were infected with Sindbis virus 
at a multiplicity of 0-1. The steroids tested were added to 
the culture after virus adsorption had occurred. Culture 
fluids were collected 8 days after onset of infection for 
determination of virus and interferon production. At this 
time the cytopathological effect (CPE) of the virus was 75— 
100 per cent; there was no difference in degree of cyto- 
PU EM. effect between control and steroid-treated 

: e infectious virus was destroyed by overnight 
dialysis against Sörensen glycine buffer at pH 2, followed 
by two consecutive 4h dialyses against phosphate-buffered 
saline at pH 7. i studies with tritiated ‘Cortisol’ 
had shown that about 10 per cent of the steroid was not 
removed after this procedure. The dialysed fluids were 
examined for interferon activity in secondary cultures of 
rat embryonic cells, using Sindbis virus as a 
The resulta of sudh an experiment are shown in Table 1. 

It can be that, at concentrations which alter 
neither nor virus growth, both ‘Cortisol’ and 
A',lTa-methyltestoeterone strongly decrease final yields 
of interferon in tissue culture. similar effect has been 
previously described by Kilbourne with the diethyl- 
aminoacetate hydrochloride of ‘Cortisol’ and 17«-ethyl-19- 


Table ; INILUEXOR OF "DIANABOL' AND 'OGETIBOL' ON INTERFERON 


PxopuOTION HY BOMAN VEU I DU7R ORLLA 
Interferon titre Infectious virus produeed 
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nortestosterone (“Nilevar’ Searle) in chick embryo mom- 
branes‘. This inhibitory effect on interferon synthosis 
could possibly be related to the capacity of steroids to 
release latent ATPase activity of rat tiasue mitochondria, 
88 shown by White ei al.*. It is interesting to speculate 
whether a similar mechanism might explain the partial 
inhibitory effect of bicarbonate on interferon synthesis in 
rat cells, earlier described by us’. Wright e£ al.* have 
indeed shown that bicarbonate has an inhibitory effect on 
ATP-levels in rat liver homogenates. Experimenta are 
planned to investigate this possibility 

The influence of ‘Dianabol’ and ‘Cortisol’ on the action 
of interferon was examined using the same steroid concen- 
trations as in the previous experiments. Under certain 
conditions the presence of the steroid enhanced tho viral 
inhibitory activity of the interferon, the effect being most 
pronounced with ‘Dianabol’. This increase of interferon 
activity was observed either after overnight incubation of 
the cells with the steroid and interferon, followed by 
addition of the challenge virus in the morning, or after 
overnight incubation with the steroid alone, and removal 
of the steroid containing culture medium before subsequent 
incubation with interferon. No imorease in interferon 
activity could be obtained when the cultures were incub- 
ated with the interferon first, and the steroid added after 
removal of the interferon. Similarly, overnight incubation 
with the steroids and interferon gave no enhancement of 
interferon activity if the cultures were washed and fresh 
medium added before addition of the challenge virus. Thus 
the continuous presence of interferon in the culture fluid 
seemed to be easential in order to obtain the enhancing 
effect of the steroids. No enhancement, but no olear cu 
decrease of activity either, was found when the experi- 
ments were performed in the conditions reported by 
Kilbourne‘, that is, short incubation of 2 h with the 
steroid, aad removal of the steroid before addition of inter- 
feron. Table 2 summarizes the result of an experiment 
in which secondary rat embryo cell cultures were incubated 
with two-fold interferon dilutions in the presence of ‘Diana- 
bol at 2 y[ml. Sixteen hours later, 1,000 TOID,, of 
Bindbis virus were added to each culture. The cyto- 
pathological effect was recorded 72 h after addition of the 

virus, and the cultures were then put at —20? C 
for determination of virus development at each interferon 
dilution with and without the steroid. 

The enh&noement of activity of interferon under the 
conditions deeoribed here could be explained by an 
alteration of the cell membrane permeability, which would 
facilitate the uptake of new interferon after inactivation 
of the intra-cellular one. 2 

It is of interest that ‘Cortasol’, a glucocorticoid, and 
A’,17a-methyltestosterone, a synthetic androgen, had 
sumilar actions at cellular levels. The inhibition of inter- 
feron synthesis, on one hand, and the enhancement of 
interferon activity, on the other hand, are suggestive for a 
double mechaniam of steroidal action in the cell. Inter- 
feron may reveal itself to be an interesting tool for disso- 
ciating steroidal effect on specific protein synthesis and on 














Oontrol medium 1/80 104" TOID,/ml. 3 
‘Dianabol’ 0-2 y/ml. 1/40 107 cell membrane permeability. . . 
‘Cortisol One 1/0 in Woe thank Dr. P. Osinski for providing us with tritiated 
0-25 dm 10 Jour ‘Cortisol’. “Dianabol was generously supplied by Ciba, 
Table 2 
Interferon dilution 1/20 1/40 1/80 1/160 1/820 | 1/040 | 1/1,280 Control fluid 
apH¢ + + + +++ +++ +++ ++++ Td 
Interferon only $ + ++ ++ ++ TE TE +++ 
Virus produced T xND. | WD. | 10 10-7 104" 10" 10+ 10% s 
OPH 0 0 + + + Tc +++ +++ 
Interferon + ‘Dianabol’ 0 0 ti t + ++ +++ +++/++++ 
Virus produced N.D. | WD. | 10°” 10-7 10" 10^ 10-4 10*» 








“+, afew fom of GPE, +, 25 per cent of cell sheet 
+ ++ +, 100 per oent af cell sheet destroyed. Two 


destroyed; ++, BO per cent of cell sheet destroyed; +++, 75 per cant of cell sheet destroyed, 
were followed at each dilution. 


t The amount of virus is recorded as TOID,/ml. The finids of the two cultures were pooled before virus titration. 
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Baslo, Switzerland. ‘Cortisol’ was purchased at Fluka, 
A. G. Buchs, 8. G., Switzerland. à 
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GENETICS 


Interchromosome Effects of Chiasmata and 
Crossing-over 


organiams has continued to be valid. Thus, as indicated 
by Pritchard’, chiasma formation would be expected to 
occur regularly even on the copying-choice model of 
Lederberg* go long as the two copies are synchronized in 
their switching from one template to another, as they are 
expected to be, in the case of reciprocal exchanges. What- 
ever may be the mechanism of crossing-over—and it is 
widely recognized that the copy choice model as well as 
the mechaniam proposed by Belling, though attractive, 
present considerable diffloulties with regard to their wider 
applioebility*—further evidence, briefly described here, 
has become available in recent years which either shows 
a direct correlation between chiasma formation and 
chromatid exchange or indicates in other ways a parallel- 
ism between chiasmate and crossing-over. 

A one-to-one relation between chiasma formation and 
chromatid exchange has been demonstrated by Brown and 
Zohary* following ther observations on heteromorphio 
bivalents and their anaphase separation in the pollen 
mother cells of Lileur. evidence which indicates 
a correspondence between chiasmata and genetic reoom- 
bination is provided by studies on’ mterchromosome 


effecte in relation to these cytological and genetical eventa ` 


although the two types of observations have not so far 
been made on the same organism. 

Interchromosome correlations for genetic recombination 
in Drosophila have been reported by a number of authors, 
more particularly by Schultz and Redfleld’, who have 
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made a detailed analysis of this effect. The mam findings, 
based primarily on the work of these authors, are that in 
structural homozygotes negative correlation of recombins- 
tion in given regions of non-hgmologous chromosomes 
may occur, giving evidence of interchromosome inter- 


ferance. In structural heterozygotes the presence of 


the factors controlling this distribution”. A 
detailed is has been carried out on phinium, a 
favourable material for investigations of this type. Of the 
eight chromosome pai in Delphinium ajacis var. Comet. 
two are considerably larger than the other sir, and two 
gorga ot diromo tb ee eae 

ia good evidance to show that chiasma frequencies 
in these two groups of chromosomes are negatively 
correlated in most plante. The evidence for such 4 corre- 
lation was first obtained from observation on five planta’. 
This £nalysis has now been extended to another group of 
25 planta all of which were found to show similar negative 
correlations. 

Tho Delphinium material also offers an opportunity to 
examine interchromosome effects for chiasma distribution 
under conditions of structural heterozygosity correspond- 
ing to those in the inversion of Drosophila. 
This can bé done if a largo population of-plante is raised 
from X-irradiated seeds. Several of these X, plants carry 
randomly induced structural changes in a number of 
their chromosomes as a result of which their meiotic 

is affected and chiasma formation suppressed 
partly or completely. There was evidence that experi- 
mental reduction of chiasmata in some of the chromosomes 
in this way leads to increased chiasma formation in 
others". ‘This imterchromosome effect in structurally 
heterozygous X, plants has now been systematically 
analysed, using for the purpose of comparison univalent 
carrying and normal pollen mother cells of the same plant, 
as shown in Table 1. 

Tho foregoing observations make it clear that following 
the failure of one or two chromosome pairs to form chias- 
mata the other chromosome paira, perticularly the large 
ones, show & distinct tendency for increased. chiasma form- 
ation. A statistical analysis of these observations con- 
firmed that the mean chiasmata bivalent in all the 
blaeda with ano exception is significantly more (P < 0-05) 
in those groupe of cells which carry univalents. 

A further correspondence between interchromosome 
effects for genetic recombination and chiasma distribution 
is indicated by the observation that both are rather 
variable and not always manifested. In the case of 


Table 1 








Mean chiasma frequency per bivalent 
























Colls with no untvalenta Cells with $ large untvalents | Cella with 2 anal untvalenta Cells with 4 small univalents 
St L 8 L 

1-025 1 208 2-00 1-333 1-800 1-280 
1740 1-133 f 1-900 1-200 
1-780 1-137 1 066 1111 , 1-975 1-150 
1-851 1:124 1-968 1-161 
1:575 1-225 12-143 1-309 1 666 1:323 
2-109 1-182 2 250 1-200 
2-001 1-185 2-104 1-800 
1-500 1106 2-000 1-201 

1-701 1-125 2 000 1-3000 - £207 117 
2-060 1-152 2-218 1 250 
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chiasma distribution. some of the factors accountng for 
this variability have been indicated by the analysis of 
Delphinium" and other plants’. An interesting observa- 
tion in this connexion is that not ahvays the presence of 
univalents elicita a response from the bivalenta in the 
pollen mother cells. Inbreeding was found to be an 
effective method for mducing univalent formation in the 
pollen mother cells of Delphénswm; when such plante were 
analysed, there waa no evidence of compensatory increase 
in chiasma frequency as in the material from X-ray- 
treated seeds. Obviously a genotypically determined 
decline in chiasma frequency operates at the level of the 
nucleus as a whole, leaving little scope for interchromosome 
effects. Finally, while no triploids of Delphinium were 
available for observation, it is well known that chiasma 
frequency in such i registers an increase over the 
corresponding diploid as shown by Darlington’. 

The observations described above thus show that tho 
‘Schultz—Redfield’ effect operates for mterchromosome 
distribution of chiasmata also. The observations reported 

. here in a way supplement the earlier analysis of White and 
Morley, who found that pericentrio arrangements of 
chromosomes in grasshoppers lead to compensatory 
formation of chiasmate at intrachromosome-level. These 
findings and the observations of Brown and Zohary 
referred to earlier provide additional support for interpret- 
ing chiasmata as being associated with genetic recombina- 
tion. b 

We thank Dr. B. P. Pal and Dr. M: 8. Swaminathan for 
their interest m this work. H. K. Jar 
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PSYCHOLOGY 


Information Load and Discriminability 


Ir is clear that subjecta take longer to differentiate 
between two stimuli if they are closely similar than if they 
are widely separated along some continuum of difference?:?. 
Conditions such as poor contrast or dim illumination 
"which tend to obecure differences between complex stimuli 
may be expected to have the same effect. Recent models 
for discrimination and recognition"? entail the assumption 
of some interaction between a factor of discrimmability 
and the number of items to be differentiated. While data 
on reading-speed for various English vocabulary-sizes 
under dim illumination‘ may be taken as support for this, 
a situation in which subjecta make responses to complex 
stimuli presented one at & time has not been manipulated 
to demonstrate directly such an interaction. The two 
experiments summarized here show such interactions 
between size of stimuli, illumination-level, and the number 
of items between which discriminations are made. 

(1) Size and information load. Four packs of forty white 
playing card blanks were made up. Each card bore a 
gingle letter of the alphabet stencilled m indian ink as 
follows: AS, the letters 4 or Z ap in equal 
numbers in & face 3 mm high; pack , the same, in 
letters 22 mm high; pack 89, the letters A, B, O, D, E, P, 
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G and H appeared in equal numbers in a face 3 mm high; 
pack 8L, the same, in letters 22 mm high. 

Twenty subjecta with 20/20 unoorrected vision (Royal 
Navy ratings aged 18-32 years, mean 23-7) were trained 
to sort these packs into piles according to the letters 
stencilled on the cards. Packs 29 and 2L were sorted 
into two piles and packs &S and 8L into eight piles. 
Subjects held the packs face-downward in their non- 
dominant hands and turned cards over singly, dealing 
them on to the appropriate piles as quickly as possible. 
The overall sorting time for each pack was taken with a 
stopwatch. Subjecta sorted the packs in random order, 
each man sorting each pack fifteen times over three 
experimental sessions. Results presented in Table 1 are 
derived from the mean sorting times for the last five trials 
on each pack. 


Table 1. AIXiX SOKTDIXG TIMES (SEO) FOR TWO-CHOIOE AXD EIGHT-CHOICE 
Packs WITH LARGE OR SMALL TYPR-FACE 


Two-ohotod large type 88-7 
Two-cholos small 30-5 
Enght-choloe lage 560 
Bight-choles small type 006 


^ 


An analyms of variance shows the interaction between 
type size and information load to be significant 
(P < 0-001). It is thus apparent that a reduction in gize 
of the symbols used affects performance more in the 
eight-choice than in the two-choioe situation. 

(2) Level of illumnation and information load. The 2S 
and Se enr Caron hire wo sorted by a second 
group of subjects also having 20/20 unoorreoted vision 
(undergraduates aged 19-23. mean 21-8) under two con- 
ditions of illumination. Cards were sorted either in 
normal daylight illumination, or in dim illumination. In 
the latter condition subjecta ‘sorted cards after forty 
minutes’ adaptation in & lightproof cubical illuminated by 
a dimmed allowing 0-1 ft.-lamberts to be 
reflected from the surface of each card. This measurement 
was carried out with an S.#.I. photometer in tho absence 
of & subject. 

. Ten trials were given on each pack under each of the 
conditions described, nine subjects beginning in the dim. 
and nine in the normal condition. Conditions were tested 
in seperate experimental sessions. The results described 
in Table 2 are again based on the means for the last 
five trials on each pack. 


Table 2. AIAX SOKTIKG-TLIXES (SBC) FOR TWO-CHOIOR AXD El1QHT-CHOICE 
Packs IX NORMAL AND DIM ILLUMIXATIOX 


Two-choloe In normal Illumination 37-4 
Two-ehotoe In dim illumtnation 40-5 

m normal fllummation 68-9 
Bight-ehoioe dim Illumination 05-3 


An analysis of variance performed on tho date shows 
that both two-choice and eight-choice packs take longer to 
sort in dim than in normal illumination (P « 0-001). 
The interaction between illumination and information 
load is significant (P < 0-01). 

It must be concluded t dim illumination reduces 
efficiency more in the eight-choice than in the two- 
choice situation. 

The extremes of choice between theoretical models for 
decimon processes of this type are taciturnity on problems 
of discriminability’ and an attribution of the entire 
effecta of information load to problems of discrimination 
as the number of items to be distinguished increases’. 
The present resulta may further a more decent eclecticiam. 
It is at least satisfactory that their practical implications 
are important and obvious. P. M. A. Raparer 
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SCIENTIFIC RESEARCH AND THE INDEPENDENT INSTITUTION 


IR HENRY TIZARD often viewed with some concern 

any tendency to look to Government institutions to 
undertake the risks which properly belong to private 
enterprise, and was wont to quote with approval a remark 
of Lord Rutherford: ‘We haven't any money; we've got 
to think". Dr. Caryl Haskins’s latest presidential addroes 
to the Carnegie Institution of Washington* brings to 
mind that remark if in the context of bounty rather than 
of scarcity. Looking back over the sixty years in which 
the Institution has now been operating—the first of its 
kind in America to be devoted entirely to the ideal of 
research scholarship over wide fronta of science in ita 
broadest, most unfettered, most completely uncommitted 


aspect—Dr. Haskins looks afresh at the place of the. 


independent research institution in the world of to-day. 
This he does in the light of present experience of different 
forms of organization, of the present scale of research 
and the disposition of tHe resources made available for 
research, and of some of the resulte achieved. 

His survey is wide, his analysis searching and cogent. 
He looks at those problems of Government support of 
science which arise inevitably out of the dependence of 
some 65 per cent of research in the United States on 
Federal funds. This is natural enough when the National 
Science Foundation alone in 1968 has a budget of 165 
million dollars for scientific research, when the Depart- 
ment of Defence is spending about 7,000 million dollars 
on research and development, the National Aeronautica 
and Space Administration another 2,500 millions, and 
the Atomic Energy Commission some 1,500 millions— 
compared with a total Federal research programme of 
100 million dollars twenty years ago. Without following 
Prof. J. 8. Dupré and 8. A. Lakoff into the examination, 
in their recent book, of Science and the Nation: Policy 
and Politics, he touches on the fundamental issues involved 
m deciding on forms of organization and administration. 
In a report which in cogency, insight and distinction fully 
maintains the high standard he has already established 
for himself, Dr. Haskms provides & brilliant and stimu- 
lating vindication of the place in this technological society 
of the gifted, unorthodox and unfettered individual. 

Dr. Haskins begins by noting that within four years of 
ite foundation the Institution had been organized into 
some fourteen departments, representing as many subjects. 
However, durmg the next five years of experiment and 
trial it was decided to concentrate the resources of the 
Institution primarily on its own research, making it an 
operating, rather than a grant-making, institution. By 
1911 ita departments were firmly established and reduced 
to ten, and the Institution had assumed essentially the 
form of organisation that characterizes it to-day. The 
number of departments has indeed been further reduced. 
to five, and whole fields included in 1911 have been dis- 
carded. as the resources of the nation in these areas have 
strengthened, while others on the frontiers of research, 
like embryology, molecular and oellular biology, the 
study of the mechanism of photosynthesis, have been 
included. Through the yeárs the major philosophies of 
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the Institution have stood constant, and with them the 
decision made at the outset that flexibility and effeotive- 
nees in the kind of research to which the Institution is 
dedicated can best be achieved through a series of rather 
small unit laboratories. Each of these unite, being mobile 
and relatively independant, is able to seize the initiative 
in new and appropriate flelds as they appear, yet a8 a 
whole remain sufficiently connected so that they may be 
of mutual assistance as the needs arise. 

That decision was remarkable at the time for ite 
uniqueness and vision, but naturally over the decades 
many other experimenta in organization have been tried. 
In the meantime, it is undoubtedly true that some of the 
most modern thought and experiment in this field, both 
in the United States and elsewhere, has returned to this 
pattern as one of the most effective in exploring the 
dynamio frontiers of scientiflo knowledge. Dr. Haakins's 
report owes some of its value and inspiration as a oon- 
tribution to thought on the organization and adminis- 
tration of research from the fact that he is prepared to 
re-examine impartially the question of the place and 
value of the small and mobile group. May it not be true 
to-day that major advances in new knowledge, the setting 
of radically new scientiflo directions, can be achieved in 
the environment of greet and highly organized research 
teams, that in practice such environments are essential, 
or at least the most favourable to the process? Is it 
possible that we are witneasing a profound revolution in 
the very character of research itself? Is it possible that 
amall and mobile groups, which in the past characteristio- 
ally had an influence on scientific progrees out of all 
proportion’ to their numbers or their social cost, can no 
longer provide such significant approaches to the un- 
known ? i 

To ask such questions is to ohallenge the underlying 
philosophy—developed m the days of scarcity in science— 
that envisages the environment of brilliant original un- 
fettered individual research as the mélieu in which the 
great new directions of scientific thought were born and 
nourished. Now we live and work in a world committed 
to an unparalleled rate of growth in the material resourcea 
for research, in a world in which perhaps 80 per cent of 
all the scientists who have ever lived are our contem- 
_poraries. Is ib indeed now true that research is, after all, 
essentially a matter of adequate resources and organiza- 
tion, that quantity rather than quality comes first? 

Rightly and wisely, Dr. Haskins goes back to the 
philosophy that ingugurated the Carnegie Institution and 
has remained unchanged through the years: the philo- 
sophy that all its resources and all ita deepest purposes 
are oentfed in the creative individual whatever his field, 
that in the truest sense he is the uncommitted investigator, 
suitably endowed and protected, whose time, quite 
literally, is bought by the Institution, and then returned 
as unconstrained endowment. Equally deep-seated and 
important is the philosophy that this freedom from fixed 
commitment applies to flelds of endeavour as well as to 
men. High mobility within specific fields, the unfettered 
crossing of flelds, and the fashioning of unconventionally 
wide-ranging programmes, are subject only to the limita- 
tions imposed by Nature and by the judgment of gifted 
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and discriminating investigators. Making this mobility 
end P Oty ponibio Had beai, gad ia, e prinaipal 
objective of the Institution. 

The practical success that has attended the pursuit of 
programmes inspred by this philosophy does not inhibit 
Dr. Haskins from re-examining its basis, or from recog- 
nizing that new and important problems of organization 
now oonfront the Institution in the context of the changed 
situation in national scientific and technical development. 
It is because of this and because of the recognition also of 
the temptations to-day to imagino and to expect: (1) that 
cost and magnitude themselves may provide ‘an important 
index of scientific significance; (2) that the speed and 
effectivences with which new scientific frontiers are 
breached may be & simple function of numbers of men 
and rates of expenditure; (8) that the attamment of new 
scientific vision in an area ‘of basio research may be 
accelerated in direct proportion to the size of teams and 
the amounts of money committed, that Dr. Haskms’s 
survey is Bo stimulating and suggestive in the present 
discussion of the organisation and administration of 
research and development in Britain. 

It is not only in the United States that this pragmatic 
philosophy finds support, and the distinction between 
the contribution. of the gifted individual and of the 
massive research team with ite powerful new tools ia made 
lesa clear than is desirable. It is as easy as it is dangerous 
to assume that great teams and high costs are pre- 
requisites for setting new directions in scientific thought, 
rather than the means by which intelligent planning and 
the search of gifted individuals in new fields, seeking 
knowledge for ita own sake and yielding unexpected and 
radically new ideas about Nature. The confusion is 
evident, for example, m some of the present criticiam of 
support of research into kidney graft surgery in Britam; 
wise decisions as to the magnitude or administration of 

' grants for research cannot be taken when such & philosophy 
persiste. 

The Carnegie Institution of Washington is deeply com- 
mitted to the belief that the distinguished, unfettered 
individual oan bring. unique gifte to his society, and to 
belief also in the uniqueness and the importance of the 
influence which a community of independent scholars can 
exercise on scientific progress. Dr. Haskins examines 
three outstanding advances marking the technioal and 
scientific progress of the past three years, all three of 
which he finds justify the belief that the basic contribu- 
tions of small and mobile groups retain their old aig- 
nificance. Moreover, he points out that recent great 
advances in our knowledge of the universe and of our” 
own more immediate environment—the original ideas of 
scientific stature achieved in the past few years, which 
promise to open truly novel avenues of thought—have not 
been necessarily, or even primarily, associated with the 
massive programmes of great teams. His first example 
is the immense complex of research and development 
dedicated to the placing of man in outer space; the 
second, an achievement in astronomy of the past year, is 
the identification of what has proved to be by far the 
most remote celestial object ever discovered in the 
heavens and the measurement of the red shift of ite 
spectrum; and the third, the establishment beyond 
reasonable doubt that the information governing the 
inheritance of all the qualities of living things is struc- 
cella in the form of a genuine code. 
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AIl these advances have won important and striking 
new knowledge. All have involved a variety of scientific 
disciplines apparently far removed from the main con- 
cern. All three, and especially the third, have resulted 
in profoundly new directions of thought. All three, Dr. 
Haskins observes, are characteristic of their age and 
could not have been achieved with the tools of any other 
era. Equally, he maintains, they demonstrate that the 
magnitude and organization of & research effort may bo 
the least significant of parameters in any fundamental 
and enduring sense. The easential qualities and require- 
ments of inquiry at the very frontiers of man’s knowledge 
of his universe do not now, and in all probability will not 
in the foreseeable future, differ significantly from those 
of our classical scientific past. 

Scientiflo inquiry will then continue to bear the unmis- 
takable stamp of the gifted and untrammelled individual, 
whatever the scale of resources, in knowledge, in‘ tools, 
in human snd material support, which he may require. 
We may regard the large and the small research enter- 
prises in our society as easentially symbiotic, each ful- 
filling ite specific role. But on the small and mobile group 
rests, above all, the heavy responsibility of maintaining 
the vision of the creating individual—a responsibility that 
may well become wider and more challenging. Dr. 
Haskins, discussing the implications of the needs for the 
integration of Knowledge and the demands made by the 
processes of research, points out that there can be no 
more urgent imperative than the creation of opportunity 
for individuals to address themselves once again io 
wholly new fields of inquiry. This, he feels, lies peculiarly 
in the domain of the small and mobilo and basically highly 
uncommitted research groups. 

Dr. Haskins concludes his survey with a notable tribute 
to the value and intrinsic importance of the individual in 
the society of to-day. The future of that society depends 
above all on the continued integrity and freedom of small 
and mobile enclaves of thoughtful and imaginative men 
and women. Their persistence alone can effectively 
preserve the conditions which have nurtured tho rich 
sources of greatness, for it is the gifted unorthodox 
individual who has always brought, and will continue to 
bring, all the basic resources by which we live. 

Dr. Haskins’s address is fundamentally & summons to 
guard and honour and implement the position of the gifted 
individual with every resource that we can muster. 
because he is irreplaceable. However, beyond this his 
address is full of implications for all who are considering 
the scale and organization of research in Britain, the 
relations between research institutions and Government. 
Lord Hailsham has repeatedly shown that he is well 
aware of the importance of these fundamental aspects of 
that he appreciates that if money spent on research is 
not to be wasted it must go to the support of first-class 
men with first-class ideas. The problem lies, of course, 
in the assessment of the men and of the 1deas. More than 
this, it is important to ensure that the men supported 
are given the freedom and the conditions in which they 
oan give of their creative best, and that so far as possible 
Ludum ee cet CE oe 


lack of support. 


Taking into account all that is involved in respect of 
organization as well as of manpower and resources, in- 
cluding that of securing effective use of the large and 
costly equipment often needed, all this would seem to be 
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a full-time occupation for the Minister for Science. Quite 
apart from recent suggestions that his Offloe requires & 
considerably stronger staff of high competence, the 
appointment of Lord Hailsham to fresh responsibilities 


is not, indeed, as if the present administrative arrange- 
ments for the oqntrol and stimulation of research could 
be regarded as statio or ideal. - The Zuckerman Report 
alone has shown how much room there is for further 
critical inquiry and constructive thinking. Nor should it 
be thought that this is solely the responsibility of the 
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Minister for Science and his Advisory Council for Scientific 
Policy. There is far too mubh shallow, if not politically 
biased, oriticiem of the soale of research expenditure as 
well as of ita organization. The Minister for Science is 
entitled to expect from soientiste and technologists 
generally a level of informed and constructive criticism 
which should materially facilitate the development of a 
pattern of organization appropriate to the nation’s needs 
and resources for research. He can also expect their 
co-operation in the vitally important task of educating 
publio opinion as to the necessary scale of that effort and 
ite implications, whether in economies elsewhere or in the 


training or deployment of manpower. 


TECHNICAL CO-OPERATION AND SERVICES OVERSEAS 


"n quere M Ee ae ee 
smion of Parliament referred specifloally to the 

Government's citation to encourage men snd women 
from Britain to offer their services for work in developing 
countries overseas, whether in the service of the other 
Governments concerned, -as specialist advisers, or under 
schemes of voluntary recruitment. This matter was dis- 
cussed in the House of Commons on December 12, when 
& motion urging the Government to give every assistance 
to ensure the expansion and development of voluntary 
servico in the under-developed countries was agreed 
without & division, although the attendance ab the debate 
was disappointingly small. The publio interest in this 
fleld, however, is far from being represented by this 
debate. Jt was no less manifest in the debate on the 
Commonwealth Scholarships (Amendment) Bill which 
received its second reading in the House of Commons on 
November 19, and it is equally apparent in the recently 
published second annual report of the Commonwealth 
Scholarship and Fellowship Plan for the period ending 
March 31, 1962*. 

This latter report shows that the Plan is fast becoming 
an established feature in the educational life of the 
Commonwealth, and during the period 729 scholars and 
Fellows held awards in thirteen different countrics. 
During the year, Cyprus- accepted an invitation to per- 
ticipate and is instituting three scholarships tenable at 
the Cyprus Forestry College. Sierra Leone has also 
instituted awards, and others were taken up for the first 
time in Indie, Pakistan, Ceylon, Nigeria, the Federation 


during 1962. The most important difficulty which arose 
in operating the Plan was that experienced by the nomin- 
ating agencies in submitting nominations at different 
times of the year. This was fully discussed by a Working 
Party of the second Commonwealth Education Conference 
at New Delhi in January 1962, m the light of differences 
in the academic year in the northern and southern hemi- 
spheres; it was recommended that two common closing 
dates should be established, on December 81 and July 81 
each year. It was also agreed that while each awarding 
country would continue to issue its own prospectus or 
information sheet describmg its awards, applications 
should be invited on a form printed in each nominating 


* Beoond Report Commonwealth Scholarship Pian for the 
peret diig #1 Mardi, 100. Prepared by the Association of Universities 
of the for the Oommouwealth 

Pp. 59. (London: Hduoation 


.Oom- 
mittes, Marfborough House, Pall Mall, 1982.) Ge. (Beo also p. T49 of this 


country. The Working Party’s report is annexed to the 
report of the Second Commonwealth Education Con- 
ference, published last March (seo p. 752 of this issue of 
Nature). 

A major problem confronting the Commonwealth 
Eduoetion Liaison Committee was the extension of the 
tenure of scholarships into a third year. The 1,000 awards 
current at any one time contemplated in the original 
scheme were mainly intended for two-years postgraduate 
study, and it was aasumed accordingly that about half the 
awards would be available each year as new awards. In 
Britain and Canada it has been found that most successful 
candidates wish to be admitted to courses of research 
leading ultimately to the Ph.D. degree, for which more 
than two years study is often required. Some nominating 
countries are already concerned at the prospect of a 
decline in the number of new awards made annually. It 
was to deal with this difficulty that the Commonwealth 
Scholarships (Amendment) Bill was introduced. 

In moving ite second reading on November 19, the 
Under-Secretary of State for Commonwealth Relations, 
Mr. J. Tilney, explained that the Bill was intended to 
remove the restriction limiting the number of Common- 
wealth scholars in the United Kingdom at any one time to 
500 under Section 2 (a) of the 1959 Act. More than half the 
Scholars wished to read for their Ph.D., and so long as 
the total number of awards was limited to 500 (although 
a substantial number of scholars did not require a full 
third year) these extensions block a scholarship unit for 
the full academio year. In consequence, the quota dropped 
to 450 between April and October, and the average current 
for the full year was leas than the 500 visualized when 
the 1959 Act was and which would be poeeible 
under the new Bill. Between 225 and 230 new awards 
would then be available at present costs instead of 200. 
The overall limit of £6 million over the five years imposed 
by the Commonwealth Teachers Act, 1960, for expenditure 
under both Acts would still apply. Clause 1 would brmg 
the Act into line with that Act by covering the Channel 
Islands and the Isle of Man. 

Reviewing the working of the Plan m Britam, where 
the Commonwealth Scholarship Commission continued to 
act as the scholarship agency, ib is noted in the report 
that during the year 894 Commonwealth scholara held 
awards ab universities and colleges in Britain, of whom 
229 took up their awards in October 1961 or afterwards. 
Of those who took up awards in October 1960, 89 were 
granted extensions into a third year, beginning in October 
1962. In the 1961 competition, 282 scholarships wero 
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&coepted, but these extensions into a third year meant 
that new awards in 1962 would be fewer than in 1961. 
Commonwealth visiting fellowships, tenable for up to one 
year, have also been instituted, and three were held in 
Britain during the period; it is hoped that up to five 
fellowships can be awarded. 

Canada comes next to Britain in the number of scholar- 
ships awarded and held (with 199 during.the year), with 
Australia’ next (75), followed by India (22) and New 
Zealand (18). 

This report was freely quoted in the debate when tho 
Bill received an unopposed second reading and was 
generally welcomed as providing the cross-fertilzation of 
contacts which gave the Commonwealth more reality as 
& world-wide community. Mr. G. M. Thompson, however, 
thought that the Government might have used the oppor- 
tunity for something more imaginative and generous than 
an. increase of some £20,000 & year on the Commonwealth 
scholarship side of Commonwealth education, and he 
urged the need to give particular attention to technical 
and technological awards under the scheme. He was also 
critical of the concentration on postgraduate awards, 
which could limit the value of the scheme to a number 
of emergent territories, same of which regard under- 
graduate, professional and technical awards as at least as 
important as awards for postgraduate study. He wanted 
a larger proportion of one-year scholars and made an 
incidental reference to the Peace Corps of the United 
States. 

Mr. R. P. Hornby suggested that both educational aid 
and co-operation should be considered in the wider context 
of technical co-operation, and that it was important to 
see that the courses to which students or graduates were 
nominated were suitable to their needs and that on oom- 
pletion the graduates did, in fact, return to help the 
countries fram which they came. Mr. T. Dalyell stressed 
the need, as recommended at Delhi, to direct adequate 
attention to induction courses if overseas studenta wore 
to obtain the full benefit of their scholarships. He also 
referred to a number of other ways in which the develop- 
ment of ancillary aids, like audio-visual aids and books, 
could promote the efficiency of such schemes, particularly 
for teachers. Constructive suggestions also came from 
Mies Vickers, who regarded the Bill as one of the most 
important to come before the House this session, stressing 
also the value of informal education. Mr. J. Boyden called 
for more imagination, for greater provision for social edu- 
cation scholarships and. stressed the part which voluntary 
bodies could play, while Mrs. Eirene White touched on 
the need for more hostel accommodation and on the 
bearmg of developments in Commonwealth scholarships 
on the expansion of Britam’s universities, particularly in 
respect of staffing. 

' In replying on the debate, Mr. Tilney said that expendi- 
ture on the scheme in the ourrent yeer was about £1 
million and would rise to £1.25 million next year and 
£1-5 million in 1964-65. He defended the concentration 
at present on postgraduates; informal education was to 
some extent a matter for local education authorities in 
the countries concerned, and in welcoming the appeal for 
more teachers to work in the Commonwealth, he appealed 
to local authorities to deal generously on their return 
with teachers who did so. Two scholarships in adult 
education were awarded in 1962. In 1961-62 there were 
4,017 applicants for about 250 awards available, and the 
British Council had recently recruited the first ten of the 
thirty experts in teaching English as a second language 
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under the British scheme announced at Delhi; these 
would be available for secondment m key posta in Com- 
monwealth countries in the autumn of 1963. There wero 
now 1,225 Commonwealth teacher training students in 
Britain and about 9,000 Commonwealth students at the 
technical colleges, and up to 45 bursaries had been offered 
for a two-year technical teacher training course beginning 
in September 1968. 

The contribution of Britein in training teachers and 
particularly in technical education is well brought out in 
two further annexes to the report of the Second Common- 
wealth Education Conference. The report of the Com- 
mittee on the training and supply of teachers, which 
forms Annex 8, stresses the need for more detailed 
information both about needs and resources, and recom- 
mends that special note should be taken of the require- 
ments of developing countries on the training of technical 
teachers, and priority given to strengthening existing 
departments or institutions which tram technical teachers. 
Once again stress is laid on the need for assurances that 
help will be given to those teachers who require it in 
finding suitable posts on return from overseas. However, 
the Committee also recommended a strong appeal to the 
idealism of teachers and to the honour of service abroad 
in a Commonwealth country. 

The report of the Committeo on Technical Education 
and Co-operation in the provision of text-books and other 
books, which forms Annex 4, reviews the report of the 
Commonwealth Education Liaison Committee, Co-opera- 
tion in Technical Education, in the light of the recom- 
mendation of the Oxford conference in 1959. It warmly 
weloomes the British offer of special trainmg for six 
months at a technical college in Britam and six months 
of planned industrial experience before proceeding to a 
one-year course of technical teacher training, and of 40-50 
bursaries annually to enable teachers from developing 
countries to attend this special course. It reaffirms the 
recommendation of the Oxford conference regarding the 
interchange of scientists and technologists. It suggests 
that more awards in this field are desirable under the 
training of teachers scheme, that the share of assistance 
devoted to technical education should at least be main- 
tained and preferably increased, and that professional 
bodies should be asked to consider expansion of their 
advisory services in relation to the recognition of quali- 
flcations. 

It is thus apparent that there is a considerable and 
growing volume of organized and official co-operation in 
education as & background to any voluntary effort. Tho 
Commonwealth Eduoation Conference itself fully recog- 
nized that the balancing of new needs against available 
resources is fundamental to the consideration of extensions 
to the Commonwealth Scholarship and Fellowship Plan. 
While ite outlook on finance is essentially realistic, educa- 
tion is regarded as a productive ayency, and expenditure 
on education as an investment in human resources. The 
Commonwealth Scholarship and Fellowship Plan, how- 
ever, could not.have been operated without the help and 
encouragement which the universities of the Common- 
weelth have so willmgty given. The magnitude of oo- 
operation of this kind cannot be expreased in concrete 
terms. 

Buch co-operation, however, must be fully considered 
by the Department of Technical Co-operation or in any 
appraisal of the total effort of the United Kingdom in 
service overseas, for example, m the discussion of the 
problems of staffing universities overseas arranged by the 
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Overseas Development Institute in December. Important 
as may be official arrangements to deal with difficulties 
such as loes of seniority or security, & change in atmo- 
sphere or in the climate of opinion could be of decisive 
importance. While devices such as the dormant contract 
offer prospects of overcoming such difficulties and & small 
Working Group was set up by the meeting to look into 
this and other suggestions, there can be no doubt as to 
the vital importance of a much deeper public under- 
standing of the whole question of technical co-operation 
and service overseas. An informed public opinion could 
do much to remedy the startling noglect which the 
Government has shown over recent years in such fields 
as overseas research as well as encourage young men and 
women to come forward. However, professional associa- 
tions have also a major part to play, and a responsibility 
which cannot be ignored to do their utmost to see that 
those who serve overseas on their return lose neither 
prospects nor security. Public debate and decision in and 
out of Parliament are to be warmly weloomed as assisting 
the formation of an enlightened opinion needed to support 
effectively the Department of Technical Co-operation. 
Moreover, such would ensure that neither the Departmenta 
of State nor professional associations disregard their 
opportunities and responsibilities in what is now one of 
the most vital ways in which Britain can play her pert in 
world affairs. A recent issue of Impact of Soienos on 
Society (No. 4, 12; 1962) was devoted by Unesco to some 
problems of interest for developing countries, and directs 


attention to the dependence of the scientist on a host of. 


skilled technicians and assistants if science is to make ita 
full contribution to the development of natural resources 
in theee countries. The training of such personnel and 
the provision of sciantiflo and technological staff for 
teaching and research until a competent indigenous staff 
is available is one of the key problems in technioal assist- 
anoe. It calls for the particular attention of all scientific 
and technological associations. 


IAN CLUNIES ROSS: A GREAT 
~ AUSTRALIAN 


lan Clunies Ross 
Memoirs and Papers, with some Fragments 
graphy. Pp. xxiii + 240. and 

ord University Preas, 1961.) 40s. net. 


HE death of Sir Ian Clunies Ross at the age of sixty 

deprived Australia of one of her best-known publio 
figures as well as a leading scientific administrator. To 
say that for the last ten years of his life he was chairman 
of the Commonwealth Scientific and Industrial Research 
Organization gives only a small indication of his contribu- 
tions to the intellectual life of Australia. This book is not 
so much an account of a notable career as an attempt to 
capture in print & personality that left a deep and lasting 
impression, not only on friends and associates, but also 
on the Australian public. 

Lady Clunies Ross tells us in the preface that her 
husband bad cherished the hope of writing & personal 
history of Australia as he had known it over a remarkable 
half-century of growth and change. Evidently the present 
volume was conceived and compiled partly as & memorial 
and partly in an effort to preserve some òf the ideas and 
i udi ep ae 
put into the book that was never written. 

There are an introduction followed by two chapters of 


autobiography, & diary kept during the last two months of 


of Autobio- 
Melbourne : 
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his life, eleven memoirs written by publio figures and 
colleagues, a short story by Ros himself and ten of his 
lectures and broadcasta. 

+ is the introduction by Frank Eyre that will convey 
most to those not well 
briefty his 
ality and 


o to an extraordinary degree tho knack of bringing 
oie bar tn pene. Little wonder that he was 

with their affection. Was it not Lord Cheeterfleld who 
said that if & man makes people like themselves a little 
more they will like him very well? Ross had earned 
the friendship of so many, even among thoee who had no 
opportunity of knowing him personally but only through 
his talks and broadcasts, that when he died Lord Casey 
said in & broadcast that & wavo of sadnees swept over the 


But Roee's natural liking for people was not without 
discernment. The one thing he could not tolerate was 
insincerity—and he took a puckish delight in uncovering 


ib. 

Ross graduated in veterinary science at Sydney in 
1921. After postgraduate study in Japan and st London 
and Cambridge he became lecturer in parasitology at the 
Veterinary School in Sydney. Afterwards, he was officer- 
“in-charge of the McMaster Animal Health Laboratory, 
Sydney, chairman of the International Wool Secretariat 
in London, fessor of veterinary science at Sydney 
and finally i of the O.S.I.R.O. 

Rosa made valuable -contributions to knowledge on 
hydatid disease, on toxic paralysis of dogs and man 
caused by the tick Ixodes holocyclus and on helmimth 
diseasés of sheep. But his main contributions to science 
were a8 an organizer and administrator. One hesitates to 
measure research in terms of financial expenditure, but 
it is informative to mention that under Roes's chairman- 
ship the annual budget of the C.8.I.R.O. grew to more than 
£9 million. The remarkable achievements of the Organiza- 
tion, in fundamental as well as applied science, even 
considering the large sum at ite disposal, testify to the 
efficiency and wisdom of the administration. 

Ross was & truly gifted speaker and hence was called 
on to talk on all manner of occasions. His facility with 
the English language, his aptness with analogy and 
felicity of phrase are evident in the perte of this volume 
written by himself. Tho words flow effortlessly and with a 
clarity and continuity of thought that hold the listener’s 
or reader's interest. But the written speeches convey an 
incomplete portrait of the speaker, for here again it was 
his lively personality and obvious sincerity that won his 
audiences. 

Some idea of the wide range of Ian Clunies Roes’s 
interests and activities is given by tho list of people 
who have contributed to this volume. These include the 
Right Hon. the Lord Casey, the Right Hon. Bir Owen 
Dixon, chief justice of the High Court of Australia, 
R. J. F. Boyer, chairman of the Australian Broadcasting 
Commission, Brian Jones, master of International House, 
Melbourne, in addition to several colleagues in the scien- 
tiflo fleld, and his son. " 

Lord Casey wrote: “Clunies Ross believed passionately 
in Australis &nd had & very clear vision of ite future 

". He was in e sense & great Australian: 
born and educated in Australia but with an 
interest of other lands—he learnt to speak Japanese the 
better to understand that people—his influence in many 
aspecta of the intellectual life of his own young 
country will be a lastmg one. 
. , W. L B. BEVERDGE 
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THE NEPTUNE STORY 


The Discovery of Neptune 

By Dr. Morton Groeser. Pp. 172. (Cambridge, Masa.: 
Harvard University Preas; London: Oxford University 
Pres, 1962.) 40s. net. 


conduct our lives by means of theories, none more 

so than thoee that delude themselves by thinking 
Shey never oes On henry. and the difficulties occasioned 
by misconception as to its nature are y with us. 
The great impact of the discovery of Neptune lies in that 
perhaps never before or since has it eventually seemed so 
inescapebly demonstrated how wrong the anti-theorista 
can be: an ‘actual object’ waa found, something that could 
be ‘geen’, and therefore a ‘real fact’. 

Dr. Morton Grosser, the American historian of science, 
has done us the honour of presenting a beautifully 
expounded analysis of this classic scandal. A scandal, by 
the way, is an episode that occurs when the official theory 
breaks down publicly. From the vantage pomt of the 
United States and the passage of a century, he sees the 
whole affair with orystal clarity and scholarly judgment. 
The species-Airy, not entirely extinct, is described with 
fearless acouracy: ''... he divided people round him into 
two groupe, thos that had succeeded and were worthy of 
cultivation, and thoee that had not succeeded and were 
beneath consideration . . . & man strongly opposed to 
theoretical Investigations and sceptical of-the abilities of 
younger scientists . . . expressive of that intellectual 
emasculation that he encouraged in his oorpe of drudgee". 

These few exoerpte indicate Dr. Grosser’s considered 
opinion of the leadmg man of the play-acting farce that 
was carried through im all seriousness and effectually 
prevented Adams obtaining there and then the due credit 
for his brilliant work. A similar atmosphere prevailed in 
France, where the astute Leverrier soon withdrew reliance 
on his unenthusiastic compatriots, though the successful 
outoome of his resorting to Berlin (after even trying Airy) 
rested heavily on good luck: first, there were two young 
astronomers, Galle and d’Arrest, prepared to oppose the 
reluctant Enoke, and, secondly, they chanced to have a 
etar-map of the vital zone. The planet was found ab 
onoe, and the game began: official theory was in perilous 
danger of being as bogus. In such circumstances, 
nothing must be and the order of the day is ‘‘the 
truth and nothing but the truth, but never the whole 
truth”. In retrospect, the devious manœuvres are 
comically funny, but it was not funny for Adams or for the 
reputation of British science. A superlative opportunity 
was oulpably thrown away, and followed with a flood of 
didis ta and recrimination. And nothing has 

ppened since to add to the intellectual credit of British 
observational astronomy. When the discovery became 
known, minds were made up with negligible appreciation 
of what was involved, and excesses of adulation lavished 
freely in many directions except that of the luckless 

Without more study than has yet been given to the 


proceases involved, all that can certainly be claimed is. 


that a planet was found near a place that emerged from 
theoretical procedures. It may be that all the stepe can 
be shown to have complete validity, but this remains to 
be demonstrated even to this day. Consider just two of 
many queries: the use of Bode's law meant a period about 
three times that of Uranus, so the principal perturbations 
would arise from terms in v—3v’, whereas since the true 

iod is about 160 years they actually arise from terms 
m v—2v’, and these have quite different periods and 
coefficients. Then again, there is difficulty in 
the curious conversion to 'errors of mean longitude' that 
was Ádame's initial step, And there aro obher unanewerod 
questions. 

"Tho paenago over from data to conalusions ia sometimes 
very easily made, especially when strong emotion is 
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involved, indeed so easily that we mainly fail to perceive 
that an imtricate subjective psychological process of a 
not- character must be concerned, and one that 
almost defies analysis. But if we are to get to the rights 
of complex matters, it is no use rushing to agreeable 
conclusions; instead, every step must be brought to the 
surface and ita validity demonstrated. This has yot to be 
done even for the present century-old case, and so the 
true meaning of this sensational piece of goientiflo history 
remains very much an open question. Dr. Grosser’s 
erudite work can be thoroughly recommended from every 
point of view, not least that it may help in directing 
attention to some of the mysteries that still surround the 
celebrated discovery of Neptune. R. A. LyTTLMTON 


LINGUISTICS 


A Functional View of Language 

Being the Waynflete Lectures Delivered in the College of 
St. Mary Magdalen Oxford 1961. By Prof. André Martinet. 
Pp. viii4- 103. (Oxford: Clarendon Press, 1962), 21s. 


F. MARTINET is one of the moet distinguished of 
contemporary linguista. Ho is no doubt most widely 
known for his phonological work, both theoretical and 
practical (and more especially for his theory of ‘economy’ 
in phonological changes and his application of this theory 
to the study of the innovations that have taken place in 
the sound-systems of various Indo-European languages) ; 
there are few branches of linguisvioe, however, to which he 
has not contributed in the course of the past twenty-five 
years. In 1961 he was invited to deliver the Wayneflete 
Lectures in Oxford and in them to develop hia views on 
the nature of Idnguage and the principles of linguistic 
analysis. The present volume represents an expanded 
version of these Lectures. 

Martinet’s general theme, as his title suggests and as he 
explains in his preface, is the role of ‘function’ in language. 
He argues that recognition of the communicative function 
of language and of its constitutive elements will neces- 
sarily lead to a ‘realist’ view of language and show that 
it is far more varied and far leas homogeneous than many 
‘formalists’ or 'struoturaliste' would admit. Although I 
have much sympathy with this point of view, I find that 
Martinet's expreesion of it is unnecessarily polemical. 
Moreover, he greatly oversimplifies the issues and seems to 
use the crucial term ‘function’, which is constantly invoked 
and never precisely defined, in a number of different 
senses in different places in the book. The ‘functional’ 
criteria for syntax are far from being as clearly applicable 
as he suggests. 

There are two other points which should be criticized. 
The first is the definition of minimal tical unite 
(‘monemes’ in Martinet's terminology) aa the “smallest 
segments of speech that have same meaning attached to 
them". Many linguista would hold that one of the most 
significant developments of recent years has been the 
emancipation of grammar from semantics. To say that a 
form like the Latin word hománi "oonveys three elementa 
of experience: ‘man’, ‘dative’ and ‘singular’ " is to confuse 
very different kinds of relations and to do so in intolerably 
vague terms. The second point is the author’s tendency 
to give unveriflable, or at least unverifed, causal explan- 
ations of linguistio developmenta. One wonders, for 
example, whother there is any evidence to support the 
statement that “an increasing complexity of social 
relations will be accompanied by an increasing complexity 
of syntax”. The Latin example used by Martinet does 
not seem very convincing. 

Provided that he is not looking for a balanced and 
comprehensive statement of present-day linguistic theory, 
the general reader will find much to interest him in the 
treatment of particular questions. There is a good 
discussion of dialects in the chapter on ‘Linguistic 
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Variety”, and of alternative ways of classifying and 
grouping by ‘types’ in the chapter devoted to 
this topic. Martinet’s account of ‘liaison’ and part of the 
verbal system of modern spoken French (what he calls 
‘unguarded’ French—a language which is very different 
from what we, and the French themselves, learn as 
‘French’ in school and university) is particularly valuable. 
So too is his outline of the h is that the formally 
marked nominative case of the Indo-European languages 
has arisen from an earlier ‘ergative’ construction such as 


one finds, for example, in Basque. J. Lyons 
ECHINODERMS | 

Starfishes and their Relations 

By Ailsa M. Clark. Pp. v+119 (16 plates). (London: 

British Museum (Natural History), 1962.) 11s. net. 


Echinoderms 

By Dr. David Nichols. (Hutchinson University Library.) 
Pp. 200 (26 figures.) (London: Hutchinson and Oo. 
(Publishers) Ltd., 1962.) 12s. 6d. 


ONOGRAPHS by Dr. L. H. Hyman (The Inverte- 
brates, 4, Hohinodermaia, New York, 1955) and 
the late Prof. L. Cuénot (“Echinodermes” in Traité de 
Zoologie, edit. by P-P Graseó, Paris, 1948) have provided, 
in recent years, admirable ensive treatises on the 
phylum Echinodermata. But to the general reader, the 
two small volumes that are reviewed here will furnish 
succinct, clearly written and well-informed guides which 
are in large measure complementary in their coverage and 
treatment of the i both living and fossil. 
Dr. Clark's book, following the tradition of the British 
Museum (Natural History) hand-books, is amply illustrated. 
with an excellent series of photographs and figures which 
not only enable the reader to identify the more commonly 
occurring of the starfishes, brittle-stars, sea-urchins, s68- 
cucumber and feather-stars that are to be found in British 
seas, but also give a clear impression of the wide range of 
form and ecological adaptations of animals that are repre- 
gented in all the seas of the world and which number 
within the five classes of the Asteroidea, Ophiuroidea, 
Echinoidea, Holothuroidea and Orinoidea, same 6,000 


species. 

Dr. Nichols’s volume, though less copiously illustrated, 
includes & number of good figures in explanation of the 
internal structure of animals the interior arrangements of 
which are not always easy to understand; and, drawing m 
part from the results of his own published researches, he 
surveys the variations in form of their different organ 
systems, notably the tube feet, and relates them to their 
services in locomotion, burrowing, feeding and other 
organismal activities. Perhaps the most valuable perta 
of the book are, however, those in which he describes the 
extinct classes and discusses, in the light of their structure, 
their probable habite. Echinoderms, after a modest 
beginning in the Cambrian period with eocrinoid repre- 
sentatives, experimented, in the Ordovician and later 
periods of the Palwozoic, with a number of designs charac- 
terized by the classes of the Heterostelea, Oystoidee, 
Blastoidea, Edricasteroidea, Ophi ioidea, and with 
other ups Buch as the Machmridea, which ere lees 
aesorediy to be included within the echinoderms. Dr. 
Nichols discusses their probable methods of feeding, 
respiration and general mode of life and gives & well- 
argued account of their supposed phylogenetio radiations. 
Although there may not be general agreement with some 
of his views, for example. the origin of posi-Palmoroio 
echinoids from edrioasteroid ancestors, it is refreshing to 
find the brittle-stars and asteroids once again brought into 
close relationship common somasteroid ancestors ; 
and among some n suggestions, the possibility that 
the Machsridea represent the plating systems of the tube 
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feet of ophiocisticids is certainly worthy of further 

Both Dr. Clark’s and Dr. Nichols’s hooks are to be 
commended as authoritative, highly interesting accounts 
of the structure, claseifloation, development, mode of 
functioning, natural history and interrelationships of the 
echinoderms: and in both books there are numerous 
observations and comments which suggest problems in 
need of further investigation and research. 

J. E. Burrg 


ENZYME TESTS IN CLINICAL 
DIAGNOSIS 


Clinical Enzymology 

in Pathogenesis, Diagnosis and Therapy. By 
Rudolph Abderhalden. Translated by Prof. Peter Oeeper. 
Pp. xvi+448. (Princeton, NJ.: D. Van Nostrand Com- 
pany, Ino.; London: D. Van Nostrand Company, Ltd., 
1901.) 9.75 dollara; 765. 


An Introduction to Diagnostic Enzymology 
By Dr. J. H. Wilkinson. Pp. viiit+288.  (London:, 
Edward Arnold (Publishers), Ltd., 1902.) 45s. net. 


NE of the extraordinary aspects of to-day's boom in 
enzyme testa for the diagnosis of disease is that 
there is no reason why it should not have come ten or 
even twenty years earlier. Most of the reactions havo 
been known for an even longer time, and there is no 
‘break through’ in technique to account for 
present vogue. The concept that tissue enrymes 
might escape on injury and then be found in the serum 
or urine at an abnormally high concentration is as old as 
measuring the pancreatio enzyme amylase in the urine 
as an aid in the di is of tio disease. This was 
introduced by Wohlgemuth in 1910 and ie still widely used, 
virtually as it was first described. It has recently been 
that what was thought to be one serum enzyme, 
as, for example, serum lactio acid dehydrogenase, is in 
fact a mixture of isoentymes. These have the same 
effect on the substrate, in this case lactic acid, but came 
from different tissues—heart muscle, liver, eto.—and oan 
be separated by electrophoresis. Yet except for the name 
‘isoenzyme I eque regles e e Morin y 
serum phoephatase. are at least two serum phos- 
which can be separated acoording to their pH 
dés into ‘acid’ and ‘alkaline’ phosphatase. Even 
have long been known not to single enzymes— 
and acid serum phosphatase was seperated into that 
derived from the prostate, those from the liver, the spleen 
aid kidney or from lysed red cells. Special techniques 
were devised using the unique sensitivity of the red cell 
enzyme to small amounts of formaldehyde for assessing 
the true share of the prostatic enzyme in the overall 
level of serum acid baBo. 

Perhaps the most important new development, and 
that which started off the mtensive search for new testa, 
has been the demonstration by Wroblewski e? al. that 
after cardiac infarction a rise follows in the level of serum 


volumes by Abderhalden and by Wilkinson will both allow 
the general biochemist to read up much of the past and 
more recent work. Both are written clearly and tidily 
subdivided. Thus in Abderhalden's book for each enzyme 
is neatly presented its physiology, methods of assay, and 
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olinieal significance. One-fifth of ita pages is 
to a copious index and to more than 1,500 Ete 
graphical references., This makes it an excellent work of 
reference. However, though it appeared in 1961, it 
appears that it was finished several years before then. 
ilkinson's book seems to be written more with the view 
of bench work and is much more up to date. It has 
excellent brief résumés on subjects such as "enzyme, tests 
m myocardial infarction", “enzyme teste in liver diseases”, 
, “diagnostic applications of isoenzyme separation”. If 
the will allow it, many laboratory workers will 
find it well worth their while to acquire both. , 
H. LEHMANN 


BIOCHEMISTRY AT THE MOLECULAR 
LEVEL 


Comprehenslve Blochemistry 

Edited by Prof. Marcel Florkm and Prof. Ehner H. Stotz. 
Vol. 2: Organic and Physical Chemistry. Pp. xii+ 328. 
(Amsterdam and New York: Elsevier Publishing Company, 
1962.) 80s. 


HERE is a wind of change blowing 

chemistry. Those who welcome ib as 4 
breeze will appreciate the appearance of the first volume 
(actually Vohmme 2) of this advanced treatise on bio- 
chemistry. In the past, biochemiste had been concerned 
with determining what reactions ocour in living organ- 
isms; but more recently, interest has been focused on the 
mechaniam of biological processes at the molecular level. 
The present volume reflects this type of approach to 
biochemistry. 

A novel feature is the decision to publish tho treatise 
-in five sections, each of which will comprise several small 
volumes. It is claimed that this will have several advan 
tages. The specialist will be able to purchase only those 
sections which are of cular interest to him; future 
revision of volumes be simpler; individual volumes 
will not be badly out of date when they ap dad 
be noted that, fa suppart of the last poii, hare 
numerous references to papers published in 1960. 

The die end volume is devoted to organio and physical 

with a chapter of some 200 pages by 
M.L. ML. Bader R. Breslow on the mechanisms of organio 
reactions. Both authors are well known for their investi- 
gations of the mechanisms of enzyme catalysis and both 
write in a clear, concise style. They describe the kinetic 
and mechanistic aspects of all the main types of reactions 
of organic compounds which are relevant to biochemistry, 
including nucleophilic substitution in aliphatic systema, 
elimmation and addition reactions involving carbon— 
carbon double bonds, nucleophilic reactions of carboxylic 
and phosphoric acid derivatives, addition to carbonyl 
groupe, enols and their relevanoo to various types ot 
condensation reactions, carboxylation and decarboryl. 
ation, aromatic substitution, and various types of oxida- 
tion-reduction reactions. Where possible, the authors 
illustrate the several reactions with examples of bio- 
chemical import. In addition, particular attention is 
paid to the mechanism of action of simple catalysts and 
their poasible relevance as models for the more complex 


bio- 


solutions, while the second treats problems such as 
diffusion and osmosis, which involve movement of mole- 


cules and ions within solutions and across membranes. ` 


. The author presenta his subject logically and attractively 
. by starting with ideal solutions of non-electrolytes and 
, developing the treatment progressively for non-ideal 
, behaviour, solutions of electrolytes, and finally for maoro- 

molecules. No attempt is made to give rigorous mathe- 
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matical proofs of equations, but there are adequate 
references for the more determined reader. The pattern 
of the fmal chapter on diffusion and osmosis is similar. 
After dealing with Fick’s laws of diffusion, the relation- 
ships between diffusion coefficienta on one hand and 
molecular weight and viscosity coefficient on the other 
are discussed.  Consideratión of more complex systems 
involving large solutes, electrolytes, concentrated solu- 
tions, and the presence of membranes follows naturally. 
I myself should have liked to see this book open 
with a short chapter on classical thermodynamics and 
the thermodynamics of irreversible processes. The 
latter topic has been neglected in biochemical text-booka, 
and it would have formed a bridge between the static 
and io aspecte of biochemical proceases. It is to be 
hoped that the editors will flnd room later in this treatise 
to rectify this’ deficiency. D. T. ELMORE 


RESIN CHEMISTRY 


PRO Resin Tehet 

Techniques and Allied Calculations. By 
T C. Patton. (Interscience Manuals No. 8.) Pp. ix + 
197. (London and New York: Interscience Publishers. 
Division of John Wiley Inc., 1962.) 74s. 


HIS book is specifically designed to cover a quantita- 
tive approach to the formulation and design of alkyd 
reains. It does Bo m & manner such that some theoretical 
background is stated and, from this, formule are derived 
and illustrations worked out to make perfectly clear the 
steps which are taken in the development of a oompre- 
hensive scheme to cover the very wide field of alkyd 
reains. -In putting forward his main thesis, namely the 
sopticston of an alkyd constant besed on Carother’s 
slams sal wori- ch stauihioe has displayed a Widb ernen 
and his book has been written with an aptitude to explain 
in simple language what is, in effect, an exceedingly 
complex subject. The use of this constant permits the 
formulator to design a satisfactory alkyd or to effect 
adjustments where necessary. 

Perhaps it is inevitable in a mathematical tredtise of this 
type that simplifications have to be made. In the teoh- 
nological field this may be permitted even if, from a purist 
oint of view, there are & number of postulates which are 

acceptable. Examples of these are, the differentiation 
of acid and monoglyceride alkyds based on a ing the 
fatty chain at the beta- and alpha-positions respectively 
(p. 20), or the postulates (p. 74) arising from the reaction 
of the alpha and beta glycerol gro which assume that 
the alpha groups react oomp y before the beta 
groupe, giving lmear polymers. 

Again, of the four formule systems discussed in detail 
is one concerning M4 y, the average molecular weight of the 
alkyd at gelation. No distinction is made of the big 

rule barmen ths Walgit-everge and: the Camber 
average molecular wei When dealing with physical 
concepts such as gelation, it is the latter which dommates 
the system. Nevertheless, from a practical int of view, 
the validity of the foregoing concept is wo to hold 
for many alkyds of known behaviour. It covers also ure- 
thane oils, water-soluble alkyds and modifications with 
other polymers such as styrene. 

No major attempt is made, or has been intended, to 
describe process work or the influence of tam ture on 
many of these resulta, but such factors will familiar 
to the plant chemist. 

A comprehensive Mun aaa agai at the end of the 
book drawn largely from American sources. It is gratifying 
to note several references to British work. 

The resin chemist will find stimulus and much to help 
him in his calculations from this volume. It should find 
a place in the library and on the bench of many labora- 
tories. A. I. EBOOLMEN 
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SCIENTIFIC RESEARCH AS A CAREER* 


By Dre I. W. WARK 
Commonwealth Scientific and Industrial Research Organization, Australia 


HOUGH scientific research is as old as civilization 

itself, ib was not graced with that name until & 
hundred years ago. Men had to try experiments to 
survive; they abandoned procedures that led to worse 
resulta; they adopted those that gave better. So, by a 
series of small advances, with many a false start, they 
evolved methods of tanning and brewing and of oon- 
structing shelters; they introduced agriculture, they went 
from the hazards of the dug-out to the safety—eand the 
incredible beauty—of the Viking ship. False starts had 
to be eliminated, for they meant hardship, starvation or 
death. 

Nowadays, the scientist strives to keep all but one 
variable constant, or by statistical methods to make 
allowance for those he cannot control. Had early man 
realized the desirability of these things, it would have 
availed him little, for in general the controlled experiment 
was impossible. Hn mases ho did adopt the statistical 
approach, though he had no multi-million dollar com- 
puters to help him. It was the mdividugl who did the 
experimenta, or had them forced on him—it was he who 
observed the effects of variations and made the innova- 
tions and the inventions. His successes spread because 
his neighbours looked across the boundary fence; he 
-encouraged their use without payment of royalties. 

As time went on, a privileged -class was established 
which had the opportunity to think about matters other 
than immediate survival. Some members of this group 
Pee ee ee ae 
( , the earliest scientista, merely pondered why 
certain natural phenomena occurred and how the universe 
worked in all ite ramifications. For centuries, however, 
there was no organized science. The individual was still 
the unit. He conducted such experiments as could be 

ormed by himself; if he was affluent he may have 

hired a single assistant. Old paintings of the alahom- 
iste’ dens seem to be faithful representations of the 
laboratories of the day. 

Nowadays in many flelds the single investigator has 
given place to the team, with all that this implies. De- 
pendent on the outlook of the leader, the work of the 
assisting scientists can be made intolerably drab or 
intensely interesting. There are two sorts of leader, and 
ib is a pity that the first seems to be the more numerous 
type. He is exemplified by a chemist coming into promin- 
ence to-day. One of our C.B.LR.O. senior studentahip 
holders was working with this man for a Ph.D. degree, 
and bemg nearby on a short visit myself, I inquired 
about his progress. The professor gave me an exoel- 
lent report; the student was all he oould wish for, 
was 6 fine i ist and had followed up every 
‘ suggestion enthusiasm and alacrity. When asked 
whether the student had shown any originality or 
initiative, the professor looked very pamed and replied: 
"Look here, Wark, no student of mine is expected to 
show originality; he does what he is told”. Fortunately, 
our man was 80 good that even this treatment did not 
ruin him. 

The other type of leader is typifled by those whom I, 
myself, had the good fortune to work with. On my final 
evening in London, Prof. F. G. Donnan invited me to 
dmner and, over the brandy, his philoeophy: 
“Half the people trying to do research”, he said, “should 
find something they can do better. They need for ever to 
be tied to their mentor’s apron-strings. A student who 
requires detailed consultation more than once in two or 


months, though, of course, one saw him much more 

y. You then presented a short summary. When 
he had studied it he sent for you, and made suggestions— 
often briliant—as to how you might proceed. You 
decided whether you would take them, for you were 
master of your own research problem, and by no means 
all his ions were practicable: some, in fact, you 
bad y tried and abandoned. But you certamly got 
help rather than direction. 

In the atomio energy establishments where men work 
as teams, that director is ablest who enoourages every 
officer to accept the maximum degree of responsibility 
and independence that he can carry, increasing the load 
as the officer develops. With all this talk of teamwork, 
it is well to remember that no team ever made & brilliant 
discovery. A discovery is mado in the mind of a single 
person. If the time is ripe ib may arise independently in 
the minds of more than one person. But the discoveries 
for which Nobel prizes are awarded are those that one 
man alone senses well ahead of his contemporaries, the 
sort that started rushes into a field of science similar, in 
a way, to the gold rushes of New Zealand, the Klondike 
and Kalgoorlie f. 

In an extended trip round the world in 1948, and on 
a shorter one in 1954, I was amazed to find how little true 
research was in . I numbered the really exciting 
chemical laboratories on the of one hand. On 
the whole, the celebrated schools were dull, though there 
were bright patches. The young men were not being 

I am convinced that far more superior research workers 
are born than are revealed under present-day conditions. 
In support of this assertion, perhaps I should reveal my 
theories as to why many do not do justice to themselves 
or to tHe expensive preparations over 8-10 years which 
were made to launch them. 

It is generally agreed tHat it is the drive to satisfy his 
own curiosity that characterizes the successful research 
man. Everybody is born curious. The young child asks 
question after question, and as often as not gets a repri- 
mand for his inquisitiveness. When he gets to school, let 
him beware if he seeks knowledge outaide the ken of his 
teacher; as likely as not he will be ridiculed for wanting 
to know ‘more than the text-book’. Not all university 
lecturers are blameless in this However, the 
parental attitude may be the most important in enoour- 
aging or discouraging an inquiring attitude of mind. 

It is in the early postgraduate years that tho main 
good or the mam damage is done. At this stage, the 
student has survived all the other pitfalls and discourage- 
ments. As he undertakes his first research assignment he 
is a precious responsibility to his supervisor. How many 
professors at this stage are ing to admit that there 
are some studente—albeit few m number—who are 
inherently better than themselves and who should be 
encouraged to explore new paths rather than to follow 
the well-worn tracks of the ‘school’? How many pro- 
fessors are willing to send a best te to another 
university—as they do in. the United States and else- 


* Substance of an address daltvered on October 10, 1962, at the Untvermty 
of Otago, New Zealand, under the anzpioes of the Untveraity Grants Com- 


This article was prepared before the Nobel Prime for 1002 were 
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where—to experience the excitement of a new environ- 
ment and to widen his interests while he is still young ? 
How many are willing to grant a Ph.D. when the man is 
ready for it, rather than to conform to the present 
ridiculous trend that nothing short of three years is 
adequate ? Is it not time that the students received more 
consideration than the ‘school’? Professors should 
arrange ‘suitable exchanges: admittedly there are 
uo Uu r "Do: Cerna sit the all is 


_ There is another very rapidly expanding and insidious 
influence at work to take the initiative out of the man 
in his ‘twenties just when he should be bloasoming into 
an i ent thmker and research worker. Having 
obtai his Ph.D. degree with an already one-year-too- 
long course behind him, the young postgraduate often 
proceeds to some overseas laboratory for further post- 
graduate studies. He is usually enticed to some laboratory 
with similar interesta, and for two years he now devotes 
his time to getting what is fittingly described as a ‘bar’ 
to his Ph.D. With a paper or two to his credit he is now 
becoming known in his fleld and is invited to from 
Europe to North America to earn his second bar. Slipping 
across the border into Canada he acquires the third. By 
this time he feels he cannot afford to move into any other 
fleld. His life has been determined by his first research 
problem. by his first research supervisor. Along the way 
three later isors have cashed in for their ‘schools’ 
on his knowledge and his ingenuousness. He will now 
have acquired the outlook of what I have heard called 
‘tho professional fellowship holder’. Tied to three or four 
sete of apron-strings over a period of eight years, he will 
be fast approaching thirty years of age. He has never 
made a major scientific decision for himself, never selected 
his own research project, never tried his own wings. 
What he now does, in nine cases out of ten, is look for a 
position which will enable him to go on for the next ten 
years—and maybe for his whole life—playing minor 
variations on a theme—not even his own theme, but 
someone else’s. 

Yet our young man has done much that is right. To 
have lived in three or four countries while one is still 
young is & magnificent cultural start for life, and one 
which I thoroughly commend. He has made but one 
mistake, namely, that he has clung too tenaciously to his 
first scientific love. Had he changed his subject and 
acquired a new technique—experimental or mental—with 
each move, he would be in a far better position now. In 
addition, if instead of a fellowship he had obtained a 
lectureship or a job with responsibilities attached—in 
industry or in & research institute—one could not fault 
his decisions. In particular, the man who is not going to 
follow the academic life, but is wise enough to do some 
research work, should make the break with the univer- 
sities a year or two earlier than is now customary. It is 
perfectly true that fufther experience before leaving the 
university would be valuable. However, the pomt at 
issue is whether the experience to-be gained in a totally 
different environment while still young would not be 
more valuable still. 

Prof. W. E. Garner, whose t of Chemistry 
in Bristol I so greatly admired in 1948, told me that he 
encouraged his studente and his lecturers to acquire three 
different techniques before they were thirty-five. This 
allows four or five years for each technique—long enough 
for a good grounding. By technique he meant, on the 
experimental side, such things as X-ray crystallography, 
vacuum techniques in inorganic chemistry, or distillation 
methods, and on the theoretical side, subjects like thermo- 
dynamios, spectroscopy or quantum mechanics. With 
any three of these at his command, the research worker 
can bring to bear on problems at the heart of his subject, 
big guns that most of his contemporaries lack; he will 
also be able, from his broader outlook, to recognize what 
are those very problems. 
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I should like to register certain reservations with 
Tespect to overseas ience and study at the start 
of & research career. Fifty years ago Australasia was 
almost & nonentity in the scientific world. To get any 
appreciation of the excitement of science or even of the 
mothod of scientific research it was imperative to travel. 
Except in a few brave cases of hope and confidence, there 
was feeling that it was almost hopeless to try to compete 
with the world: we were miles behind scratch and would 
never catch up. Yet we have caught up in some fields, 
and oan lead the world in a few, and there is a justifiable 
feeling of optimism about the future. I have even found 
a few kindred spirits from Europe and America who agree 
with me that one has a far greater chance of being original 
in the southern hemisphere, for one is not for ever being 
told there what is impossible by the ‘authorities’ of the 
northern hemisphere. (This is a point which might be 
noted by the student of Europe or North America. There 
are schools in Australia and New Zealand where a Ph.D. 
degree could mean more to him than one from his own 
country.) Too many of them are so surrounded by 
research studente—some try to look after a dozen—that 
they have no time to think, and thus never escape from 
the variations of their theme of last year. Beware of any 
supervisor with more than five research students or you 
may find yourself in the position of a young man I met 
in Holland, part of a team of ten. The professor was out 
of town, and when I asked the student how his research 
fitted mto the main topic of the laboratory, he had no 
idea. I met him later, when I myself had seen the oon- 
nexion. Tears of gratitude came to his eyes as I explained 
it to him: he had been just another pair of hands. 
Obviously, not all the fault lay with the professor: the 
student should have had more initiative. 

Lest the professional research worker should become 
too self-satisfied, he should recall that research is not the 
prerogative of the select few. Every member of the 
community conducts his private research about a host of 
matters that interest him. Who, for example, has not 
done some experimenting with the view of chopping the 
week's firewood with less effort. Nevertheless, the efforts 
of the amateur, important though they are. leave much 
to be desired. Thus, the novice at golf, suspecting his 
grip is wrong, may change it along right lines. Too 
anxious, his head follows his club and his shot becomes 
even worse. fo he reverts to the incorrect grip. We all 
assume the amateur status at times; when fishing for 
trout, I have a new theory each day but with so many 
variables it is impossible to confirm or condemn it: that 
is the charm of something that will for long remain an 
art. 
One might think that having embarked on a career in 
research the young scientist would have a mind so open 
that he would welcome new ideas and new generalizations. 
He must, of course, be critical but not too much so. 
Thus, Bernard Barber (Sctence, 134, 590; 1961) is oon- 
vinced that as a class he is resistant to scientific discovery. 
He quotes Helmholtz as saying that the new ideas need 
the more time for gaining general assent the more 
original they are. Helmholtz, however, resisted Planck's 
theories: and Lister warned studente against blindness 
to new ideas in science. Others whose ideas met with 
belated acceptance were Heaviside, and Mendel, whose 
ideas, expounded in 1865, met with resistance until the 
turn of the century. Barber says that as late as 1901 the 
Royal Society asked Karl Pearson in future papers to 
keep his mathematios apart from biological M Rar 
I myself once ran into trouble because I wished to publish 
a paper in the Kolloid Zettechrifi criticizing the views of 
the editor, Wolfgang Ostwald. It was published in the 
Zeitschrift far Phystkalishe Ohemss, but only after a oom- 
mittee had been set up to adjudicate between our rival 
views. Maybe if one has difficulty in gaming tance 
of one’s views, one should be flattered, for one would 
certainly be in good company. 
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The term ‘research’ is used in many different ways. I 
suppose it is valid to of historical and sociological 
research, but the are 80 different that it is 
impossible to bracket them with research in physics and 
. chemistry—at least for the present. In the physical 
sciences the hypotheses can be verifled experimentally 
and should be verifled before action is based on them. 
Verification, while it may be costly, places no human 
lives in jeopardy. In sociological and economic investi- 
gations so many factors are unrecognized or uncontrolled 
that conclusions are lees certain. If the oommunity 
decides to acospt them, the results may be very uncom- 
fortable. Thus, adjustments in the economy in Australis 
in recent years had more far-reaching resulta than their 
I would be the last to decry an 
to sociological problems; but the 
limitetiong m be recognized. Arising out of these 
observations, I now refer to.& trend that is bound to 
continue and intensify and which a young man might 
take into account in deciding on his future career. 

The mathematician of to-day is a much more powerful 
figure in research than his predecessor of fifty years ago. 
Indeed, it is probably fair to say that the mathematician 
is gradually taking over much of applied physics. This 
need not worry the physicist, who is moving into chamistry 
with growing momentum. Nor the chemist, who, with 
the physicist, is now a key figure in biological research: 
and what of the biologist ? Does he need to worry ! The 
answer is surely no, for he will become more and more & 
leader in the sociological fields, ergonomics being a case 
in point. : 

There are, of course, fashions in research. Whether one 
would be well advised to follow one of them is & question 
each man must decide for himself. Radiophysics and 
ios are subjects which, in recent 


cs seem 
to have had a rather more interesting scientific life—at 
least they have made quite original advances. Fashion- 
able flelds might be best for the near first-class, the other 
branches for the first-class. However, the rewards come 
later to the most original: the fashionables have a 
stranglehold on the committees which allot the prizes. In 
the long run it must be one's own assesament of one's 
life-work that is most important: public acclaim is nice 
when it opmes, but those who seek it may sacrifice their 
The universities necessarily set up departments for 
each of the main branches of science. These often inspire 
a loyalty towards & particular science. Thus one tends 
to regard oneself as a chemist or a physicist, or, if one is 
particularly daring, as a physical chemist. But Nature 


versity, it would be wise to subordinate one’s original 
loyalty to the wider banner of science. Many of the most 
exciting flelds of research lie in the indistinct regiona 
between the sciences. They give rise to new hybrid dis- 
ciplines such as biochemistry, biophysics, biological chem- 
istry, geochemistry and geophysics. However, there is no 
need for a new name every time the flelds overlap. The 
need is for courage to stray into the unexplored border 
regions. I was a contemporary of, and have had a life- 
long association with, Sir Macfarlane Burnet, and so 
know something of the manner in which he has oon- 
tinued to ‘grow’ thro ut his scientific career. At one 
stago, with some amount of help from his friends, 
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he taught himself enough of the oaloulus to handle the 
problem then uppermost in his mind. Burnet is far more 
than a virologist and an immunologist: he is a scientist 
in the widest sense. . 

It needs both courage and humility to enter a new 
field . If one is too humble one does not take 
the plunge, whereas if one is too adventurous one enters 
new fields too often and, therefore, too superficially. 
Coming into an old field with a different background may 

resent some striking advantages. I can illustrate this 
by referring to a small group of 0.8.I-R.O. chemists and 
petrologists who entered the field of cement manufacture 
and utilization. They knew nothing of cement at the 
time, but they brought to its study some techniques 
hitherto lacking. Thoy revolutionized some of the think- 
ing, and in a short time became one of the leading labor- 
atories of the world. 

Pernape T bero due too Tong. ot how ani Ar e 
woman may fit himself or herself for a career in rescaroh. 
There in the oereer itself. How satisfying it is, and how 
does it pay off? It is forty years since I made known 
my intention to adopt research as a career. I then received 
much the same sorb of reception as a butcher’s son of 
to-day might expect an deciding to become a composer in 
the style of Bartok. The gloomiest views were taken— 
not by my parents, I am glad to say—but by the family 
friends in industry and commerce. Overseas, the career 
research worker had just been born: he was no longer 
regarded by statesmen as a luxury, but as a necessity. 
Different countries have made provision for bim in 
different ways, usually determined on & basis of expedi- 
ency, sometimes backing a laboratory where good research 
was being done, sometimes setting up new faoilitige. 
Britain set up the Department of Scientific and Industrial 
Research; the United States established research in- 
stitutes such as the Batello, the Mellon, Stanford and 
Southwest. Continental countries’ tended to sponsor 
additional work in the universities, their professors acting 
as consultants to industry. No country has remained 
true to any of theee ways: all have adopted a mixed 
approach. 

Meanwhile, industry itself, commencing with Europe 
and rapidly ing elaewhere, had discovered that the 
research scientist earns for the company more—far more-— 
than his salary. Large private research laboratories were 
founded, and icularly in the electrical and chemical 
industries, help pile up profits. In the United 
States, and partly for a very curious reason, the Govern- 
ment, through the Office of Naval Research, found itself 
placing contracts for quite fundamental research, projects 
with industry. By the adoption of this su uge the 
best scientist became availa for governmental work; 
the maximum salaries fixed by Oangreas for Government 
laboratories were too low to attract them. 

Thus a person on the threshold of a research career has 
a wide choice of employing agencies: industry, Govern- 
ment and semi-government laboratories, the universities, 
and, in certain countries, the private research foundations. 
I have tried the first three of these . In the univer- 
sity one the maximum freedom, but facilities are 
often i ; in industry the facilities are usually 
good but there is lees freedom; in a Government labor- 
atory both the degree of freedom and the facilities are 
intermediate. Industry gives one the broadest outlook; 
the universities, particularly those as isolated as Cam- 
bridge and Princeton, are extraordinarily narrow and 
self-eatisfled. Salaries vary; first one group gete ahead 
and then another. Industry pays the highest top salaries, 
and the universities the best medium-level salaries. All 
these are broad statements; there are wide variations 
with time and with country. : 

“One wil find a higher Toponim of fundamental 
research in the universities elsewhere. By funda- 
mental research I mean that which, if successful, will lead 
to a change of outlook of major importance to the develop- 
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ment of a particular field of scienoc. It is not, aa I implied 
earlier, doing with strontium what somébody has already 
done with calcrum. 
: Traditions are being forsaken, and fundamental research 
is no longer the exclusive prerogative of the universities. 
(I have the feeling that some few univermty men; not 
willing to regard teaching as their major function, have 
resented the spread of research outaide university walls. 
My view—for what it is worth—is that strong support for 
university research is essential, aince the university 
teaching function would languish without the stimulus 
from it. Nevertheless, company research, Government 
research and private institute research will continue to 
flourish because they pay exceedingly high dividends. 
There is room for all.) Excellent work of this class is done 
in industry, in research institutes on the American plan, 
and m such bodies as the Australian-O.8.I.R. and ite 
counterparts eleewhere. However, we have gone further 
in this respect in Australia than any other similar body 
and have found it pays handsome dividends. For this the 
credit must go to the first executiye of the 0.8.I.R.0., and 
icularly to the chief executive officer, Sir David 

i who was able to convince the Government of the 
day that the O.S.I.R. must be free to tackle ita scientific 
problems on as fimdamental a basis as was for 
their solution (O.8.I.R.O. was formerly known as C.S.I.R.). 

Perhaps you cannot yet decide whether you are more 
interested in fundamental or applied research ? What- 
ever you do choose, please try not to be snobbish about 
it, for there is a tendency for each group to air a superiority 
(inferiority ?) complex. Since progress in research is quite 
unpredictable—if one knows the answer it is not research 
—one can never be certain that a basic discovery will not 
be exploited, or that the attempt to solve a specific 
problem will not unearth quite new and profound know- 
ledge. I believe that scientiste with these two different 
outlooks contribute greatly to the successes of one another 
and do best when sharing a common environment. I 
myself have tried to ‘back it both ways’ by working in 
flelds which I hoped would lead to useful applications, 
but which, at the very worst, would almost certainly: 
provide new scientific knowledge. Thus there 18 a nice 
interplay between surface chemistry on one hand and 
such useful matters as flotation of minerals and'hindranoe 
to evaporation on the other. 

The Monaanto Chemical Oo. of Americe, believing that 
it must encourage the most talented recruita to ita 
Research Department to remain there, rather than to 
chase the dollar elsewhere, has established for its top- 
flight research workers & classification which enables them 
to receive salaries to match those m other departmenta. 
This is a far-sighted step which ane hopes will be 
copied widely. - 

Society does not always do the right thing by sections 
of the community, and in Australia we have some curious 
survivals in wage-fixing methods. Research workers 
and university lecturers are not strong pressure groups, 
but they have one protective characteristic which ensures 
for them the rudiments of justice. A degree in science is 
> an-international -passport. -Bo unless a nation pays ite 
scientista reasonably, it may lose all except those who 
are tied by such strong bonds that even penury cannot 
weaken their allegiance. Actually, Australia loses more 
scientists to other countries because of better facilities 
for research than for higher salaries: moet scientists are 
not mercenary. There is a second protective mechanism 
at work, for nowadays the community greatly values the 
scientist, and moet members realize that it is his work 
in the background rather than the very earnest efforts of 
the trades union secretary or the politician that is 
responsible for increasing standards of living. 

Bome of my colleagues chide me for saying that the 
research man has tangible rewards beaides his salary; I 
refer to his great freedom of action and to his satisfaction 
in his work. ‘Have not the business man and the artisan", 
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they say, "similar rewards ?" Be that as it may, I count 
myself exceptionally fortunate in that I have always 
found a backer willing to pay me reasonably for what I 
moet wanted to do. I have been permitted, like Tenny- 
son's Ulysses, to travel far, and have enjoyed the company 
and respect of my fellow men. Perhaps I may be per- 
mitted to say that while scientists lack the perquisites of 
the galesman, they do have some ‘fringe’ beneflta.  , 

I have little patience with the scientist who maintains 
that because he is a scientist and has shown sufficient 
talent to get & Ph.D. the community have an obligation 
to provide him with & job to his liking and & comfortable 
existence. It is present performance that should count. 
Research men are justified in claming some special 
privileges, but only those that enable them to do their 
work better. With these privileges they must accept 
responsibilities, and the vast majority are willing to do 
80. For example, moet work exceptionally hard. Indeed, 
the scientist who finds he must force himself to work 
should give serious thought to changing his job—or at 
least his research project. 

From very long experience, the Commissioners of the 
Exhibition of 1851 state that the only way to find out if 
one is good at research is to try it. Academic successes 
as an undergraduate, however spectacular, are nothing 
more than a good recommendation, and not an infallible 
guide. 

A false start in a scientific life is not all that important, 
for a year spent in research will provide & good traini 
of mind and hand, which will stand one in good 
later, in any walk of life. A strong group of industrialiste 
in Britain, however, have come out emphatically against 
& prolonged period of research for those not contem- 
plating & research career. 

I would put two criteria above all others for the research 
man. First, he must have an overpowering curioaty 
about natural phenomena. When wandering through the 
bush he must wonder why ants never attain the size of 
lions, why some trees bave darker foliage than others, 
why some rocks persist while others disintegrate, and 
where the robins go in winter. Still more, he must 
have the desire to iment to find out. Without 
this he may be a good philosopher, but he is no scientist. 
He needs patience and diligence, the willingness to work 
for days and nights on end, at times (but only at times) 
when the job demands it. He needs a Micawber tempera- 
ment to see him through the bad: periods, and I hope, 
for his own sake, he is able to exult at successes. 

My second major criterion is a strong educational 
background, leading, among other things, to an easy 
facility with one’s own language. If a man cannot write 
clearly he cannot think clearly, and there is no place for 
muddled thinking in research. All whom I have known 
who ‘have achieved outstanding success in science have 
written well; almost all have the capacity to describe 
their most intricate work to the layman. I do not think 
they all began life with that facility; but they certainly 
had acquired it before they became recognized as leaders. 

I should hate to think that there would be many who 
would look.on-ressarch merely ‘as a career. To. most of 
us it is more than that; it is our—perhaps mmute but 
sincere—contribution to the development of science, that 
man may be better able to control his environment and 
to live a longer and fuller life. It is more than this; it 
is our contribution to the culture of the human race. 
For we must never be fooled by those who talk of the 
two cultures. Culture is as indivisible as is lifo itself, and 
the scientists give as much to it as does any other 
group. : 

A career in science opens up far horizons. At the end, 
one will be able to say with Ulysses: 

“Tam a of all that I have met ; 
Yet oe 15 an arch wherethro’ 
Gleams that untravell'd world, whose margin fades 
For ever and for ever when I move.” 
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CHEMICAL TRANSMISSION IN THE CENTRAL NERVOUS SYSTEM" 


By Dr. J. H. GADDUM, F.R.S. 
Agricultural Research Council, Institute of Animal Physlology, Babraham, Cambridge 


` 


HE evidence that nerves commonly produce their 

effects by releasing chemical substances at their 
endings is mostly based on experiments on peripheral 
tissues. This evidence is summarized in Table 1. The 
theory of chemical transmission had been discussed for 
many years before Loewi provided the first experimental 
evidence of i$ in 1921. He must have suspected from the 
first that the substance liberated by the vagus was 
&cetyloholine; but he was careful not to say so and 
cautiously spoke of 'vagusstoff". It was not until 1980 
that acetyloholine came to be accepted as the 
substance released, and this was mainly due to two factors. 
Dale and Dudley! isolated acetylcholine from horse's 
spleen, and Ohang and Geddum?* showed that it was 
possible to distinguish acetylcholine from other esters, 
such as propionylcholine, by making parallel assays by 
different pharmacological methods. At one time it seemed 
that it would nob be easy to distinguish scetylcholine 
from pyruvylcholme; but Gill and Parsons? have now 
shown that this is not the case. The sample tested in 
1933 was probably not pyruvyloholine, but an impure 
sample of acetylcholine. So far as we know, parallel 
assays will distinguish between acetylcholine and any 
other substance. This method was used to show that 
acetylcholine is liberated m the superior cervical ganglion‘ 
and elsewhere. Since then other esters, including pro- 
pionylaholine, have been found in animal tissues, but the 
only ons which has been ahown to be liberated after 
stimulation of nerves is acetylcholine. 

The second item in the Tables is that the administration 

- of the transmitter reproduces the effect of stimulating 
the nerve; the effects of acetylcholine on peripheral 
tissues aro well known’. Tissue extracts vide much 
indirect evidence. An extract of a nerve which liberates 
acetylcholine (a cholinergic nerve) contains acetylcholine 
i and the enzymes vholineacetylase and cholinesterase, 
which make it and destroy it. Table 2 shows the 
which act on the various factors controlling acetylcholine. 
The release is inhibited by botulinum toxin* and mor- 
phine’. These drugs block transmission, but do not block 
injected acetylcholine. Drugs such as stropine, which 
block &oetyleholine, do not always block transmission. 
Some people would say that this shows that acetylcholine 
is not the transmitter liberated; but Dale and Gaddum’?* 
came to the conclusion that this phenomenon might be 
“due to the liberation of a cholinester, but in a relation of 
seo much greater intimacy with the receptor mechanism 
that atropine cannot prevent its access thereto". This 
explanation may appear unlikely, but similar explanations 
are still put forward!!. 


The Central Nervous System 


It seems likely that some of the mechanisms found in 
peripheral structures are also present in the central 
nervous system. Acetylcholine may be exoitor or inhibi- 
tor, since it causes ization and excitation in 
voluntary muscle and hyperpolarization and inhibition 
m the heart. Tho same is true of noradrenaline, which 
excites the heart and inhibits the intestine. In both 
these tigsues acetylcholine and noradrenaline are opposed ; 
but their roles are reversed. It was therefore not surpris- 
ing when Bradley and Wolstenoroft!* applied these drugs 
to single cells in the medulla and found that different 


* Substance of a lecture deltvered at Universtiy Oollegs, London, on 
December 6. 
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Tabjel. HYIDEKOB For CHEWICAL TRAXEXIBEION OF NERYOUS DEFULEES 
Diret evidence 
(1) Stimulation of a nerve releases an identifiable substance (the trans- 
(2) The ad of the tranamitter reproduces thé effect of siimula- 
taon of the nerve. 
Bwidence from dsswe extracts of 
EZ d 
5 ton 
Evidence from the affects of drugs which may block any of these 5 actions. 


cells were stimulated or inhibited, by either drug or both, 
in almost all possible combinations. 

Tissue extracts have given an indication of the probable 
distribution of cholinergic fibres in the central nervous 
system. The distribution of choline acetylase is similar 
to that of acetylcholine, but it oan be detected in smaller 
amounts of tissue™-5, The concentration ia high in motor 
roota, which are known to be cholinergic, and high in the 
caudate nucleus and the thalamus, but negligible in the 
pyramidal tracts and the optio nerves. It seems probable 
that these tracts liberate some other substance. The 
intracellular distribution of acetylcholine or cholinsacetyl- 
age can be determined by hi izing brain in sucrose 
and oentrifuging. Acetylcholine and various other 
interesting substances are found in a fraction which 
consists largely of pinched-off nerve endimgg!*. 

Until recently there was little direct evidence for the 
release of acetylcholine in the central nervous system. 
Bülbring and Burn!" detected some release in the dog's 
spinal cord perfused with Ringer, when the whole sciatic 
nerve was stimulated. MacIntosh and Oborin™ detected 
the diffusion of acetylcholine from the surface of the 
cerebrum into eserinixed Ringer, contained in plastio 


action on leech muscle in a microbath”. 
it has been shown that acetylcholine is 
from the cerebral cortex at a rate which is directly related 
to the local electric activity. The rate is increased by 
systemic injections of atropine or of the convulsant drug 
*Leptezol. It is increased by local stimulation of the 
cortex or by transcallosal stimulation, or by stimulation 
of the contralateral forepaw. When the cannula was in 
the middle of the caudate nucleus the rate of release was 
increased by stimulation of & small region of cortex in 
front of the motor area, but not by stimulation elsewhere. 
The largest yield of acetylcholine waa obteined with 
stimulation at a rate of 1 per sec; faster rates produced less 
or none. There is clearly much more to be done with 
these techniques, which might be used to detect the 
release of other substances besides acetylcholme. Ramwell 
and Mitchell™ have, in fact, detected the release of some- 
thing else with an action on rat uterus. 


Table? AGETILOHOLINA 


Direct evidence Inerease Decrease 
(1) Release Stimulation of nerves Botulin® 
Morphine’ 
(z) Action Administration Atropine 
Ourare 
Ganglion blockers 
Evidence from tissue extracts 
Store’ Haerine Atropine 
9 ' Anmstbesia Convulaions 
{8} Dostraceac ataa = Haee ee 
5) Destruction Cholinesterase Eserme, eto. 


- noradrenaline was 


743 


Another technique for detecting the release of substances 
in the central nervous system involves the use of the 
isolated spinal cord of a frog, or toad. Mitchell and” 
Phillis™ have found that in this preparation acetylcholine 
is liberated on ‘stimulating, motor roote, but not on 
stimulating roots. This surprising obeerv&tion 
suggests that the only cholinergic nerves in the spinal 
cord are recurrent nerves from motoneurones running to 
Renshaw cells. This is interesting because of the evidence 
discussed here that Renshaw cella are the only ocells in 
the spinal cord. of a oet which are sensitive to acetylcholine 
(cholmoceptive). 

The effecte of acetylcholine itself in the central nervous 
system are best studied by iontophoretio injection™-*, 
A micro-electrode is filled with a strong solution of the 
drug and a brief electric current is passed, which carries 
the drug as ions into the tiasue. In one form of the 
apparatus, flve glass tubes are fused together and pulled 
out simultaneously. The centre tube is filled with saline 
and used for recording. The other tubes are filled with 
drugs, which oan thus be delivered within a few microns 
of the recording electrode. The first clear resulta came 
from i on the spinal cord by workers in 
Canberra", who found that w cells were excited 
by acetylcholine and that other cells were not. These 
Renshew cella have an inhibitory effect on spinal reflexes; 
they are supplied with fibres from motoneurones and 
provide negative feed-back. The action of acetylcholine 
on these cells resembles ita action on voluntary muscle 
in the fact that it has a short latency and a brief after 
discharge, and is specifically inhibited by dihydroery- 
throidine, but not by atropine. 

Krnjevié and Phillis** have applied drugs to the cat’s 
cerebral oortex. The hi concentration of cholino- 
oeptive neurones was between 0-8 and 1:3 mm below the 
surface. Beta cells, identifled by antidromic stimulation 


atropine, but not by dih idine. The response 
of these Betz ocells resembled the peripheral muscarine 
actions of &oetyloholine, while the response of Renshaw 
cells resembled peripheral nicotine actions. 

There is also evidenoe of cholinoceptive cells in the 
inferior colliculus, the medulla, the thalamus and else- 
where. Active work in this field is being done in many 
Places. 


- Amines 


The monoamines adrenaline, noradrenaline, 5-hydroxy- 
tryptamine (SHT, serotonin) and i have 
attracted attention because they are drugs with powerful 
peripheral effects, and are found in extracts of the central 
nervous system. - 

Their actions on. the central nervous system are com- 
plicated. When adrenaline or noradrenaline is injected 
intravenously it causes emotion; some say that nar- 

i causes anger and that adrenaline causes 
anxiety. These effects may well be due to reflexes arising 
from ipheral tissues. When Feldberg!* injected them 
into tho : cerebral ventricles they caused inhibition. The 
action of noradrenaline on an individual cell may be either 
oxoitor or inhibitor’. 

There is no direct evidence that any of these amines is 
released by nerves in the central nervous system; but 
there is much indirect evidence from experimenta on 
tissue extracts suggesting that they play an important 
part in controling the brain. The first convincing 
experiments wore done by Vogt", who showed that 
i present in the phylogenetically old 
parts of the brain, that it did not disappear when the 
cervical sympathetic nerve was cut and that ite concen- 
tration oould be altered by drugs. At about the same time 
the presence of 5HT in the central nervous system was 
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Table 3. MOXOANXIENS 
Noradrenaline, adrenaline, dopamine and SET (serotonin) 


Direct evidence Inorease Decrease 
ae Stimulation of nerves loom", ete. 
Adon Adminstration derivatives, 
i li eio. 
Evidence from tissue extracis 
(3) Btore . Monoamine oxidase Sham rage” 
inhibitors 
4 Formation Decarboryiase ee ruft Led 
a i 
{5} niin Monoamine Monoamine axkdase 
, - Inhibitors ý 
Mothylases Pyrogallol 


announced simultaneously by two groupe of workers at 
the International Physiological Co in Montreal’! 
and its distribution was shown to be similar to that of 
noradrenaline™. 

Vogt® showed that the store of noradrenaline is de- 
the sympathetic system, causing sham rage. This may 
have been due to release by adrenergic nerves, but the 
evidence is indirect; exhaustion of the store might also 
be due to decredsed synthesis, decreased uptake fram the 
blood, or increased destruction. These drugs do nob 
affect the concentration of 5HT. - 

The concentration of noradrenaline in peripheral 
adrenergic nerves is increased by looal synthesis and also 
by uptake from the tissue fluide. It is probable that, 
after rt Has been liberated, some of it is taken up by the 
nerve and used again™, Amines do not penetrate the 
blood brain barrier, but the amino-acids from which they 
are formed are taken up and the amineg are formed 

The concentration of monoamines in the brain is 
lowered by i which appears to have a direct 
action in blocking the storage sites. Their concentration 
is raised by drugs which mhibit the monoamine oxidase, 
which normally destroys them. Reserpine causes seda- 
tion, and monoamineoxidase-inhibitors, such as iproniarid, 
cause excitement and are used in the treatment of depres- 
sion. It has been claimed that the accumulation of 
i Ge es Ge ee 
effect. This simple story is inconsistent with Vogt’s 
findings already described. There was controversy about 
whether tho state of the brain depended on noradrenaline 
or SHT, and it was decided that excitement was due to 
the accumulation of noradrenaline ‘and that depression 
was due to the release of SHT. It was then found that 
dopamine was present in large amounts. This amine is 
formed by the decarboxylation of dopa (dihydroxyphenyl- 
alanine) and is the precursor of noradrenaline in the body, ' 
but it has functions of ita own and some think it is more 
important than the other amines in the oentral nervous 


system. 

The fundamental facta about these monoamines were 
discovered by bioassay, but fluorimetrio methods are 
quicker and more versatile, since they may be used to 
estimate not only the amines but also their metabolic 
prodncis**. Amino-acids, such as dopa, are taken up by 
the brain and decarboxylated inside the cells to form 
amines. The administration of dope increases the amount 
of both dopamine and its metabolites , found in brain 
extracts. Drugs, such as «-methyld which block the 
decarboxylase, have the o i ect and lower both 
amines and metabolites. ine blocks storage and 
so lowers the amine concentration and increases the 
metabolites. Drugs which block &mine—oxidase increase 
the amimes and presumably lower some of the metabolites. 

It is thus possible to produce all combinations of change 
in the amounts of four different amines and their meta- 
bolites, inside and outside the calls. It is still true that 
the accumulation of amines is often associated with excite- 
ment and depletion of amines with depression, but the 
mechanism is not as simple as was once thought. Tho 
turnover may be more important than the store. 


1 
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Histamine is an amine present in the same parts of the 
brain as the monoamines and in similar concentrations*’. 
Little is known about its possible function: 


Other Substances 


More than half the neurones in the central nervous sys- 
tem do not liberate acetylcholine and it seems likely that 
they liberate other substances, and that these substances 
will be found in extracts. y-Aminobutyrio acid (gabe) is 
formed in the brain from glutamate (as dopamine is 
formed from dope) and like dopamine it is liberated by 


reserpine, Glutamate is a general stimulant of nerve 
cells and gaba e general depressant. When glutamate 
is applied iontophoretio injection it causes 


tion and the initiation of impulses. Gaba prevents this 
depolarization but does not cause hyperpolariration. 
The Renshaw ocells cause h larization in moto- 
neurones, 80 that gabe cannot be the chemical transmitter 
liberated by Renshaw oells. Glutamic acid and gaba are 
both present in high concentrations in the central nervous 
system, and ib seems unlikely that they are specifically 
released from active nerve endings. 

Substance P is an active polypeptide found only in 
vertebrates and with a speoiflo distribution in the mam- 
malian brain. There is no good evidence of ita function, 
but ib has been suggested that it controle the circulation. 
Other active substances in extracts include fatty acids, 
adenosine triphosphate and many more‘?. There is no 
good evidence that any substance, except acetylcholine, 
is liberated as & chemical transmitter in the central 
nervous system. There must be other transmittérs, but 
it is probably unreal to speak of ‘the inhibitory trans- 
mitter’. Acetylcholine itself is inhibitory ab some sites. 
If the Renshaw cells liberate a substance which inhibits 
motonsurones, this substance may well found to 
excite other neurones in the central nervous system. 
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CRANIAL CAPACITY OF ZINJANTHROPUS AND OTHER 
AUSTRALOPITHECINES 


By Pror. PHILLIP V. TOBIAS 


Department of Anatomy, University of the Witwatersrand, Johannesburg 


HE cranial capacity of the fossil hominoids, the 
Australopjthecing, has always been a problem of 
great interest, especially since several workers such as 
Keith! and Vallois? have recognized a ‘Rubicon’ of brain 


size between 4 and manhood. Keith's ‘Rubicon’ 
was 750 c.o., Valloig's was 800 c.c. Other workers, 
including Straus’ and Dart‘, have i rejected 


this notion of a cerebral ‘Rubicon’. Recent studies (for 
example, that of Sohultz*) have shown that there is no 
clear dividing-line, the largest gorilla cranial capacity 
(752 0.0.) differing scarcely at all from the smallest capacity 
of a Javanese Pithscanthropus (775 o.0.). Even if we do 
not recognize a dividing-Ime, it is of interest to see where 
the cranial capacities of the austral i lie in 
relation to those of other hominoids. ie Bou Hei Sie! 
of this article to review the recorded cranial capacities of 
sustralopithecines and to place on record the cranial 

capacity of the Tanganyikan australopithecino, Zin- 


iss octo Achaia bs based Lat ardt aiy 
is not the same as actual brain-size, since the cranial cavity 
- accommodates as well as the brain the dura mater and 
the other coverings of the brain, cerebrospinal fluid and 
blood. The relationship between endocranial volume and 
brain volime has been thoroughly reviewed by Zucker- 


man’; there is no consistent ratio between the two values, 
and it'has long been customary to accept the cranial 
capacity as an approximation to brain-size. For example, 
instead of comparing brain-weights with body-weights 
of living primates, as Connolly” has done, Bohultz** 
expresses cranial capacity in cubic centimetres as a per- 
centage of body weight in grammes. In the work recorded 
here, cranial capacity alone is considered, with no attempt 
to convert it to brain volume or brain weight. 

The Australopithecins are now known from at least 
seven, if not eight, sites in Africa: five of them within the 
Republic of South Africa, one or poemibly two in Tan- 
ganyike and one in Chad. In addition, Robinson has 
claimed that the Javanese fossil, Meganthropus, belongs 
to the same sub-family™-1, All these fossil ape-men fall 
into two fairly distinct. categories: & more gracile form, 
sometimes considered a separate genus, A 
and & more robust form, to which has been given the 
generic name P. . There is a yet more robust 
form from Olduvai Gorge in Tanganyika, to which 
Leakey? has given the name Zinjonihropus, but which 
some workers regard as closely related to Paranthropus 
(for example, Robinson!*). 

A detailed examination of the cranium of the Olduvai 
australopithecine has been undertaken by me, at Dr. 
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Leakey’s generous invitation. The resulting report will 
form, the major part of the third volume of a new work 
which ia being prepared by the Leakeys and their collabor- 
ators. Meanwhile, however, owing to the considerable 
interest in the cranial capacity, it was deemed important 
to place thia on record in advance of the larger publication. 


Cranlal Capacity of the Gracile AustralopithecIines 


Six of the gracile australopithecine crania are suffici- 
ently well preserved to have made good estimates of the 
cranial capacity possible. Four of these are adult speci- 
mens from Sterkfontein, and their ities are 485, 
480, 480—520 and 530 o.c. (refs. 15, 16 and 17). The fifth 
is the child skull from Taung which, at about 5 years of 
age, has a capacity of 500-520 c.o. (refs. 15 and 18). Tho 
capecity which the Taung individual would have attained 
to, had it lived to adulthood, has been variously estimated 
at 570, 600 and 624 o.o. (refs. 1, 4, 10 and 20). The 
central value of 600 c.c. is accepted here. The sixth 

is the recently discovered, tolerably complete 
cranium (MDD 37/38) from +"; &ooordmg 
to unpublished information kindly supphed by Prof. R. 
Dart, this cranium agrees in its dimensions so closely 
with the very complete cranium (Sts 5) from Sterkfontein 
that the eame cranial capacity should be attributed to 
it, that is, 480 o.c. Thus, six specimens of Ausiralo- 
pitheous range from 485 to 600 c.o. in cranial capacity, 


giving an average value of 504 0.0. (Table 1). 


Crantal Capacity of the Robust Australopithecines 


Until recently, no single specimen of the large-toothed, 
heavily muscled form of australopithoome had been 
discovered which was sufficiently complete and undistorted 
to make possible a reliable estimate of the cranial capacity. 
True, some guesses had bean made: the robust dimensions 
of the teeth, jaws and cranis of Paranthropus had led to 
estimates such as 650 o.c. for the Kromdraai specimen", 
700 and 750-800 o.c. for two child crania from Swartkrans 
and “probably over 800” and “probably over 1,000” for 
two adult specimens’. All these estimates agreed in 
giving the robust ape-man an appreciably bigger cranial 
capacity than the gracile form; mgeourely based as these 
guesses ware, it had virtually become accepted by some 
workers that the robuster australopithecine was not only 
bigger-toothed, bigger-jawed and bigger-muscled, but 
also bigger-brained than the gracile hominid from Taung, 
Bterkfontem and Makapansgat. 

The Leakeys’ new fossil cranium fram Bed I in the 
Olduvai Gorge, called by Dr. Leakey Zinjanthropus 
boisei!*, is the first of the robuster forms of australo- 
pithecine which is sufficiently complete and well preserved 
to have enabled an accurate assessment of the cranial 
capacity to be made. : 


Endocranlal Cast of Zinjanthropus 


No natural endocast was found with the cranial remains 
of Zinjanthropus. However, so much of the endocranial 
surface of the oalvaria was preserved as to make possible 
the p ion of & plaster endooast. This waa 
effected. me, with the invaluable expert assistance of 
Moers. A. R. Hughes and T. W. Kaufman of the staff 
of the + of Anatomy. Approximately the 
posterior two-thirds of the brain-case was virtually com- 
plete; likewise, the frontal poles and rostral regions. The 
areas between had to be reconstructed. There is little 
doubt as to the intervening distance, because of a satis- 
factory approximation between the anterior and posterior 
Furthermore, there wore available for 
comparison a large collection of endocranial plaster casts 
of gorilla, chimpanzee and orang-utan, of oercopithecoids, 
of Pitheconthropus and other fossil] hominines, of modern 
man, and of the australopithecine natural endocasts 
hitherto discovered, as well as plaster casts in those 
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Table 1. CUILL Capactrr OY Zwüamiecyus AKD OTHER AUNTRALO- 
PETROS 


£inpenthropus 550 Tobles 1962 
ry diem tanien 
(A)8 ‘conten — Sta 1 485 Behepers (1946) 
Sts 5 480 Robinson 
(1950) 
T Schepers (1950) 
Sta 8 530 Broom and Robinson (1048) 
(B) Makapensgat MLD 37/38 480 Dart, 
(personal corumanieation) 
Taung uv. 800-520 Dart, Bobepers (1046). 
(0) Taung Taune adnit 570—600- La Gros dase du) 
(catimate) ri Le Gros Clerk (1065 
Dart (1956) 
Austral cg cuis pons usen 504 Present work 
"= 
to 


instances where no natural cast had formed or been found. 
In the circumstances, it is felt that the plaster endo- 
oast of Zainjanthropus cannot be far from the mark and 
cannot deviate volumetrically from the true cranial 
capacity by more than perhaps 20 o.c. in either direction. 


Crantal Capacity of Zinjanthropus 
The volume of the endocast was determined by dis- 


The Tanganyikan creature falls somewhat short of 
full adulthood, the third molars being not yet in the fully 
erupted position of occlusion. The age of the youth may 
be 15-16 yeara. Very little, if any, further growth of the 
brain occurs after this age: in man, for example, brain 
growth is said to end at about 20-21 years of aget * M, 
although a few workers would extend the period of growth 
somewhat longer’. In the chimpanzee, Zuckerman found 
that “in the resting stage after the eruption of the first 
molar”, the capacity is already 90 per cent of the adult 
capacity in males and 95 per cent in famalea (op. cù., 
p. 34). Since Zinjanihropus is practically dentally mature, 
the value of 580 0.0. may be accepted as very close to the 
adult cranial capacity. 

In other words, its capacity is exactly the same as that 
of the largest adult Australoptitheous from Sterkfontein, 
but falla short of the value estimated for the adult 
capacity of the Taung epe-man, that is, 600 0.0. Although 
the Oldyvai creature is by far the biggest-toothed and 
biggest-muscled of all the robust &pe-men thus far dw- 
covered, ite brain-alze proves to have been no larger than 
that of its amallez-toothed gracile cousins. 

If this is true of the most robust of all the australo- 

itheoines, it is probably equally true of the somewhat 
lees Sobust South African forms of Paranthropus. In this 
regard, it is interesting to note thst, since the discovery of 
Zinjanthropus, Robinson has revised his earlier estimates 
of the capacity of Paranthropus from the high values 
quoted above to a modest 450—550 c.o., that is, the same 
order of size as obtains in the gracile Ausiralopitheous!* M, 

Of course, the single valid estimate of 580 0.0. in one 
robust a&ustralopithecine cannot provide-us with any- 
estimate of the range of capacities. It may yet provo 
that the range and the average capacity of the robust 
forms differ from those for the gracile forma, although 
the ranges probably overlap to a considerable extent. 
Only the discovery of more and better specimens can 
answer this question. Meanwhile, there is no reason why 
at this stage the mix capacities of the gracile Ausral- 
pithecus and the single capacity of the robust Zinjanthro- 
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Fig. L Cranial capacities of hominosds 


pus should not be combined as a single sample of seven 
australopithecine capacities. The mean of this combined 
sample is 507:9 o.c. (Fig. 1). 


Australopithecine Capadtles compared with those of 
Other Hominolds 


The australopithesme mean of 507-0 o.c. is slightly 
larger than the mean for the biggest-brained of the 


orang (411-2 o.c.) is 100 o.o. 
smaller than the australopithecme mean, while the mean 
for chimpanzee is somewhat smaller again (398-8 0.0.). 
Nevertheless, the biggest orang and ohimpenree orania 
(about 480 o.o.) overlap the lower part of the australo- 
pitheaine range (485 0.0. +). 

Ashton’s™ analysis of the endocranial capacities of 
the Australopitheoinae was based on seven orania. He 
included the Taung child, unfortunately not adjusted for 
age, and two oranie estimated to have capacities of 
650 o.o. which are not &ocepted in the present study. He 

these values with means for male and female 

and gorilla, as well as for Pitheoantiropus. 
(Unfortunately, Ashton has apparently erroneously in- 
cluded the six Ngandong crania under Pitheognihropus 
pekinensis, of which he states Weidenreiah*?! gave the 
cranial capacities of 11 specimens. In fact, Weidenreich 
tabulated the capacities of only five specimens of Pithe- 
canthropus pekinensis (although mentioning another two 
estimates, 850 and 1,300, in the text). to these 
5 Peking cranial capacities are added Weidenreich’s 
figures for 6 Ngandong orania and 8 Javanese Puhe- 
canthropus orania, Ashton’s total of 14 crania and his 
mean of 1,028 0.0. aro obtained. Binoe there is no agree- 
ment with Ashton that the Ngandong crania belong to 
1 pekinensis (Campbell places them ir 
H. sapiens soloensis) I have excluded them from my 

i group, inoludi b the lanter group ioy 
5 Peking akulls and 3 Pi skulls from Java.) 

Ashton found that all the australopithecine coepacitiesg 


but one were signiflcently greater than those of the 


chimpanzee. None differed si y from those of 
male gorilla, while only thd two estimated capacities of 


650 o.o. were significantly greater than those of female 
gorilla. Zinjanthropus thus provides one more australo- 
pithecine datum well within the gorilloid range of cranial 

On the other hand, the australopithecine mean falls 
far short of the smallest hominine mean, which, according 
to my calculations, is 973-7 0.0. for eight orania of Pithe- 
canthropus (= Homo erectus). Ashton found that all the 
australopitheoine capacities, even including the estimates 
of 650 c.c. were significantly smaller than those of 
Pitheconthropus, as computed by him (see footnote). 
There is a gap of 175 o.c. between the largest australo- 
pithecine capacity in the present study (600) and 
the smallest known pithecanthropine capacity (775). At 
and the smallest pithecanthropine cranium has been 
progressively reduced from 152 0.0. (ref. 27) to only ® o.c. 
(ref. 2), and now to a mere 23 0.0., by the finding of a 
ogie are Pe as al oe dee pina 
(ref. 5). No australopithecine skull yet discovered is as 
large as the bi brained gorilla cranium. 

This raises point whether the range of presently 
known australopithecine capecities, in which 165 0.0. 
separates the largest and the smallest, can be regarded 
as a reasonable approximation to the population range. 
In his definitions of the proposed genera, Poranthropus 
and Awustralopithesus, Robinson! sacribes to both an 
endocranial volume “of the order of 450-550 om*". 
This range of only 100 o.c. is clearly too small, as a glance 
at Table 2 will confirm. 

The range between the maxima and minima for a large 
gorilla sample is 340-685 0.0. (or 340—152 if Schultz’s 
outsize specimen is included); for a large orang-utan sample 


Table $. BAXGES AND MANS oF CRÁANLIL CAPACTTES oF HOLINOIDS 


Difference 
between 

and Range 

é Sire of maximum mean 
Specks sample Range capacities ean (%) 
Gibbon 88 87-130 45 803 48-1 
Blamang 40 100-152 52 124-6 41-7 
Chimpanzees 144 . 320-480 160 393 8 406 
Orang apan 200 2956475 180 4112 48-8 
533 340-762 412 498-3 82-3 
A 7 165 507-9 22-5 
(Homo erectus) 8 T75—1,225 450 973-7 46-2 
Man _ — 11,000-8000 +1,000 +1,900 +77 
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205-475 o.c. ; for a large chimpa 
and for & small sample of crania 775— 
1,225 c.c. (refs. 2 and 27). The volumetrio differences 
between these pairs of maxima and minima are: chimpan- 
zoo 160, orang 180, gorilla 845 (or 412) and Ps 

450 o.c. (all figures relate to males and females combined). 
The range of variation seemingly increases as the mean 
cranial capacity increases: this being so, we might expect 
the australopithecines, with a mean capacity slightly 
greater than that of the gorilla, to have & range between 
those of gorilla and Ptthecanthropus, though much closer 
to that of gorilla. Instead, the range for the presently 
known  Australopithecinge is 485-530, a volumetric 
difference of only 95 o.c. If we accept the central estimate 
for the Taung adult ity, the australopithecine range 
becomes 436—000, a oo of 165 0.0. , even 
the range of 165 o.c. is on the small side as compared 
with thoee of other higher Primates. This range is about 
as extensive as the ranges in the smaller-brained chimpan- 
xee and orang, but it is leas than half the range in gorilla 
and Pù s 
Accordingly, estimates have been made of the probeble 
* population Pe for the Australopithecins. ough 
the method and detailed resulta will be presented else- 
where™, it may be stated here that even the most generous 
estimate yields a maximum value of 848 o.c. at the austral- 
opithesme grade of hominid organization. We may 
conclude that the estimates of 1,000 c.c. for the upper 
limits of the australopitheaine cranial capasity*™ are 
excessive and highly unlikely. 


sample 820—480 o.o.; 
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ROLE OF OPTICAL ISOMERS IN DETERMINING THE ANTIGENICITY 
OF SYNTHETIC POLYPEPTIDES 


By THOMAS J. GILL, III, 


T has been recently demonstrated that a variety of 
; synthetic polypeptides are antigenio in rabbits and 
other mammals!+, Since the synthesis of the polypeptides 
is under careful control, certain molecular parameters can 
be systematically varied in order to explore the minimal 
requiremente for eliciting an immunological response and 
for determming antigenic specificity. It has been shown, 
for example, that no more than two types of amino-acids 
are needed m the polypeptide cham‘ and that the anti- 
genio sites probably consist of short amino-acid sequences 
in the disordered, non-helical regions of the ohain’. 
In this mvestigation we have examined two polypeptides 
differing only in the residue configuration of the &miho- 
acids in order to determine how this parameter affects 
the antibody production and the antigenic specificity. 
The two polypeptides were synthesized from reaction 
mixtures of 60 mole per cent glutamic acid and 40 mole 
per oent lysine. The physical and chemical properties 
of the polymers are summarized in Table 1. The molecular 
weights were measured by sedimentation using ae 
approech-to-equilibrium method. The com 
determined, by acid-base titration. The a-helical doniante 
wore obtamed from measurements of optical Pear 
dispersion in the conventional manner’. 


HANNAH J. GOULD and Pror. PAUL DOTY 


Department of Paroles, Harvard Medical School, Boston, Mass., 
Deburtmeint of Chemistry, Harvard University, Cambridge, Mass. 


and 


Rabbita were immunized subcutaneously with 10 mg of 
the antigen in Freund’s complete adjuvant, followed three 
weeks later by another 10 mg in salme—phosphate buffer. 
Two weeks after the second mjoction the animals were | 
bled. (bleeding I). Some of the animals in both groups 
then received three further mjections-of 10 mg of the 
antigen in Saline-phosphate buffer on alternate days after 
bleeding I, and were bled again one week after the last 
mjection (bleedmg II). The antibody concentrations of 
the individual sera were measured by the preoipitin 
method, which is sensitive to a minimum of 1 ug antibody 


The polypeptide composed of p-amino-aeids failed to 
elicit an immune response detectable by the precipitin 


- nitrogen per ml. of serum. 


- method in any of the 24 rabbits tested. Moreover, none 


of these sera, tested individually, reacted with either 
S D- or the L-polypeptide. Contrasting with this, the 
composed of r-amino-a&cids elicited an average 
of 13 ug antibody nitrogon per ml. of antiserum. (This 
average value included the 6 rabbits which gave no 
detectable response out of 12 immunized.) The average 
antibody concentrations are presented in Table 2. 
It was further found that the p-polypeptide did not 
cross-react with any of the individual sera to the r-poly- 








Table 1. PROPEETINE OF THE OPTICALLY IBOXERIO SYNTHRTIO POLYPEPTIDES 
Aold-bese titration ___ Optieal rotatory dispennion 
hols ^ 
Formula per cent Mole : Iso- Mi 
tame per oent pK Kn electro weight [a]p 4, b Per cent Helx 
lysine potnt ‘ sense 
G 57.8 43:3 4 45 10-97 5-57 37,000 —101 —006 —122 10 t 
enu 572 41-58 4-35 11 00 5 65 000 +90 600 95 15 UR 
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The reaction of three tndtvidnal 


Fig. 1. 


Table 2, IXXUXOLOGIQAL RAWPOXER TO THE OPTICALLY ISOXENRIO BYN- 
M 


^ saponine arii "mS. » 3 "IS, 
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peptide, nor did the D-polypeptide inhibit the homologous 
reaction with the L-polypeptide. Three te 
showing this result are summarized in Fig. 1. In these 
experiments equal volumes (0-4 ml.) of a solution contam- 
ing the D-polypeptide at flve concentrations and antisera 
to the L-polypepbide were mixed and allowed to stand 
at 2*0 fob ivo doy: At the end of this period the samples 
wore and the supernatants decanted. There 
was no precipitation (solid triangles in Fig. 1). The super- 
natant (0-6 ml.) and & solution of the L-polypeptide (0-8 
ml.) to give-a final concentration equal to that of the 
D-polypeptide, were then mixed and allowed to stand 
at 2° O for 5 days. The amount of precipitate formed was 
the same as that obtained when only the r-polypeptide 
was present (of. solid and open circles, respectively, in 
Fig. 1). "This result eliminates the pomibility that the 
D-pol ide reacts with the antisera to the L-polypep- 
_ tide to form soluble complexes. 


G 


The physical and chemical properties of the two poly- 


peptides are very similar. The small compositional 
differences should not affect the cross-reaction in view of 
the cross-reactivity between polypeptides with more 
disparate compositions'*. The molecular weight differ- 
enoe is negligible in view of the cross-reactions between 
the r-polypeptide (molecular weight = 387,000) and a 
similar polypeptide of 111,000 molecular weight!*. The 
a-helical contents of the two polypeptides are seen to be 
essentially the same, lying within the scouracy ofthe 
determination, although the helical senses are opposite. 
Finally, the finding that the acid ‘and base dissociation 
constentsa and the overall shape of the titration curves 
are the same indicates that the average distribution of 
the two amino-acids, hocce puc pag ee 
nob grossly different. These conadetations 

that the molecules of the two po ides are essentially 
mirror images. Yet one is antigenic and the other is not, 
and the latter does not cross-react with antisera to the 
former. 

The failure of the croes-reaction leads to the conclusion 
that the amino-acid side-groups at the spacing character- 
istic of the peptide chain do hot completely determine 
the antigenic specificity of the Lage) pilates Olasaical 
studies on the antigenio specificity of proteins have in- 
Mo c cur c ee re ore ae 
specificity is 11,18, Indeed, the modification 
-may be the attachment of polypeptides" or of D- and 
r-amino-acids!* to the protein. The present work con- 


trasta with these studies in that the amino-acids m the . 
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pg AgN/mi 
antisera to tho mith ei 

and the L-patypeptide in the dg ag nc prea : 


tite (open cirajea), tbe D- (solid triangies), 

two polypeptides are the same, but their spacial orienta- 
tion on the pepti ptide chain is different. Thus, the dis- ' 
crimination displayed by the antibody extends to a section 
of the peptide chain in combination with ita attached 


groups. 
The observation that the p-polypeptide did not elicit 
ion does not at present have a unique 


Gt ie relin dpi es Dd coat the deterininan) 
the D- 


may offer some teet of its validity. 
is also compatible with the ‘selective’ hypothesis of 
antibody formation since the genetic code for antibody 
directed against the ‘unnetural’ D-polypeptide would be 


In summary, we have found that the r-amio-aoid 
PO EU RAON ranma bud ar Ea dead or oa 


Pe that is, mirror images of those which are 
antigenic. In addition we have demonstrated 
‘hast the p:polypeptido dose uo te with antisera 
to the corresponding L-polypeptide is failure reveals 
that the antibody senses the ical construction of 
a region of the peptide chain and not only the amino-acid. 
residues in particular 
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work was ported by the National Heart Institute 
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National Science Foundation (G—17556). 
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DESTRUCTION OF PASTURES BY PARAQUAT AS A SUBSTITUTE 
- FOR PLOUGHING 


By A. E. M. HOOD, H. R. JAMESON and R. COTTERELL 
Imperia! Chemical Industries, Ltd., Billingham Division, Jealott’s HIII Research Station, 


Bracknell, 


QUAT (1,l'-dimethyl-44'-bipyridylium dichlor- 

ide) is very active against graminaceous species?" 

Because it is rapidly adsorbed by all but the sandiest of 

soils, and thereby inactivated, it can be used for killing 

grasses in pastures which may be re-sown immediately 
without .ploughing®. 

To test the use of paraquat for killing swards prior to 
growing arable crops, two field experiments were carried 
out at Jealott's Hill. One was permanent followed 
by winter wheat sown in autumn 1961; the other was three- 
year ley followed by spring wheat sown in 1962. 

Boperiment 1. On perennial ryegrass (Lolium perenne) 
dominant permanent pasture, the three main treatments 
were paraquat (at 8 lb. ion per acre in 24 gallons water 
containing 0-1 per cent ‘Agral’ 90) applied on September 
19, a similar treatment followed by ploughing on October 7 
and a no chemical treatment ploughed on September 12. 

On October 12, Hybrid 46 winter wheat was sod-eoeded 
on the first treatment and drilled on the other two treat- 
ments. 

The three main treatments were duplicated in random- 
ized blocks and each plot was split into four sub-plote, 
each of 0-016 acre, for nitrogen manuring of the wheat 
in the spring. 

Paraquat completely killed all foliage within seven 
days. Wild white clover (Trifolium repens) and some 
broad-leaved weeds recovered but were controlled by 
*Methoxone' O spraying in the spring. Only a fow grass 
plante, mainly meadow foxtail (Alopeourus pratensis), 
rough-stalked meadow grase (Poa trivialis), bent (Agrostis 
opp | and pea rroga ARM aces ee 
seeded and the no spray/ploughed plote. The plota 


froe of weed 
grasees throughout. 

The une particularly favourable to winter wheat 
and the rich soil produced outstanding yields with no 
response to nitrogen fertilizer (Table 1). The sod-seeding 
treatment was outyielded significantly by both other 
treatments but still gave a highly satiafactory yield. The 
seeder used had blunt hoe-type coulters which tore up the 
turf, made rough furrows and caused patchy establish 
ment. 


Table 1. GRAIX YDS OY WINKTNR WELAT DX OWT./AORB (ADJUSTED TO 
85 PER CENT DRY MATTER) 
8 seeded 55-4 
Bpra. and drilled 00-7 
ot and drilled 58-5 
4 (P - 0-06) 20 


Experiment 2. On timothy (PAleum pratense) [meadow 
fescue (Festuca pratensis)/white clover ley, the three main 
treatments were (as in Exp. 1) on February 19, 
sod-seoded with ‘Jufy I’ spring wheat on February 20, 
paraquat (as in Exp. 1) on February 19, sod-seeded with 
the same variety on March 13 and no chemical treatment 
ploughed on February 6 and drilled with the same variety 
on March 18. 

The three main treatments, duplicated in randomized 
blocks, were each split into three sub-plote of 0-017 aore 
for nitrogen manuring of wheat in the seed-bed. 

All foliage was- killed by paraquat within about 
ten days. White clover and some broad-leaved weeds 


hire 


re-grew, but were controlled by 'Methoxone' Extra 
spraying. 

Germination and brairding of wheat following the 
February sod-seeding were delayed by cold weather 
throughout February and March and so any advantage 
from early sowing in this season was probably leas than 
would be expected in more normal seasons. Final numbers 
of seedlings on-the February or March sod-seeded plots 
were only &bout 60 per oent of thoee on the cultivated 
plote, possibly due to inadequate tilbh m the alit-like 
furrows made by the disk ooulters on the sod-seeder used 
(which was different that used in Exp. 1) and to 
arpa sp by alugs and other soil pests. 

arequat killed sown grass species, but had only a tem- 
porary effect on couch (Agropyron repens), which re-grew 
over areas and competed severely with the crop. 
Ploughing, on the other hand, reduced couch infestation 
considerably. 

Ploughing and drillmg in March outyielded sod-seeding 
at all levels of nitrogen fertilizer application and was also 
superior to February sod-seeding at 0 and 60 but not at 
90 units nitrogen/acre, at which level an inexplicable 
Erbe ion in yield oocurred on the ploughed plots 
(T&ble 2). 


Table 2. GRAIN YINLD4 OF ‘Jury l SPRING WHEAT On OWT./ACRR (ADJUSTED 
TO 85 PAR CENT Day MATTER) 


Untts fertilizer N/acre 
0 00 90 
fprayed/sod-seeded February 18-7 28-9 31:4 
-meeded March 172 268 20-3 
27.8 33-0 203 
ene eee) 
Significant difference (P = 0-06) 2-0 


Sod-seeding was markedly inferior to eonventional 
ioe at the no nitrogen fertilizer-level: this was 
thought to be due to the effects of competing couch grass 
particularly in the absence of fertilizer nitrogen rather 
than to inadequate release of mmeralized nitrogen from 
the uncultivated, dead turf. The advantage from plough- 
ing and drilling over sod-seeding declined with increasing 
These confirm the suggestion of Arnott 
and Clement‘ that satisfactory crops may be grown in 
which, instead of being ploughed and cultivated, 
ve been destroyed by herbicidal sprays; they also pomt 
to such practical problems as the design of an efflcient 
coulter for sod-seeding and the control of couch grass 
and of various soil pests, Including slugs, which seem to 
thrive in unploughed land. Nevertheless, the resulta of 
these first experimenta are promising for this new tech- 
nique. As nothing is yet known about the effect of 
repeated sod-seeding on soil and crops, the present 
work is being continued. Further experimentation is 
required to assess the general applicability of this tech- 
nique in agricultural practice. S 
1 Oronghey, J. F. H., Weed Res., 1, 1, 68 (1981). 
1 Jeater, R. 8. L , and Mollvenny, H. O., Proc. F(f& Brit. Weed Control Conf., 
1, 311 (1900). 


? Jones, L., J. Brit. Grasel. Soo., 17, 1, 85 (1001). 
4 imot, R. À., and Clement, C. B., Nature, 198, 1277 (1002). 
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Es NEWS and VIEWS 


Assoclation of the British Pharmaceutical Industry : 
G. E. Yates 


Mz. G. E. Yarns has been appointed director of the 
Association of the British Pharmaceutical Industry. Mr. 
Yates, who is fifty-five, was educated at George Watson's 
College, Edinburgh, and the University of Edinburgh, 
teking his M.A. with honours m history. He entered the 
Home Civil Servioe in 1931 and served in the Ministry of 
Health, the Ministry of Home Security, and the Office of 
the Minister of State in the Middle Hast. Mr. Yates was 
a member of the United Ki delegations to the 
United Nations and other international conferences at 
the end of the War, and, as a delegate to the International 
Health Conference in New York in 1046, signed the treaty 
isnt prea S World Health Organization. He trans- 
ferred to Secretariat of the United Nations in 1046; 
served as secretary of the United Nations Eoonomio and 
Social Council, and later as senior director in the Depart- 
ment of Economiœ and Social Affairs. Ho was executive 
secretary of many United Nations conferences, including 


the ial commission of the United Nations Economic 
and Council which set up the United Nations 
expanded programme of technical assistance in 1949 in 


Geneva, and of the plenipotentiary conference for the 

Binge Convention on Narcotic Drugs, New York, 1961. 
. A. Duckworth continues as secretary of the 

Association of the British Pharmaceutical Industry. 


The Public Health Laboratory Service Board : 
Prof. J. W. Howle 


Pror. Jaume Worum Hows has been appointed 
director of the Publio Health Laboratory Servioe Board 
1n Buooeemion to Bir Graham Wilson, who retires from the 
post in 1968. Prof. Howie, who is fifty-five 
years of age, has held the chair-of bacteriology in the 
University of Glasgow since 1951, and is also senior 
consultant bacteriologist to the Western Infirmary, 
Glasgow. He is vice-president of the College of Patho- 
logista, and is & member of the Agricultural Research 
Council. He graduated in medicine at the University of 
Aberdeen, gaining honours both in his first degree and in 
his doctorate. became a lecturer in the Universities 
of Aberdeen and Glasgow, and then served in the Royal 
Army Medical during the Second World Wat as a 

ialist pathol in Nigeria and at the War Office. 
e ee 

8 Bacteriology in the Rowett 
Institute, Aberdeen. 


The Medical Research Council 


Iw written answers to questions about the Medical 
Research Council in the House of Commons on January 
29, the Parliamentary to the Minister for 
Science, Mr. D. Freeth, stated that in the past five years 
the Medical Research Council had set up twenty-seven 
research units and nine research and had also 
decided to establish a Clinical Research Centre to be 
linked with the new district hospital to be built at North- 
wiok Park, Harrow. The Council's staff had moreased 
from 2,213 in 1957-58 to 2,772 in 1961-62, its total 
expenditure on current had risen from £201,483 to 
£481,088, and the n of awards from 188 to 259. 
This does not take account of support provided for 
medical research through its research units and groups, 
training awards and grante for special departmental 
apparatus. diture on research grants to universities 
had risen from £201,483 to £561,700. 


Psychiatric Research In Britain 


Ix a written answer in the House of Lords on February 
7, the Minister for Science, Viscount Hailsham, stated 
that the expenditure of the Medical Research Council on 
psyohiatrio research had risen successively from £08,000 
in 1957-58 to £180,000 (1958-59), £170,000 (1959-60), 
£228,000 (1960-61) and £247,000 in 1961-62. The money 
was used during 1961-62 to support the Council's eight 
psychiatric research unite as well as investigations relevant 
to mental ilneas being undertaken in other unite in social 
tios. It included a special grant to the 


The Commonwealth Scholarships (Amendment) Bill 


At the Committee stage of the Commonwealth Scholar- 
ships (Amendment) Bill in the House of Commons on 
January 35, the Government was strongly prened recent 
ing the eligibility for scholarahips of those who not 
received formal education of university standard, and the 
Commission was criticized as too strongly representative, 
of the academic outlook. In reply, the Under-Secretary 
of State for Commonwealth Relations, Mr. J. Timey, 
quoted directive of March 4, 1960, from the Secretary 
of State for Commonwealth Relations: “Awards tenable 
at residential colleges of adult education which provide 
one-year or two-year residential courses may also be 
considered. These would be especially suitable for students 
of mature age who have not attended & university". It 
was therefore open to the overseas countries to nommate 
non-graduatea, but they could not be forced to do so. 
Other scho ips were available, including those from 
the British Council. [Bee also pp. 731 and 752 of this issue 
of Nature.] 


The Commonwealth Scholarshlp Commission 


Tra third annual report of the Commonwealth Boholar- 
ship Commission, covering the year ended September 30, 
1962, records a total of 381 scholars in attendance at 
United Ki universities and colleges in the session 
1961-62 (Pp. 44. London: H.M.8.O., 1963. 2s. 6d. net). 
As expected, more than half the scholars for 1960 applied 
for extension of tenure of their awards into 1962-63, and 
accordingly the Commission decided it could not offer 
more than 200 new awards, for which 396 nominations 
were submitted. Owing to late withdrawals, only 188 
of 500 held m 1962-63 was not reached. This limit will 
be removed under the Bill now before Parliament (see 
pp. 781, 752 and preceding note). Some 232 applications 
were received from United Kingdom candidates for awards 
tenable in eleven different Commonwealth countries, and 
during the period covered United Kingdom students held 
Commonwealth Scholarships in nine Commonwealth 
countries. Four invitations to Commonwealth visiting 
fellowships for tenure in the session 1961—62 were accepted, 
but one was afterwards for tenure at a later dato. 
Total expenditure on the Plan m the United Kmgdom in 
the year was £290,000, and the Commission is i 
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that the Plan is making a real and valuable contribution 
+o educational lop ME at a 
high level. 


Improving Britain’s Overseas Technical Co-operation 


Ix reply to a question in the House of Commons on 
January 29, the Secretary of Technical Co-operation, Mr. 
D. Vosper, said that he had reviewed how far Britain's 
overseas information met the needs of the day 
and had decided to extend the effort m three main ways. 
First, an increase was proposed in the British Council’s 
English language teaching and training work, including 
greater use of modern methods. The Council’s repre- 
sentation in new and developing Commonwealth and 


countries in Asia and Africa would be improved and 
extended. Thirdly, supplies of television material to the 
ever- number of stations overseas would be 
increased.. and other changes would involve extra 
expenditure of about £1 milion a year. He also under- 
took to consider any request from an overseas Government 
or Governments to send teams of British journalists over- 
seas to conduct ahort ini 
countries if this appeared to be the most suitable way of 
meeting the need. 


Research and Development In Automation 


Toa B.0.4.0. Record, 1961-62, published for the 
British Conferenoe on Automation and Computation 
through the Institution of Production Engineers, deacribes 
the work of the Conference durmg the two years. 
Besides Lord Hailsham’s address to the gate. Con- 
ference on ‘‘Automation—Men and Money” in June 1961, 
it maludes the text of the first two Annual Lectures: by 
Dr. D. C. Christopherson, ‘““Mathematics—Friend or Foe”, 
and by Dr. B. V. Bowden, ''Automation—the Next 
Phase: Can Managers be Automated ?". Prof. G. D. 8. 
MacLellan describes the work of a Panel in the fleld of 
education and training, and J. E. Coales of a Panel sot 

to deal with research and development in automation. 
Copies of the Record are available from H. K. Lewis, Ltd., 
186 Gower Street, London, W.O.l (8s. 6d., postage paid 
3s. 10d.). 


The Federal Institute of indusertal Research, Nigeria 


Chaat ing actui ecd 1961-62 of the Federal Institute 
of Industrial Research, Ni covering the initial period 
of establishment of the titute, includes a review of 
the period 1956-62 (Pp. 21+6 plates. : Federal 
Ministry of Commerce and Industry, 1962. 9d. net). The 
Institute was established to undertake research on all 
Nigerian raw materials-and to develop effective industrial 
Po E or large-ecale trials if required. About 
two-thirds of the senior staff posta have now been filled, 
but leas than 60 per oent of the complement of twenty- 
eight scientists and engineers. The major project 
has been the mechanized processing of gavi, a fermented 
dried meal from cassava, and this has led to the successful 
development of & pilot-plant producing one ton & day. 
Other main projects in 1961-62 were on fish drying, leaf 
proteins, investigations on pulp and paper, solar water 
heating, plant gums and the utilization of cashew apple. 
A pilot plant producing one ton of ooir fibre a day was 
set up in & coconut producing area and is now running as 
a BuooeeBful commercial venture. 


The World Health Organization Internationa] Centre 
for Authentic Chemical Substances : 


Taa function of the Centre ia to assure the collection, 
' storage and international distribution of chemical refer- 
ence substances under the authority of the World Health 
Organization. Recently, the collection of chemical sub- 
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stances available from the Centre has been extended by a 
set of thirteen substances intended for checking the 
accuracy of different instruments and methods for 
determining melting temperatures. Tho set of World 
Health Organization melting-pomt reference substances 


includes: 

ALp. M. 

ed! o 1913 0 
Vanim 88° 0 Bul 198° O 
Benzl 96* 0 210*0 
Acotanilide 116*0 Bacohartn 229° 0 
Phenasstin 136° 0 237° O 
Benzanilide 1 0 Ei thaloin 265* O 
Bulphanilamide 168° 


The substances are available in a4 MR visis 
package with a leaflet on ‘Directions for Use". 
The following authentic chemical substances are also 


' available: 


^ & 


i 
gc 


All the substances are sent free of charge to national 
administrations or laboratories and institutes working on 
& non-profit basis. Commercial laboratories are charged 
10 do (U.B.) or the equivalent amount in other cur- 
rency per seb of melting-point reference substances and 
4 dollars (U.8.) per package of the other substances. 
Orders for the substances should be sent to: WHO 
International Centre for Authentic Chemical Substances, 
Apotekens kontrollaboratorium, Box 80019, Stockholm 80. 
During 1963 the following substances are expected to 
be issued as authentic chemical substances: cortisone 
acetate, deoxycorticosterone acetate, dienwetrol, diéthyl- 
stilbwetrol, cstradiol benzoate, ethinyl wetradial, ethi- 
sterone, hydrocortisone, hydrocortisone acetate, lio- 
thyronine, methyltestosterone, prednisolone, prednisone 
and testosterone propionate. 


The Zoological Soclety of London : Awards 


THe following awards of the Zoological Society of 
London will be by H.R.H. The Duke of 
Edinburgh, president of the Society, at the annual 

meetng on May 16: Soientyic Medal, to Dr. 

. W. L. Beemant, of the Department of Zoology, 
University of Cambridge, for his outstanding work on the 
detailed physical and chemical study of the insect cuticle 
and egg shell and the discovery of important goneral 
principles concerning water conservation in small terreg- 
trial mammals; and to-Dr. N. A. Mitchison, of the 
National Instituto for Medical pd yin: for his out- 
standing work on immunol and tissue transplantation ; 
Stamford Raffies Award, to Mr. R. E. Moreau, in recog- 
nition of his contributions to xoology—as &n amateur 
zoologist, Mr. Moreau has &n international 
reputation as an authority on the birds of Africa; Thomas 
Henry Huxley Award, to Dr. J. Machin, of Queen Mary 
College, now working at the University of Toronto, for 
work submitted as a Ph.D. thesis to the University 
n on '"The Water Relations of Snail Integument?'' ; 
Prince Philip Prize (o for competition to ils of 
zoology, taking the’ General Coctioate of Education 
Advanced-Level or i ei examination in any school 
in Great Britain, Northern Ireland and: the Channel . 
Isles and Isle of Man), to Wendy A. Freaker, of St. 
Swithun’s School, Winchester, for her entry, ‘An Investi- 

tion into the Casing Habits of the Caddis-Ay Larva, 

vittatus”. 
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The Australian Polarographic Soclety ; 


Tam Australian Polarographio Society was founded at 
the inaugural meeting held at the University of New 
South Wales on December 3, when the,relative merita of 
an electrochemical and of a polarographic society were 


discussed. It was agreed that the initial viability of the ' 


Society would be enhanced by concentrating the en- 
deavour in such a way that the activities would tend to 
be of immediate interest to the great majority of members. 
On this basis, the foundation of a Polarographio Society 
was preferable at this stage. At a later time, when the 
Society had proved ite viability and value, the prospecte 
for an Electrochemical Society could be reassessed. The 
objective of the Society is: ‘To promote the development 
of polarography in Australia by affording opportunities 
‘for contact between those interested in polarography and 
related flolds and by any other means that the Society 
shall from time to time determine’’. A Provisional Council 
has been elected: President, Prof. B. Breyer; Vios- 
President, G. 8. Buchanan; Seorstary-Treasurer, J. W. 
Hayes; Counoilors, G. H. Aylward, Dr. H. H. Bauer 
and T. M. Florenoe. State Representatives are to be 
co-opted. from agak Atat Se aT Membership is open 
“to all persons in’ in furthering tbe aims of the 
Society”; details are available from the secretary- 
treasurer, x t of Analytical Ohemistry, Univer- 
sity of New South Wales, Box 1, P.O. Kensington. 


The Institute of Mathematical Sclences, Madras 


Ow the oovasion of the first anniversary of the Institute 
of Mathematical Sciences, Madras, announcements were 
made of two annual visiting professorships entitled: (1) 
the Niels Bohr visiting professorship; (2) the Ramanujam 
visiting professorship. The first is a tribute to the memory 
of one of the creators of modern phymos and that of the 
founder of quantum theory. His interest in the advanoe- 
ment of science in India and in particular the work of the 
young group of theoretical physicists et Madras was the 
immediate stimulus for the creation of this Institute. 
The second professorship is in memory of the Indian 
mathematician Dr. Srinivasa Ramanujam. Prof. R. E. 


Marshak, chairman of the Department of Physics and . 


Astronomy, University of Rochester, New York, has 
&ooepted the first Niels Bohr profeasorahip in February 
1968. The award of the Ramanujam visiting profeesor- 
ship for this year will be announced later. 


Sixth International Symposium on Free Radicals, 

Tra sixth International Symposium on Free Radicals 
will be held at the University Chemical Laboratories, 
Lensfleld Road, Cambridge, England, during July 2-5. 
Papers will be presented by authors from ten countries. 
.The plenary lectures will be given by Dr. R. Livingston 
(United States), Dr. G. Wilse Robinson (United States) 
and Prof. J. Weiss (Great Britain). Following the tradi- 
tion of these meetings, the emphasis will again be on the 
preparation and properties of trapped radioels, including 
fluorescence, ultra-violet and electron spin resonance 
spectra, structural studies and many aspects of reaction 
kinetics. In addition to the formal seasions, a full pro- 
gramme of social events has been organized, includi 
special entertainment for wives and friends of participants. 
The symposium will commence with an mtroductory 
lecture on the afternoon of July 2, followed by & reception 
at the Guildhall. Accommodation for men and women 
will be available in the colleges of the University. Further 
information can be obtained from Dr. A. B. Oallear, 
Department of Physical Chemistry, Lensfleld, Cambridge. 
Eleventh International Congress of Applied Mechanics 

Tum eleventh International Congress of Applied 
Mechanica will be held in the Deutaches Museum at 
Munich (Germany) during August 30-September 5, 1904. 
“Apart from a number of invited general lectures, the 
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technical sessions of the will be hald in two 
sections: Section -1, mechanics of solids; Section 2, 
mechanics of fluida and gases. The Congress will, how- 
ever, not include thermodynamics or numerical methods 
and computing machines, with the exception of specific 
applications to pertinent problema of one of the two 
sections mentioned above. Those wishing to 
present papers to the should submit them to the 
-Sekretariat des Mechanik- Stutt- 
gart. (Germany), Technische Hochschule, Institut für 
„Mechanik, before February 1, 1964 (exoept that by 
arrangement with the U.B. National Committee on 
Theoretical and Applied Mechanica, contributions from 
the United States will be by invitation, and likewise wrth 
the exception of papers submitted by the authors from 
the U.8.8.R., for which & special arrangement has been 
made with the U.8.8.R. National Committee on Theor- 
etical and Applied Mechanics). Further information can 
be - obtained from the isations-Secretariat des 
Mechanik-Kongrosses, München 2 (Germany), Institut 
für Mechanik, Arcisstrasse 21. 


Naturally Occurring Peptides, Peptide Antibiotics, 

Proteins and Nucleoprotelns 

Pror. K. T. Yasunosu and L. K. Ramachandran have 
written to the Editor steting that they are oompiling data 
on the physical, chemi , functional and structural 
properties of: (a) naturally ocourring peptides; (b) pro- 
teins and nucleoproteins; (c) enzymes. They anticipate 
eventus] publication of the date in the form of a book, 
and ask for any pertinent data to bo forwarded for them 
at the Department of Biochamistry and Biophysica, 
University of Hawaii, Honolulu, Hawaii. 


Announcements 

Dr. T. H. BuwxisGmn, director of the Bio-Energetica 
Laboratories of the Naval Medical Research Institute, 
National Naval Medical Center, Bethesda, has been 
awarded the Golden Scheele Medal of the Chemical Society 
of Stockholm, for his work on ‘‘Calorimetric Analysis of 
Chemical Change". 
will be held in Cannes during May 26—June 2. Further 
information oan be obtained from the Sixth International 
Mineral Processing" Congress, 28 rue Arthur-Rozier, 
Paris XIX». 

A OONFEENNOH on “Inert Gas Compounds" will be 
held at Argonne National Laboratory during A 22-23. 
Further information can be obtained from Herbert H. 
Hyman, Argonne National Laboratory, 9700 South Cass 
Avenue, Argonne, Illinois. 

Tan fifth International Conference on Coal Science 
will be held in Cheltenham, Gloucestershire, during May 
28-80. Further information can be obtained from Mr. 
R. G. J. Kingsmill, National Coal Board Research Estab- 
lishment, Stoke Orchard, near Cheltenham, Gloucester- 
shire. 

Tau South African National Conference on Nuclear 
Energy wil be held in Pretoria during April 8-11. The 
main object of the meeting is to make a survey of isotopes 
and radiation research in South Africa and its future. 
Further information can be obtamed from the Atomic 
Energy Board, Post Bag 256, Pretoria. 

Ax international symposium on “Humidity and Mois- 
ture—Measurement and Control in Science and Industry”, 
sponsored by the National Bureau of Standards, the 
United States Weather Bureau, the Instrument Society 
of America, the American Meteorological Society and tho 
American Society of Heating, ‘Refrigerating and Air 
Conditioning I is to be held i Washington 
during May 20-23. Further information oan be obtained 
from Mr. A. Wexler, National Bureau of Standards, 
Washington 25, D.O. 
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THE SECOND COMMONWEALTH EDUCATION CONFERENCE 


"RS epe of the Second Commonwealth 
Education Conference*, held at New Delhi during 
January 11-25, 1962, is acoompanied by various annexes. 
To three of these—tho reporta of the committees set up 
by the Conference to study and made recommendations on 
the Commonwealth Scholarship and Fellowship Plan, the 
training and supply of teachers, and technical education 
and the provision of text-books and other books—refer- 
ence is made elsewhere (see p. 731 of this issue of Naturs). 
Others comprise the reports of committees dealing with 
social education, with education in rural communities, 
and with financial problems of educational expansion. A 
further annex details the composition’ and functions of a 
Commonwealth Education Liaison Committee and a 
Commonwealth Liaison Unit. 

The Conference was encouraged by the progress already 
made since the first Conference at Oxford in 1959, par- 
ticularly under the Commonwealth Scholarship and 
Fellowship Plan and in the further training of teachers 
from the newer Commonwealth countries. Notable was 
the progress under the Bursary Scheme introduced by the 
British Government. It was agreed that in the years 
ahead the main emphasis should be placed on the further 
development of the schemes for the supply and training 
of teachers and for the further training of those who are 
to occupy key poets in developing educational systems. 
However, some of the developing countries were quite 
clear that scholarships at undergraduate level and awarda 
in professional, technical and other flelds would meet 
their present needs more offectively than awards at post- 
graduate level. The Conference decided that arrangementa 
established tentatively at Oxford to facilitate Common- 
wealth co-operation in education should be confirmed as 

priate for constructive use by Governments. 

t was recommended that a Commonwealth information 
centre on the teaching of English as a second language 


* Ministry of Hducation. Report of the Second Commonwealth Education 
ee. Pp, 111--89. (Cmnd. 1655.) (London: H.k.8.0., 1962.) Ss. Od. 


should be established in London, and that the establish- 
ment of regional Engliah language centres closely Inked 
with universities and training collegea be given urgent 
attention. Development of the practice and techni 

of social education is at different stages throughout the 
Commonwealth, and any programme of social education 
requires the active support of Government, voluntary 
organizations and voluntary community leaders. Volun- 
tary organizations, above all, must have adequate facilities 
to play their part effectively. Social education should 
receive high priority in educational development pro- 


The problems of rural education in different parte of 
the Commonwealth have much more in commop than 
differences of latitude, climate or history might suggest. 
Although it is necessary first to establish the generally 
desirable objects of rural educational policy, even at this 
early stage recommendations are warranted concerning 
the systematic exchange of information, arrangements of 
visita by experte, conferences of experte on matters of 
common. interest, oto. Agricultural education should be 
considered as a part of technical or vocational eduoation 
as & whole and not treated in isolation. 

Financial problems of educational expansion were not 
discussed quantitatively, but the Committee considering 
this aspect recommended that countries requiring assist- 
&noe in respect of capital or recurrent expenditure for 
educational expansion should seek it through bilateral 
arrangements. Close attention should be given to educa- 
tional planning to secure the most effective use of the 
available funds and every effort made to assure the 
interest of the community. 

There is thus wide scope for ?o-operation among 
Commonwealth countries. This is especially so in meeting 
the major needs of the various countries m respect of 
educational and training opportunities, the supply of 
teachers, particularly in science and mathematics, and of 
specialists in technical and higher education, and the 


Supply of specialized equipment and text-books. 


SCIENTIFIC RESEARCH IN: BRITISH COLONIAL TERRITORIES 


A LTHOUGH reduced in scale and scope, The Colonial 
Territories, 1561-62*, now compiled with the help 
of the Department of Technical Co-operation, continues 
on similar lmes, but there is a marked absence of informa- 
tion of particular interest to the scientist or technologist. 
Here, a8 elsewhere, & close veil is drawn over all research 
work proceeding overseas, and only in the short notes on 
technical and higher education and on medical and health 
services are matters of primary interest mentioned. 
Campaigns against malaria and yaws have in some 
territories reached the stage at which maintenance ser- 
vices can be established and more attention devoted to 
problems of environmental sanitation in rural areas. 
Rural water supply and sanitation schemes continued in 
Kenya with aid from the World Health Organization and 
United Nations Children’s Fund so satisfactorily that it 
is planned to extend these activities to other areas. 
Although little progress was made in providing facilities 
for the mentally ill, problems of mental health were more 
. prominent. 
* Colonial Office. The Oolomís] Territories, 1901-1952. Pp. vwi+186. 
(Cmnd. 1751.) (London: H.M.8.0. 1902.) 85. 64. net. 


Dental health services steadily developed. 


Malaria and tuberculosis continued to be major pre- 
occupations in many territories, but in some very substan- 
tial progress was made towards control and eradication 
of malaria, and although leprosy continued to be a serious 
problem in certain territories there was some evidence of 
reduced incidence. Following active eradication oam- 
paigns the importance of yaws haa greatly deolined in 
most territories, but trypanosomiasis is a continuing 
threat necessitating consistent and careful measures, and 
the report indicates the extent to which preventive 
medicine in industry and health education, offer oppor- 
tunities for expansion and assistance. ^ 

Enrolment at universities continued to increase and 
reached 1,600 at Hong Kong and 1,257 at the University 
College of the West Indies. A provisional council haa 
been set up for the proposed University of East Africa,- 
and to meet the urgent need for veterinary practitioners 
in East Africa, improved facilities for veterinary education 
are being developed near Nairobi, and responsibility for 
the new i faculty is being transferred from 
the Makerere University College to the Royal College, 
Nairobi. 
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THE BRITISH SOCIETY FOR THE PHILOSOPHY OF SCIENCE 


HE seventh annual conference of the Britush Society 

for the Philosophy of Science was held durmg Septem- 

ber 21-28, in Tetley Hall, University of Leeds. It com- 

prised a colloquium of four symposia and was attended 

y some sixty members and guests. Mr. F. T. O. Harris 

of Middlesex Hospital Medical School was conference 
sebretery. 

The four symposia were entitled: '"The Idea of a Physical 

“Fundamental Particles and Identity”, 


each symposi 
& discussion of them. 

With the Society’s president, Prof. R. B. Braithwaite, 
ig the chair, Dr. J. R. Ravets (University of Leeds) 
introduced the first symposium with a historical paper 
"Galileo and Physical Quantities”, which discussed the 
belief im the existence of physical quantities and the 
problem of assigning measures to these quantities. Dr. 
Ravetr claimed that the first of these was an essential 
assumption in Galileo's investigatione, while the second 
is for the construction of a frui.ful natural 
philosophy. There followed an inquiry into the relation- 
ship between the concepts of ‘quality’ and ‘quantity’ in 
which the , Dr. H. V. Stopes-Roe (University of 
Birmingham), argued that the former concept included the 
latter. For example, the quality brightness can be given 
a measure and so construed as a quantity.  Gallileo's 
idea of fundamental individual quantities was claimed by 
Dr. Ravets to be inadequate, leading Galileo away from 
the formulation of a coherent ap to units and thus 
away from numerical results. the other hand, Dr. 
Btopes-Roe that Fourier’s approach to this 
P similarly failed to treat the unit satisfactorily. 

went on to suggest that the concept of quantity should 
be taken as basio and combined with a liberal approach 
to the is of the concept ‘quantity’. 

Dr. €. W. Kilmister (King's College, London) took the 
chair at the second symposium, the first paper of which 
was a very thorough survey by Dr. H. R. Post, of the 
Chelsea Oolloge of Advanced Technology. Dr. Post 
explained that elementary particles of one type had no 
individuality. It was a fallacy to derive this non-mdividu- 
ality from Heisenberg’s Principle. In fact it derived from 
the nature of the theoretical structure of quantum 
mechanics. Fundamental particles are without ‘secondary 
qualities’, he insisted, and their lack of mdividuality 
derives leas from their ontological status than from their 
high level of abstraction. 

In the second paper Dr. E. W. Bastin (King's College, 
Cambridge) took the point of view of ontological realism. 
He argued that in electron spin one had & property which 
was uniquely identifiable, but must, of course, be attributed 
to individual evants, particles, which existed as such. In 
discussion Prof. Braithwaite and Dr. Kilmister took the 
side of Nature, the latter with currently new empirical 
data. 

Prof. 8. Korner was chairman at the third symposium, 
which was opened by Mr. Jonathan: Bennett with an 
argument directed to disproving Kant’s view that a 
science in which some generalizations have exceptions is 
intellectually disreputable. Contrary to this, Mr. Bennett 
held that the scientist must qualify his generalizations if 
he is to avoid confusion. Mr. Bennett explained a ‘reguls- 
tive principle’ as one that had no other justification than 
ita utility. Thus, stending unanalysed, it bears oom- 
parison to a logical axiom. The Kantian view that every- 


thing has a cause ıs just such & principle. Mr. Bennett 


„went on to show that Kant's claim that the principle of 


causation had such a status is in fact at variance with that 
writer’s attempted proof elsewhere, of that very same 
principle: but under the name ‘the second analogy from 
experience’. Entirely to the contrary, Dr. G. Buchdahl 
(The Whipple Museum, Cambridge) accepted Kant's 
distinction between a general prmciple of causation and a 
*regulative' principle of determinism. He held that, of 
the two versions of the deterministic principle discussed 
by Mr. Bennett, only the first is truly regulative and it 
is this version that permits the law-like nature of empirical 
generalization. The chairman introduced the discussion 
and directed attention to the philosopher's distinction 
between logical implication and nomical implication, or 
implication reflecting things as they are. He pointed out 
that Kant did not regard Newtonian physics as a regularity 
which happened to be observed, but did in fact believe it 
to be true. As Prof. Korner remarked, ‘“The opus of great 
philosophers is & kind of philosophical Rorschach teet". 
The discussion of the final symposium was carried out 
under the guidance of Mr. J. W. N. Watkins (London 
School of Economics). The symposium opened with a 
paper by Mr. J. G. H. Newfield (London School of Eoono- 
mios), which criticized the views erp in Mr. P. G. 
Winch’s The Idea of a Social Soiencs and ite Relation to 
Philosophy (London, Routledge and Kegan Paul, 1958). 
Mr. Newfield argued that to criticize sociology by means of 
a priori philosophical criteria was to make a category 
mistake. For example, it was not a prerequisite for 
sociology that sociologists study the language of their 
Boienoo, & test for laws was simply to distin- 
guish between their valid and invalid applications and 
this did not necessarily involve formulating the law. 
Mr. P. G. Winch (University of Wales) argued that the 
Humeian position taken by the previous speaker was fully 
answered by Kant, and it was this philosopher that Mr. 
Winch followed. It was not the case that regularities 
were first obeerved and then logic entered the field. 
It was more cogent to argue that the observation of 
empirical regularities was only possible within a precon- 
ceived frame-work of order, which was an argument in 
accord with the hypothetic-deductive point of view of 
Prof. K. R. Popper. Mr. Watkins agreed with tho second 
speaker that phenomena arise from language. He also 
argued that Mr. Winch’s approach did not admit of social 
criticiam in that it had not been equipped with a meta- 
language. Prof. W. C. Kneale, the president-elect, took 
up a point concerning the reduoibility of sociological 
concepts to dispositional statements about individuals. 
He pointed out a fundamental difference between the 
reduction of a behavioural science. sociology, to psychology, 
and of a physical ecience, chemistry, to physics, in that 
the former reduction would have to embrace two different 
conceptual sshemes. For example, it was not possible to 
describe the spread of economic consumption in peycho- 
ss ge terms. , f 
his closing address the president of the Society, 
Prof. R. B. Braithwaite, thanked the conference secretary 
and Mr. B. C. Brookee, University College, London, for 
their efforts on behalf of the oonferenoe, the warden of 
Tetley Hall, Miss E. M. McAlpine, for the caro taken by 
her staff and herself for the comfort of the participants 
and the Department of Biology as Applied to Medicine, 
Middlesex Hospital Medical School, for secretarial asmist- 
anoe. 
D. G. HaAxnIB8 
F. T. C. HARR 
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EDUCATION OF SCIENTISTS AND TECHNOLOGISTS FOR THE 
NEW AGE 


I5 his presidential address to the Science Masters’ 
Association in Manchester on January 2, Dr. B. V. 
Bowden, pointing out that Britain is already spending 
more than £800 million a year on education, or 4 per cent 
of the gross national product, questioned whether all this 
money was being t properly, efficiently and on the 
right things, and whether enough or too much was being 
spent. In this context, he c strongly the moagre 
expenditure of about £20,000 in 1962 by the Ministry of 
Education to investigate the efficiency of educational 
progrees. Even making the most generous allowance for 
expenditure by university departmenta of education, he 
doubted whether Britain’s expenditure on educational 
research reached £250,000 a year, and while he valued 
the impetus from the United States and the initiative 
and generosity of the Nuffield Foundation, most of the 
research into new syllabuses and text-books had still to 
be done. Education was, he thought, as profitable an 
investment as was open to any nation to-day, and this 
was especially true in respect of education in the under- 


develo countries. 
ing next the belief of many schoolmasters that 
the universities provide courses in technology for boys 


" 


who have no aptitude for science, Dr. Bowden, noting 
that science began in an attempt to solve practical 
problems and paying tribute to Sanderson’s work at 
Oundle, insisted that science was much moro than a 
of knowledge; it was a way of life, a way of thought, 
and at ite best only understood by active practitioners. 
He was concerned that so many of Britain's ablest 
schoolboys were interested in science but not in tech- 
nology and engineering. While a successful engineer or 
technologist must know his science and be able to work 
with people, even to lead them, ıt was vital that school- 
masters should strive to persuade more of their pupils to 
take up the life of the creative technologist rather than 
that of the scientist. Few boys, in fact, even understood 
that technologists could be trained at a university. 
Finally, he thought there was room for a h programme 
of research into methods of teaching and the possible 
effect of new techniques based on modern technology, 
including the study of the processes of learning and the 
use of television and films. 

The full text of Dr. Bowden’s address will be published 
in the March issue of The School Science Review, published 
by the Science Masters’ Association. 


RHEOLOGY OF MOTOR OILS 


AY the meeting of the Cambridge Rh Olub held 
on October 29, Mr. J. F. Hutton (‘Shell’ Research, 
Ltd.) spoke on “The Rheology of Motor Oils”. He started 
by describing briefly the manufacture of lubricating oils 
from crude petroleum, continued with a discussion of 
lubricating oils as Newtonian liquids, and ended with a 
description of experimental work which has shown that 
lubricating oils, which are generally regarded as New- 
tonian liquids, can exhibit non-Newtonian effecta and 
behave as visco-elastio liquids at very high rates of shear. 

The most important property of a lubricating oil is its 
viscosity and the temperature of the oil is the external 
factor which has the greatest influence on viscosity. A 
rise in temperature of 1 deg. O causes a decrease in vis- 
gosity of the order of 5 per cent. It is desirable that tho 
dependence of the viscosity of an engine lubricating oil 
on temperature should be reduced and this is achieved 
primarily by suitable refining. An additional reduction 
is obtained by diseolvmg in the oil about 1-3 per cant 
of a polymer having a weight-average molecular weight 
of 1-5 x 10%. The moet effective type of polymer is a 
copolymer made from oil soluble and oil insoluble mono- 
mers and so designed that its intrinsic viscosity, or 
thickening effect, increases as the temperature increases. 

Addition of a polymer to an oil introduces non-New- 
tonian properties which, being of importance in lubrice- 
tion, have been studied by many workers. However, in 


the short time available, Mr. Hutton chose to talk about 
the more interesting problem, from the point of view of 
liquid structure, of non-Newtonian effects in lubricating 
oils not containing polymers. The detection and measure- 
ment of such effects in capillary or Couette viscometers is 
& most dificult undertaking. Rates of shear greater 
than 10° geo-! are necessary, and in this it is 
difflcult to separate true shear rate thinning from a fall 
in viscosity due to viscous heating. A different approach 
to the problem has been made, notably by J. Lamb and 
A. J. Barlow, who, from measurements of the propagation 
of ultra-sonic shear waves through the oils have caloulated 
their relaxation spectra. The results clearly demonstrate 
the visco-elastio nature of lubricating oils and indicato 
that the peaks in the spectra are characteristio of the 
types of molecule present. 

In the discussion the comments and questions ranged 
widely from technological ones concerning the best oil to 
uge in & motor-car to more fundamental ones oonoerning 
heating effects in viscometry and the relation between 
experiments carried out in continuous shear and experi- 
mente carried out in oscillatory shear. 

The next meeting of the club will be held on March 4 
at the Technological Research Station, Spillers, Ltd., 
Station Road, Cambridge, when Mr. G. G. Zahler and Mr. 
G. R. Murfitt (Instron, Ltd.) will speak on ‘‘The Instron 
High Shear Capillary Rheometer". H. d. MULLER 


THE FISHERIES BIOCHEMICAL RESEARCH UNIT 


FE some yeers the U.K. Development Commission. 
has sponsored a Unit for Biochemical Research 
bearing on the problems of fisheries, and at present 
located within the National Institute for Research in 
Dairying, Reading. In view of the retirement of the honor- 
ary director, Dr. 8. K. Kon, within the next few years, 
the Development Oommisaion has decided that it should 
be transferred to Aberdeen. The advantages of this new 


location are that the reconstituted Unit will be in close 
contact with the fishing industry, the University and the 
existing marino research institutes m Aberdeen. These 
are the Scottish Department of Agriculture and Fisheries 
Marine Laboratory and the Torry Research Station of 
the Department of Scientiflo and Industrial Research. 
After consultation between the Development Com- 
mission and the University of Aberdeen. it was agreed 
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that the Unit should be established within the University .. 


under the sgis of the professor of biological chemistry, 
Prof. W. O. Kermack. It is envisaged that initially tho 
staff would consist of five scientiflo workers, including & 
director, who would be & reader in the University, and 
that members of the staff might take some part in the 
teaching activities of the University, although their 
primary obligation would be towards research. By this 
arrangement,-the integration of research and advanced 
teaching would be assisted, and a mutually i i 


be on tho basio scientific aspects, ib is envi that this 
work will assist in the solution of probleme of practical 
importance to the fiahing industry. 
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It ia pro to plan and build a new laboratory to 
house this nit in close proximity to the existing marine 
laboratories at Torry in Aberdeen. In order to i 
this development, the Court of the University of Aber- 
deen has appointed Dr. P. T. Grant to the post of director 
of this Unit. Dr. Grant is at present a member of the staff 
of the $ of Biological Chemistry. It has been 
arranged that this appointment will become operative at 
a later date, but meanwhile he will be directly concerned 
with the planning and equipping of the new laboratory. 

Dr. Grant was a member of the staff at the National 
Institute for Medical Research during 1051—56 and worked 
with Sir Charles Harington and Dr. H. R. V. Arnstein on 
the biosynthesis of penicillm, and afterwards with Dr. 
J. D. Fulton on the comparative biochemistry of patho- 
genio protozoa. Since he has been in Aberdeen he has 
worked on the enxymology of the protozoa and in par- 
ticular has been concerned with the components and 
mechanism of the unusual respiratory enzyme systems 
present in the brucei group of pathogenic African trypano- 
somes. He has also been interested in the isolation and 
biosynthesis of mucopolysaccharides present in connective 
tissue. 


POSITIONS OF THE OXYGEN ATOMS IN UO; 


By B. T. M. WILLIS 
Metallurgy Division, Atomic Energy Research Establishment, Harwell 


RANIUM dioxide, UO,, oen dissolve oxygen s+ high 
temperatures to form the single phase UO, 
where w assumes any value in the range 0 < c < 0:25. 
For UO, the temperature must exoeed 600° O and for 
UO,» the minimum temperature is about 1,050? C 


vestigations have been made on 
a single-crystal of composition UO,.;, with the aim of 
. iming the itions of the oxygen atoms. T 
ratio of the slow neutron coherent scattering amplitudes 


very accurate neutron structure-factors are required, and 
it is necessary. to correct the observed intensities for 
extinction (affecting the reflexions) and double- 
Bragg soattering (mainly affectmg the weak reflexions). 

All non-equivalent Abb with an interplanar 
spacing greater than 0-58 A were measured at 800° O, 
inside the single-phase region of the phase diagram. No 
reflexions were observed other than those with A, b both 
odd ar both oven, and so it was assumed in tbe analysis 
by least-squares and Fourier methods that the spaoe- 
group is Fm3m, as for UO,. E 

Table 1 summarizes the results of the least-squares 
analysis, which was carried out using a Moroury computer 
panne a ge by Dr.:J. 8. 

The i 


programme 
the probability of occupation of each atomic 
site, as well as the atomic co-ordinates sand temperature 
factors. Altogether 11 were obtained from 33 
independent date, and the final ‘di factor’ 
(Sil Fobs! — Feel] + “S| Fone!) was 2-2 per cent, which 
is ologe to the estimated accuracy of the mdividual data. 


Table 1. CEYSTAL BTRUOTURN OF UO,.;, 


Contribution to Temperature 
Atom Unit cell formule unit B 
co-ordinates UzxO2 (A9 
Urantun 000... m= 1-00(0-01 1-18 (0-06 
Oxygen O “uk... 1-82 (0-02 1-45 (0-08 
Oxygen O^ 0-5 »9... n= 4 0 06 (0-06 18 (1-0 
Oxygen O* ww... 0-28 (0-11 $ 





(1) T composition determined from the sosttering 


Wy 0001-520 i" v1 
where O, O’, O” refer to oxygen atoms in the three kinds 
of site. 
(2) The uranium atoms occupy the ee A, 


‘tions 000, $40, 40}, Of}, and all these sites are 


as in UO,. 
(8) The O atoms at wu... are close to the fluorite 
positions ii}... , but are shifted alightly along <lli> 


. (the dii, $00, 


(4) The interstitial atoms O’ 
large interstitial holes at 111. . .; 
away. 

Fourier analysis confirms the least-squares resulta. 
Fig. 1 is a Fourier projection, based on a Fourier series 
with the Pots date as coefficients, showing the uranium 
and oxygen O atoms. Fig. 2 is a difference Fourier pro- 
jection, using Fon. — Fro as ooeffloiente, where Fro is 
calculated for the uranium and O atoms only. The 
contours in Fig. 2, which are on a much finer scale than 
in Fig. 1, show peaks representing the O’ atoms at 0-5 
vv... and O” atoms at www.... 
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The least-squares and Fourier results, based on an 
analysis of the coherent Bragg reflexions only, give the 
contents and atomic co-ordmates of the average unt 
cell of the disordered compound: they do not define 
tho local atomic arrangement. However, a plausible 
intorpretation in terms of the local relaxation around an 
isolated interstitial atom is as follows. This interstitial 
atom enters the lattice at the O’ position 0-5 0-4 0-4; to 
maintain o balance the two nearest Ut ions at 
440 and 404 are converted to U+, and the polarizing 

[110] 


—— 


Qemtttttt ns. 











Fourier projection along [110] of nuclear density of UO,.,, at 
. Peaksat A represent the uranium atoms at 000 .. and pei 
orygen 


at 027027027... The interstitial 
. dotted 
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[110] 











2 Foner projeoMon along [110] wid Sont Hb lod from rajti 

oxygen atoms O removed. tarval between contours is one-ath 
of that in Fig. 1. Peaks at a, b represent atoms O’ at 0504 

0:4... and peaks at c, d oxygen atoms atQO4040-4... 

influenoq of these U** ions prevents the interstitial atom 
occupying the hole at 444. The two nearest oxygens at 
Hit and Mi are then displaced along «111» to O” 
positions and oxygens further out relax a much shorter 
distanoe along <111> to O sites at uuu... . Tho large 
‘temperature factor’ of 7-5 Å? for the O” atoms is to be 

i to the disorder acoompanying the relaxation of 
the nearest-neighbour oxygens. è 
1 Roberts, L. E. J., Quart. Rəs., Lond. Chem. Soo., 18. 442 (1901). 


ULTRA-VIOLET-ABSORBING COMPOUND(S) REPORTED PRESENT IN 
THE MURRAY METEORITE 


By Pror, J. ORO 


Lawrence Radiation Laboratory, University of California, Berkeley, California, and Chemistry Department, University 
of Houston, Texas 


ELIMINARY inveetigations! have shown that 

when a water extract of the Murray meteorite 18 
applied to a column of ‘Dowex 1’ resin and eluted with 
water or with 0-05 N hydrochloric acid, the elugtbe contain 
ultra-violet-absorbing compound(s). 

Binoo some ion-exchange resins are known to yield 
water-soluble ultra-violet-abeorbing substances’? the in- 
vestigations reported here were undertaken to ascertain 
whether the compounds detected in meteorite extracts 
are indigenous to the meteorite or are the result of con- 
tamination by the analytical technique used. These 
show that the ultra-violet spectra obtained from meteorite 
extracts passed through “Dowex l’ and the spectra given 
by blank eluates from ‘Dowex 1’ are essentially identical. 
Observations concerning the presence of similar water- 
soluble ultra-violet-absorbing substances in ‘Dowex 2’ 
resin are also described. 


The observations made by Vaughn!“ on the water 
extract from the Murray meteorite can be summarized as 
follows: 

(1) The spectrum obtained directly with the water 
extract of the meteorite showed no maxima in the ultra- 
violet region. A uniform absorption at the short wavo- 
length end of the spectrum and & very weak shoulder in 
the 200—280 mj. region were only observed?" 

(2) No peak was found im the ultra-violet spectrum of 
the distillate obtained at 300° O in vacuum from the dry 
residue of the water extract!. 

(3) When the water extract waa applied to a ‘Dowex 1’ 
column and the oolumn eluted first with water and 
then with 0:05 N hydrochloric acid, a small amount 
of ultra-violet-abeorbing material was observed to 
emerge with the water eluate’and a larger amount with 
the acid eluate. 
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220 260 300 340 380 
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Fig. 1. Ul&ra-viole& absorption of blank eluates from columns 
af ‘Dowex 1: ream (Ot form). elnates were obtained with 0-1 N 
hydroohlono acid at room temperature (laft) and at 90° O. (right) 


(4). The ultra-violet-absorbing spectra of the eluates, in 
particular of the acid eluate rechromatographed a second 
time through ‘Dowex 1’, showed at pH 2 two absorption 
peaks, a strong one with a maximum at about 230 mp 
and a smaller one with a maximum at about 273 mu 
(refs. 2 and 8) (the maxima from the water eluate and 
from the first acid eluate were leas well defined, yet in 

t with the above maxima). 

(5) At neutrality and under basic conditions (pH 9-10) 
the 230 mu maximum shifted towards shorter wave-lengths 
(about 222 my) while the 278 my maximum was very 
much decreased and in some cases disap 

(0) The ultra-violet spectrum in the region 200—250 mp, 
observed, in OCl, and benzene extracts of the meteorite, 
was found to be caused by the presence of elemental 
sulphur", 

The ‘Dowex 1’ ion-exchange resin which I used was 
obtained from a source identical to that of the resin that 
had been used previously in the meteorite investigations. 

A small column (5 o.c.) of ‘Dowex 1’ (200-400 meeh, 
x 8, Cl- form) was eluted with 10 ml. 0-1 N hydrochloric 
acid at room temperature. The ultra-violet spectrum of 
the eluate was recorded in a Oary spectrophotometer 
(Fig. 1, left). Alternatively, an acid eluate of the same 
resin was obtained by passing 10 ml. of hot (90? O) 0-1 N 
hydrochloric acid through & small -column (1 0.0.) of 
‘Dowex 1’. The ultra-violet spectrum of the eluate is 
shown in Fig. 1 (right). A strong absorption peak at 
about 280 my and & smaller one at about 273 my can be 
observed in the two spectra. 

The relatively larger ultra-violet absorption of the 
eluate obtained at 90° C compared with that obtamed at 
room temperature indicates that the extraction of the 
ultra-violet-absorbing material from the resin is enhanced 
by the hot acid. 

Elution of the same ultra-violet-absorbing material 
was also observed from samples of resin which were 
extracted with ether, regenerated with saturated sodium 
bicarbonate, washed with distilled water and finally 
eluted with 0-1 N hydrochloric acid. Fig. 2 shows the 
spectram of one such eluate. The fact that this ultra- 
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violet-abeorbing material is present after regeneration 
of the ream mdicates that the ultre-violet-abeorbing com- 
pounds are released from the inside of the ream beads. 
This observation is also m line with the resulta obtained 
in the extraction with hot acid. 

Since ‘Dowex 2’ ion-exchange ream might be used in 
simlar analytical applications, the presence of ultra- 
violet-absorbing compounds in the acid eluates from this 

A small column (5 0.0.) of ‘Dowex 2’ (200—400 mosh, 
x 8, OH- form) was eluted with 10 ml. of 4 N acetic acid. 


ELUATE FROM DOWEX 1 
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treated with saturated sodium bicarbonate and 

with distilled water. (Data provided by, Dr. J. Ullrich) 
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Fig. 9. Ultra-violet tion spectra of a 4 N acetilo acid aluato 
from a oolumn of ‘Dower , 
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After evaporation of the acetic acid the residue was 
in 0-1 N hydrochloric acid. Fig. 3 shows two 
of the typical spectra obtained from a number of ‘Dowex g 
acetic acid eluates by this . The same two 
. absorption peaks at about 280 and 278 my can be observed. 
The identity of the absorption peaks obtained from 
resins of type 1 and type 2 is not surprising. In fact, it 
should be expected since these two types of resins have 
the same structural polystyrene backbone and are manu- 
factured following eesentially the same procedure!. 
The effect of eet change on the ultra-violet absorption 
curve of a hydrochloric acid eluate from ‘Dowex 2’ is 
shown in Fig. 4. Curve A shows tho ultra-violet abeorp- 
tion of the 0-1 N hydrochloric acid eluate, whereas curve 
B shows the ultra-violet absorption of the same eluate 
after ib was made 0-1 N basio with sodium hydroxide. 
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It can be seen that in 0-1 N sodium hydroxide the 273 my 
absorption peak disappeared and the 280 mj maximum 
was shifted to about 222 my. These changes are identical 
to those obsarved by Vaughn with the ‘Dowex 1’ eluates 
of & water extract of tho Murray moteorite!. 

When ‘Dowex 2’ (OH- form) columns were eluted with 
water and then with 4 N acetic acid the ultra-violet- 
absorbing material was found in the water eluates as well 
as in the acid eluates, thus paralleling also the elution 
behaviour described for the meteorite extracte. 

On the basis of the identity of the maxima, identity of 
shifts caused by changes in pH and similarity of elution 
pattern (observations 4, 5 and 8 of Vaughn, respectively) 
it is concluded that the ultra-violet-abeorbing campound(s) 
detected in water extracts of the Murray meteorite after 
treatment with “Dowex 1’ came from the resin and not 
from the meteorite. This conclusion is also in lme with 
the other observations made by Vaughn?!. 

These resulta do not exclude the possibility that some 


. ultra-violet-absorbing substances, other than elemental 


sulphur, are present in the Murray meteorite in amounts 
below the limit of detectability by the procedure used by 
Vaughn. The very week shoulder observed in the 280— 
280 mu region in the water extracts may be indigenous 
to the meteorite or may be due to contammation from 
organic solvente (benzene, eto.) with which the meteorite 
samples were extracted prior to the extraction with water. 
Analysis of the Murray meteorite using more sensitive 
Bpeotrophotometrio methods is in progress. 

I thank Prof. M. Calvin for providing the laboratory 
facilities and the stimulus to carry out this work. The 
pies cd ea by J. Ullrich and L. Engberg are also 
gra’ y acknowledged. . 

This work was sponsored in part by the U.S. Atomic 
Energy Oommisaion and by a grant (NsG 257-62) from 
the National Aeronautics and Space Administration. 
Weg tice’ Bio-Organic Chemistry Quart. Rgp., UORL—80061, 44 
* Vagghn, o in Bio-Orpaxio Chemistry Queri. Rep., UCRL-O041, 94 
- Hii 9; Date Toop) in Blo-Orpexio Chemistry Quart, Rep., UCRL- 
‘ HD Y., tn Bio-Orpenio Chemistry Quart. Rep., UORL-O772,1, (June, 
B. K., tn Proc, First Space Sot. 4, Nye, 

, orth Holland PubL Oo., Amsterdam, 1 . 
Calvin, M., Chem., Eng. Wow, 39, (21) 06 (1001). 
vm, M., Ane. Intern, Mod., §4, 064 (1961). 
Evolution (University of Oregon Books, Bugene, 


U!Kremman, T. R. B., in [ea end Biochemistry, 
x Vere 1087). Heo alse Dena TOT Ai inteeknoe Publishers, 
ow . . = 
cal Oo., Midland, Mich., 1088). 


ELECTRON DONATION AND ACCEPTANCE BY CARCINOGENIC 
COMPOUNDS 


By Dr. A. C. ALLISON 
National Institute for Medical Research, London, N.W.7 
AND 
T. NASH 
Medical Research Council Alr Pollution Research Unit, St. Bartholomew’s Hospital Medical College, London, E.C.! 


I5 view of the low chemical reactivity of ogroinogenio 
compounds (apart from alkylatmg agents) under 
physiological conditions, attention has been focused on 
their physical properties. Recently, the capacity of 
carcinogens to donate electrons, and so form charge- 
transfer complexes, has been discussed. Szent-Gydrgyi 
et al.’ have shown that a number of carcinogens can oon- 
tribute electrons to iodine. Formation of charge-transfer 
complexes between carcinogenic hydrocarbons and quin- 


ones has been described by Laskowski" and by Liao and 
Williams-Ashman’, and complexes with trinitroftuorenone 
have been investigated by Takemura e? al.4. Calculations 


i in terms of the charge 
density distribution in the molecule of a carcinogen and 
ite capacity to donate electrons. The first part of the 
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investigation reported hero was undertaken in order to 
ascertain how general the property of electron donation is 
among carcinogens of widely different chemical structure. 
Particular attention has been given to closely related 
aa ara a agant and others are 


A Ua e oaae O aan This property has 
been measured by formation of charge-transfer complexes 
with chloranil in acetonitrile and also, in some cases, 
with 1,3,5-trinitrobenzene in benzene. In the electronic 
absorption spectrum of a charge-transfer complex, one 
electron is excited, as a rule, from the highest filled orbital 
of the donor molecule to the loweat empty orbital of the 
acceptor. The energy transition of the wave-length of 
longest absorption is given by: 
Bor = Ip — B4 4+ A 


where Ip is the gaseous ionization potential of the donor, 
H4 is the electron affinity of the acceptor and additional 

energy changes A are due mainly to solvation and coulom- 
bis coin, whiüh exe ponen SDIy pdnebápé what am^ (lar 
molecules in the same solvent are considered®?*. From 
the equation it will be seen that there should be a simple 
relationship for a series of complexes when donors of the 
same type and the same acceptor and solvent are 
used (Z4 and A nearly constant). Binoe the energy Morc 
ig proportional to the wave number, plots of the wave 
number of maximum absorption of tha chacse-trannfer 
band, P, against Ip should give a straight line. The 
validity of this interpretation has been demonstrated by 
many workers (see review of Briegleb!*), and plots of this 


type have been obtained with some substances of biological 


by Beukers and Szent-Gyirgyi’. 

nder conditions similar to those described by Foster’, 
we havo measured by difference spectrophotometry m a 
Unicam SP 700 or Beckman 
the maxima of charge-transfer absorption bands of various 
complexes. The resulta are presented in Table 1, together 
with some indication of the relative carcinogenicities of 
difforent For the hydrocarbons this has been 
taken from u and von Haam"™, and for most other 
compounds from the Survey of Compounds which have been 
Tested for Caroimogenio Aobsviiy!. 
given when necessary. Since 
for carcinogenicity under very 


the overall picture is important, these provide the most 
critical tests for any hypothesis of carcinogenesis. 

Tho results summarized in Table 1 confirm and extend 
the view that there is a broad correlation between electron- 
donating capacity and caroin . However, as 
will be discussed here, at certam pointe the oorrelation 
breaks down in detail, and factors other than electron 
donor strength clearly have to be taken into consider- 
ation. 
resonance technique. So far the ability of caromogens to 
donate electrons has been deduced from the formation of 
charge-transfer complexes, and it is important that these 
results be checked by other techniques which 
quantitative measurements of electron donation and 
van da Polarogrephio measurements are presented 
in following article, and similar results have been 
obtained by electron spin resonance measurements of 
complexes made in collaboration with Drs. W. Slough and 
D. H. Whiffen of the National Physical Laboratory, 
Teddington. Following the work of Kainer e al, 
electron. in resonance signals have been reported in & 
number of charge-transfer complexes, Including complexes 
of indole and iodine and have been measured in a series 
of complexes of non-carcinogenic aromatic hydrocarbons 
with iodine!’ and tetracyanoethylene?’. 
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Table]. WAYA NUMBERS Of MAXIMUM ABSORPTION OF OHARGAE-TRANEFER 
Bamps, 7, OF VARIOUB OOXPOUNDS IN COMPLEXES WITH OHLORANIL IN 
AQNTORPTEILN AND WITH TZINITROBANIENA (TNB) IE DENIENS 


as y and Nor decrease. In the last 


Hisetron donor strength Increases 
column reactions with acridine are listed 
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* Reported earolnogenie (ref 70), but this may be due to metabolites. 
€, These compounds were poorly soluble tn acetonttrile and ebarge-transfer 


spectra were measured in ehloroform ; with other eompounds * is similar 
In acetonitrile and chloroform. 
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Table 2. HLNOTRON SPIN RESONANCE MEASUREMENTS OY COMPLIES OF 
OARGINOGENIO AND RELATED  NON-OARCIKOQGNNIO COMPOUNDS WITH 
TETRACYANONTHYLEXR 
Spin Unpatred Ratio of 
Donor concentration of spna per Lie- spin 
molecule charge width concen- 
. complex complex (gauss) tration 
ben sens 7 X10? sgptna/g 3:7 x10 75 1 
1,2-Benzpyrene 8x101* pm 52x10 7-1 11 
3,4-Denzpyrene 1-8 x10!' ap 1-1x10- 7i 25 
,1- 2-0 x 10!" sptna/g 12x104 24 27 
9,10-Dimethyl-1,2- 
benxan 2-4 X105 sptna/g 13x10" 41 340 
4-Dimethylamino- 
azobenzene 2-6 x10!* spins/g 14x10° 32 350 


In our experiments 1 : 1 molecular complexes of highly 
purified donor molecules and tetracyanoethylene were 
formed in glass tubes and sealed under nitrogen. The 
electron spin resonance Measurements were made at room 
temperature at 9,000 Mo/seo using a magnetio-fleld 
modulated spectrometer of conventional type. Spin 
concentrations were measured by comparison with stan- 
dard samples which in turn were standardized against 
weighed amounts of-diphenyl picryl hydrazyl. Closely 
‘similar instrumental conditions were maintained for 
these measurements. - 

Preliminary resulte are given in Table 2. There is clear 


benzanthracene, and 3:4 as com 
pyrene. In Table 2 the compounds are placed in order of 
moreasing donor strength. 

Blectron acceptance 


(N. L. Gregory and A. O. Allison, unpublished. results). 
The polarographic measurements in solution presented in 
the following article also show that.many carcinogens 
are both donors and acceptors of electrons. 

Szent-Gytrgyi and McLaughlm™ observed that a 
number of carcinogenic compounds give a yellow colour 
with acridine. They pointed out that the colour could 
not have been due to charge-transfer as usually under- 
stood sinoe it was always the same (yellow) instead of 
being characteristic of the test compound. However, 
besides r-r charge-transfer between two molecules, 
both of which are aromatic, there is another type of 
charge-transfer illustrated by that between the le 
aliphatic amines-and trinitrobenzene, with the le 
production of a brown colour. In this case the electron 
is transferred from the lone-pair on the amino nitrogen, 
and the interaction is known as n—nx charge-transfer. 
Slifkm™* has pointed out that with aromatic amines both 
mk and n-or transfer oan oocur simultaneously. 
With regard to the latter, acridme is in a particularly 
favourable position because the nitrogen atom is nega- 
MM Mean due to pri 
dine-type mesomerism, besides the usual lone-pair. e 
can presume that this fractional electron is more readily 
transferred to another molecule than the i 
fraction of a ‘straight pair’ such as is found in the aliphatio 
amines. 

We have previously described the changes produced in 
the acridine—-carcinogen interaction by the addition of a 
weak organic acid™ ; the ‘weak chemical link’ formed in the 
absence of acid can now be more positively identified as 
n-r charge-transfer localised at the nitrogen atom of the 
acridine. ; 

We have examined the interaction of carcinogens with 
acridine by drying down solutions on filter paper™ and 
also by analysis of absorption spectra. Concentrated 
solutions of acridine in chloroform show a yellow colour 


NATURE 


February 23, 1963 yo. 197 


POTEN Dae Rm toi lenges weve langitan addition 
of carcmogens. Difference spectra between the absorption 
of the complex and that of the carcinogen and acridine 
alone show a peak with a maximum at v = 24,600 
in every case. is peak is in exactly the same position 
as that seen in the difference spectrum of acridine/acridine- 
acetic acid, when the acridine in the latter must have been 
the positively charged partner of the H-bonded complex. 
This is strong presumptive evidence that the band with 
carcinogens is due to n-m electron transfer from the 
acridine, the carcinogen behaving as electron acceptor. 
The results summarized in the last column of Table 1 
show that the correlation between a positive acridine 
reaction and carcinogenicity is as good as that between 
the latter and electron donation. We therefore suggest 
that carcinogenicity arises as a result of a suitable com- 
bination of both electron-donating and eleotron-acoepting 
properties in a compound. Huggins and Yang, on tho 
other hand, have recently suggested that either 
is sufficient’. Their suggestion is based on t- 
Gyòrgyi’s work and on the observed carcinogenicity of the 
strong electron acceptor 2,4,7-trinitrofluorenene, but it is 
possible that this compound is rapidly metabolized to 
others with very different ies. In any case, 
evidence is summarized elsewhere“ that many drugs 
which are apparently not carcinogenio are either donors 
or acceptors of electrons, so that either of these properties 


‘per se 18 obviously insufficient for carcinogenicity. Tho 


combination of both electron-donating and electron- 
Accepting properties in the same molecule is, however, 
relatively rare, and it is remarkable that it should recur 


-in so Many carcinogens with widely differing structures. 
Qui d 


character due to lone-pa$es. In an oarlier 
communication" it was shown that some of the properties 
of quinones could arise, in compounds containing, not 
opposed carbonyl groupe, but opposed lone-pairs, that is, 
in peroxides, hydrazines, hydroxylamines and their 
vinylogues, in which the electrical strain set up by 
neighbouring atomic dipoles could not be relieved by 
mesomerio charge such as is found in amides or 
esters. Pseudo-quinonoid character would also be ex- 
pected, in other compounds containing directly linked 
oxygen and nitrogen, that is, m nitro compounds and 
nitrosamines. Tho quinones themselves have a very high 
affinity for electrons, but probably little tendency to 
donate them. In the peeudo-quinonee, on the other hand, 
some degree of electron affinity should be possible without 
greatly affecting their ability to donate electrons. For 
example, 2-naphthylamine is a strong electron donor, and 
N-hydroxylstion such as occurs in vivo" will increase its 
electron affinity by virtue of the hydroxylamine system 
while leaving the electron i capacity of the 
aromatic amine portion largely The oom- 
pounds should therefore have & much better balance of 


electrical strain of an analogous kind: cholesterol hydro- 
peroxide'', safrole**, urethane’, actinomycim D (ref. 29) 
and dinaphthaxine™. 

Hydrocarbons. The ability of condensed rmg hydro- 
carbons to donate electrons from their delocalized r- 
orbitals has been known for many years. Recent observa- 
tions on electron affinity in the gaseous phase”, polaro- 
graphio measurements (following article) and the inter- 
action with acridine reported here show that the hydro- 
carbons are also electron acceptors. From the results 
shown in Tables 1 and 2 and po hic measurements 
(following article) it is clear that as a rule the carcinogenic 
hydrocarbons are stronger electron donors than other 
hydrocarbons. Thus, there is a ive increase in 
donor sirenat wi dio Serien anthraonie, 1: 2-benran- 
thraoene, monomethylbenranthraoene and dimethyl- 
benxanthracene, and in 3:4 as with 1: 2- 
benzpyrene. Methylcholanthrene is a powerful donor. 
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Nevertheless there are important exceptions. In 
keeping with previous observations of Takemura e£ al.t 
moe n with trinitrofluorenone and of Birks’ and 
Slifkin'! with chloranil, we have found ^ 
only . trivial differences between the electron-donatmg 
capacity of various monomethylbenzanthracene deriva- 
tives, al some of these are carcinogenic and others 
are not, oreover, the carcinogenic dibenzanthracenes 
are weaker electron donors than some non-caroinogenio 
hydrocarbons, notably naphthacene and perylene. 

At first sight these exceptions seem so jmpreasive 
as to cast doubt on the importance of electron donation 
in the carcinogenic process. However, apart from electron 
acceptance, at least two additional factors must be con- 
sidered. The first is the steric factor. For charge transfer 
to occur there must be a very close fit of donor and 


account for such 

-isopropyl and +-butyl-derivatives of cholanthrene show 

progressively decreasing carcinogenicity; that higher 

alkyl derivatives at position 5 of 1 : 2-benzanthracene are 

leas carcinogenic than the methyl derivative’; and that 

the larger polycyclic hydrocarbons are ‘not carcino- 
jos, 

That steric factors might be important in carcinogenesis 
should occasion no surprise, since this is known to be the 
caso with hormones and drugs. It need only be recalled 
that p-thyroxine fails to alleviate the symptoms of hypo- 
thyroidism and that the position of the carbonyl and 
a, B-ungaturated ketone systems in ketosteroids profoundly 
affects their biological activities. 

In thia connexion, the pomibility that polycyclic 
hydrocarbons are steric analogues of steroids has been 
raised again recently*. This suggestion should be treated 
with reservation, since X-ray analysis shows that steroids 
are non-planar molecules“ whereas the carcinogenic 
hydrocarbons so far studied are essentially planar’; 
9,10-dimethyl-1 : 2-benzanthracene has one ring at an 
angle to the others, which are planar (J. Iball, private 
communication). The structures of carcinogenic hydro- 
carbons and steroids must therefore be quite different. : 
Nevertheless, many groups of oeroinogens (polyeyelio 
hydrocarbons, ,Bome aromatic amine. and 
Run eoe QD have seat cversll n and M secca 
possible that these are particularly favourable for carcino- 
genesis. However, other carcinogens, includmg naph- 
thylamine and urethan, are much smaller, so there is no 
universal rule 


The second importent additional factor is the stability 
of hydrocarbons under physiological conditions. It is 
reasonable to suppose that in order to be carcinogenic the 
hydrocarbons must persist in active form in the tissues 
for relatively long Mac rdc Available evidence indicates 
that metabolites of hydrocarbons are not carcinogenic, 
and that the amount of hydrocarbon persisting m the 
tissues is related to carcinogenity**. Furthermore, polaro- 
graphio observations summarized in the following article 
suggest that carcinogenic and non-oereinogenio hydro- 
carbon ions are likely to differ in stability, and differences 
in their metabolism have also been desoribed*’. Further 
observations on the stability of various hydrocarbons in 
tissues under comparable conditions would be of consider- 
able mterest. 

With regard to electron scceptance in hydrocarbon 
carcinogenesis, the recent observations of 
e al** on carcinogenicity of aldehyde derivatives of 
anthracene and of dibenzanthracenes are of interest, 
since the aldehyde substituents, particularly when 
p tercera bonded, would increase electron acceptance. 

Pil Dupuis that have been necessary, it 
t polycyclic hydrocarbons could exert 
poi ems Sat polyoyolio hydrocarbon coud exert 
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function both as donors and acceptors of electrons. Tho 
calculations of the Pulbnans* on the necessity of a partiou- 
lar distribution in the molecule of a car- 
cinogenio hydrocarbon may reflect a capacity for both 
electron and acceptance, as well ‘as stability. However, 
it must be recognized that such calculations depend on 
assumptions that are not at present verifiable; the dif. 
culties in this field are emphasized by the recent con- 
troversy with Mason". We also feel that reservations 
are necessary about the relevance of Birks’s** suggestion 
that in carcinogenio hydrocarbons the first singlet x-elec- 
tron absorption band strongly overlapa the emission 
spectrum of tryptophan. This is not true of some carcino- 
genio hydrocarbons“, and the energies necessary to raise 
electrons to excited states aro rarely available in moet 

80 that Birks’s suggestion is difficult to translate 
into biochemical terms. 

Steroids. The only steroids that are highly carcinogenic 
in appropriate test systems are œstrogens™’, and it is of 
interest that these are the only members of the group to 
possess aromatic systems and to be relatively strong 
electron donors (Table 1 and following article). The same 
is true of the synthetic œstrogen, stilbwatrol, and this 
compound and most cwtrogenio steroids show also easily 
measurable electron acceptor properties (following article). 
Cholesterol iteelf is only weakly carcinogenic (if the 
unmetabolixed compound is carcinogenic at all), but 
there is evidence that the products of dehydrogena- 
tion of cholesterol (1 : 2-oyolopentadieno-phenanthrenee) 
are carcinogenic", as is also cholesterol hydroperoxide”, 
Though we have had no opportunity to test these oom- 
pounds, it is virtually certain that both would be 
‘stronger donors and acceptors of electrons than chole- 


' sterol itself. 


Aromatic amines. These are among the classical electron 
donors known to form charge-transfer complexes’. It 
is therefore of interest that many aromatic amines are 
carcinogenic, including 2-naphthylamine, 2-aminoantbra- 
oene, 2-amimophenanthrene™, 2-aminoftuorene and de- 
rivatives, p-dimethylaminoezobenzene, aminostilbenes and 
aminobiphenyls. All these are strong electron donors, 
as shown in charge-transfer experimenta (Table 1) and 
polarographic measurements (following article). 

There is evidence that N-hydroxylation (and possibly 

‘-hydroxylation in some cases) of aromatic amines | 
increases their carcinogenicity, or may even be essential 


“for it. Thus, N-hydroxy- -2-acetylaminofiuorene is locally 


carcinogenic ‘when administered to various sites, whereas 
it seams that 2-aoetylaminofluorene itself is metabolized 
by the liver before it is carcinogenic elsewhere**. Possibly 
deacylation occurs, and the immediate carcinogen is 
2-hydroxylaminofluorene; N-hydroxylation of 2-naphthyl- 
amine also occurs in man and other animals*, and N- 
eS eee ocuE is more carcinogenic than . 
The evidence that aromatio 


a a rm is of interest in relation to the argument 
pend here that in hydroxylamines there will 
better balance of electron donor and acceptor 
ies than im the amines. That 
aromatic hydroxylamines retain potent electron-donating 
popari ee onn E at sisi op M 
example, on electron transfer to aromatic diazonium 
compounds’. 

There is no doubt that carcinogenic aromatic amines 
and derivatives have both electron donor and acceptor 
properties, but here again certain qualifications are 
necessary. No important difference m donor or acceptor 
strength existe between the carcinogenic p-dimethylamino- 
azobenzene and ite inactive diethyl-analogue. It is poe- 
aible that the bulky ethyl substituent reduces ohargo 


. transfer with a biologically nmportant compound, or 


affects the rate of metabolism of the azo carcin 
and this may also be true of certain substitarted dime 1 
&minoarobenzenes that are not carcinogenic. Again, 
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there aro only small differences in donor strength between 
the carcinogenio 2-naphthylamine and the non-caroino- 
genio l-naphthylamine; but in this case it is likely that 
the hydroxylamine of the latter would be leas stable than 
that of the former. The rates of oxidation or specific 
hydroxylation of aromatic amines, without loes 

coupling to glucuronic or sulphuric acid and solubilization 
in the aqueous phase, could well be of as much importance 
in determining whether or not a given amine is carcino- 
Seppe Da iia SON ODG Das qe Here again there 
is & close analogy with what wn of the duration of 
action of aromatic amine hormones and drugs. 

In all aromatic amines and derivatives, electron-donating 
capacity is much greater than eleotron-&ooepting capacity. 
On our hypothesis, introduction of appropriate substitu- 

anta which morease electron acceptance without markedly 
reducing donor strength would be as pues to inorease 
carcinogenicity. This has been achieved by Brown e£ al.**, 
who have replaced the unsubstituted ring of p-dimethyl- 
aminoazobenzene with quinoline and pyridine derivatives 
which would be acceptors as a result of immobilization of 
nitrogen lone-pair electrons through hydrogen bonding. 

Heterocyolic nitrogen. compounds. Nitrogen can enter 
the niae coiere nin differant ways, first, aa in pyridine, 
where the nitrogen lone-pair of eleotrons does not take 
part in the primary aromatic conjugation and, secondly, 
as in pyrrole, where the nitrogen lone-pair is an essential 
part of the aromatic system and is therefore too de-local- 
ized to be available for hydrogen bonding. In the first 
caso, the nitrogen carries a negative charge and the moks- 
cule as & whole is a weak donor or acceptor of an electron. 
In the second case, the nitrogen carries a positive charge 
and the molecule as a whole becomes a relatively strong 
electron donor, for example, indole (Table 1). In ioe 
molecules any r-electron donor or acceptor capacity 
already present will be modified in the appropriate direc- 
tion by the entry of nitrogen into the molecule, so that 
acridine, for example, is a weaker donor than anthracene, 
whereas carbazole is a stronger. 

On the hypothesis advanced here, the introduction of 
nitrogen into aromatio ring systems would therefore be 
expected sometimes to increase and sometimes to decrease 
their carcinogenicity. This is, m fact, the case. Acridino 
and its derivatives are not i io, and this is 
also true of pyrenoline, a heterocyclic N-derivative of 
- 8,4-benzpyrene*’. On the other hand, many heterocyclic 
compounds of nitrogen are carcinogenic, Including dinaph- 
tharine, compared with the inactive parent compound 

tacene**, and a series of dibenzocarbazoles**, angular 
Darieacridinae! angular benspyridocarbazoles*! and tri- 
oyoloquinazolines**. As already discussed, hydrogen 
bonding of the nitrogen atom would increase electron 
acceptor character in all such compounds of the pyridine 
wntively large molecules, which will be x-electron donors 
as well as hydrogen acceptors, are carcinogenic. Where 
donor and &ooeptor properties are very well marked, and 
the donating and accepting groupe are readily identifiable, 
as in the benzpyridocarbazoles (see polarographic measure- 
ments in following article) the compounds are among the 
moet potent carcinogens known'"?. 

Solubilization of carcinogens by purines. Boyland and 
Green have recently re-examined the solubilization of 
polyoyolio aromatic hydrocarbons by caffeine and other 

ea. They concluded that the interaction is due 
mainly to polarization forces. However, in view of the 
results with acridine discussed here, the case for n—r 
charge transfer from one or more lone-peirs on tho caffeine 
molecule to the carcinogen is now . The spectral 
shifts observed by Boyland and Green would agree with 
Tsubomura and Lang’s evidence“ that n—r interaction 
results in a shift to the red of the mam band of the accep- 
tor. If this is so, solubilization of caroinogens by caffeine 
would bo related to electron affinity of the former, althi 
other factors would also affect the solubilities of 
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complexes in water. Possibly there is a continuous 
are ase between n—7 charge transfer and polarization 
‘oroes 

The complex formation between carcinogenio hydro- 
carbons and nucleic acid could have a similar basis. 
The presence of sodium chloride markedly depresses 
complex formation, which would be expected since the 
sodium ions would compete for potential purine electron- 
donating ertes. However, this fact implies that the amount 
of hydrocarbon so solubilized in vivo will be very small. 

This reaction may be of interest in demonstrating the 
| iran of minor components of potentially caroinogenio 

x D as the resulta of Eby e£ al.** 

Only hydrocarbons that are electron acceptors 
eae be solubilized by caffeine m the aqueous phase. 

Relevance to biological systems: the ‘sandwich’ model. 
The finding that most, if not all, carcinogens (other than 
Mer AN are both donors and acceptors of 

ia RM E MALA REA SE 
mode of action $n vivo.  Aooording to this ‘sandwich’ 
model the carcinogen lies between two neighbouring 
active sites m a metabolic system, one an electron donor 
and the other an acceptor, forming relatively stable 
charge-transfer complexes with both; in some cases at 
least, complex formation will be reinforoed by hydrogen 
bonds. For example, electron transfer may normally 
oocur between. nitrogen and oxygen on different substrate 
molecules. The carcinogen would form an s-x complex 
with, say, the nitrogen, and the tranaferred electron would 
now be so diffused as no longer to be able to pass over 
to the oxygen. This may be called the ‘rectifier’ model, 
in that m-n transfer is not normally observed (so far as 
we are aware, polycyclic hydrocarbons do not interact 
with electron-deficient substances such as the Lewis 
acids). Alternatively, the carcinogen could form a x-x 
complex on one side of the substrate, and this might 
prevent electron transfer by reducing the availability 
of an electron at a lone-pair site elsewhere in the sub- 
strate. 

The search for biological systems markedly affected 
by caromogens has not yet progressed far, but two systems 
can serve as examples. One is a purified soluble enzyme 
system from rat kidney, having flavine mononucleotide 
(FMN) as coenzyme, which oxidizes reduced. ribopyl 
nicotinamide in the presence of 2-methyl-1,4-naphtho- 
quinone (menadione). This is po inhibited by 
carcinogenic hydrocarbons (K; < 10-7 MP. 
and menadione are electron acceptors, and it seams 
likely that charge transfer of one or other with carcinogens 
oocurs, the latter perhaps accepting also an electron from 
some donor (such as a tryptop residue in the enzyme). 
This is a highly specific effect, simios a similar erityme froti 
rab mammary tissue is not inhibited by oaroinogens'! 
The second example is inhibition of reduced diphoepho- 
pyridine nucleotide oxidation in rat liver enzyme 
by oaroinogenio hydrocarbons and aromatic amines", 
where similar mechanisms could be involved. These 
mechanisms are not entirely speculative since complex 
formation of hydrocarbons with FMN has been reported'', 
and charge-transfer of a variety of carcinogens with mens- 
dione, coenzyme Q and tryptophan can readily be demon- 
strated spectrophotometrically (unpublished). 

From this and other evidence which cannot be reviewed 
here in extenso, there is good reason to believe that carcino- 
gens might affect oxidative phosphorylation, and a plaus- 
ible case can be made for this bemg the primary change in 
carcmogenesis. Prolonged inhibition or uncoupling of 
oxidative phosphorylation might mitiate the neoplastic 
change through transformation of normal cells into tumour 
cells, or by providing s metabolio environment favourable 
for proliferation of tumour cells, or both. The first 
suggestion, due originally to Warburg*, has been the 
subject of much debate, and the fact that the debate 
continues with undiminished vigour*! +.1eans that the 
arguments against the hypothesis are not as compelling 
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lla. including the utilizati 
thesis“ and lipid synthesis“, 


advantage 
thus form self-perpetuating 
cations leading to malignancy 
hypothesis is that the normal cells, which are at a oom- 

itive disadvantage owing to the presence of caroinogens, 
aro those concerned with the elimination of any tumour 
cells arising and differing antigenically from cells originally 


However, the observed affects of carcinogens on oxida- 
tive phosphorylation might be epiphenomena, while the 
fundamental occur in systems. Other 

ilities should constantly be borne in mind. The 
carcinogens might, for example, produce specific changes 
in ility of nuclear or other membranes, or inter- 
foro with some aspect of nucleic acid or protem meta- 
boliam occurring at a lipid-aqueous interface, thereby 
interfering with mechanisms of growth control or 
differentiation. But our information about these mechan- 
iama in mammalian oella is too scanty to allow analysis of 
the effecta of carcmogens at present. 

Some o i which are otherwise purrling are 
explained 


quinone and cantharidin**; 


over & wide range of compounds between 
carcinogenicity and electron donor and aooeptor capacity 
is remarkably good, so that this seems to be the most 
attractive theory of their mode of action at present 
available. Tho theory explains many facts that are 
otherwise obscure, but not all, and further work is required 
to ascertain whether the explanations offered for tho 
exceptions are valid. 
With regard to 
compounds, it is clear that simple tests demonstrating 
with trinitrobenzene and acridine would 
all the major carcinogens listed in this 


it is not carcinogenic. We feel that these tests, and others 
for alkylation of some test oom such as cysteme, 
should be of value in screening for potential carcinogens. 

We thank our colleagues who Bet ag compounds for 
testing, in particular Prof. J. A. er, Prof. A. Haddow, 
Prof. M. B. Newman and Prof. N. P. Buu-Hot. We also 
thank Dra. D. H. Whiffen and W. Slough for allowing us 
to quote electron spm resonance Measurements made 
in their laboratory, and Dr. J. W. Oornforth 


for helpful 


1 A., Isenberg, L, and Baird, 8. L., Proc. U.S. Nat. Acad. Sol., 
ta. AS C960). 


t Laskowski, D. M., Anal. Chem., 88, 1171 (1900). 

* Liao, B., and Willizma-Asbman, H. G., Biochem. Pharm., 6, 53 (1061). 

4 Takemura, X. H., Cameron, M. D., and Newman, M. &., J. Amer. Chem. 
.  &ec., 76, 3290 (1053). 

* Dewar, M. J. 8., and Lepley, A. R., J. Amer. Chem. Sec., 88, 4560 (1961). 


NATURE . 


screening of potentially carcinogenic ' 


763 


* Birks, J. B., and Blifkin, M. A., Nature, 191, 761 (1961). 
Denker B- ant BOR OTI M n US Chim. Pays-Bas, 81, 541 


"Pullman D. and Pullman, A. Cesoerisetion per lw eubiences chimique 


* Foster, E., Tetrahedron, 18, 96 (1000). 

» , G. Blektronen-Donater-Acceptor-Kompiere (Springer-Verlag, 
Berlin, 1961). 

11 Thall, J., Amer, J. Cancer, 85, 188 (19039). 

u Von Haam, IL, Cescer Res. (in the press). 

1 Hartwell, J. L., Burvey of compounds which have been tested for caratno- 

activity. Washington (1951); Sbubik, P., and Hartwell, J. L., 

upploment (1057). 

4 Kaher, H., Bijl, D., and Rose-Innes, A. O., Naturwiss, 41, $03 (1961). 

VELO Aide lens MU INCUN, dii U.S. Nei. Acad. Soi., 49, 1534 


15 Singer, L. B., and Kommandeur, J., J. Chem. Phys., 34, 138 (1001). 

1 Karode, H, Kobayushe, M., Kinoshita, M, end Takemoto, By J. Chew 
~ Piye., $8, 457 (1903). 

15 Wash, T., J. App. Cham., 6, 300 (1966); Nature, 179, 868 (1057). 

1* Mason, B., Neture, 181, 810 (1958). - 

= Lovelock, J. H., Ziatkis, A., and Becker, R. 8., Natwre, 193, 540 (1909). 

= Sent Gyorgi, A., and Nolaughlin, J., Proc. U.S. Net. Acad. Soi., 47, 


m grifkin, M. A., Meters, 198, 003 (1062). 

= Nash, T., and Allison, A. O., Nature, 195, 004 (1002). 

^1 Huggins, O. O., and Yang, N. O., Solence, 137, 257 (002). 
95 Nash, T., and Allison, A. C. (in preparation). 

** Troll, W., and Netson, N., Fed. Proc., 80, 91 (1961). 


n Fien, I. F., Greene, T. W., Bischoff, F., Lopes, Q., and Bupp, J. J., 

J. Amer. Cham. Sec., 77, 3028 (1955). q 

9 Tang, F. L., Hansen, W. H., and Nelson, A. À., Fed. Prec., 20, 287 (1001). 

= Kawamata, J., Nakaboyashi, N., Kawal, A., Fujita, H., Imanishi, M., and 
Ikegami, È., Bibens J., 8, 106 (1050). ] . 

= Hookman, O., 5. Krebsforsch., &8, 56 (1961). 

x Orgel, L. H, Quart. Reo. Chem. Soc., Lond., 8, 422 (1054). 


P E. H., in Progress in Orpenio Clomiury, odit, by Cook, TR 


"Y; N. O., Castro, A. J., IL, and Wong, T. W., 386, 
amg. Lewis, 1 ong Science, 194, 


u Fieser, L. F., and Fleser, 1., Steroids (Now York, Reinhold, 1959). 
Tell, J., and MacDonald, 8. G. G., Z. Xrisiallograph.,114, 489 (1900). 
“ L, and Bchoental, R., Bisckem. J., 36, 03 (1042). Falk, H. L., 
Koth, P., Lee, 8. 8., and Nathan, A., J. Nat. Cancer Inst., 28, 000 (1962). 
7 Harper, K. H., Bri. J. Cancer, 18, T18 (1980). 
A.,Bun-Ho!, N. P., Zajdela, F., and Lavit-Lamy, D., O.R. Acad. 
Sot. Parts, #88, 1711 (1961). 


= Pullman, A., and Pullman, B., Netvre, 196, 228 (1002). 
** Birks, J. B., Nature, 190, 252 (1961). i 
© Memory, J. D., Bieckim. Biophys. Acta, 64, 306 (1062). 
*3 Dannenberg, H, Z. Kredaforsoh., 63, 523 (1000). 
© Hier, X. O., Miller, J. A., and Hartmann, H. A., Cancer Ese. 81, 815 (1961). 
seg A. Myatt, O. B., Millen, B. O., and Harkmann, F A, Cancer ONG 
S1, 1465 J : 
+ Rogers, T., Chom. and Indus. , 1033 (1965). ? | 
* Brown, B. V. Novack, R. M., and Hamdan, A. A., J. Nat. Canoe Inst., 
26, 1461 (1961). 
a Hoekman, C., £. Krebafersch., &8, 56 (1051). 
Shear, M. J., and Leiter, J. J., J. Net. Oexcer Inst.,8, 99 (1941). 
*» Boyland, H., and Brues, A. M., Prec. Rey. Soc., B, 182, 429 (1937). 
ni À., Buu-Hol, N. P., Daudel, B., B 
uc Wi daso). B., and Zadjela, F., Ady. Cancer 
_A., Bure. Pe, T "i - 
Doi DOS (d F Yajdela, F., Perrin, F., and Jaequignon, P. 
» R. W., e. J., 2 A " 
Balama xr iod): Partridge, M. W., and Viperd, H. J 


* Boyland, B., and Green, B., Brit. J. Cencer, 18, $47 (1062). 

u Tanbomura, H., and Lang, R. P., J. Amer. Chem. Soc., 83, 2065 (1061). 
4 Boyland, H., and Green, B., Brit. J. Oencer, 16, 507 (1002). 

m A W., Rehner, J., and Hall, M., Anel. Chem., 88, 1500 


n willams-Asimman, H. G., and Huggins, O., Med. Esp., 4, 223 (1001). 
= Mushtnaky, J. F., Yielding, X. L., and Allison, A. O. (in preperation). 
» Wiki, M., Biechem. T., 838, 166 (1900). 


ai 


UExLR re a 0 


and D. M., Biol. Chen., 81, 1 

X Cu ee T TE F $81 

J., £. Naturforsch., 186, 1865). (1986) 

Balirush, H. A., Cancer Res., 14, 448 (1964). Gore, L Y., 
J utet ( . L 


“ Boxer, G. A., and Devitn, T. M., Sotence, 134, 1405 (1961). 
y: vi MA Allison, A. O., amd 


T Hhrhart, H., Georg", A., and Stanislawski, E., Kin. Wock., 8, 1303 (1904). 


704 


NATURE 


February 23, 1963 von 197 


POLAROGRAPHIC MEASUREMENTS OF ELECTRON DONATION 
AND ACGEPTANCE BY CARCINOGENIC 
COMPOUNDS 


By Dr. A. C. ALLISON, Dr. M. E. PEOVER and T. A. GOUGH 


National Institute for Medical Research, London, N.W.7, and National Chemical Laboratory, 
Teddington, Middlesex 


VIDENCE has been presented in the preceding 

article that a wide range of carcmogenic compounds 
are able both to donate and to accept electrons. They are 
thus potentially capable of forming charge-transfer 
complexes with electron donors as well as with electron 
aoceptors and this dual property may help to explain how 
they exert their caromogenic effecte. Electron-donating 
and -accepting power is determined respectively by the 
ionization potential and electron affinity of the molecule; 
direct measurement of ionization potentials can be made in 
favourable cases but not, at present, of electron affinities. 
Donating power has also been investigated m relation to 
charge-transfer spectra usmg theoretical calculations of 
energy-levels!'*. In this article, the resulta of experiments 
with a polarographic technique will be described. Such 
resulta have already proved of value m measurmg electron- 
accepting capacity? , as well as electron-donating oapao- 
ity*, in connexion with mvestigations of charge-transfer 
interaction. 

A number of workers have shown that electron-transfer 
between an organic substance and an electrode surface 
results initially in the formation of the mono-negative or 
-positive ion (or the dipositive ion in somb cases), which 
have appreciable lifetimes in a relatively inert solvent’. 
These. properties have recently been utilized in the study 
of organic free-radical anions and cations by electron spin 
resonance’. Thus, at a moving electrode, as used in 
polarography, the lifetime of the electrode products may 
be large (some seconds) in comparison with their rate of 
diffusion from the electrode surface. As & consequence, 
the current-potential curves will be close to the redox 
curves for the reactions A + e ə A- D — ex Dt, 
where A and D are the acceptor and donor molecules. 
Even when the electrode products A- and D* are highly 
unstable, the half-wave potentials are not generally shifted 
from the E, values by more than a few hundredths of a 
volt. 

The half-wave potentials can be identified with oorre- 
sponding redox potentials 2,4 and H,°%. The E, 
potentials are related in a aimple manner to the gaseous 
ionization potential Ip and electron affinity B4 by the 
equations®: 


Hy, = Ip — AB. — constant 
By = E4 + ABR — constant 


where AH, is the solvation energy contributed by the 
solvent (the constant is appropriate to the reference 
electrode). The main contribution to AB, lies in 
the solvation energy of the ion A- or D+, and decreases 
as the delocalization of the charge increases**. Recent 
work shows that with the exception of large oon- 
densed aromatic systems the solvation energy term is 
remarkably constant; it varies approximately linearly 
for largo aromatic systemst'. Measurement of E, 
values thus provides a convenient method obtaining 


& parameter linearly related to Ip and W4, the electron- 
donatmg and -accepting energies of the molecule. 

We have used as solvent &oetonitrile, which has been 
shown by a number of workers to be convenient for 
polarography of this type"*. Briefly, measurements were 
made with 0-1 N tetraethyl ammonium perchlorate as 
supporting electrolyte, with a Cambridge Instrument pen- 
recording polarograph, using either a dropping mercury 
or rotating platmum electrode (500 r.p.m.). Initial 
polanzation of the platinum electrode at —2:4 V for 
5 min gave & reproducible electrode surface. Potentials 
are referred to an aqueous saturated calomel reference 
electrode using a three-electrode cell with compensator’ !*. 
The limita of measurement are from about — 2:8 V to 2-4 V. 
Roughly, this oorresponds to the reduction of fluorene 
at one extreme and oxidation of benzene at the other. 
Poorer electron acceptors or electron donors cannot 
therefore be determmed. 

The resulta for & variety of carcinogenic and chemic- 
ally related non-carcinogenico compounds are given 
in Table 1. The compounds are grouped in such & way 
that comparable solvation energy terms are involved. 
Our results for aromatic hydrocarbons are in good 

t with those of Lund!!, who used a vibrating 
platinum electrode. Plots. of donor strength measured 
polarographically against those calculated from charge- 
transfer bands (see preceding article) are shown in Fig. 1. 
These fall reasonably well on a straight line with a slope 
of 45°, but the curve for hydrocarbons 1s clearly different 
from that for amines. 

Most carcinogens show both acceptor and donor 
properties well within the limits of the techmque, bemg 
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Table L W, VALUMS FOR SOME CARCINOGEKIO AWD - RELATED Nox- 
CAROINOGHNIO : 


OOMPOUNDS 
Comparable solvailon terms are involved in each of the groups. 
Donor and acceptor inorease as JU 5: decroases mad Rec pec 
* 7 à Carano- 
versus 8.0.H. genie 
Compound ze mi a Edvity 
3,4- .1% —2 32 — 
1 134* —1 04 T 
ate 133* ^ O21 = 
132 —2-18 = 
1-10 —2 07 — 
1,£,5,6-Dibemapyrens 1-17 —1 00 + 
Dimothyt-1,2-benzanthracens 1-12 —216 t 
,2-Benxpyrene 1-10 —106 + 
5,0-Denxpyri . 1,2)-carbazxole 1206, —1-8 + 
6 ,6- iC esie 1-04 —105 + 
104 —1:78 S 
w- Jebolanthrene 0-99* 1 T 
1?-Aminoanthraoene 066 —2-10 + 
Cortisone »21' —212 = 
(latrone 1-19 —106 + 
Stilbastrol 0-90 —2-80 T 
Benzene 2-28 Th = 
Yluorene 1 50 —2- = 
8-Acotylaminod{benxothiophene sulphone 1-59 —179 — 
2-Acetylaminod fbensofuran 1-40 —141 T 
$-AcetylamtnodI[bensothlophene 1:39 -19 + 
2- frnorene 114 —2-01 + 
N- -2-acetylaminoftuorene 1-00 —2:12 T 
tionum c B X 1 
2-Na E _¢: 
1-Naphthylamine 0-68 —2:8 — 
z-Ammnofinorene , 0-64 —28 + 
Azobenzene 1-89 —1 45 — 
3'-Finoro-p—dimethy tam tnos xoben seno 0-90 —1 -50 — 
g-Dimethylamtnoaxobenzens 0 86 —1 %8 + 
0-84 —1-03 - 
t h 0-90 —1 00 - 
* From Land, Bef. 11. ` 


+ In 06 per cent dioxane, Holjtink, G. J, Reo Tres. Ohlin., 74, 1525 (1055). 
t N—not redueed, x 


ing measurable acceptor property 

diphenyl. However, in this case, and that of 2-naphthyl- 
amine, it is that the active compound is a hydroxyl 
derivative; which would be an acceptor by virtue of the 


donor and acceptor properties these functions are in general 
weaker than in oaroinogens. However, non-carcinogenio 
axo-oompounds (p-diethylaminoexobenrene, 8’-fluoro-p- 
dimethylaminoaxobenzene and 2-methyl-p-dimethyl- 
amimoazobenzene) were exceptional in that their. donor 
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donor than certain non-carainogenic hydrocarbons. It 
should be recalled that the stability of charge-transfer 
complexes is not always simply related to donor and 
acceptor 5.12, Moreover, steric and metabolic 
effecta have to be taken into consideration, as discussed 
in the preceding article. The polarographic character- 
istios of the various compounds will be discussed in detail 
elsewhere. However, it is worth noting here that some 
differences between i io and non-carcinogenic 
compounds were observed. Thus, in the series of pyrene 
derivatives only those that were carcinogenic were found 
to undergo one electron oxidation. Pyrene iteelf was 
oxidized by & two-electron step, and 3 : 4-benzpyrene 
by a three-electron step, with the formation of insoluble 
products. Thus the products of oxidation of the carcino- 
gens are likely to be more stable than. those of the non- 
carcinogens 


Finally, we may point out a further application of the 
E, potentials. From the relevant Nernst equations it is 
easily shown that: 


[Dt] [4] _ RP 


RT 
red _ Cx 2L —— meee’ 
BSA Se Ma F 


where K is the equilibrium oónstent of the reaction: 
D+AePD+ A- 


spectrophotometric studies of such systems’?:**. 


1 Bhattacharya, R., and Basu, 8., Trens. Faraday Soo., B4, 1589 (1965). 
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* Peover, M. H., Neture, 191, 702 (1901). 

1 Peover, M. XL, Trans. Faraday Soc., $8, 1050 (1903). 

5 Peover, M. B., Trans. Faraday Soc., 68, 2370 (1908). 


* Goggh, T. A., and Peover, M T resulta); see also Hotjtink, 
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EVIDENCE FOR TWO TYPES OF MEDIATION OF NEUTRAL 
AMINO-ACID TRANSPORT IN EHRLICH CELLS 


> By DALE L. OXENDER and HALVOR N. CHRISTENSEN 
Department of Blological Chemistry, University of Michigan 


EGAUBE many of the neutral amino-acids compete 
with one another for transport’, at least in mam- 


malian systema, a common mediation has generally been ` 


taken to serve for them all. A lack of strict quantitative 
l 1 the affinities indi 1 by initial 
rates, and those indicated by competitive action or 
extent of accumulation has, however, been apparent to 
us for some timet". If only one mediating site or carrier 
serves for transport of all the neutral amino-acids, then 


they will yield a consistent set of relative affinities what- 
ever amino-acid is used to compare their inhibitory 
actions. The present resulte show that at least two 
site with overlapping specificities must be operative 
to.&ooount for the relative inhibitory actions observed in 
the Ehrlich ascites tumour cell 

The techniques of propagating, collecting and separating 
the Ehrlich ascites tumour cells have bean described 
elsewhere’. Uptake of amino-acids was studied at 37° O 
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by meubating 4 per cent suspensions of tumour cells for 
1 min in Krebs—Ringer bicarbonate buffer media contaming 
amino-acids labelled with oerbon-14. At the end of the 
incubation trme the ion was diluted with 1 volume 
of ice-cold buffer and centrifuged for 2 min at 2,500. 
Radioactivity in & hot acetic acid extract of the cells was 
counted m a liquid scintillation spectrometer. The 
resulta for the packed oells were corrected for 20 per cant 
extracellular space and expressed as a distribution ratio, 
that is, opm. per ml. intracellular fluid divided by 
o.p.m. per ml. extracellular fiuid. 

Fig. 1 shows the results of an experiment in whioh the 
uptake from 1 mM solutions of the amino-acids listed at 
the top of the figure was measured in the presence of 
5-mM levels of the amino-acids listed in the body of the 
figure. The effoctivenoes of leucine as an inhibitor may be 
Been to decrease from left to right, while that of alanine 
increases. If the competition were for a single site, the 
trends m the inhibitory action would be parallel and not 
opposite. Valine appears to follow the same trend as 
leucine, and glycine the same as alanine. Although & 
quantitative test has not been completed, two transport- 
mediating sites promise to be enough to explain the 
resulta. One of these we may call the leucine-preferrmg 
or- L site, the other the slanine-preferring or A mite. 
Alanine, ghyome and a-ammoisobutyric acid have affmities 
predominantly for tbe letter atte, and leucine and valine 
for the former. A third type of amino-acid is illustrated 
in Fig. 1 by methionine, which is strongly inhibitory to 
all five of the ammo-acids selected here for comparison. 
Accordingly, it must have high affinity for both the 
postulated sites. 


ort mediators are clearly dis- 
tinguishable, their ificities are nevertheless so broad 
that all the naturally occurring, neutral amino-acids 
tested have some affinity for both. Of the poorly meta- 
bolited model amino-acids proposed from this laboratory 
a-aminoisobutyric acid may be recommended for in- 
vestigating the A mediation, and tertiary leucine, for the 
L mediation. Curiously, l-aminooyclopentenecarborylio 
acid is a model for the third type of amino-acid with 
high affinity for both mediations. 


UPTAKE FROM 1 mM 


VAL MET ALA GLY 


LEU 


Inhibition at 6 mM. (per oent) 














representa quantitatively {ta percen: Inhibition 
amino-acid listed at top of each column 
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For the same levels, the effluxes of amino-acids using 
site A for entry, such as glycine and alanine, are con- 
siderably smaller than their influxes; therefore, they are 
accumulated to high chemical gradients. Tho amino- 
acids preferring the leucine site show offluxes much closer 
to ther influxes; accordingly, they give muoh lower 
steady-state distribution ratios, between land 5. Because 
efflux among all the amino-aoids varies independently of 
influx, their inrtial rates of uptake bear no fixed relation- 
ship to their steady-state distribution ratio. The change 
of the distribution ratio of representatives of the three 
groups of ammo-scids with time is presented in Fig. 2. 
Glycine haa the slowest initial entry rate but is eventually 
&ocumulated to & high degree. In contrast, leucine has 
one of the fastest initial rates, but it reaches a final 
distribution ratio of only 3. Methionme and J-amino- 
oyolopentanecarboxylic acid have high initial rates of 
entry, and are accumulated to relatively high distribu- 
tion ratios. Obviously if glycine is finally concentrated so 
strongly, despite ita comparatively alow uptake it must be 
lost from the cell even more slowly. 


de ` GLYCINE 


METH I OW INE 
e 
a e 


Pd ; 


LEUCINE 





0 20 40 00 
Min 


2. Time-course of the uptake of three amino-eclds by Bhrlish tamonr 
at 37°. Inthsl level of ammo-acid labelled carbon-14 m 
Ringer bicarbonate 1mM; % volunes of T 


These differences in efflux among the amino-acids 
indicate that they escape from the cells largely by medi- 
ated a conclusion supported by the followmg 
findmgs (to be published): the escape process is subject 
to saturation and to competition by analogous amino- 
acids; it is largely ifls; in some cases ib can be 
accelerated by the external presence of another amino- 
acid. 

Fig. 8 compares the ability of amino-acids of the three 
groupe discussed here to strmulate amimo-acid entry by 
ex . In this experiment the amino-acid listed at the 
top had been permitted to accumulate within the Ehrlioh 
cell from & 10 mM eolution. The length of the bars, in 
relationship to the horizontal hne, show whether the 
subsequent uptake of the amino-acids listed at the bottom 
during 1 min was faster or slower than it was in the absence 
of the intracellular accumulation. Valine, l-aminoogcio- 


' pentenecarboxylio acid and methionme can be seen to 


servo for exchange with each other, thereby socelerating 
uptake. In contrast, a-aminoisobutyric acid and glycine 
(and alsnine, to be published) in our hands give little or 
no stimulation of exchange unless their internal level is 
very high (70-100 mM). The resulta indicate that the 
L site serves far more effectively for exchange; ita revers- 
ible action may well &ocount for all the exchange~diffusion 
of neutral amino-acids. . 

We may tentatively summarize the characteristics of 
the two sites. First, the steady-state distribution ratios 
of the group of amino-acids using site A (10-20) are much 
higher than those using site L (1-5). Secondly, site L 
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serves for exchange and 
exit of the amino-acids from cells, whereas site A 
appears to operate largely for entry. Thirdly, raising the 
temperature from 27° O to 87° O accelerates the entry of 
glycine and a-aminoisobutyric acid by about 8-5 times, 
whereas under the same conditions the Q,, of valme and 
leucine entry is only about 2-6. 

The site serving best for the amino-acids with large 
hydrocarbon side-chains such as valine and leucine shows 
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increased, affinity with both the length and 
bulk of that side-chain. The drop-off 
in affinity is very sharp as the number of 
carbon atoms in tho amino-acids falls 
below 5. 
The other site, serving beet for glycine 
and alanine entry, appears to discriminate 
` against amino-acids with 5—6 carbon stoms, 
especially when their chains are branched. 
As the number of carbon atoms in 4 
straight chain increases beyond 4, the 
affmity is again inoreased. This effect 
appears to acoount for the affinity of 
_ methionine for this site; the sulphur atom 
of methionine seems to be approximately 
equivalent to an additional methylene 
group in establishmg affinity. One pos- 
sibility being considered is that the E site, 
by the expenditure of energy, can be 
converted into the A site, thus increasing 
ite affinity for certain amino-acids, inolud- 
ing methionine, alanine and glycine. The 
reconversion of A to site L on passing the 
oamotic barrier of the membrane would 
causo the unloading of these amino-acids. 
Preliminary results suggest that much 
the same pair of sites with overlappmg 
affinities participate in amimo-acid trans- 
-port in other cells and tissues’. In the 
mature human- red blood oell uptake 
appears to be largely limited to the L 
mediation". 


3 Mee eri i Cm T. B., Fischer, H., and Palatine, T. M., J. Biol. 


Chem.. . 

* Christensen, HH... tn Mo , W. D., and Glass, B., Amino Acid Moeta- 
bolum, ERNE Er N 

* Patno, O. M., and Heinz, E., J. Biel. Chem. , B35, 1080 (1960). 
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: H. N., Akedo, H., Oxender, D. L., and Winter, O. G., in 
‘Amano Acid Pools, odit. by 3. T. Holden, 627 (Hisevtec Publishing Do., 
Amsterdam, 1902). 

* Christensen, H. N., and Riggs, Ts R., J. Biol. Chem., 194, 57 (1962). 

1 Obristensen, H. M., Fed. Proc., 81, 37 (1902). 

a Winter, O. G., Fed. Proo., 1, 1480 (1062). 


SUPPRESSION OF INFECTIONS RESULTING FROM A DEOXYRIBONUCLEIC 


ACID VIRUS (VACCINIA) BY 


SYSTEMIC ADMINISTRATION 


OF 5-IODO-2'-DEOXYURIDINE 


By PAUL CALABRESI, ROBERT W. McCOLLUM and Pror. ARNOLD D. WELCH 
Departments of Medicine, Epidemiology and Pharmacology, Yale University School of Medicine, 


New Haven, 


HE ability of 5-iodo-2’-deoxyuridine (IUDR or IDU) 

to inhibit plaque formation of vaccinia and herpes 
simplex viruses in vitro! led to investigations with animal 
and clinical trials which have demonstrated that IUDR is 
capable of arresting and curing herpes simplex infections of 
the cornea in both rabbits and man*. These observations 
have been confirmed and extended to related compounds* 
and other DNA. viruses‘. Since high local concentrations 
of drug can be achieved by frequent topical application, 
without systemic toxicity, the eye presenta æ unique 
site for therapy with potent anti-viral agents’. While 
value®-*, it is necessarily limited to ophthalmic and possibly 
other ial infections. We have explored the 
feasibility of inhibiting DNA-viral disorders by the 
systemic administration of iodinated. pyrimidine deoxy- 
nbonuocleosides. This preliminary communication reporte 
favourable results obtained with parenterally adminis- 


Connecticut ' 


tered IUDR in the treatment of mtradermal vacomia 
infection. ; 

The rationale for the ign and synthesis of [UDR and 
5-iodo-2’-deoxysytidme (ICDR) has been deeoribod'-!*, as 
have work on their mechanisms of action! "* and the 
resulte of initial olinical trials?-!*, A brief summary of 
our present knowledge of these agente is important, 
nevertheless, for understanding of the anti-viral findi 
to be reported. Each of these oompounds, origi 
synthesized and studied as potential anti-neoplastic 
agents, is converted enzymatically within cells into the 
5’-monophosphate of [UDR (IUDR 5'P) and, presumably, 
to the di- and tri-phosphate esters. ICDR, a more soluble 
and thermostable compound than JUDR, must be 
deaminated, either before or after 5'-phosphorylation, to 
form either IUDR or its phoephorylatod derivatives. 
These substances not only interfere with the utilization 
by cella of thymidine and ite corresponding derivativos 
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dosage schedules (see also Table 1): s, control group no IUDR ; b,gioupI 
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peutic trial of IUD deserves considera- 
tion. 
The present work was initiated to 
explore quantitatively the significance of 
observations m two patients 
with -advanced neoplastic disease, who 
were undergoing treatment with [UDR or 
IODR and who had not been vaccinated. 
against smallpox for at least 20 years. 
In one patient who was receiving a 2-h 
intravenous infusion of 80 mg of ICDR/kg 
daily for 5 days, the standard dose of a 
commercial calf-lymph small vaccine 
was applied directly to the of both 
arms l h after the first intravenous infusion 
was begun, and the stratum oomeum was 
penstrated 20-40 times with the sterile 
scarifying needle. The other patient was 
vaccinated in a similar manner 1 h after in- 
itiation of a total dose of 150 mg of IUDR/ 
_kg; the compound was admmistered as a 
continuous intravenous infusion for 36 h. 
In both patients, ‘takes’ were not obtained ; 
however, revaooin&tion with the same lot 
of vaccine, after an interval of 3 weoks. 
caused typical primary reactions in both 
individuals. In two other patiente ICDR 
failed to prevent ‘takes’; but in these 
subjects studies of the pattern of metabolic 
alteration of ICDR-™I have indicated 
that an adequate conversion of IODR to 
IUDR did not occur and signifloant anti- 
neoplastic effecte were not seen!'. On the 
other hand, m the patient given ICDR for 
5 days in whom a primary ‘take’ pre- 
vented by the drug, sustained blood- 
of IUDR were found, the typical toxic 
effects were seen and a marked regression 
in & carcinomas’ of the vulva occurred". 
In two other patienta, who were given 
IUDR by continuous intravenous infusion 
(800 mg/kg during a iod of 72 h) and 
vaccinated as above, but with a different 
commercial vaccine prepared from infected. 
chick embryo tissue, ‘takes’ were not 
prevented. Thus, it is clear that because 
of the complexities posed by possible 
differences in the potency of commeroial 
pre ions of vaccinia virus, the regimens 
of e of these drugs, as well as signifi- 


= bel 4 cant variations in rates of metabolic 

Sey ene BAE onpa ann Ding oray ip e T Sh; Éon degradation and utilization of these oom- 

unds, more clinical studies are needed 

but also lead to the formation of ‘fraudulent DNA’, to determine significance of these preliminary findings 
which IUDR replaces thymidine; either mechani. or or inman. ' 


both, can inhibit normal replication of DNA and repro- 

duction of cells. In addition, and perhaps with greater 
selectivity, the replication of DNA in certain viruses, or 
their cytopethogenicity, may be affected by the drug. 

The susceptibility of certam actively reproducmg human 
tissues to these agents can lead to alopecia, stomatitis 
and hwmatopoietic suppression; these effecte can be 
prevented by concomitant € administration of 
small amounts of thymidine. us, in patients receiving 
IUDR y in doses of 120 mg/kg daily for 5 days, 
regional protection has been achieved by daily adminis- 
tration of 4-8 mg of thymidine per kg!*!*. Because of 
such toxic manifestations and the possible danger that 
incorporation of [UDR into DNA could lead to increased. 
mutation rates, and conceivably, neoplastic change, we 
have administered these drugs systemically only to 
patients with advanced neoplastic disease; nevertheless, 
in potentially lethal diseases of man, caused by DNA 
viruses, such as vaccinia gangrenosum, x, simian 
B virus and herpes simplex encephalitis, o othera- 


N 


In rabbits infegted intradermally with vaocinia and 
treated systemically with IUDR, the resulta have been 
much more definitive. The virus used was derived from 
a pool representing the fourth chick embryo tissue culture 
passage of a vaccinia strain previously carried through an 
unknown number of passages on the chorioallantoic 
membranes of embryonated eggs. Vaccinia 
used in the serological tests was prepared from the egg- 
passage Ime; serial two-fold dilutions of serum were 
challenged with four aggtutinating units. In each of two 
expermnenta, twelve rabbita were injected intradermally 
in parallel para-spinal rows of inoculations of the virus 
preparations in sequential ten-fold dilutions jos Due from 
undiluted stock virus suspension to 10-5. Row 
administered subcutaneously at sites well removed fiam 
the intradermal inoculations of vaccinia virus. The 
regimens of dosages of IUDR and the results obtained 
are shown in Table I. 

In both series the treatment moreased the amount of 
virus required to produoe dermal lesions; the degree of 
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Table 1. HFFECTS OF BUDOUTANNOUELY ADMINISTERED IUDE ON INTRADERMAL TrTRATON OF Vaccinia VIRUS IN RARBITS 
y Serum H A-I 1 
Jindpotnis of intradermal titre 
Treatmsnt } IUDR titrations observed on day :$ 18-21 days after 
ment* — Groupt (daily for 5 days) daily ( 3 5 7 inoculation 
Oontrol 5 Big eer in water, none (none) 1077 1077 107** 1:100 
I IUDR, 110 ones 120 eon 10¢* 107* 10-55 1:160 
1 H IUDR, 40 overy 8h 120 en) 1031* 10* 107 1:80 
II IUDH, 80 mg/kg every 8h 240 (1,200 10731 10** 10** 1:100 
IV IUDR, 120 every 8h 360 1 103* 103 1071* 1:80 
2 v IUDB, 60 every 4h 300 {ise 10-** 103* «103* 1:100 
VI MUDE, 120 8h, 360 1,080 10+ 1073 107? 1:320 
starting 48 h after viras inoculation 
Control 5 cent dextrose in water, none (none) 107** 107** 107 1:320 


Bach group consisted of three rebbits without 


* In Hxp. 1 treatment with IUDE was started 2 h befi and, in Hxp. 2, 6 h after virus inoculation (except in Group VD. 
r demonstrable vasota antibod 


in a concentration of 5 


for 3 days. 


suppression of the- mse to the virus was greater with 
increasing dosages of R. In addition, central necrosis 
in dermal lesions was greatly reduced (Fig. 1) and, even 
when JUDR therapy was not initiated until 48 h after 
inoculation with the virus (Group VI), a marked increase 
in amount of virus required to ce infection was 


.observed. There was no evidence of drug toxicity, as ' 


indicated by weight loss, hematopoietic depression or 
change in physical appearance. 

These preliminary studies suggest that adequate levels 
of IUDR in the skin can interfere with development of 


value of [UDR in generalized vaccinia 
infections produced in rabbits previously -treated with 
adrenooortiooeteroids. Studies of this nature, as well as 
comparative trials with isetin B-thiosemicarbazxone and 
related compounds’*'*, will be necessary to determine 
the advisability of clinical trials of [UDR in i 
and potentially lethal infections with such DNA viruses 
as smallpox, vaccinia and simian B virus. In addition, 
studies of the effect of IUDR on the oncogenicity of a 
variety of DNA viruses (murine, simian and human) in 
animal species will be carried out. 


es prior to 


1n solutions of 5 per cent dextrose in water adjusted to a pH of 8-0. 
erythema not less than 4 mm. 


serum dilution inhibiting 4 aggintiating unite of antigen. 


This work was by U.8. Public Health Service 
grants OA-05044, OY-2817 and OG-14. 
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PENICILLINASES FROM GRAM-POSITIVE AND GRAM-NEGATIVE 
BACTERIA: A THERMODYNAMIC DIFFERENCE 


By Dr. J. T. SMITH and J. M. T. HAMILTON-MILLER 
Department of Bacteriology, Guy's Hospital Medical School, London 


We in this laboratory Indicates that considerable 
differences occur in the ysical and chemical 
pop ee Cfi ifferent bacterial species, 

example, in substrate specificity and affinity, inducibil- 
ity, susceptibility to inhibition, cellular location and 
pH-activity characteristics. In addition to these, we 
have found a general difference between penicillinasss 
from Gram-negative and Gram-positive sources, as regards 
the values of the apparent activation energies for the 
hydrolysis by them of the 6-lactam ring in benxylpenicillin. 

Coll-free penicillinase preparations were made from 
clinically isolated Gram-negative bacteria by disrupting 
the organisms in a liquid extrusion press’? and sedi- 
menting debris ab 20,000g for 50 mm. Staphylococcal 


penicillmase was prepared by growing or over- 
night at 87° O in infusion broth containing 0-5 pg/ml. 


of methicillin as inducing agent; the organisms were 
collected and washed by i tion and sodium 
p-chlormercuribenzoate added to 0-001 M to prevent 


further induction’. B. cereus was grown overnight at 
87° C in infusion broth containing 5 pg/ml. of methioillm 
as inducing agent, organisms removed by centrifugation 
and the supernatant fluid used as the penicillinase prepara- 
tion. B. licheniformis penicillmase was obtamed from 
Welloome Research Laboratories, Beckenham. 

Rates of the hydrolytic cleavage of the B-lactam ring 
of icillin G (at an initial concentration of 2 mg/ml., a 
ariffloient concentration to saturate all enrymes tested) 
ero determined at various temperatures by the hydroxyl- 
amine method‘. An integrated form of the Arrhenius 


equation is In $t 5 (Z — yp} whore k and k, aro rato 
constants at temperatures T, and T, A = apparent 


straight line is obtained, from which the E energy 
ydrolyses of 


Ps 
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benzylpenicillin, studied here, were found to be xero 
order reactions and hence the rate constants are equal to 
the reaction velocrties, so these values were plotted as the 
rate constants. Activity-tamperature data given by 
Royoe et al.* and Novick‘ for B. subtilis and Staph. aureus 
524 SC, respectively, were similarly processed.. The value 
of 7,500 cal/mole for B. cereus is that quoted by Henry 
and Housewright’, and was determined by the manometric 
assay. Preliminary experiments showed that induction 
of Staph. aureus and B. cereus penicillinases did not alter 
the value of their apparent activation energies. 

The proportion of molecules in & system possessing a 
given energy can be calculated by evaluating the exponen- 
tial term m the equation: N = N,e-4/BT (derived from 
the Maxwell-Boltxmann distribution law*), where N, 
number of molecules possessing sufficient energy to react; 
NV, total number of molecules present ; E, required energy- 
level; R, gas constant; T, absolute temperature (taken as 
310° K). The rate constant for & reaction is proportional 
to the number of activated molecules. Thus, in this case 
the rates of reaction are also directly proportional to both 
ae ee es ee MS cae 
term e-Z/RT, Now if the energy E is the ap 
tion energy, the corresponding discedite i can be 
used to measure the effect produced in & system by an 
enzyme which, by lowering the activation energy, increases 
the proportion of molecules possessing sufficient energy 
to react. 

The exponential terms were calculated for each indi- 
vidual penicillinase, and the results are shown, together 
with the values for the energies of activation, in Tablea 1 
and 2. Energies of activation were also found for the non- 
enxymatio hydrolysis of benxylpenicillin in the presence 
` of different buffers at different pH. values’: these resulta, 
together with the values of the exponential terms, are 
shown in Table 8; the mean value for the activation 
energy (13,407 cal/mole) agrees well with that reported 


Table 1. SHOWING THE HIPERINENTALLY DETERMINED APPARENT - 
ACTIVATION BWERGIBS AND THE DERIVED HIPONENTIAL FUNCTIONS OF 
FROM GRAM-POSITIVE ORGANISMS 
Activation Axponential 
calms Gey 
( ) (x10*) 
Steph. eureus 7,200 9-06 
Staph. aureus 524 SO (ref. 6) 6,000 23 -82 
awrens 1 8,500 111 
B 8,800 0-68 
B. sabes (ref. 5) 7,700 404° 
D. cereus 7,700 404 
B. coreus (ref. 7) 7,500 5 58 
Mean 7,714 6-90 
SD. 706 10 86 
SE. 207 4-10 


Table 2. SHOWING THE MIFERIMEXTALLY DETEROMINND APPART AOTIYA- 
TION HWERGIBR AND THE DERIVED HIPONANTIAL FUNCTIONS OF PN- 
CULLINASES FROM GRAM-NEGATIVE 


Activation Hxponential 
fonetion 


^ (cal/mote) (x103) 
K. &erogenos 413 38,400 41-64 
K. aerogenes 366 4,000 15-78 
enema di im ii 
AK. , 
J. ooh 314 4,000 6-00 
E. ooh 419 5,500 104 
A. cloacas 53 4,700 &10 
Mean 4114 11-02 
SD. 707 18-84 
SE. 200 712 

APPARENT 


Molarity Ionto : Tünodon 
Buffer 
sengih (cal mile) (x1015) 
Veronal pH 0-2 0-04 0-042 12,000 - 14 94 
Tris pH 7-1 0-05 0-065 - 14,100 133 
à pH74 0 025 0-065 3,700 2 53 
Mean > 13,467 627 
8.D. 778 7 53 
5.8. 449 £54 
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APPARENT ACTIVATION EMERGY (CALORIES/MOLE) 





relationshi M botwoen the mean MEA, ofaotira- 
and pemoillmase catalysed hydrolysis 


Hon m 


by Abraham and Newton" (14,500 cal/mole). The mean 
wa of all the apparent activation energies are shown 
m Lig: 

The RUNG obtained were analysed statistically; the 
difference between the apparent activation energies of 
ponie mase from Gram-negative and Gram-positive 

was significant at a probability of < 0-001 (t = 
880 with 12 d.f.), and the difference in magnitude of the 
corresponding exponential terms was found to be signifi- 
cant at a probability of «0-01 (t = $07 with 12 d.f.). 


‘As the mean exponential function derived from the 


&pparent activation energies of penicilinases of Gram- 
negative organisms was 318 times the corresponding 
exponential function for Gram-positive organisms it 
follows that penicillinases from the former sources were 
more efficient catalytic agents than those from the latter 
sources. However, as only a relatively small number of 
penicillmases have been studied so far, it is too early to 
say if this is & general rule. 

From the mean values of the exponential functions it 
wes possible to calculate the increase, brought about by 
the presence of the enzymes, in the proportion of activated i 
penicillin molecules as oompered with the fraction present 
in non-enzymstio hydrolysis mixtures. This inorease 
for each source of penicillmase was found to be: (a) 
using Gram-positive organisms 1-1 x 10* times; (b) using 
Gram-negative organisms 8-5 x 10* times; (c) using all 
penicillinases 1:8 x 10* times. 

Further work is at present being carried out on the 


-penicillmases produced by members of the Entero- 


bacteriaceae, and reports have been!!:!* or will be made 
elsewhero. 

We thank Prof. R. Knox and Dr. W. L. G. Gent for 
advice and criticiam. 
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3 Wimpenny, J. W. T., Ph.D. thems, London Univ. (1903). 

* Btetnman, H. G., J. Bact., 81, 895 (1061). 
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EFFECT OF HYPOXIA ON BRAIN GANGLIOSIDES 


By J. A. LOWDEN* and Dr. L. S. WOLFE 
Donner Laboratory of Experimental Neurochemistry, Montreal Neurological Institute, McGill University, Montreal 


ANGLIOSIDES are a group of complex, acidic, 
water-soluble glyooephimgolipids occurring predomin- 
antly in membrane constituents of & microsomal fraction 
from grey matter of vertebrate brain’. The presence of 
N-aeetylneuraminio acid (NANA) distinguishes ganglio- 
sides from other brain glycolipids. Recent investigations 
indicate that gangliosides may be involved m the mamten- 
ance of the excitable state in cerebral tissues‘*. Our 
present work reports a decrease in the NANA content of 
isolated and. purified gangliosides obtained from human 
and cat brains which were hypoxic before death. 

Gangliosides were extracted from cerebral cortex by & 
modification of the tetrahydrofuran extraction procedure 
of Trams and Lauter'*. Pieoes of cerebral cortex were 
homogenized in 2 vol. of 0-01 M phosphate buffer, pH 7, 
and the mixture blended with 12 vol. of ice-cold tetra- 
hydrofuran. This mixture was filtered on a Büchner 
funnel and the residue re-extracted with a further 8 vol. 
of tetrahydrofuran. The volume of the combined clear 
yellow filtrates was measured and 1/4 of this volume of 
ether added. The mixture was shaken vigorously and 
allowed to stand for 2 h at 0°-4° O. The lower phase was 
removed, the upper phase washed with 100 ml. of water, 
and the lower phase again removed. The combined lower 
phases were filtered and pesed through an ‘Amberlite 
MB-8’ ion-exchange column, previously washed with 
50 per cant ethanol. To the eluate 0-2 N barium hydroxide 
was added in the oold until the pH was between 10 and 
ll. 4 vol. of cold absolute ethanol (— 20° C) were added 
and the barium salts of the gangliosides allowed to pre- 
vipitate overnight at 0?— 4° C. The precipitate was collected 
by centrifugation, washed with cold 90 cent ethanol 
and suspended in 50 ml. of water. Sulphuric acid (1 N) 
was added, with continuous stirring in an ice bath, to 
bring the pH to 2-8. The mixture was brought to pH 7 
with 2 M. sodium carbonate and centrifuged at 10,0009 
to obtain a clear supernatant. The supernatant was passed 
through a fresh, water-washed ‘Amberlite M B-3' column. 
To the cooled eluate, 1/10 vol. of 1 N h oric acid 
was added and the solution placed at 0°-4° C for 4h. It 
was then dialysed in the oold for 48 h against four changes 
of 51. of deionized water. The sac contents were freeze- 
dried. 

Gangliosides were isolated by this method from normal 
human oerebral cortex obtained at post-mortem within 
€ h of death and from fresh specimens obtained at cranio- 
tomy. No significant difference was found m the com- 
position of gangliosides from these two sources. Thus 
gangliosides are not altered in the first few hours after 
white, water-soluble powders containing 3-2-8-3 per cent 
nitrogen and leas than 0-1 per oent phosphorus. No 
peptides, amino-acids, sodium or potassium were found. 
The NANA content of these gangliosides was 1:00 + 0-05 
uM/mg (6 preparations). The NANA content of ganglio- 
sides was nob altered in brain specimens kept at — 20° O 
for several weeks before extraction, if they were out for 
layer chromatography was carried out, using 100 ug 
samples of these gangliosides, on silica-gel plates, pre- 
washed with chloroform, and developed with- chloroform/ 
methanol/water (65:35:17 v/v/v). The plates were 
sprayed with 0-005 per cent 'Rhodamine- in 80 per 
gp HOME A fellowabin Eoi eno Met BLUR REN teat eer 


^ 


“not differ in NANA content. 


Table L GANXGLIDEIDES EXTRACTED FROM HUMAN DRAIN IN DIFFERENT 


Group Diagnosis AWA content Agofeex 
1 Bevere atherosclerotic 
vascular disease 0-88 TE 
O-75 
S B 
0-56 
0-89 67/F 
2 Ansmio anoxia O71 57[M. 
0-85 30/¥ 
0-88 coni 
3 Severe ohronio respiratory 
0-78 eni 
4 Cardiac arrest and meohan!ocal 
0-76 pH 
0-53 
Expanding intracranial lesson 0-75 ANY 
7 0 65 HJF 
Ažterod kman xi Pu 
0-78 + 0-13(14)* : 
p peri mian me ere 100+ ae 14-88 


* Mean value + S.D. with number of cases In parentheses. 


cent acetone and ex&mined'under ultra-violet light or 
with the aniline-diphenylamine tH. Five distinot 
spota were resolved in this system with Pr’s of 0-06, 0:11, 
0-19, 0-26 and 0:35 respectively. 

In the course of extraction of a large number of human 
brains, gangliosides from some specimens were found to 
contain considerably lees NANA than our normal series 
(Table 1). Repeated extraction and re-purification of 
these abnormal gangliosides did not increase their NANA 
content. Furthermore, thm layer chromatography of 
these gangliosides showed the absence or marked decrease 
of the slowest moving spot (Rr 0:06). A common feature 
in the clinical history of the patienta, from which the 
abnormal gangliosides were obtained, was the occurrence 
before death of some degree of local or generalized 
hypoxia. Age was not important as the normal series 
covered an equally broad range. The interval between 
death and post-mortem did not differ in the two groups 
and was never more than 6 h. Two samples of brain were 
obtained at craniotomy from one patient with a large intra- 
cerebral hamatoms. Gangliosides isolated from an area 
of cortex, com locally by the hamatoma, contained ` 
0-75 pM NANA/mg. Gangliosides from a second sample 
from an area of the frontal lobe not compressed by the 
hæmstoma contained 1:02 pM of NANA/mg. In normal 
brain, gangliosides extracted from these two areas did 
These findings suggest 
that hypoxic or anoxio situations in brain, regardless of 
cause, decrease the neuraminic acid content of ganglio- 
sides afterwards isolated and purified. 

Further support for the theory that hypoxia or anoxia 
alters brain gangliosides was obtained from experiments 
with cats. Adult female cats (approximately 9 kg weight) 
Wesel HE ere 
intraperitoneal injection. A Y-shaped tracheotomy 
was Inserted and connected by one of the free arms to a 
mechanical respirator. The animal’s head was fixed 
in a Horsley-Clerk stereotaxic apparatus. A 6-8 om 
midline incision was made in the scalp. Eleotroencephalo- 
graphic leads were inserted into the skull over the sensory 
area of the brain, bilaterally. The reference electrode was 
attached to one ear. An electrocardiographic tracing 
was made between the left chest and the right fore-limb. 
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After control tracings of the EEG and EKG patterns were 
taken, the tracheotomy tube was clamped for specified 
periods and the electrical recordings followed. At the 
end of the period of asphyxia, the tracheotomy tube waa 


re-establishment of the airway, if the animal survived the 
insalt. Removal of the cerebrum required about 5 min. 
Control animals were anmethetired with ‘Nembutal’ and 
the brains then removed. Brain gangliosides were either 
extracted immediately or after storage at — 20° C. 
~ Normal cat brain gangliosides contained 1:08 + 0-01 
uM of NANA per mg (Table 2). This value is similar to 
that for other species. In the experimental animals, 
between 90 and 120 seo after clamping the tracheotomy 
tube there was complete loas of electrical activity over 
the brain. 4 min of clamping could be withstood by most 
animals and was followed by complete recovery of EEG 
and neurological responses within a few minutes of restora- 
tion of a patent airway. After 5 min of clamping, recovery 
was much slower and abnormal alow wave activity per- 
sisted long after the tracheotomy tube was unclamped. 
Animals subjected to 6 mm or more without air did not 
survive for ee 20 mim following restoration of the 
airway. The NANA content of the gangliosides extracted 
from the brains of animals subjected to various periods 
without air was signifloantly lowered, as shown in Table 2. 
Further experiments are planned using nitrogen and 
nitrogen—carbon dioxide mixtures in a closed ventilatmg 
pd to the traoheotomy tube. 
veraibly altered in hypoxio or anoxic conditions. Li and 
Table 2. N-A Aan OomTENT or GANGLIOSTIDAS 
XITRACTED FROM NORMAL AND ARPHYIIATNED OATS 
(meant S.D. with the number af animals tn parentheses) 
Time NANA content 
tube was 
(min) 
0 1-03 + 0-01 
uum 
0-02 £0 


5-5 
7-8 
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Mollwain? recorded depressed resting membrane potentials 
in cerebral cortex slices in the absence of substrate under 
hypoxic conditions. Using similar preparations Hillman’ 
found that some calls are more sensitive to these conditions 
Wien Hen end Hepa el Fome ee Lun 
ently depolarized by hypoxia. The addition of basio 
protein, clupein, hypopolarized cerebral cella in tissue 
slices. These cells could be repolarized by the addition of 
gangliosides. Thomson and Mollwain* were also able to 
restore the metabolio naivenees of cerebral cortex 
Blioe8 to electrical pulses by a similar treatment. N-acetyl- 
neuraminio acid ia the only acidic group in the structure 
of gangliosides. If part of the neuraminic acid occurring 
in gangliosides in the neuronal membranes is removed 
an irreversible alteration in the net negative charge of 
these membranes would be expected to occur. This change 
could well lead to & loas in excitability. A parallel situa- 
tion has been demonstrated in’ where the 
removal of neuraminio acid by the enzyme neuraminidase 
leads to a marked decrease in electrophoretic mobility 
and a loss of surface negative charge". Tho sensitivity of 
cerebral tissue to hypoxia and the irreversible nature of 
hypoxic changes may in part result from the removal of 
NANA from membrane gangliosides. Of interest here 
are the 4n vitro studies of Korey and Btein!*, who reported 
the degradation of ganglioaidea, only under anaerobic 
conditions, by a postulated gangliosidase. 


1 Kenk, H., £. Physiol. Cheam. , 373, 76 (1942). 

3 Trams, H. G., Guiffrida, L. H., and Karmen, A., Nature, 183, 660 (1902). 

t Wolfe, L. 8., Biochem. J., 79, 348 (19001). 

+ Mollwafn, H., Piochem. J., 78, 24 (1061). 

* Wolfe, L. B., and Mol!wa!n, H., Biochem. J., 78, 53 (1061). 

* Balakrishnan, B., and Mellwatn, H., Biochem. J., 81, 72 (19001). 

' Hilman, H. H., J. Nowrochem., 8, 257 (1961). 

* Thomson, O. G., and Mollwah, H., Biochem. J., 79, 342 (1001). 

* 14, O. IL, and Mollwatn, E., J. Phynol., 189, 178 (1057). 

15 Trams, H. G., and Lauter, O. J., Biochim. Biophys. Acts, 60, 350 (1901). 
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EFFECTS OF HIGH PARTIAL PRESSURES OF OXYGEN ON FUNGI 


By Pror. JOHN CALDWELL 
Department of Botany, University of Exeter 


N 1931, I postulated that high partial pressures of 
oxygen had a toxio effect on the enzyme systems in 
ple tissues’. A short paper describing the experiments 
carried out was published many years later’. I 
showed! that the effect was specifically due to high oxygen 
pressures and not to actual pressure as such. For example, 
the output of carbon dioxide m 20 atm. of 5 per cant 
oxygen was substantially the same as that in l atm. 
of 100 per oent oxygen and no toxic effects of the high 
actual preasure were observed, though 20 atm. of 100 per 
cent oxygen was toxic to the tissues. 

This view has been confirmed by many subsequent 
workers and the enzyme systems actually affected have 
been studied by others" +, 

I also noted’ that, whereas plant tissues which have 
become damaged in respiration chambers sre normally 
attacked by fungi and bacteria giving a greatly inoroased 
output of carbon dioxide, in the tissues exposed to high 
pertial pressures of oxygen there was no evidence of 
invasion by bacteria or fungi, despite the obvious . 
I suggested that high partial pressurea of oxygen t 
have a toxic effect on these organisms also. 

It was to examine this problem that the experiments 
reported here were carried out. If, in fact, fungal tissues 


and bacteria were destroyed by exposure to reasonably 
high partial pressures of oxygen this method of steriliza- 
tion might be of some practical importance. 

For the experiments a contamer of very much the same 
type as that used in the earlier experiments was madet. 

In the first group of experiments two fungi were used, 
namely, Aspergillus niger and Penicillium digiabwm. 
The fungi were grown on 2:5 per cent malt agar on Petri 
dishes 9:0 cm in diameter. After inoculation the control 
plates were kept in a box at room temperature and at 
atmospheric pressure—four plates being usually kept as 
controls. The others were put into contamer and 
oxygen passed in to expel the air. Thereafter tho outlet 
valve was closed and further oxygen was added until 
tho desired was obtained. 

At the end of each experiment the oxygen was allowed 
to eecape Blowly (during a period of about 15 mim) to 
reduce the posaibility of mechanical damage to the fungal 
tissues 


Growth of a colony was estimated by measuring its 
diameter before and after the experimenta and, where 
possible, during them. This, it is realized, is not a very 
precise measure of growth since the mycelium in some 
instances, after exposure to preasure, seemed to be rather 
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Fig. 1. Oclony growth of Penioiltiem digüstum tn air at 15 atm. pros- 


a 
In Out 
100 200 
Time (h) 
Fig. 2. Colony growth of Aspergillus riger in air at 15 atm. preasure = 

$00 per cent oxygen h 
below tho surface of ihe agar, though later there was 
normal surface growth and in any event no allowance 
is made for the thickness of the myoelial growth. Within 
the limits of the experiment, however, the diameter of a 
colony seemed to give a reasonably accurate indication 
of the effect of the various treatments. 

Various preliminary testa were carried out to ascertain 
whether rapid compression and decompression had any 
marked effect on the tissues or the agar medium, but m 
general no obvious effects were observed. 
air was used in the first group of experiments, and the 
growth-rate, both of the cultures exposed to and 
of the controls, seemed to be normal. Small alite sometimes 
appeared in the agar at high pressures when decompression 
was very rapid, but they disappeared after an interval of 
leas than 0-5 h. ‘These were probably caused by gas 
bubbles. 

Various gas mixtures were used at different pressures 
and with consequently different partial pressures of 
oxygen. In general, it was found that what controlled 
tho effect on growth was again the partial pressures of 
oxygen and not the actual prossure of the gas to which the 
cultures were exposed. This confirms the early conclu- 
sions for apple tissue. 

In the first set of experiments, using Aspergillus and 
Penicillium, the colonies were allowed to grow before the 
Petri dishes were put into the preesure-chamber, thus 
ensuring that the mycelium and not merely spores was 
exposed to the pressure. 

After treatment at high pressures ib was found that 
no growth had occurred in the treated colonies, while the 
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controls had grown normally. After the lapse of somo 
pariod of time, growth of the treated colonies began again. 
Tt was clear, therefore, that the effect of high partial 
pressures of oxygen was, in the case of these two i, 
to suspend the metabolic but not to kill 

tissues. In general, ib was found that the higher the 
partial preasure or the longer the exposure to high pressure - 
the greater the time-lag before growth recommenced. 
Penicillium seams more sensitive than Aspergillus in this 


Brown! reported that within wide limite oxygen pressure 
has little effect on the germination of spores or on fungal 
growth. This does not hold for partial pressures of oxygen 
above 100 per cant as growth was always considerably 
alower or was completely in these circumstances. 
It is noteworthy that in Penicillium especially, some 
mycelial growth occurred at fairly low partial preasures 
GE organ (ioe expe, f oe puro oxygen). 

Figs. 1 and 2 show the effect of 15 atm of air(— 3 atm. 
oxygen) on the two fungi under discussion. 

Aspergillus, as has been noted, seemed leas sensitive to 
high partial pressures of oxygen than did Penécilhum. 

Clearly one or two questions still remained unanswered. 
It was not possible to establish whether growth under 


preesure instantaneously (or almost so) or whether 
it contin for a shorter or longer iod at a greatly 
reduced rate before it stopped comp Nor was it 


possible in these experimenta to determine the pertial 
pressure of Oxygen which aotually halted the growth of 
the mycelium. adire ipd ern air (1-6 
atm. oxygen) seemed to the Penicillium myoelium 
&fter exposure for 500 h. 

It was with the view of examining this latter effect 
that the experiments were continued using & different 
fungus, namely, a strain of Phoma violacea (Bertel) 
Eveleigh (syn. P. pigmentivora Massee), isolated in this 


Tn thoso c i pure oxygen was used and the 
culture plante were put into the container as soon aa the 
colonies had a diameter of about l cm. These 


experiments were carried out in a constant-temperature 
room at 25° O whereas the earlier series were conducted at 
of about 18° C. 

The resulta are given in Figs. 3 and 4. It can be seen that 
the effect of 2 atm. oxygen was very slight indeed. In 4 
atm. oxygen, however, the lag is in roughly propor- 
tional to the period of exposure five days exposure 
seemed to have no permanently deleterious effect. On 
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FW. 3. Colony growth of Phoma wiclecea in 100 per cont oxygen at 
2 atm. pressure 

a, Four days under pressure; b, Six days under pressure; o, Ten days 
under pressure 
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Fig. 4. Colony growth of Phoma violacea in 100 per cent oxygen at 4 atm. 
pressure 
a, Three days under pressure; b, five days under pressure; o, seven 
days under pressure 
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the other hand, seven days exposure resulted in no growth 
of the colony even after a lapse of twenty-five days at 
normal atmospheric pressure. 

In yet another series of experimenta, five differen 
fungi were used, namely, Aspergillus niger, Penicillium 
cyclopium, Phoma violaceas, Aspergillus eni and 
Merulius laorymans. These were inoculated on to 2-5 

cent malt agar plates on December 26 and kept in an 
inoubator at 25° O until December 80, when the experi- 
mental plates were placed in the chamber at 10 
atm. 100 per cent oxygen, and the controls were put into a 
copper box at normal pressure. Both lote of material 
were kept in a constant temperature room at 25? C. All 
the colonies had grown during the period in the moubator. 
On January 9, after ten days exposure to preasure, the 
pressure was released slowly, and the plates returned to 
the incubator at 25° C. All the controls had grown 
normally, but the colonies under had not increased 
in size at all. After the lapse of 8 days, however, appar- 
ently normal growth of the mycelium was observed in the 
colonies of Aspergillus niger but not in any of the others. 

In a second experiment, the same five fungi were used 
in the same medium and with similar treatments. The 
period under pressure at 10 atm. pure oxygen was, how- 
ever, dane to seven days when the cultures wero 
returned to air in the incubator at atmospheric pressure: 
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Aspergillus niger and Penioill«um oyolopium began to 
grow after the lapse of 6 and 10 days respectively, and 


- did so apparently by the growth of the hyphæ and not of 


spores. The other fungi did not grow. 

In a third experiment with the same five fungi on the 
same medium and with similar treatment, after 10 days 
at 10 atm. pure oxygen the cultures were removed 
to the incubator. Only Aspergillus niger and some of 
Penicillium oyolopium cultures grew, the former after an 
interval of 8 days and the latter after an interval of 12 
days. None of the others showed any sign of growth 
even after four weeks in the incubator. 

It appeared, therefore, that 10 days’ exposure at 10 
atm. pure oxygen was just about critical for Pentoieun 
oyclopium but that Aspergillus niger was substantially 
more resistant. 

In yet another series of experimente, cultures of Asper- 
gillus niger on the same medium were to pressures 
of 10 atm. pure oxygen for 14 days while no growth 
occurred during the period under pressure, growth of the 
mycelium began again after 10 days at atmospheric 
pressure in an incubator at 25° C. 

Finally, a set of eleven culture plates with well-grown 
colonies of Aspergillus niger were left in 10 atm. of ants 
oxygen for 28 daye before being returned to atmospheric 
pressure. None of these grew after this treatment, and 
not even the conidia grew on fresh agar plates, though 
conidia from control cultures germinated at once on 4 
similar medium under the same conditions. £ 

Preliminary teete by Dr. G. G. Pritehard show that 
there is a marked accumulation of pyruvio acid in the 
hyphss of the fungi exposed to high partial preasures of 
oxygen, and that this pyruvic acid is removed after 
recovery and growth in air. It appears, therefore, that the 
effect of the high oxygen preeeure is on similar enxyme . 
systems in fungi to those in other plant tissues*. 

The effect of pressure on the metabolism of the fungi is 
being studied in detail and will be reported in another 
P thank Misses 8. M. Robb and E. J. Bowers and Meears. 
D. Tilney and M. E. J. Daft for their help 1n this work or 
in the preparation of this artiole. 

1 Caldwell, J., Ph.D. thesis, Cambridge (1981). 

1 Caldwell, J., J. Esp. Bot., 7, 326 (1056). 

* Barker, J., and Mapson, L. W., Proc. Rey. Soe., B, 148, 533 (1955). 
‘Turner, H. R., and Quartley, O. E., J. Exp. Bet., 7 (21), 302 (1056). 
* Brown, W., Amn. Bot., 85, 257 (1022). 

* Pritohard, G. G., J. Ewy. Bot., 19 (86), 358 (1061). 


ANTIPHONAL SINGING IN BIRDS AS EVIDENCE FOR AVIAN AUDITORY 
REACTION TIME 


By Dr. W. H. THORPE, F.R.S. 


Department of Zoology, Makerere College, U 


da, and Sub-de 


of Animal Behaviour, Department of Zoology, 


High Street, Madingley, Cambridge 


N a small minority of bird species, the females ‘sing’ 

as well as the males, and where this happens it is not 
unusual for there to be vooal elementa in the 'oourtahip' 
displays, with tbe result that a rather haphasard and ill- 
timed duet may occur. However, in many tropical 
(and some sub-tropical) areas, both of the Old and New 
Worlds, & much more elaborate form of mutüal vocal 
display is known to occur. In this type the notes of the 
male and female are different, the sexes alternating so as 
to ging antiphonally, often with extraordinary precision. 
This antiphonal singing of tropical birds is most in evidence 
in species which live in dense scrub jungle or undergrowth 
and it is & natural assumption that under these conditions 
mutual recognition and maintenance of contact by visual 
display is ineffective, and consequently mutual auditory 
display has tended to &ooompany it and in some cases 
teke its place. 


During a recent period of investigation in Uganda, 
I was enabled to make a start with the recording and 
observation of such antiphonal singing in three widely 
separated groupe of birds, one non-passerine and two 
passerine, namely, the barbets (Trachyphonus—family 
Capitonidae), the fantail warblers, genus Cisticola (family 
Muscicapidae, sub-family Sylviinae) and shrikes of the 
genus Laniarius (family Laniidae, including Lanigriidae). 
It is the singing of this last genus which raises problems of 
special interest since, m some species, both male and 
female have a considerable vocabulary which it seems they 
utilize so as to work out, with practice, a series of duet 
patterns by which presumably the two can recognize 
each other individually when out of sight. From prelimin- 
ary study and recording it seems that each pair of a species - 
such as Laniarius aethiopious tends to develop a particular 
repertoire of duet patterns by whioh they can be dis- 
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tie sound spectrograms of eight consecutive duet 

of Lemarws pi rng Old Entebbe, Uganda 

6, 1001 ` The note of bird 4 {s shown crows hatched; thas of bird 

Bin black. All higher harmonios and o are omitied. Vertical 
scales: frequency in kosec, horizontal soale, time (sec) 
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tinguished from other pairs m the neighbourhood. The 
problems which such a performance raises for the student 
of animal learning and particularly for those interested in 
vocal imitation and communication are extensive and 
mtriguing. Research on these has only begun and it is 
hoped that, amce I am fortunate to have as & collaborator 
Mr. Myles E. W. North of Nairobi, a highly expert ornitho- 
logist and recorder, it will be posible in due time to 
carry out & useful fleld and experimental study of these 
matters. However, during the first steps of this work 
some data were obtained which seam to throw new light 
on an interestmg problem in avian physiology and this is 
accordingly being presented in outline now. 

In one of the shrikes studied, Laniarius erythrogaster, 
the black-headed gonolek, the duet is extremely simple. 
The first bird, presumably the malo, makes a ‘yoick’-like 
sound which is followed immediately by a tearing hiss-lke 
sound from the second bird (Fig. 1). In all the birds so 
far heard (three species of Laniarius, one of Cisticola 


and the Trachyphonus), the timing of the singmg is” 


normally so perfect that in no case would one suppose 
that two birds were involved unleas one sees them or until 
one happens actually to come between them and hear 
the sound coming from two different directions. In the 
particular case of L. erythrogaster, a number of observa- 
tions led me to suppose that the individual peculiarity 
of the duet was expressed not ın peculiarity of pattern, 
for the bird apparently lacks the ability to vary this, but 
in & very precise and exactly maintained time-interval 
between the contributions of the two sexes. The precision 
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of this time-keepmg at once raises questions of the auditory 
reaction time as an expresion of the powers of temporal 
disormination of the avian ear. There is already circum- 
stantial evidence for supposing? that the speed of response 
of the avian ear must of the order of ten times that 
of the human ear. The reaction time of human beings, 
the ‘personal equation’, has been & concern of psychologists 
since the famous case, in 1795, when Maskelyn, head of 
the Greenwich Observatory, di d an otherwise 
capable asaistant because of a habit of recording all transits 
about half a second ‘too late’. The study of human 
reaction to an auditory stimulus commenced in tho 
1860's with the work of a Swiss astronomer Hirsch and 
was quickly followed by a Dutch physiologist Donders 
in 1868. Since that time there has been & great deal of 
work by applied psychologists and physiologists on human 
reaction times, but I am aware of no information a8 to the 
bird's ability m this respect. 

In the case of human beings 16 has been found that in 
studies in which the subject has to respond by prossing & 
key, the reaction time to a visual stimulus 1s of the order 
of 200 mseo, and that to an auditory stamulus of 150 msec. 
Donderse! found that if the stimuli used were mmple 
speech sounds and the subject had also to respond by 
making the same or a similar speech sound, the reaction 
time was longer, varying according to conditions a8 
follows. In experiment type 4, the stimulus was always 
the sound ‘o’ and the response also was always to be 
ki. In experiment typo B, the stimulus was any one of 
five syllables and the subject had to respond with the 
game syllable. In experiment type O, the stimulus was 
again any one of five given syllables but the subject had 
to respond only to the sound ‘ki’, using this syllable as his 
rapon Under these conditions the resulta were found 
to be as follows: experiment type A, 197 msec ; experiment 
B, 285 msec; experiment O, 243 msec. Modern work on 
the subject has been summarized by Teichner*. Among a 
number of conclusions he shows that mmultaneous 
stimulation of more than one sense modality produces 
faster reaction times than stimulation of just one. On 
the other hand, successive stimulation of different senses 
produces slower reaction times than stimulation of a single 
sensory channel. Broadbent and.Gregory* found that 
if the verbal response was compatible with the stimulus, 
in the sense that the subject had to respond by making 
the same sound as the stimulus, the mean response time 
was 284 msec, with a S.D. of 55-4 mseo, whereas if the 
response was mcompatible, that is to say, the subject 
had to reply with a sound different from that of the 
stimulus (as does Laniarius) the reaction time rose to a 
mean of 444 msec, with a S.D. of 31-1 msec. 

Laniarius is of interest ın that it is & 
species which habitually duets in extremely dense fohage 
and it seems that for a great proportion of the time the 
birds must be out of sight of each other. The complicatmg 
element of a visual stimulus is thus often ruled out. 
Fig. 1 shows sound spectrograpbs of a consecutive series 
of eight duets of a pair of L. recorded at Old 
Entebbe, Uganda, on March 6, 1962. The fundamentals 
only are shown, the harmonics having been omitted from 
Fig. 1. The method is accurate to 1:5 msec. Table 1 
shows the timmg of these eight consecutive duets. 
Column 1 indicates the duet series, column 2 shows the 
time in seconds at which the note of bird A (the inrtiator) 
commences and the figure following, in brackete, shows 
the time in seconds which has elapsed since the previous 
note of bird A. This figure provides us with what payoho- 
logista call the ‘fore-period’, or amount of warning which 
the second bird may have in the task of giving its reply. 
Tt will be seen at a glance that the calling of bird 4 is 
not markedly regular, yet in spite of this the reaction 
time of bird B remains extraordinarily constant. It is 
clear from the study of the sound spectrograms of this 
and other similar series of dueta, of this and other species, 
that the second bird is taking its time from the start of 
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Table 1, Thome OF MIQHT CONSECUTIVE DUETS or à PAIR OF Laniarius 
erytkroge ste) 


Duet No Tire (soe) at whioh (= tune in msec between 
note of bird 4 start of the note of A and 
commences that of B 
1 0 125 
2 250.(25 145 
3 675, (3-2 150 
4 - 10-58. (48 160 
b 150s. (45 150 
6 19-3 s. (4-8 150 
7 13 7 s. (44 125 
8 29-3 s. (5-6 150 
S.D. of reaction time 12-6 
The in brackets show the time In seo since the note of 
tard old Urged us te oro prin eb . (Old Entebbe, 
Uganda, March 6, 1062). ( 


the note of the first bird. This 15 what happens in human 
beings; for it has been shown* that tho human subject 


under way in a series of dusts, tho second bird maintains 
& constant response time, even though this may be very 
much longer than the minimum possible. Thus in another 
series recorded by Mr. Myles E. W. North at Entebbe a 
few months previously, the mean reaction time over a 
series of seven consecutive dusts was 425 msoo, but the 
standard deviation (4:9 msec) was lesa than that of the 
birds we have just been discussing. It seems from this 
that this species must have an extremely precise timo 
sense, the accuracy of which does not decrease even if the 
response time is extended by a factor of 4. Iam not aware 
of any auditory reaction-time experiments with humans 
in which the standard deviation is leas than about 
20 mseo. 

Although the figures given in Table 1 show a minimum 
reaction time of 125 mseo, it may well be that even shorter 
times are possible, although they have not been recorded. 
In fact it ia clear that the reaction timo of this individual 
is, if anything, an overestimate since no allowance has 
been made for the time taken for the sound to travel from 
one bird to the other. Any estimate of this figure is 
bound to be somewhat speoulative. I think in general 
it is safe to assume that the birds were about equidistant 
from the microphone, so no differential need be allowed 
for in this respect. I have certainly heard those birds 
duetting and apparently keeping excellent time when they 
must have been sbout 20 yards (18 m) apart. i 
the of sound to be 1,180 ft./soo (844 m/sec), we 


should have to allow 53 mseo for the sound to reach bird - 


B. In that event, the true mean reaction time in this 
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instance would have been 90 mseo and the shortest 72 
msec. To be on the safe side in this i 
assume that tho birds were only 10 ft. (3 m) apert would 
Involve & correction to 185 msec mean and 116 msec 


It is to be ho that it may one day prove possible to 
keep these bi in captivity under conditions so good 
that they develop their dusta normally. If this can be 
done it should be feasible to establish a number of points 
much more socurately than is possible at present. 
Although it should be possible with a Skinner box typo 
of apparatus to secure in, say, a pigeon, the action of 
peoking in response to & sound stimulus at tho lowoet 
possible reaction time by steadily reinforcing for a quick 

, this never seems to have been done and virtually 
note iude way of expadenatiel Pi celipeti ce T, 
whole animal has been carried out with birds. With any 
species other than these duetting shrikes it would probably 
be very difficult indeed to secure a regular vocal reaction in 
minimum time as & response to sound stimulus. Although 
we cannot do more than guees at the physiological basis 
for the rapid and accurate of this bird, a response 
about three times faster much more accurate than 
that of which & human being is capable in similar cir- 
cumstances—and with a ing i ce of fore- 
period—it is perhaps plausible to assume that the per- 
formance is primarily the expression of superior powers 
of the avian ear in the matter of time discrimination. 


(London, 1961). 
Fortschr. Zool , 15, 214 (1902). 
Anat. Physiol., 657 (1808). 
. H., Psychol. Bwll., Kl, 128 (1064). 
* Broadbent, D. N., and Gregory, B. L., J. Kap. Prychol., 63, 576 (1962). 
., and Treisman, A., J. Xry. Prychol., 13, 78 (1061). 
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SEASONAL VARIATIONS OF AVIAN AND HUMAN METABOLIC ACTIVITY 
IN RELATION TO THE DAYLIGHT/DARKNESS RATIO 


By D. R. BARBER 
Lamacraft, Darnell Close, Sidmouth, Devon 


R the past three decades it has been known from the 

work of N. Rollin! and others that the dawn song of 
many diffarent species of passerine birds is subject to wide 
fluctuation of the time of onset for individual birds within 
each group. 

Nevertheless, by examining the results for each species 
collectively, a systematio difference in the times of onset 
of their dawn song is revealed. Thus it is possible to 
allocate to each species a characteristic ‘dawn penetration’ 


(conveniently expressed in terms of the angular position 
of the Sun below the horizon at the time of onset of dawn 
song) that is repeated with great regularity from year 
to year at similar phases of the breeding cyole. 

As examples of the wide range of dawn penetration 
actually observed we may cite two species, Alauda 
arvensis L., and Fringilla coelebs L. While the former 
is consistently an early , with & mean dawn 
penetration of — 9°, the latter is far more lethargic with 
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& dawn penetration of only —2°, many birds of this 
specios failmg to commenoe before sunrise. There 
is thus a dawn penetration ilo for each species lying 
within the broad interval, —18°—0° solar depression, 
namely, from the beginning of astronomical twilight to 
the end of dawn. - 

On poeing the question: How do such differenoes oocur 
among the different species !, the probability of finding 
a satisfactory answer would appear highest if the problem 


is considered from the point of view of metabolio activity. - 


As Rollin? has already pointed out, the amount of singing 
performed by an individual bird is related to season, 
phase of sexual oyole, development of gonad and endo- 
orine activity, as well as to several meteorological factors. 
But, overriding these sources of variable behaviour, there 
is evident in the timing of dawn song an instinctive act 
linked in some complex manner with the bird’s basal 
metabolism. Such response may be used, under controlled 
conditions, as & reliable, though indirect, measurement of 
metabolic activity in the particular avian species under 
observation. 

In the investigation now to be described the most 
suitable i or the test was Eriühaows rubscula L., 
and this for the obvious reason that, of all our resident 
song-birds, Redbreast alone sings at dawn with great 
regularity throughout each of the four seasons, save for a 
brief respite in late summer. 

The large collection of observational data used in the 
analysis which follows constitates one section of a general 
study of dawn-song made at Sidmouth, over a long period, 
for six representative species indigenous to the district. 
This had for its aim the accumulation of new facta oon- 
cerning the effecta of meteorological and Other external 
factors on the degree of sky brightness at the time of 
onset of singing. 

Analysis of the raw date for E. rubecula has revealed 
a marked influence of the daylight/darknees ratio (in 
computing this ratio, the times of sunrise and sunset 
at an altitude of 65 km above the Earth's surface, namely, 
8? solar depression, were used; this depression angle oorre- 

ds to the observed mean dawn/dusk penetration for 

. rubeoula) on the observed dawn penetration, an effect 
that persists after applying corrections to tho 481 obeerva- 
tions for the combined influence of cloud-cover, ambient 
air temperature, wind force, barometric pressure and 
atmospheric humidity. A 

On plotting the observed sky brightness, B (on a 
logarithmic soale) as ordinate, and the log ratio (hours of 
daylight/hours of darknoss) as abscissa, & hysteresis 
loop is obtained as in Fig. 2b. Plotted pointe refer to 
group mean values of log B for each of the twelve months 
enumerated, I... XII. The mean standard error of a 
single ordinate value is indicated in the figure by the 
vertical bar alongside the scale. i 

The unexpected nature of the relationship between the 
aforementioned parameters suggested an attempt to 
ascertain whether or not besal activity in man is also 
affected in like manner. For this investigation it appeared 
likely that the simplest and most reliable index of basal 
metabolism readily available for daily measurement is 
the pulse. Aocordingly, daily records of the radial pulse, 
with myself as subject, ware commenced in March 1959; 
and these have been continued without intermission. 

Since it was realized that significant changes are likely 
to oocur in the pulse-rate records arising from the opera- 
tion of a variety of conditioning factors—some psycho- 
logical, and others physical, or physiological, in origin— 
particular care was taken to ensure Bo far as was possible 
a standard pattern of behaviour immediately prior to 
each daily count. It was at first thought that standard- 
ization could best be achieved by making the daily meas- 
urement of pulse rate in the first few minutes after waking 
from the night's rest. However, preliminary testa soon 
showed that, for this particular subject, a longer post- 
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waking period was more conducive to re roducible counts, 
especially so if the period was one o moderate indoor 
exercise. 


“Accordingly, the following procedure was adopted. At 
each daily session, commencing about 1 h after rising at 
0640 + 5 min G.M.T. the subject sits in & chair facing 
east while a total of one hundred pulse beats is timed with 
an accurately regulated chronometer to within + 0-5 sec. 
From this record, the value of the mean interval, ^, 
between successive pulse beats is derived, and measured 
to the nearest millisecond. The S.H. of a single measure- 
ment of + is 10 msec, or ~ 1 per cent of the actual value. 
Ambient room temperature, and i weather 
conditions, are noted alongside each entry of + in the log- 
book. 1f, for any reason, it is known beforehand that 
the pulse-rate is likely to be affected on & particular occa- 
sion, the record for this date is entered in the normal way 
together with an explanatory note; but it is rejected in 
any subsequent analysis of the comprehensive records. 

In the discussion which follows, basal metabolic activity 
is measured by the reciprocal (1/7) of the mean pulse 
interval. 

Since the data thus obtained now cover more than 
three complete 12-monthly periods, it has been possible 
to compute & series of provisional monthly mean values 
of + with their standard errors to include the entire 
period of March 1959-February 1962. These resulte are 
presented graphically in Fig. 1, the vertical bar through 
each monthly mean value denoting the attached standard 
A marked annual variation of besal vicium 
this 


error. 
activity is shown by the bold curve passing 

i pointe. Characteristic features o 
variation are the sharp primary maximum centred on 
mid-July, and flanked on either side by shallow minima 
centred on March-April, and mid-December respectively, 
and & secondary maximum of activity in mid-February 
that may, or may not, prove to be real. 

The reality of the primary maximum and minimum 
present in the curve of annual variation has been confirmed 
statistically by a Student's t-test. The relevant data for 
this test are summarized in Table 1. 


Table 1 
Yoar 1980 1960 1961 Mean value 
(msec) 
Maxtmum monthly valne 1,062 1,046 1,008 1,0605 
Vi B —13 —19 +33 
Minunum monthly value 950 986 984 973 
Y -28 +13 +11 


The meen range is +92, and with four degrees of froe- 
dom the estimated standard deviation is equal to 17-46. 
Thus ‘? = + 92/17-46 x 4/2/8 = + 6-46, a value which 
is signifloant at the 1 per oent probability-level. The 
reality of the primary annual variation of + ia thus con- 


The secondary maximum of basal activity, prominent 
in both the 1959 and 1960 data, cannot be traced with 
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certainty in the later 1960-61 records. 
Should future observations fail to confirm rta 
presence, the annual variation would then 
be expected to follow those portions of the . 
smoothed curve that are shown dotted in 
Fig. 1. The two dominant features of the 
annual variation remaining are the 
maximum in July and the shallow minimum 
in December. 

lf, However, subsequent results confirm 
the oo of the provisional curve, a 
combination of an annual with a semi- 
annual component is suggested. 

The annual component, the curve of 
fluctuation of which is shown by the broken 
curve in Fig. 1, may be expected to follow 
the seasonal change of solar distance and 
altitude, teking the farm represented by the 
equation ty = t(l — ay), where y = ocos jx 
(1/p*), 9 Doing the solar zenith distance, 
and p the solar distance modulus. Both +, and a are 

irical constants. For the curve of Fig. 1, «, = 1047-5, 
a = 0-178. 

On subtracting the annual variation from the observed 
variation, a semi-annual fluctuation of + is disclosed. 
This follows & curve denoted by the thin, continuous line 
in Fig. 1. 

Both winter and summer maxima have approximately 
equal values (t = 1,008 + 5 msec); but the intervening 
minima are quite dissrmilar, the corresponding values of 
7 being 1,068 and 1,027 msec, respectively. 

p ee ioe reeves een inue 
possibility of a relationship between human mota- 
bolism (as measured here by the index, 1/1), and the 
seasonal changes that occur in the daylight/darknoes 
ratio, R, already defined. 

To ascertain whether guch a relationship existe, recip- 
rocals of the smoothed monthly values of + obtained fro: 
the bold curve of Fig. 1 were plotted against corresponding 
‘values of log R. The result was a looped curve (Fig. 2a) 
which, although inverted, bears some resemblance to 
the curve obtained. from the unpublished dawn-song 
data for W. rubecula previously mentioned. This latter 
ourve is reproduced in Fig. 2b to the same log ratio scale so 
as to facilitate a direct comparison. The average S.E. of a 
single ordinate value is mdicated in both diagrams by a ver- 

` tical barred line alongside the appropriate scale. Monthly 
ces are indicated by the Roman numerals I-XTI. 

t is readily seen that the ‘hysteresis loop’ for Homo 
sapiens is a much more open one than that for E. rubecula. 
Owing to the far greater asymmetry in the ascending and 
descending branches of the first-mentioned curve, the 
observed difference between the respective values of r, 
at log R = 0-25, for example, is as much as 43 msec, 
or about 4 per oent of the mean value. 

An inspection of this curve shows a higher level of 
activity to persist in the period during which the value 
of log E is falling, namely, from July to October. An 
asymmetry of this type could result from the incidence of 
enhanced solar ultra-violet radiation during the months 
immediately preceding the afore-mentioned interval. 

& 
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By contrast, the ‘hYsteresis loop" for E. rubeoula 
suggests a greater song activity in the spring and early 
summer when the value of log R is ring. This is followed 
by a spell of lowered activity in late summer and autumn. 
Partially at least, this sequence may be explained by 
reference to the avian breeding cycle, ainoe sexual maturity 
is reached just at that time of year when the rate of in- 
crease of the daylight/darkness ratio is most rapid. 

When taken together, the resulta just deecribed— 
referring as they do to a natural environment in both cases 
—suggest that the rhythmic seasonal fluctuation of natural 
ulumination exerts a control of basal metabolic activity 
in both man dnd birds that is certainly lees simple than 
the type of light control already demonstrated for several 
different species of birds? and mammals under controlled 
artificial conditions in the laboratory. In experimenta 
with F. coelebs L., Thorpe‘ has noted, however, that the 
tume of onset of artificially stimulated song is more nearly 
related to the rate of of artificial illumination 
than to the total period of illumination to which tho 
bird is exposed. 

In. conclusion, the strictly provisional nature of the 
results for the human subject must be emphasized. It 
cannot be too strongly streased that, before any far- 
reaching conclusions can be drawn from the resulta of the 
investigation described here, much more date are needed 
to construct a definitive curve of annual variation of the 
human pulse. Not until then will it be possible to correct 
the raw experimental data for this particular source of 
observational scatter; and afterwards to examine the 
corrected daily values of + for any residual effecta that 
may then be evident. 

Meanwhile, it is thought that the novelty of the experi- 
mental approach to this problem alone justifies the 
publication of a certain amount of information not 
previously available. 


* Rollin, N., Briks Birds, 38, 268 (1045); Dawn Song and All Day 1, 33 
* Rollin, N., Dawn Song ead AU Day, 1, 24 (1050). — 

* Thorpe, W. H., Bird Song, 5% (Camb. Univ. Press, London, 1961). 
‘Thorpe, W. H., Tins, 109, 535 (1058). 


EFFECT OF GIBBERELLIC ACID ON THE PRODUCTION OF PRODIGIOSIN 
BY SERRATIA MARCESCENS 


By PRENDIS O. BENNETT and HORACE D. GRAHAM 
Carver Foundation, Tuskegee Institute, Alabama 


NVESTIGATIONS of the effect of gibberellic acid on 
micro-organisms are few. Stowe and Yamaki! state 
that “no convincing action of the gibberellins has yet been 
shown on any organism except higher plante". Some 


authors have claimed that bacteria and fungi are not 
affected by gibberellic acid, while others have suggested. 
that these substances are antagonistic to several fungi". 
Inhibitory effects on the alkaloid content of and spore 
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formation by ergot, & parasitio pe have reoently 
been reported by N. I. Ostrovakii e£ al.*. Lu 4 al.* have 
reported varying effects of gibberellic acid on soil micro- 
organisms, particularly the Azotobacter types. In their 
work, terminal respiration, ni fixation and cell 
numbers were found to be increased under the influence 
of added gibberellic acid. Decomposition of gibber- 
ello acid in the soil was also reported. The most 
recent experimentation on micro-organisms dealt 
with Asotobacter indicus, which Greenberg and Tirpak* 
found to be stimulated by gibberellic acid. It was 
implied that the effect might be & complex phymological 
one. ' 

This article is concerned with the effect of gibberellic 
acid on the production of the blood-red pigment, pro- 
digiosin, produced by Serratia marcescens. This pigment 
has attracted much interest recently because it is thought 
to be the only naturally occurring trip thene, and, 
as such, its biosynthesis may possibly be related to the 
biosynthesis of the porphyrins’. 

Serratia marcescens, strain Nima, obtained from Dr. 
Robert P. Williams, Department of Medicine, Baylor 
University, Houston, Texas, was used. The organism 
was grown on a modification of the medium of Bunt- 
ing’, containing: glycerol, 0:5 per cent; dipotassium 
phosphate, 1:0 per cent; ferrio ammonium citrate, 
0-005 per cent; magnesium sulphate, 0-05 per cent; 
and sodium chloride, 0-05 per cent. The medium was 
sterilixed by autoclaving for 10 min at & preasure of 15 Ib. 
‘When a solid medium was needed, 1-5 per cent agar was 
added. - 

For comparison, a sample of prodigioein, supplied by 
Parke, Davis and Co., was used. For convenience, this 
haa been named ‘authentic prodigiosin’. In order to 
compare the spectral characteristics of this so-called 
authentic prodigiosin and that of the laboratory acetone- 
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extracted pigment, spectral curves of each were prepared. 
The supposedly pure, authentic prodigiosin was dried for 
12 h in a vacuum oven at 40^. A stock solution was then 

by weighing out 0-25 mg of the substance on an 
analytical balance, dissolving it in absolute ethanol and 
making the volume up to 100 mL in a volumetric flask. 
Spectra of the acidio, basic and neutral solutions were 
therefore needed. 10 ml. of stock solution was added to 
each of three ‘Pyrex’ glass-stoppered tubes. 1 ml. of 
INL orc acid was added to the first tube, 1 ml. 
of 1 N sodium hydroxide to the second tube and 1 ml. of 
water to the third tube in order to obtain acidio, basic 
and neutral solutions, respectively. Distinct colours were 
developed for each of the solutions; acid red, base yellow 
and neutral, brown. The optical density of each solution 
was measured over the wave-length range of 400—000 my 
by the use of the Coleman universal hotometer. 
Readings were begun approximately 1 min after colour 
development for each solution. A similar procedure was 
followed for the extracted substance except no actual 
weighing was done since not enough pigment was 
extracted. Tho extractions were taken up in the appro- 
priate solution after evaporation and pooled. Fig. 1 
summarizes the resulta, which compare well with those 
obtained by Williams e£ al.*. 

Since the acidic solutions of both the authentic and the 
extracted prodigiosin exhibited sharp spectral peaks 
(absorption maxima at 585 my), it was decided to use an 
acidic solution in the preparation of the standard curve. 
9 ml. of hydrochloric &cid-ethanol solution (0-10 N with 

to the acid) was placed in consecutive ‘Pyrex’ 
-Bto test-tubes containing 1 ml. of prodigioein 
dissolved in absolute ethanol. The final concentrations of 
prodigioein from 0 to 2-5 pg/ml. of the hydro- 
chlorio acid-ethanol solution. The optical densities of 
the colours developed were measured with a Coleman 
universal hotometer, model 14, at 535 my. The 
resulta are shown in Fig. 2. 











1 LLL ok L 
0-25 05 075 10 1-25 15 
Ooncentration of prodigiosin (ag/ml.) 


Peg. 2. Standard curve of prodigiosin In 0-09 Y ethanol-bydroohlorie acid 


1 mol. of an 8-h culture of Serratia marcescens grown at 
80° C, oonteining 1 x 10* cells, waa inoculated mto 5 mil. 
of double-strength sterile culture medium. Aqueous 
solutions of potassium gibberellate (75 per cent potassium 
salt, Nutritional Biochemicals Corp., Cleveland, Ohio), 
sterilized by filtration, were to give final con- 
centrations of 5-1,000 p.p.m. The final volume of 
all culture tubes was 10 mL, attained by adding distilled 
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water, where necessary. Tho cotton-plugged moculated 
tubes were incubated at 30° O for varying periods of 
After incubation, the pigment produced was extracted 
by a modifloation of the method of Williams e£ al.* and 
were taken from the incubator and transferred to 300-ml. 
Erlenmeyer flasks with 35 ml. of acetone. The pigment 
adhering to the sides of the tubes was dislodged by the 
use of a bent spatula and rinsed out wrth a portion of the 
acetone. After remaining in the acetone solution for 
6 h, which was established to be the most advantageous 
time for optimum pigment extraction, the samples were 
filtered under vacuum using medium sintered glase filters. 
To ensure quantitative transfers, the flasks and cell debris 
were washed with two 5-ml. portions of acetone. After 
this, 80 mL of ligroin was added to each sample in a 
shaken vigorously to permit extraction of the pigment 
by the ligroin from the acetone. 350 ml. distilled water 
was immediately added, which created a separation of the 
ligrom-pigment layer and the acetone—water layer. 
After 5 min the acetone—water layers were drawn off and 
discarded, while the ligrom extracts were drawn off into 
800-ml. Erlenmeyer flasks and taken to dryness (one by 
one) in an'oven at 120? C. The samples were taken up in 


0-09 N hydrochloric aoid—ethanol and, after cooling to- 


room temperature, the ical densities of the solutions 
measured at 535 my. amount of prodigiosin was 
calculated from the standard curve. 

The results obtained and summarized in Fig. 8 indicate 
Fa cr uir ae gister of prodinio 
sin by Serratia marcescens. This effect was observed. 

72 h of incubation. No effects were observed at 36 h, 
or at 144 h. At levels of 5-20 p.p.m., the decrease in 
prodigiomin content was almost linear, but the effect 
tapered off between levels of 20-50 p.p.m. From 50-200 
p.p.m. levels, there was considerable suppression of the 


The period of incubation after 
which the inhibitory effect was noted is i ing. 
Possibly, at the shortest period of 86 h, no effect was noted 
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because the pigment was not yet being biosynthesized 
by the cells at a very great rate. According to Williams 
et al.*, the time of maximal pigment production coincides 
with the stationary phase of the growth-cyole, and, in 
their opinion, the pigment-forming system is not exclus- 
ively & property of the viable cells. Therefore, at 72 h, 
in the- senescent phase of the growth-cyole and, oon- 
oomitanily the iod of maximal pigment production, 
the effect of gibberellic acid was Quite 
likely, the greatest inhibition of prodigiosin produc- 
tion by gibberellic acid occurred at the period of 
maximum activity of the enzymatic systems con- 
cerned with the biosynthesis of prodigiosin by Serratia 
maroesoens. 0 

Since gibberellic acid is antagonistic to several fungi’, 
this constitutes evidence for & similar effect on the meta- 
bolio activity of a bacterium. Stowe and Yamaki! 
referred to reporte on the growth-promoting effocte of 
gibberellic acid on liverworts, moebes, algae and ferns, 
and to brief reporta on a mushroom and on yeast. Refer- 
ence was also made to results Indicating that hormonal 
levels of gibberellin ote the growth and respiration 
of the BOG strain of Mycobacterium tuberoulosis. Although 
the major effecta of gibberellms on plants have been 
reported as producing increased rate of growth and 
increased size and weight, turbidity measurements and 
plate counts indicated no inorease in protoplasmic mase 
or cell numbers when Serratia marcescens was grown in 
the presence of varying concentrations of potassium 
gibberellate. However, reports of inhibitory effects of 
gibberellic acid are not novel. Paleg and inal]? 
reported inhibition of the development of the barley 
spike by gibberellic acid and & decrease in the alkaloid 
content of plants has been reported!*:*, Of particular 
interest is the report on the inhibition of the biosynthesis 
of rutin and rhamnose“. Although total chlorophyll 
content was increased, the number of leaves per plant 
also increased. It was not stated whether or not the 
chlorophyll content per unit weight or area of leaf was 
affected. The inhibition of rutin biosynthesis by gibberel- 
lio acid was thought to be effected through its action on 
the enzyme or enzymes functioning in the bioeynthetio 


y- 
In this work it seems likely that the added potassium 
gibberellate exerted ite influence on some enxyme or 
enzymes concerned with the biosynthesis of prodigiosm 
without exerting any detectable effects on cell reproduc- 
tion. Uptake of oxygen examined by using both washed 
cell. suspension and cell-free extracts also indicated an 
inhibitory action of potassium gibberellate. This farther 
substantiates the view that the added plant growth 
regulator was probably acting on some enzymatic 
system(s). The exact mechanism(s) is still unknown, and 


` more fundamental research is contemplated to gain 


further information. 

We thank Miss Gwendolyn Howre, formerly of the 
Biology Department, Tuskegee Institute, Alabama, for 
advice. This work was sponsored by a grant from the 
Brown-Hazen Fund, Research Corporation, New York 
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LETTERS TO 


ASTRONOMY 


Impacts on the Earth and Moon 


ALTHOUGH nine out of ten of the average meteorites are 
atoney, the larger objecta which collide with the Earth may 
be predominantly iron. This reversal in characteristics 
is suggested by the different size law for stone and iron 
The number of impacta on the Earth's 


meteorites. 
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Mass of Meteorte m Space m kg 


Fig. 1 


10* 


surface, N (km-* year+), with initial mass greater than 
Mo (kg), is at the present time: 
stones: logigN = — 3-73 — logimo (1) 
irons: log,N = — 5-61 — 0-7 logigna (2) 
These equations can be derived from existing meteorite 
data!" by assuming that 90 per cent of a stone and 80 per 
cent of an iron are ablated. 

In Fig. 1 the values found from equations (1) and (2) are 
compared with the date of H. Brown’ and Opik'. The 
influx rate of stones (1) agrees with other determinations 
over the range 10*-10!* kg. However, the new value for 
iron meteorites represents an upward revision of the 
estimated. rate. At Mmo = 10* kg the number of irons is 
equal to the number of stones and at ma = 10" kg the 
irons outnumber the stones by 10 : 1. It is interesting to 
note that the rate of collision with cometary nuolei is 

with that of stony meteorites at the upper end 
of the size range. We may assume tho rates for the surface 
of the Moon to be 1/2 of the rates for the Earth, thus 
making allowance for the effect of concentration caused 
by the Earth's gravitational field. 

The extrapolation beyond the range of observation is 
considerable and it is of interest to attempt to confirm this 
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result by other methods. The largest object passing close 
to the Earth is the asteroid Eros with a mase of approxim- 
ately 3 x 10" The distance of closest approach is 
2-2 x 10" km, ginoe the search for olose approaching 
asteroids has been confined mainly to the northern hemi- 


MOON 


Number on 
Entre Su 


Apollo group gives & value that is some 
10* times lower than the prediction. 
Although the number of events is 
this value is probably lees 
reliable than the value derived from 
Eros. The search for the smaller and 
faster moving objects is by present 
estimates far from complete. . 
We may tentatively conclude that 
- i asteroids are 


Eros, 10** kg. 
This work was supported by the 
National Aeronautics end Space 


1 Hawkins, G. B., Astro. J., 68, 318 (1060). 


2 G. 8. Tuner amd Planetary Exploration, North American Aria- 
Hoa, fi, 5 (108i). 


1 Brown, IL 8., J. Geophys. Res., 06, 1670 (1900). 
* Opik, E. J., Irish. Astro. J., 6, 35 (1968). 


RADIOPHYSICS 


Long Baseline Interferometry of Jovian 
Decametric Radio Bursts 


Durme the 1962 opposition of Jupiter we made some 
exploratory observations with a long baseline inter- 
ferometer in an attempt to obtain information on the 
sizes and distribution of the decametrio burst sources. 
The observations were made at 19-7 Mo/s with a north- 
south baseline of 82-3 km, equivalent to 1940 A at the 
dealination of the planet. They havo shown that success- 
ful interferometry is poasible at these large distances in 
spite of complications due to ionospheric irregularities. 
The angular diameter of a burst aource was found to be 
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leas than a third of the planet's diameter, and all bursts 
contributing to a noise storm originated in a single area 
less than a half of the size of the planet's disk. 

Prior observation established that the radiation was 

tly circularly polarized so that differential 
araday rotation was not expected to prejudice inter- 
ferometry. Consequently, & square array of 4/2 dipoles 
was used at each end of the baseline which &ooepted all 
components of the radiation. A radio-link, operating at a 
higher frequency than the signal frequency, was used to 
transmit the Jovian noise signals from the remote site to 
the home site at Fleurs, near Sydney. At Fleurs, the noise 
signal was reconverted to 19-7 Mo/s, using the local 
oscillator signal, which was also transmitted from the 
remote site. The remote noise signal &nd the suitably 
delayed signal from the home aerial were multiplied by the 
conventional phase switching method. The total powers 
received at each end of the baseline and the sine and cosine 
Fourier oo ments were continuously recorded at the 
home site. Variations in propagation over the radio-lmk 
and in the receiver gains were controlled by means of 
4.G.0. systems with time constants of 1 mm. The time 
constants of the standard recording systems, determined 
by the response times of the recorder pens, were 0-5 sec 
for full-scale deflexion. A special four-channel recorder 
with & response time of 0-02 sec was used occasionally to 
examines the few bursta with durations Jeas than 0-5 seo. 
Two values of receiver band-width, namely, 4 ko/s and 200 
ko/s to half-power pointa, were used at different stages of 
the observations, which extended from August 16 until 
October 6, 1962. 

The effective interferometer spacing of 1940 à produced 
an interference pattern with & fringe separation of 1-7 aro. 
The low prmnary directivity of the system permitted 
observations to be made for a period of 5 h each night near 
transit. During this period, the rotation axis of the 

lanet changes by 94° with respect to the interferometer 
bassline, so that over extended periods of time, the high 
resolving power of the interferometer could be applied to 
both polar and equatorial directions on the planet. 


The degree of correlation between the total power 
Bien fram the two ends of the baseline varied con- 
siderably from night to night. An example of good 
correlation is shown in Fig. la and b. These records 
illustrate one of the difficulties in this type of measure- 
ment, namely, the very dynamic range of the Jovian 
radiation. With a pre-selected intensity range, only a 
small percentage of the recorded events are suitable for 
direct comparison. Where detailed comparison is pos- 
sible, the high of correlation shows beyond any 
reasonable doubt t the decametrio radiation is already 
in the form of burste with durations ranging from 0:1 sec 
to about 60 seo when the waves impinge on the Earth's 
atmosphere. On these nighta, as can be seen from Fig. 1c, 
regular interferometer patterns were produced as the 
apparent motion of Jupiter carried the burst source 
through the fringes. 

On those occasions when the total power signals were 
poorly correlated, presumably due to the affects of 


uncorrelated. ionospheric scintillations, the fringe periods : 


were very irregular, reflecting the apparent position 

associated with the scintillations. However, 
interferometer deflexions were always obtained of ampli- 
tude consistent with the instantaneous values of the total 
power signals even when the latter had no other directly 
comparable features. The interesting conclusion to be 
drawn from these results is that the Jovian radiation 
remains coherent at the ends of a long baseline in the 
presence of severe uncorrelated scintillations. 

Size of burst sources. If p, and p, are the instantaneous 
powers delivered to the two receivers during & Jovian 
noise burst, than the deflexions of the total power recorded 
are proportional to «,p, and a,p,, while their combination 
results in a deflexion $V (p,p, where the constants a, 
a,, 8 may be determined from the receiver calibrations. 
The factor V-<1 is a measure of the coherence of the 
radiation over the baseline and the amount by which it 
departa from unity depends on the type of brightness 
distribution and ite dimensions relative to the fringe 
specing. 
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For the purpose of ostimating the 











angular sizes of the burst sources, six 




















Jovian noise storms were examined. Two 











of these were recorded with a receiver band- 
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width of 4 ko/a and four with a band- 























width of 200 ko/s. From the narrow- 











band records, analysis of 35 bursts led to 
a value of Vs = 1:00 for the mean fringe 





























visibility, with an S.H. of 0-03. From the 
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wide-band interferometer, 35 bursta re- 








sulted in a mean fri visibility of Vw = 









































1-04, with an S.E. of 0-06. Much of the 

















larger error in the wide-band result may 











be due to the necessity of applying oorreo- 





tions to the observed fringe visibilities for 
band-width dispersion. Consideration of 
the standard errors involved in these mean 
values leads to estimates of an upper size 
limit for the burst-emitting sources. From 

the narrow-band resulta, for a Gaussian brightness 
distribution, the angular size of the sources was «13* 
aro at the 5 per cent confidence-level. The wide-band 
regult indicates that the source size was <19” aro. There 
were no detectable systematic differences in source size 
between the polar and equatorial directions. 

Size of the burst-emitting regions. Restricting consider- 
ation to those observations for which the absence of 
marked ionospheric effects results in a high degree of 
correlation between the total power records at both sites, 
it is possible to set an upper limit on the size of the region 

ible for the burste in a storm. In these ciroum- 
stancea and where the bursta are sufficiently frequent, 
they give rise to a continuous series of fringes. For 
example, during a storm on September 25, 1962, 27 such 
fringes were counted over & period of 9 min. The mean 
fringe ax was 19-8 seo with an S.E. of 12 per oent for 
individual measurements. Hence it was moat unlikely 
(at the 5 per cent confidence-level) that independently 
radiating sources, if indeed there was more than a single 
source, occupied an area with dimensions greater than 1 of 
the fringe separation or 25” arc. A number of such 
ooourrenoes showed that there were no differences between 
etquatorial and polar directions. 

There seems to be no reason, from the results recorded 
here, why interferometer observations should not be 
continued with longer beselines until the Jovian burst 
sources are resolved. It is our present intention to make 
similar measurements over baselines of 80 km or more 
during the 1968 opposition. 

‘We thank Mr. C. F. Fryar for assistance in operating 
the interferometer during the present experiment. 

O. B. Sims 
È C. B. Hiaens 
Commonwealth Scientific and 
Radiophysics Laboratory, 
Sydney, Australis. 


Sudden Changes In Amplitude and Phase 
of the Very- Fia or d Signal from 
Station GBR at Salisbury, Australia 

A/PHCULIAR phenomenon, to our knowledge not reported 
so far, haa been obeerved on the signals of Station GBR on 
16 koje. 

The signals of this Station, monitored for frequency 
standardization are mixed with a suitable 
frequency deri from & 100-ko/s standard oscillator and 
a record, as the one shown in Fig. 1, is produced. The 
number of beat cyclea over 24-h intervals is counted and 
the drift of the local source determined. i 

At about 12.30 h local time (94 h ahead of v.T.) on May 
31, 1962, the number of beat cycles suddenly increased 
and this faster beat persisted for about half an hour, as 
shown in the figure. 











Central Australian standard time (h) (93 h ahead of U.T.) 
Fig. 1 


Similar occurrences were recorded on June 11 at 
approximately 12.30 h local time, on June 12 at 09-45 hand 
on June 25 at 09-40 h. These lasted approximately 15. 
80 and 8 min respectively. 

All possibility of instability of the local source must be 
ruled out as the same derived signal is mixed also with tho 
signals of the United States tranamitter NBA on 18 ko[s 
and no trace of a similar effect has been noticed on the 
record of this station. 

The beat frequency, while the described phenomenon 
lasted, was of a high stability not likely to be possible to 
derive from a local source switched on for this period. 

We thank the Chief Scientist, Department of Supply. 
for his permission to publish this communication. 

: P. RoHAN 
L. L. ANDERSON 
D. J. CooxE 
Electronic Techniques Group, 
Weapons Research Establishment, - 
isbury, South Australis. 


GEOPHYSICS 


Lithlum Emission in Twilight at Uppsala 
during November 1962 


A PATROL spectrophotometer (SP8) has been operating 
at this Obeervatory for a long iod to record 
lithium emission in twilight at 6708 A. In spite of the 


high sensitivity of the instrument no lithium was recorded 
until a strong emission suddenly occurred on November 7, 
1962, in the evening twilight. The last record before this 
date was made on October 19, 1962, when no emission at all 
was detected. In the days before and after November 7 
the weather conditions were unfavourable, but in spite of 
this a number of good records have been received. 

The spectrophotometer was adjusted on November 7 to 
sweep over a range of ~ 50 A each fourth minute, and the 
spectral line is recorded via photomultiplier and rate- 
meter on an z-y recorder. The resolution was about 2-6 A 
and the instrament was directed 25° elevation north- 
north-west. Fig. 1 shows the first record of the htbium 
flash. 

After November 7, records were made in zenith both in 
the morning and evening twilight. Simultaneous records 
were made with another spectrophotometer of somewhat 
less light power including the sodium lines for comparison. 
From these records one can get some idea of the ratio and 
the time difference of the lithium flash with respect to the 
sodium flash. Regarding the intensity of the lithium 
emission & i with sodium shows that the lithium 
emission at the beginning of the period seems to have bean 
at least of the same order as the sodium emission. Regard- 
ing the time difference with to sodium, the lithium 
flash follows very near that of sodium, but both are dis- 
placed in time with respect to the OI 6300 A flash, which 
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was recorded separately. The records for November 15 
and November 28 are shown in Fig. 2. These records 
were made with 1-min intervals and are good enough for 
an analysis. After having normalized the curves for 
these two days one sees a striking similarity between the 
lithium and sodium flashes. When discussing the height 
of the sodinm and lithium layers respectively one has to 
assume & ing height, which for sodium is about 37 
km according to Bullock and Hunten!. For lithium a 
screening height was chosen 5 km lower than for sodium, 
as used by Gadsden and Salmon’. Then using the method 
for determining the height of the maximum density of the 
sodium-layer proposed by Hunten*, and Hunten and 


Shepherd‘, the height (km) for lithium and sodium was 


found to be approxunately: - 
i Na 
15 91 km 94 km 
November 23 B7 km 95 km 
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Thus it seems that the height of lithium waa lower on 
November 23 than on November 15, corresponding to a 


decrease ~ 0-5 km a day. A similar decrease of the 


give, in spite of very variable weather conditions, a clear 
picture of the lithium : sodium ratio with time. At the 
end of November the lithium had nearly disappeared and 
the decrease during the actual 4 weeks was near the 
same as that reported by Gadsden and Salmon‘, 1961. In 
Fig. 3 the lithium values are given showing the decrease 
of the intensity over the whole period. The mean level 
of sodium-emission relative to lithium is indicated by a 
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dashed line. The intensity scale has an uncertainty of 
about + 40 per cent. 

Earlier enhancement of lithium emission was reported b 
Barber’, and related to the nuélear explosion at high 
altitude over the central Paciflo Ocean. From the high 
intensity and the short life-time of the emission of lithium 
reported here, it seems with little doubt that the emission 
is related to some of the U.8.8.R. nuclear explosions. 

: W. SrOFFRHGHN 
H. DzExBLOM 
B. ÁÀÁmazR 
Uppeala Ionospheric Observatory, 
Section of the Research Institute of National Defence, 
Sweden. 7 
1 Bullook, W. R., and Hunten, D. M., Canad. J. Phys., 89, 976 (1061). 
*Gadeden, M., and Salmon, K., Nature, 18%, 1596 (1058). 
* Hunten, D. M., J. Atmos. Terr, Phys., 5, 44 (1954). 
4 Hanten, D. M., and Shepherd, G. G., J. Atmos. Terr. Phys., 5, 57 (1954). 
J. Atmos. Terr. Phys., 38, 75 (1961). 


Earth's Gravitational Potential: Evaluation of 
Even Zonal Harmonics from the 2nd to the I2th 

Tua Egrth’s gravitational potential U at an exterior 
pomt distant r from the Earth’s centre, and having 
geocentric latitude q, may be written in a series of 
spherical harmonics as: 


where G is the gravitational constent, M the mass of the 
Earth, and R the Earth's equatorial radius. P,a(sin 9) is 
the Legendre polynomial of degree n and argument sin o, 
and the J, are constant coefficients. Equation (1) does 
not take into account the small variation of U with 
longitude, and representa an average over. all longitudes. 

In the past five years the first few J, have been evalua- 
ted by various authors from the perturbations of the orbits 
of artificial satellites. The arithmetic means of the more 
complete determinations’, with root mean square 
scatter, are: ` 


7 108J, = 1082-7 + 0-2 10'J, = — 2:44 + 0-08 
10J, = — 16 +02 10'J, = 0 + 0-2 (2) 
1087, = 0-74 02 1087, = — 045 + 01 


Some tentative values of J, and J, have also bean ob- 
tained. In all these determinations, harmonics of degree 
higher than those evaluated were necessarily ignored, 
though they cannot be proved to be negligible, and their 
neglect contributes towards the scatter among the values 
derived by the different authors. 

We have recently made a new determination of the 
even harmonios in the Earth’s gravitational potential, 
from the motion of seven satellites, chosen with the view of 
sampling the (seal ons fleld as thoroughly and evenly 
as possible: ir orbits were inclined to the equator at 
angles between 28° and 97°. The potential experienced by 
these satellites is found to be best represented by, the 

following set of coefficients: 


104, = 
10g, = = 
10°, = 
10°J, = 
10574, — 
10.7, . 


The quoted errors sre tentative estimates `of the depar- 
tures of the quantities from-the true physical values, 
making some attempt to allow for the neglect of J14 Jis- +- 
' If the potential is to be represented by fewer even har- 
monios, the best number is found to be three and the 
values obtained are: . 


05 

3 

1 (8) 
2 

3 

2 


4 = 
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10*J, = 1082-79 + 0-05 
.10*7, = — 1:09 + 0:20 
10°), = 0-78 + 0-20 (4) 


To complete the potential, values of Jp Jy, and J, must 
be added to (3) and to (4), from equation (2). 

The values of J, and J, in (8) and (4) are consistent with 
each other and with those in equation (2). J, was found 
to be almost unaffected by the evaluation of higher har- 
monica, virtually identical values being obtained when 
either 8, 4, 5 or 6 harmonics were included. The same 
cannot be said for J,, which suffered & sharp change when 
Jy, waa included: J, has in equation (8) a smaller numeri- 
cal value than any hitherto obtained. Even in (4) the 
value of J, is significantly smaller than in (2), probably 
because near-polar satellites, which tend to give small 
values of J,, were not included in previous determinations. 
Although the values of J,-J,, in (8) must be regarded ar 
tentative, it appears likely that J,, is strongly negative. 
and may be numerically almost as large 88 J, or Je 


D. Q. Kma-Hxzrg 
G. E. Coox 
JawicE M. REES 


Royal Aircraft Establishment, 
Farnborough, Hants. 

1 Ktng-Hele, D. G., Geophys. J., 4, 3 (1901). 
1 Kozal, Y., Smithsonian Astrophys. Obesry. Spec. Rap., 101 (1962). 
, H. F., Advances se the Astronaution] Scumoss, 8 (Plenum Press, 

Mew York, to be ) 
1 Newton, B. B., Hopfield, H. 8., and Kline, R. O., Waters, 190, 617 (1961). 
3 O'Keefe, J. A., Rokels, A., and Squires, E. K., Astronom. J., 64, 245 (1969). 
s Hhelkey, M. J., U.S. Nave] Weapons Lab. Rep. No. 1807 (1062). 
1 8mith, D. E., Planet Space Sci., 8, 43 (1061); 9, 93 (1062). 
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OCEANOGRAPHY 


Definition of the ‘Salinity’ of Sea-water 


For sixty years oceanographers have accepted and 
used Knudsen’s relationship defining salinity in terms of 
the chlorinity of sea-water. The validity of this relation- 
ship has several times been questioned, for example by 
Oarritt and Carpenter*. These doubts have been streng- 
thened by the work of Oox, Culkin, Greenhalgh and 
Riley’. 

To consider the problems involved, a panel has been 
appointed jointly by the International Council for the 
Exploration of the Sea, the Special Commission for 
Ocean hic Research, the International Association of 
Physical Oceanography and Unesco. The members are: 
Prof. G. Dietrich (Germany, chairman); Prof. D. E. 
Oarritt (United States); Dr. R. A. Oox (United Kingdom); 
Dr. N. P. Fofonoff (Canada); Mr. F. Hermann (Denmark); 
Dr. G. N. Ivanoff-Frantzkevich (U.8.8.R.); Dr. Y. 
Miyake (Japan). 

This’panel met in Paris in May 1962, when the problems 
were discussed and & report was drafted which includes 
certain recommendations. These may be summarized: 

(a) That salinity should be redefined in terms of 
density at 0° (sigma 0); the relationship being chosen to 
preserve, on average, the present relationship between 
salinity and chlorinity as closely as possible. 

(b) That new tables should be computed relating 
salinity so defined to conductivity and refractive index. 

(c) That as soon as practicable Oo Standard 
Sea-Water should be certified in conductivity as well as 
chlorimty.  . 

The full report has been distributed by Uneeco to moet 
oceanographio institutions. Oopies of the report can be 
obtained from the Office of Oceanography, Unesco, Place 
de Fontenoy, Paris, 7. 

It is hoped to debate these recommendations at the 
International Association of Physical Oceanography 
meeting in Ban Francisco in August 1963. In the mean- 
time, the panel would like to receive and consider com- 
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mente, criticisms and suggestions relating to the report. 
These should be sent to me. 
RonaAND A. Oox 


National Institute of Oceanography, 
Wormley, Godalming, 
Burrey. 
"nne Mn M., Trh, O., and Berensen, 8. P. L., Mere c OR WE. 
Untersuchung der deuisahen. Moos in Kis, NF 
& cin Gel, 193). 


* Carts, D. and Carpenter, J. H., U.S. Net. Acad. So., W 
Pub. No. my Physica! and Chemical Propertiss of Sea Water, 67 (1059). 


"Oa a Oulkin, F., Greenhalgh, R., and Riley, J. P., Waters, 108, 518 


CHEMISTRY 


Influence of Polyvalent Cations on the Rate 
of Electro-reduction and Aquation of 
Co(NHs3)sX"+ Complexes 


IN previous oommunications^* the influence of the 
nature and concentration of anions on the rate of electro- 
reduction of Co(NH,),X*+ complexes has been 
The influence exerted depends on the nature of the 

X. This phenomenon has been explained by 
the assumption that the complex iole does not behave 
as a conducting sphere with uniform charge distribution 
(as assumed usually) but that the non-homogeneous charge 
distribution contributes considerably to the electrostatic 
free energy of activation and has to be taken into account. 
The ligand X representa the region of maximum non- 
homogeneity which induces an opposite non-homogeneity 
in the ionic atmosphere, the cations of the supporting 
electrolyte being preferentially attracted into the parts of 
the ionic atmosphere near the negative pole of the central 
particle. This increased concentration of cations shields 
the negative pole of the complex particle or might lead 
to the formation of an ion-pair between the positively 
charged complex particle and the cation. Both these 
effects make the attainment of the favourable orientation 
(that ie with ligand X removed from the positively 
charged electrode surface") of the particle in the activated 
complex depolarizer-electrode’ much easier and increase 
the rate of electro-reduction. 

Buch an acceleration is caused by Ht-ions for complexes 
with X = F-, formate, acetate, propionate, butyrate. In 
this case the association of the complex with protons 
might be governed by the basio PE of the ligand 
&nd not by the non-homogeneity of the charge distribution. 
The later effect can be expected for complexes with 
(oe Gag Fo BOE W and pelyvaket Gears lies 
(for example, F-, and polyvalent cations like 
Tht’, La* or Ba. 

The influertce of Th** on the rate of reduction of various 
complexes at the dropping-mercury electrode is represen- 
ted m Fig. 1. A similar but much smaller influence has 
been observed with La** ions. Ba* influences the rate of 
reduction to a negligible extent. The rate constant of 
reduction (k,) in presence of Th*t and La* ions obeys the 


tion: 
ce be = obs + uk, [MM] (1) 


ek, being identical with the rate constant of the reduction 
in & solution without polyvalent cations. The experi- 
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mental value of the constanta caloulated with the use of 
the value 7 x 10-* om*'g-! (ref. 3) for tho diffusion coeff- 
oient are given in Table 1. 

From the form of the rate law it follows that: 

(1) The reduction follows two paths, the first being 
the reduction of the ‘free’ complex, the second the 
reduction of the ‘ion-pair’ complex-cation. 

(2) The ion-pair is reduced much more rapidly than the 
free lex. 

(3) The concentration of the ion-pair is very small and 
ite formation very rapid. 

Ku, Kyu being 


(4) The rate constant ub, equals wk, . 
the association constant of the ion-pair. 

The difference in the influence of Le** and Th* is 
greater than would be expected on the basis of shielding 
effect of the ionic atmosphere only and points to the con- 
clusion that specific affinity ligand-cation contributes oon- 
siderably to the stability of the ion-pair, especially in the 
case of (OCo(NH,),F* . Th]. 

The much eae ratio Thks : ,k, for X = 80% than 
for F- is due to a relatively emall affinity of sulphate ions 
to Th*t. The association of Th and Co(NH,),80;j is 
governed from a great by the electrostatic effect 
and the concentration of the ion-pair [Oo(NH,),80; . Th**] 
is much smaller than that of [Oo(NH,),F* . Th**]. 

To prove the foregoing conclusions and to show that the 
effecta observed are not due to the change of the electrode 
double layer caused by polyvalent cations, the rate of 
aquation of Co(NH;),F* under the influence of Th** ions 
was followed. The aquation follows the rate law: 

k = kg + kbm . [Tht] (2) 
ky is identical with the rate constant observed in a solution 
of the same acidity without Th*t ions and depends on the 
concentration of hydrogen ions, Increasing with increasing 
acidity of the solution. The values of kg and km are 
given in Table 1. The aooeleratmg influence of Th** ions 
on the aquation of Co(NH,),F** is analogous to the 
influence exerted by Hg** ions on the aquation of 
Co(NH4),Y**, Y being Ol-, Br- or I- (ref. 4). In the latter 
case the &coelerating effect is due to the high affinity of 
halogen and mercuric ions, as is shown by the inorease of 
the rate in the order Ol-> Br-> I- (ref. 4). 


Table 1. SUMMARY OF RATE CONSTANTS FROM EQUATIONS (1) AXD (2) 
Solution: 1 M HNO, + NaNO, up tog = 2 M. oh ah, ab 0° O, by, By, at 20-5* C. ote wt; related to the potential af 0-1 M calomel electrodes at 0° O 








Oomplex ok, Ti, 
Oo(NH,)F** 1-4 x 10* 947 x 103 
Oo(NH,),80t 955 x 105 | &3 x 104 
Oo(NH,),H,0* 4x10 | 66x 104 





Em (s~ mol L) 
231 x 104 


70 + 02 x 10* 


Ink tek, : of, 

5-7 x 102 6,800 

1-06 x 10* 56 — 
ra; r5 — 








Dimensions: .4, = om x s+; 


gk, = om x s* xLmole?. 
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These experiments show that an association of the 
complex cation with the metallic cation occurs, the ligand 
X acting as a bridge between the two metals. In the ion- 
pair formed a certain fraction of electron density is trans- 
ferred to the bond M—X, so that the bond X—Co is loosened. 
which facilitates the aquation. The electrochemical 
reduction of the ion-pair docs not proceed via the aquated 
ion or via & particle with the co-ordination number 5, for 
the rate of reduction is higher than it would correspond 
to & process preceded by a homogeneous splitting off the 
ligand X. 
` ! , A. A. Vite 

Polarographio Institute, 
Oxechoslovak Academy of Sciences, 
Prague. 


1 Vitek, À. A., Dis. Farad. Soc., No. 29, 114 (1960). 

r A. A., Advances in the Chemistry of ihe Coordination Compounds, 
by Kirsohner, 8., 500 (Maomillan Go., New York, 1961). 

? Yuta, J., and Smoker, L, X. Blsbtrochem., 64, 285 (1960). 

“Posey, Y. A., and Taube, A., J. Amer. Chem. Soc., 79, 255 (1057). 


Evaporation of Langmuir - Blodgett Monolayers 
in Vacuum 


Wana there is an extensive literature on the methods 
of depositing monomolecular films of fatty substances on 
solid surfaces by the Langmuir—Blodgett method’, there 
seems to be little information available on the stability of 
the films once and Widdowson? studied 
the evaporation of built-up multilayers of fatty acids, but 
their resulta were restricted to layers many molecules 
thick. More recently, Karle’ and Menter and Tabor* have 
obtained some evidence of the evaporation of fatty acid 
and soap molecules frorh monomolecular films in eleotron 
diffraction investigations. ` 


, glass 
monolayers were with carbon-14, and the rate at 
which they were desorbed at room temperature and & 
pressure of ~10-* torr was measured radiometrically. 
The bari stearate films on soft glass lost about 
10 per cent of their. initial activity in 90 h pumping; 
eteario acid films on gold, on the other hand, were about 
half removed after 5 h evacuation. These investigations 
have now been extended. 

The most stable manolayers which we have prepared are 
those of n-octadecylamine hydrochloride, deposited on 
either mica ar gold films from the surface of 
10-9 N hydrochloric acid. -Such monolayers retain more 
than 90-per cent of their initial activity after 40 h of 
evacuation. Autoradiographs of these monolayers, both 
before and after evacuation, show a uniform density of 
activity over the entire sample. We have found the 
deposition of n-octadecylamine hydrochloride monolayers, 
however, to be more erratic than that of the stearates, 
perhaps partly due to the greater tendency to expansion of 
the amine hydrochloride monolayers on the aqueous 
surface! ; we have also found evidence of slow solution of 
these monolayers while spread on the acid subphase. In 
several cages, we have obtained transferred monolayers, 
the initial activity of which was appreciably below that to 
be from a homogeneous monolayer; auto- 
radiographs of the samples show an inhomogeneous dis- 
tribution of activity over the surface. The free amine, 
spread on 10-* N sodium hydroxide solutions, ahould form 
a more pig ne monolayer’. We have prepared a few 
samples of n-octadecylamine monolayers on gold, 
quarts, and mica, and their stability in vacuum appears to 
be appreciably lower than that of the corresponding amine 
hydrochloride flhms. This result is not surprising, since 
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vapour than do their salts. 

For many types of experiments, only short-term 
stability to vacuum exposure may be required. The 
removal of the first amall fraction of a monomolecular film 
may be governed by factors quite different from those 
controlling the removal of the major portion of the mono- 
layer. In the case of soap monolayers, for example, it is 
possible that any free fatty acid in the film would evapo- 
rate more readily than the soap itself". 

Table 1. RHoxT-TERN STABILITY OF MONOLAYERS IN VAOUUM. 
Puro 


FRAOtIOK 
OF MONGLAYNR REXWAINDNG AFTER 30 MIN 18 TABULATED. MOKO- 
LAYERS WERE DEPOSITED UNDER 17 DYWES/OM SURFACA PRESSURE 


Soft Gadon Gold on 
Substrate Quarts . Mica glass quarts mos 
stearate 4. ) 3) di 
Btearic ecid 0-31 1:0-04 — — Mod ads — 
exeganbe To oga — 5 ogon 


Figures in brackets indioato number of samples. 

In order to investigate this behaviour, we examined a 
number of sample after they had been to vacuum 
for 80 min. The results are in Table 1. Both 
barium—copper stearate n-octadecylamine hydro- 
chloride monolayers are fairly stable over this short 
period ; stearic acid films have already lost an appreciable 
amount of their activity in 80 min. Mica substrates seem 
to show the highest resistance to desorption of the solids 
which we have used, although the differences observed 
with the bariam—oopper stearate and n-octyldecylamine 
hydrochloride monolayers are small. ' 

Gaora L. GAINES, JUN. 
Rromarp W. ROBNETS 


General Electric Research Laboratory, 
Schenectady, New York. 
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Schmidt Reaction 


Smas the advent of commercial polyphosphoric acid, a 
number of novel have been developed for the 
Schmidt reaction usmg polyphosphoric acid as the solvent 
and catelyst!-. 

It was interesting to note that in nearly all the reactions 
run, of 100° or higher wére used. One 
of these* that benzoic acid gave aniline in 48 
per cent yield, along with a considerable amount of 
diphenylurea, while p-nitrobenzoic acid failed to react. 
The conditions of these reactions were not clearly defined. 

We found that aromatic carboxylic acids can be oon- 
verted to the corresponding amines at room temperature 
(25°) in good yields using polyphosphorio acid and excess 
sodium azide. Table 1 shows our resulta. The yields are 
in agreement with the fact that acids with electron donator 
groups give better yields and have faster rates‘. ` 


Table 1 
Yield Melting 

Acid Product (X) Dectvattve point Infra-red. 
Benzoio Aniline 71-2  Benzüumntde 161-162° 2-82, 2-01, 3-08, 
6-19, ce (film) 
p-iio- $-Niiro- 48-2 — 146° 2:82, , 999, 

benzolo aniline 619, 1 TD 
p-Methory- g-Mekhoxy- 797 — bb—56* ET $-07, 

benzolo aniline E 6-17, T.70& 

ufol mull) 
Mesitolo Meskdine 006  Benramxie 203° "B5, 2-90, 8-07, 
618, T-TO« (flm) 
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Apparently no side-reaction occurred, such as urea 
formation, because the amine producta, which were solid, 
melted ly within two degrees of the reported melting 
ithout recrystallization. Those amines which 
were liquids were also uncontaminated because their 
infra-red curves! were identical to original samples. 

It appears that urea formation is decreased to & con- 
siderable degree when the Schmidt reaction ig ran at 
room temperatures. Furthermore, the increase of yields 
in polyphosphoric acid over conventional methods seems 
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Effect of Naphthalene on the Quenching of 
Liquid Scintillation Solutions 

In liquid scintillation oountihg the passage of B-partiolea 
through the phosphor solution reeulte in a complex series 
of events, the useful ones culminating in the emission of 
photoelectrons at the photocathode of the photomulti- 
plier. A number of parasitic events occur concomitantly 
that lead to a lowermg of the yield, or total loas of the 
photoelectrons, that is, quenching. Possible sequences for 
these eventas, which occur during a time-interval of approx- 
imately 10-* seo, have been oukiubd by several authors!-*, 
The addition of naphthalene to some liquid phoephors 


improves their counting characteristics. The enhance-, 


ment in counting efficiency has been ascribed by Fust and 
Kallmann* to the ability of the naphthalene to act as:an 
intermediate solvent that is capable of transmitting the 
energy from the primary solvent to the scintillators, 
thereby by-pasaing the qu ing agent. If this is true 
the series of evente leading to photoelectron production 
“could be outlined as follows: (A) emission of B-partiole; 
B) excitation of primary solvent molecules (toluene); 
(o) excitation of secondary solvent molecules (naphtha- 
lene); (D) excitation of primary solute molecules (PPO); 
(E) excitation of secon solute molecules (POPOP); 
(F) production of photons. 

T have found that the addition of naphthalene to some 
liquid scintillator systems containing tritium can have a 
marked effect on the quenching curves. The effect depends 
entirely on the chemical nature of the quenching agent. 
With some substances the quenching effect is almost 
entirely removed; with others, it is enhanced. 

The continuous curves shown in Figs. 1 and 2 were 

pared adding inactive benxoio acid and methyl 

ae: id scintillator (4 g/l. PPO and 0-04 

g/l. POPOP in icu) containing approximately 10-* g 

of tritiated benzoic acid. The broken curves were pre- 

pared by repeating the experiments with the same liquid 

phosphor solutions containing in addition 100 g/l. of 
purified naphthalene. 

It can be seen from the results that addition of naph- 

- thalene to the liquid scintillator containing benzoic acid 
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100 700 
Mg of inactivo benzols aoid added to 9 ml. of liquid sointfllator 


T. 1, Graph thowmng the affect on the count-rate of adding inactive 
Of a beast woul’ yj: pee eniti Bet er Loe 


Hator plus naphthalene 











x 
s; 400 800 1,200 1,600 
Mg of tnactive methyl benzoato added to 9 ml. of liquid seintillator 
s. ihe effect of to 
Bee showing adding ir enn. 
less in. cobra tered E m curve for small 
beste usd hen ues OAM Ia, dne bo doiornilon. of i ia 
sointillator; A, scintillator plos ugs 7 


results in a small increase in counting efficiency at low 

concentrations of benzoic acid, and a decrease in efficiency 

at high concentrations. The addition of naphthalene to a 

benzoate-quenched solution, on the other hand, resulta in a, 
considerable increase in counting efficiency at all quencher 

concentrations. 

These results would seem to indicate that the quenching 
effecta of benzoic acid and methyl benzoate are basically 
different. Two possible explanations are: (a) that the 
quenching phenomens for the two quenching agenta ocour 
at different pointe in the chain of events outlined here; 
or (b) that the quenching phenomena operate at the same 

in the scintillation process (between events B and D) 
and are the result of different rates of energy transfer. 
Thus, if quenching occurs between events B and O the 
rate of transfer o from the primary solvent to 
benzoic acid is greater t. ite rate of transfer to naph- 
thalene, which in turn is greater than the transfer rate to 
methyl benzoate. If, however, quenching occurs between 
events O and D, the rates of energy transfer from naphtha- 
lene would be in the order benzoic acid > PPO > methyl 
benzoate. 

. Horaos E. Dosss 

U.K. Atomic Energy Authority, 

Isotope Research Division, i 

Wantage Research Laboratory, 
Wantage, Berks. 
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Use of Modified ‘Bentone-34’ for the Gas 
Chromatographic Separation of Aromatic 
Hydrocarbons 

The uge of ‘Bentone-34’ (dimethyldioctadecylammonium 
bentonite) for the separation of aromatic hydrocarbons has 
been described previously'+, but the chromatograms 
published have either exhibited considerable tailing* or, 
where symmetrical peaks have been shown, these have 
been obtained using amall sample volumes (about 0-02 ul.) 
and ionization detectors*’*. 

In an effort to obtain a stable column packing suitable 
for use with pl. samples and thermal conductivity deteo- 
tion the performance of ‘Bentone-84’ when modified with 
silicone oil and di on ‘Celite’ has been in igated. 

eres by weight of ‘Bentons-34’ (F. W. 
Co., Ltd.) and 'Silioone Oil MS 555’ (Midland Silicones, 
Ltd.) were dispersed in benzene and added to 10 perte by 
weight of ‘Celite’ (60-100 mesh). The resulting mixture 
“was evaporated to dryness, sieved to break up any lumps 
present, and was packed into a 12-ft. copper column 
(internal diameter X in.) at a packing density of 1-85 g/ft. 
A chromatogram, obtained using this column at 70°C, 
ilustrating the separation of tbe O, aromatics and other 
hydrocarbons is shown in Fig. 1. The seperation of the 
xylenes was completed in lees than 30 min and symmetrical 
peaks were obtained. It will be noted, however, that the 
elution order of the m- and o-xylenes was the reverse of 
that normally obtained using 'Bentone-54' ['Celite' ool- 
umne’. The relative retention volumes for seventeen 
hydrocarbons are given in Table 1. 

: The seme column has been used at 00? C to separate 
all but two of the C-O, aromatics and the relative reten- 
tion volumes obtained are given in Table 1. The inlet 
was as before, that is, 22 Ib./in.*, but the flow-rate 

106 ml./min. ` 
. X-ray examination of the *Bentone-34' before and after 
modification indicates that the basal ing of the 
-clay has been expanded from 12:3 A to 88:5 A. 


organo 
Thus, in the modified column packing the ‘Bentane-34’ is 
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Table 1, RELATIYR BETENTIOE VOLUXE& or HYDROOAEBONB ON 4 
*"BERTOEZ-$4'/|'BILIOONE Or’ (BQual PAETS BT Went) COLUMN 
Relative volume 
Hydrocarbon at TO* O as 90° O 
Isopentane 0-022 
s-Pentane 0-029 
n-Hexane 0-071 
Oyelohexans 0-133 
»-Heptane - 0-100 
Mekhyloyolohexane 0-117 
Benzene 0-244 0-273 
sn-Ociane 0-366 
Toluene 0-506 0-538 
w-Nonane 0-843 
Hiühylbenszene 1-00 1:00 
gp Xylene 1-08 1-07 
s-Xylene 112 112 
e-Xyleneo 1-41 1:38 
1-52 146 
Styrene 193 1-82 
n-Propyibenrene 2:08 1:93 
1-Methyl--ethylbenszene 1-98 
]-Methyl-3-ethylbenzene 3-28 
1-Methyk-4-eihylbenrzene 2:43 
» 1,3,5- TrtmeihyTbenzene 267 
1,2,4-TrimethyIbenzene 2-96 
1,2,3-Trimethyibenszens 343 
likely to be t as a thixotropio gel. With a 1:1 
mixture of tone-34’ and silicone oil the separation 


factor for the mata- and para-xylenes is 1:13 at 70° C and, 
as the proportion of silicane oil is decreased, the separation 
factor increases but the basal spacing remains unchanged. 
It would appear, therefore, that the inter-lamellar 
distances within the clay complex play only a minor part 
in the separation of the xylene isomers but the need for 
the xylenes to expand the lattice prior to adsorption may 
explain the serious tailing experienced when using the 
unmodified ‘Bentone-34’. 

Other modifying solvents have been used successfully 
including squalane and polyethyleneglyool and it appears 
that the separation possible can be controlled by oereful 
selection of the type and proportion of the modifying 
solvent. Also, there seams no reason why the technique 
should be limited to modified organo-bentonites and other 


OPERATING CONDITIONS COMPONENTS 
COLUMN PACKING ! 111110 SILICONE ou /sexrowe-34 [cera L AIR 10. TOLUENE 
- COLUMN LENGTH ! i2 FEET ` 2. ISOPENTANE IL g~ NONANE 
TEMPERATURE : TO*C 2. n-PENTAME 12. ETHYLBENZENE 
INLET PRESSURE — ! 22 psig 4. n-HEXANE A p-XYLENE 
FLOW RATE 1 120 ig os HELIUM B. CYCLOHEXANE M. m-XYLENE 
APPARATUS :Üpt-115 (THERMISTOR DETECTOR) 6. g -HEPTANE 15.9 - XYLENE 
BRIDGE VOLTAGE ,! © VOLTS 7. METHYLCYCLOHEXANE 16. ISOPROPYLSENZENE 
SENSITIVITY 1x2 6. BENZENE (7, STYRENE 
RECORDER 1 bay 9. n-OCTANE 18 9- PROPYLBENZENE 
SAMPLE VOLUME Bul 
*peRKIN ELMER FRACTOMETER MODEL 116 T 
2 
n 
Lj 18 4 T 5 
6 i 87 
9 SAMPLE 
IM 
41 
. 
40 MINUTES 35 30 25 20 15 10 r1 o 
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easily expandable clays posseasing ‘exchangeable inter- 
lamellar cations should be equally applicable. 


Tis cleat tat Hs usd oF modified oranno AUS aX pad 
chromatographic stationary phases may have wide 
possibilities. ee pee A OE ce ee 
to the separation of OC, aromatics described here,, 
and many naphthenic and substituted hydrocarbon 
mixtures for which separation by conventional gas liquid 
partition chromatography has involved extended reten- 
tion times may be more rapidly resolved on oolumns: 
containing modified organo-clay packings. 

We thank the Directors of the British Petroleum Co., 
Ltd., for permission to publish this communication. 


J. V. MORTER 
P. L. Guy 


British Petroleum Co., Ltd., 
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Thin Layer Chromatography of the Gibberellins 


Parme chromatography of the gibberellins has been 

‘Investigated by many investigators but no 

hlady cf all tha bnawn vibberellins has bea: repdrted, 
Beaton and Suter! described four solvent 


systems which separate gibberellins 4,, 44, 4, and A, but - 


not the peirs gibberellin 4, and gibberellic acid ay or 
gibberellins A, and .4,. The solvent systems used by 
Takahashi e£ al." and i ei al* do not 
berelling A,, Á, and A,. ` Gibberellins A, and A, can 
paparan ee ee ae 
elution with benzene/acetic acid/water (4:1:2); this 
method is y when conducted Ed gravity as 
. described by Bird and Pugh‘ and resolution is poor when 
development is hastened by centrifugal force’. 

Thin layer of gibberellms A, and A, 
has been described by Kutacek, Roamus and Deyl* ; good 
resolution was obtained on a layer of aluminium oxide, 
developed by overflow elution with benzene/acetic acid 
(100 : 23). 

We have found that the nine known gibberellins can be 


separated by thin layer chromatography (Table 1). 


Table 1. Ry VALUMS OF THE GISBERELIINS 


Silloa gel XKieselguhr 
Gibbereiiin Bolvent Bolvent Bolvent Bolveni 
system 1 system 2 system 3 system 2 
A, O11 0-0 0-54 0-26 
E" 0-04 0-0 O64 0-30 
As 011 0-0 0-43 0-18 
Ay 0-37 0-82 10 10 
Ay 031 0-85 10 0-88 
Ay 0-25 031 0-96 0-70 
Ay 0-37 0-70 1-0 10 
Ay 0-04 0-0 0-28 0-06 
Ay O75 10 10 10 


Tor solvent systems, zoe legend to Table 2. ' 


Thin layers of silica-gel G or kieselguhr G were prepared‘ 
on glass plates; they were spotted with not more than 
10 ug gibberellic acid and the solvent waa run for 15 am 
at roam temperature (17°-21°C). Running times for 
solvent system 1 were 25-50 min and for solvent systems 2 
and 8 were 45-70 mm. With solvent systems 2 and 8 
plates were equilibrated overnight with lower phase then 


spra; (a) ethanol/concentrated 
urio acid (95:5); (b) water/oonoentrated sul- 


phurie acid (30 : 70). 
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After epraying with (a) the plates are heated at 180° for 
10 mm. The gibberellins are then visible in ultra-violet 
light. Gibberellins 4,, A,, As A, and Á, which possess a 
7-hydroxyl group, give blue fluorescent spota of differant 
ere gibberellins A,, A,, A, edem which have no 
give purple 
Win oe (b) beeli A, a and A, are visible in 
ultra-violet light a& yellow-green fuorescent spots before 

ing. After ing &t 120? for 10 min, all are visible in 
ultra-violet light. Gibberellins A,, As 4, and A, give 
green-blue fluorescent spots ; gibberellins A» A, and A, 
ee blue-purple fluorescent spota; gibberellins A, and 
A, are exceptions and give light yellow and brown 


fluorescent spota respectively. 
. Both sprays show similar sensitivity ranging from 
0-00025 ug gibberellin A, to 0-01 ug gibberellin A, In 


mixtures 0-5 per oent gibberellin A, oan be detected in 
1 pg gibberellin A, and 0-05 per cent gibberellin A, in 
10 ug gibberellin A,. Similar quantities of gibberellin A, 
can be detected in gibberellin A,. 

Methyl esters (Table 2) give the same coloured spots as 
the corresponding acids but with weaker fluorescence. 


Table2, Ep VALUES OF METHYL METERS OT GINFNRELIINS 


Methyiester 4, An Ag A, Ap Ae Ay 4. Ay 
system 2 O38 O84 O26 10 10 10 10 01 1:0 
Solvent 


“eda! 018 0-08 O16 0-50 (0-88 0-81 O48 0-08 0-80 


&ockio acid (05 Benzenej 
Be uera (378)? (D Beasene)peopione AETA 18:5). 


No one solvent system all-the gibberellins or 
their methyl esters. Gibberellin á, A, and A, are 
from each other and fram the unresolved pairs 

berellins A, and A,, 4, and 4,, and A, and A,. 

ect ee ee oe Beer 
solvent system 2. The pairs, gibberellins 4, and A, and 
gibberellins A, and Á» are separated on kieselguhr G by 
solvent system 2; all four (4,, Ár 4, and A,) are separ- 
ated on kieselguhr d by solvent system 8 ; but this system 
is unreliable since streaking of the plates frequently 
occurs for reasons unknown. 

Gibberellins 4, and A, can be further distinguished from 
the other gibberellins by means of spray (b); they give 
characteristic yellow-green fluorescent spote without . 
heating while the other gibberellins fluoresce only after 


girone for 10 min at 120°. 
Indolyl-3-acetic acid has an Ry value of 0-60 on silica gel 
in solvent system l and so can be separated from the 
gibberellins. 
All methyl esters except those of gibberellins A, and A, 
can be resolved on silica-gel G using solvent systems | and 2. 
Advantages of these methods are convenience, speed and 
ity. The sulphuric acid sprays, which cannot be 
applied to paper are to be preferred to the 
perchloric acid gpray* and are more sensitive and specific 
then the 0-5 per cent aqueous potassium permanganate 
The latter reagent does not detect gibberellin A, 


spray". y 

or lees than 5 ug of the other gibberellins. 
J. MAOMTILLAX 
P. J. SUTER 


Chemical Industries, Ltd., 
Research Laboratories, 
The Frythe, Welwyn, 
Herts. 
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Deformation of Quartz Crystals at the 
Transformation Temperature 


THa recent demonstration by Gorum, Parker and Pask! 
that magnesium oxide orystels could be bent plastically at 
room temperature has stimulated considerable interest in 
ductile ceramics. The plastic behaviour of alumina crystals 
ab elevated temperatures as shown by Wachtman and 
Maxwell’? and Kronberg® also directed attention to the 
fundamental behaviour of refractory oxides. 

No data concerning deformation of quarts appear to 
attempts to deform this material at the a = D transform- 
ation temperatures (571° and 578° C). 


565° 
could not be maintained for a period of time. - 

Rectangular bars (approximately 2-5 om x 0:180 om x 
0-17 om) of single-crystal quartz of random orientation 
were loaded in a three-point bending device, the details of 
which will be published elsewhere’. Each specimen, sub- 
jected to a maximum fibre stress of 5,000 1b./in.* (00098- 
ionally 7,000 lIb./in.*), was cycled several times between 
565° and 585° O with a very slow rate of heating and 
cooling. A typical curve is shown in Fig. 1 for one cycle 
of heating and cooling. The temperature at the maximum 
point of deflexion was found to be 573° O on the heating 
cycle and 571° O on the cooling cycle for all specimens. 
The specimen had apparently deformed. Assuming the 
complete reversibility of the transformation process, this 
may be considered as a true plastic deformation. The 
appearance of the samples under a izing microscope 
was the same before after testing. The total 
deformation was calculated from the difference of the 
original and final reading at 565° O. Similar calculation 
considering 585° O as the line of reference was not so 
successful, due to the drift on the line at 585° O (Fig. 2). 
This drift probably was produced by the temperature 
gradient existing across the furnace wall to the ceramio 
thrust column and was more pronounced in the heating 
oyole. However; caloulation, if made on the besis of the 
dotted line (Fig. 2, drawn from the points at which drifting 
started) as the true base line at 585° O, produced results 
which are in good agreement with those obtained from 
565? O as the line of reference. 

In addition to the direct measurement of the deforma- 
tion, the data were analysed as follows. The maximum 
deflexion (as in Figs. 1 and 2) is & cumulative effect of the 
change of elastic modulus with temperature (which 
exhibits a minimum value at the transformation tem- 
perature) and the change of volume accompanying the 
transformation and permanent deformation. After 
approximately the fourth cycle of heating and cooling, no 
further permanent deformation was obeerved and the 
total deflexion was found to be constant for the heating 
as well as for the cooling cycles. The deflexion produced 
by the chango of elastio modulus was reduced during hest- 
ing due to volume expansion. It was increased by the 
seme magnitude during cooling due to volume shrinkage. 
Enowing the values of deflexion at the heating Md 
cycles. the deflexions due to the change of modulus o 
elasticity and change of volume were calculated. Then, 
subtracting from the total deflexion those constant 
contributions produced by the elastio modulus and 
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PERMANENT 
DEFORMATION 


-t—FAILED AT 373°C 


TIME 


OX 107* Inches 


DEFLECTION 
rg. L Temperature ayciing-ieflexion curve of quarts under & MAX- 


trom fibre stress of 5,000 Ib./1n.* 





DEFLECTION 


Ti. 3. Biot of temperaturo oyaing en the persenent stain of quara 
The modulus of elasticity and the per cent linear expan- 
sion or contraction were also oeloulated for different 

i Typical values are shown in Table 1. 

The values for the modulus of elasticity are in quite 
good agreement with those obtained by other workers’. 
The residual strain was found to vary from 0-055 to 
0-080 per cent for different specimens on the first cycle. 
This variation is possibly duo to the differant orientation 
of arystala in respect to the direction of the applied stress. 
A somewhat higher permanent strain was obtained (as 
much as 0-07 cent) with a maximum fibre stres of 
7,000 Ib./m.*. However, frequent failure of the specimen 
under this load at the transformation temperature restric- 
ted further investigation. HE 

Fig. 2 shows the effect of successive cycling of heating 
and cooling on the permanent deformation. The residual 
strain was very similar for all the tested for the 
second and third cycles, being 0-013 and 0-004 per cent 
respectively. Permanent deformation of 0-002 per cent 
could be calculated in the fourth cycle in some cases. 


volume change. values for the permanent deformation in However, in most cases no noticeable deformation could 
first, second and third cycle were obtained. be observed in the fourth or succeeding cycles. 
Table 1 
Total defiexton (1n.) Defexion dus to Deflexion dus to Modulus of elasticity 
Specimen No Heating ehang» of elastic volume obangs change 
(average of three cycles) modulus (t) 0n.) (*6) 556° C. ? 573* 0 
1 13-6 x 10-4 26-2 x 10+ 200 x 10-3 . 
i Máxi — S4xl14 — 3x1 — 588x104 oes 103 x 10 $7 x d» 
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This effect was further studied by successively cycling & 
specimen (6 times) with an applied maximum fibre stress 
of 5,000 lb./in.* to obtain complete hardening. After- 
wards, another series of temperature cycling was carried 
out with the same specimen at 7,000 lb./in.*. A per- 
manent strain of 0-035 per cent was obtained on the 
first cycle at 7,000 Ib./[in.* for the hardened specimen. 
However, with continued cycling at 7,000 lb./in.’ the 
specimen again lost ite ductility. 

-Annealing of the strained specimen for 15 h at 800° C 
"completely restored the original ductility. However, no 
recovery of its original ductility was obeerved with a 
similar annealing treatment of the strained specimen 
below the transformation temperature. 

I thank Mr. W. R. Irvine for his help in carrying out the 
experimenta and Dr. E. Teghteoonian for advice. 

A. O. D. CHAXLADHB 
Depertment of 
University of British Columbia, 
Vancouver 8, B.C. 
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BIOCHEMISTRY 


Succinic Dehydro Activity and Oxidative 
fhciphon aen of the M ondria in the 
rystalline Lens of Bovines- 


Ir is well established that only a small amount of the 
glucose consumed by the eye lens su plies carbon dioxide. 
The part played by the Krebe opua in this oxidization 
and even the presence of the enxyme of this cycle have 
given rise to much controversy. According to Kmsey* 
oxidative degradation occurs almost exclusively in the 
epithelium. However, the report of succinic dehydro- 
genase activity in eye lens homogenates and the inhibition 
of energy production in the fibres by potassium cyanide* 
suggests the possible presence of an oxidative process 
outeide the epithelium. 

In the course of an earlier investigation* we established 
the presence of mitochondria in the various zones of 
the lens and attempted the study of their metabolio 
activity. This communication attempts to define, the 
succinic dehydrogenase activity of the mitochondria in 
the various zones of the lens and particularly the aptitude 
to oxidative phosphorylation of the mitochondria in the 
anterior (E) and cortical equatorial (CH) zones. 

Our experiments have been carried out on lenses of 
calves, taken from the animals immediately after death 
and into a container at 0°. Various zones of the 
lens were separated by dissection at 0°: an anterior zone 
comprising the capsule, the a spei S (E), 
an equatorial cortical zone ( ,&n anterior cortical zone 
(CA) and a posterior cortical xone (OP); the central 
pert which remained frozen during the manipulation was 
then rejected. The various zones were homogenized for 
5 min, after tlie addition of nme volumes of 0-3 M sucrose 
containing 10-* M of ethylenediamine tetraacetic acid. 
Subcellular fractionation was carried out by differential 
ee oe ee boom, 
Schneider and Pallade', as modifled idge and 
Johnson’. 
washed in 0-3 M sucrose and 10-* M ethylenediamine 
tetraacetic acid. 

In & previous investigation we established by electron 
microscopy the presence of mitochondria in the pellets 
thus isolated; we found that these mitochondria were 
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very few in number, more or lone Bwollen, but reoognizable 
by their peripheral criste. 

An incubation mixture almost similar to Aldridge's' 
(see legend, Table 3) was ted, but we had to add 

c. The choice Nd incubation mixture: 

allowed us to eliminate the inhibition of succinic dehydro- 
genase by endogenous oxaloacetate or by that produced 
by the degradation of sodium succinate’. The quantity 
of oxygen consumed by the mitochondrial fractions was 
determined according to the classic manometric method 
of Warburg. Incubations were performed for 1 h at 87^ 
and in the presence of air’. Finally we evaluated the 
quantity of adenosine triphosphate (ATP) produced, by 
measuring the amount of mineral phosphorus which had 
disappeared from the incubation mixture!*. The technique 
for evaluating the quantity of ATP by enzymatic ‘dosage 
of glucose-6-phosphate" could not be applied because o nt 
the glucose-6-phosphate dehydrogenase activity of the 
lengii4s, For phosphorus assay we used the technique of 
Martin and Doty". 

Our results are presented in Tables 1, 2 and 8. 


Table 1. ACTION OF OTTOCHRONB o AND CEHIRISQEE OX SUOOINTO DEHTDRO-, 


GNXASB ACTIVITY OF CALF LENS 
Incubation mirimo 


Bodtum sucainato 5 x 10* M -+ 61x10*M ` 
Aodhim enroute EA LOCE M vanae es eie 


Table 2. SUCCINIO DEXYDROGERASA ACTIVITY OY VARIOUS ZONES OF CALY 
Zones BH , 
Ro. ` 3 5 2 4 
Qo, al./g wet welght 14-51 3-46 241 2-04 
E, Faberge tanei Medline magi bret x anterior fibres ; OP, posterior 
Tneubetion mixture, Bee Table 3 


OF OA OP 


Table 3. OXYGEN een ATP Propvuorioy AnD P/O BaTIO OF 
ISOLATED MITOQHONDRIA FROM AND OoETOAL ZONES OF 
Boves Luwame 


ee ee ee evaluation 
of respiration of the lena. 

It is noticeable, moreover, that classic mhibitors such as 
that of the succinic dehydrogenase, sodium malonate, and 
that of electron carriers, potasium cyanide, sup this 
respiration. But, and this is an essential the 
Sucoinio dehydrogenase activity actually exists in all the 
xones studied: in the epithelium where it is clearly 
highest as well as in torial, anterior or posterior fibres. 

The parallel analysis of oxygen consumption and ATP 
production gives an average value of 1:2 for P/O. Now, 
the theoretical P/O ratio admitted for the succinic 
fumarate stage is two'*. This figure, however, represents 
the maximum yield possible in optima conditions of 
co of the ons and oxidization. Ex- 

Ed aie 

or & given tissue; they are generally inferior to 2 and 
oscillate between values approximating 1, obtained for 
sarcosomes, and 1:7, QUI a a 
mitochondria in the lyver". 

We think that our comparatively small values can be 
explamed by damage done to the mitochondria the 
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separation of which from the lens is relatively long and 
difficult because in each e iment the zones of 120 

ine lanses were used and separated. Thus taking 
into account these preparatory conditions which favour the 
uncoupling of p orylations and oxidations, we may 
admit that the P/ ues in vivo are superior to those 
found $n viro. 

In any event, our experiments indicate the actual 
existence of a reaction cobain of the Krebs cycle in the 
lens fibres ; it is more active in the epithelium, but 1s not 
negligible in the other zones of the lens; our P/O value 
can be considered as satisfactory considering the damages 
done to mitochondria. 

N. VrRMAUX 
P. MANDEL 
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Axial Period of Fibrinogen and Fibrin 

X-ray diffraction was first applied to the analysis of 
blood clotting by Bailey, Astbury and Rudall’. The 
apparent i of the a-type wide-angle X-ray 
diagram: flbrinogen is converted to fibrin led these 
investigators to conclude that ‘‘fibrinogen is no other than 
an insoluble modification of fibrin without any funda- 
“mental change in molecular plan". 

More recent investigations have given new insight into 
the structural basis of the a-di This pattern may 
be in as due to a coiled-coil conformation of 
a-helices**. In general, however, the wide-& X-ray 
diffraction pattern of a polymer gives information about 
the chain configuration of ordered regions only. An 
estimate of -a-helix content may be made by optical 
rotatory dispersion measurements: on this basis, flbrino- 
gen has a helix content of about 80 per cent‘. Thus, the 
coiled-coil region characterizes only a small part of the 
total molecular structure, so that conclusions on the 
clotting mechanism based solely on the wide-angle 
diagram are nob rigorous. ` 

Support for the picture of fibrinogen as & more complex 
molecule comes from the electron microscope observations 
by Hall and Blayter^*. These investigators have pro- 
posed a model for the molecule consisting of three globular 
units about 60 A in diameter, separated by a thin strand. 
This picture is consistent with a molecular weight of 
about 300,000". The average of dried flbrinogen 
monomer varies with pH from about 270 to 400 A when 
measured in electron micrographs’. Light scattering 
measurements’ at pH 6-2 and 8-2 give a radius of gyration 
for fibrinogen monomer of 150 A. Assuming the general 
model proposed by Hall and Slayter this would correspond 
to an overall length of about 400 A upwards, depending on 
the exact relative sizes of the three globular unita, and the 
rigidity of the interconnecting strand. It has been 
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1. a, Fibrinogen gel; b, fbrm clot. The 
E aen erit m (ers ime 
slit was longer in Fog. 15 than in Fig. 


postulated’ that the thin rod seen in the electron micro- 
scope may: have the coiled-coil conformation. 
In order to obtain further information on the structural 


' basis of the clotting mechaniam, low-angle X-ray diffrac- 


tion investigations were begun. This technique reveals 
significant structural features; it may be 
carried out on hydrated ‘native’ specimens; and it affords 
the possibility of a quantitative determination of electron 
density. Here we report our preliminary observations. 

Bovine fibrinogen (‘Pentex Fraction I’) was formed into 
gels by high-speed centrifugation of a 1-2 cent purifled 
solution in 0-8 M potassium chloride at pH 8-8. A portion 
of the birefringent pellet was aspirated into a thin-walled 
1 mm diameter quartz capillary; second-order inter- 
ference colours and good extinction were often observed. 
Fibrin was formed by the addition of bovine thrombin 
(Parke-Davis) to a fibrinogen solution in 0-3 M potassium 
chloride at pH 5-7. The clot was packed by centrifuga- 
tion and a portion of the birefringent pellet inserted into a 
capillary. Moet of the X-ray diagrams were obtained 
with nickel-filtered copper Ka-radiation and a low-angle 
camera with alit collimation, giving very high resolution 
along the meridian. Picturés were also taken using a bent 
quartz crystal focusing monochromator which gave 
more uniform overall resolution. 

The low-angle diagrams of flbrinogen and fibrin gels 
both show four orders of a 226 + 8 A axial repeat (Fig. 1). 
There is some variation of the intensity distribution 
among different specimens, but the trend is similar in the 
two materials (Table 1). Pinhole collimation pictures 
show that the four layer linee have greatest intensity on 
the meridian. The patterns are characterized by very 
sharp layer lines indicating a considerable degree of 
orystallini the fibre axis; and very little arcing of 
the layer lines, indicating good orientation of the crystal- 
lites with respect to the fibre axis. The equator has no 
discrete low-angle reflexions. 

Fibrin stained with phosphotungstio acid ‘also shows & 
230 A period, and a characteristic striation in the electron 
microscope!*-11, This period has been interpreted by some 


Table 1. QUALITATIVE ASSIGXNIOOT OY IWTEKETMES IN FIBRINOGEN AND 
Fre Gus 


Order Fibrinogen Fibrin 
(period 228 A) 
1 Strong Btrong to very strong 
weak weak or abemi 
3 Medium Medium 
4 Weak Weak 
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authors‘ as directly representing the length of the fibrino- 
gen monomer. By this hypothesis, an intramolecular 
contraction or folding must occur on clotting, since the 
monomer seen under the electron microscope is often 
longer than 230 A. Our X-ray diffraction results make it 
appear more likely that the fibrin period represents some 
staggered arrangement of the fibrinogen monomer. For 
le, if the length of the fibrinogen monomer were 
460 ju & half-staggered arrangement would give the 
observed 280 A period for fibrin. 

The identity of the axial period of the fibrinogen gels 
and fibrin clota, and the similar trend of thoi diffracted 
intensities, strongly suggest that there is no major internal 
rearrangement of the monomer in the clotting process. 
This finding thus provides a more rigorous foundation for 


the original in ion given by Bailey e£ al.1. 
We thank Mr. J. Kucera for some of the fibrinogen and 
fibrin preparations. 
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Replacement of Thymidylic Acid by Deoxyuridylic 
Acid in the Deoxyribonucleic Acid of I 


Transducing Phage for Bacillus subtilis 
THs findings that the thermal denaturation tare 
(Ta) of DNA from a wide variety of bacterial, plant and 


animal sources as well as the buoyant density in a cæsium 
chloride gradient are linearly related to the guanine plus 
cytosine (G plus CO) base composition! have made it 
possible to search for the existence of DNA samples which 
"would show an anomalous behaviour with respect to these 
two parameters. Native DNA preparations which show 
no correlation between their buoyant density and T 
would be expected to have componente other than those 
usually encountered in DNA!; this situation might arise 
with & high degree of probability in the DNA isolated from 
bacteriophages or viruses, which because of their special- 
ired behaviour would be expected to possess distinctive 
structural features. 

Bacteriophages PBS1 and PBS2 have been shown to 
transduce several io markers among strains of 
Bacillus subtilist:!. e DNA’s from these phages were 
very similar in their chemical composition and phyaical 
properties. Consequently only the data obtained with 
PBS3 will be presented in this communication. When 
native DNA from this phage was examined, it was found 
that ite T' = in 0-15 M sodium chloride plus 0-015 M sodium 
citrate was 76-5? (corresponding to 17-5 per cent G plus O) 


and its buoyant density was 1-722 g/c.c. (corresponding to . 
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62 per cant G plus O). This discrepancy prompted a 
chemical analysis of the nucleic acid_constituente. 

Purifled PBS2 DNA was hydrolysed in 12 N perchloric 
acid for 60 min at 100° and liberated bases were separated 
by paper chromatography. Four spots were obtained by 
two-dimensional hy with solvents A and B 
and also with solvente B and O (Table 1). Three spota 
were identified as adenine, guanine and cytosine. Thymine 
was absent from the chroma The designation of 
the fourth base as uracil was suggested by chromatographic 
and also spectrophotometrio comparison with other pyri- 
midines (Tables 1 and 2). Further, this identification was 
supported by the fact that a uracil requiring B. subtilis 
strain (A 26) could grow on a minimal medium containing 
the compound eluted from the fourth spot but not on 
thymine. 


Table 1. PAPER CHROMATOGRAPHY OF PYRIXIDINES* 


À Rp value 
Pyrimidine t B 
vai} 0-60 0-30 0-81 
Uracil 0-09 029 0-80 
Í 0-81 ` 0-45 0-80 
0-49 0-17 0-80 
i 0-63 0-18 0-80 


5 Desoonding, Whatman No. 1 was used. 

Obtained purified PBS? DNA by perchloro acd hyérolywis.: 

Reference compounds, 
5-Hydroxymethyloracil, 
A, EU ed MEE 

Bolvent B, s- with 00: 1). 

Solvent O, Water adjusted to pH 10 with 1 N 


Table 2 ULTRA-YIOLET ABSORPTION Data OF PYXINIDIXES AND THEIR 
Free base 
Acid Alkali 
Pyrimidine Max. Min. Boma oma Max. Mi, 55) 155 
(ma) (ma) iia Oms (ma) (ma) Poms Em 
Uracil 1258 317 O17 085 283 240 148 0-64 
Uracil 259 887 0-17 O84 284 841 149 0-71 
t 204 23 04 O67 %1 24 13 0-55 
i T4 18 15 O48 257 247 0-80 0 76 
i 261 $31 0-87 075 334 w — — 
Deoxyribonueleotide (5^) 
Acid à Alkali 
PynmiMtne Mar. Wm. $90 150 mà Max. Mun. fS0 ma SÒ 
(ma) (ms) Soms £5 ma (ma) (mw) Ema Sm 
Uracil 20$ 331 8088 077 203 3144 O34 0-84 
Uracil 202 933 0-59 074 205 343 0-87 0-85 
I 207 — 073 00 — — of Ord 
i £290 339 212 046 — — 09) 0-82 
t 1204 154 | 057 O70 304 46 3 — — 
Were taken from the Htorature; 


Enzymatio hydrolysis of thermally denatured PBS? 
DNA with anake venom phosphodiesterase (Worthington) 
was carried out and the mononucleotides were ted 
by chromatography on 'Dower-l' (formate form) and 
elution oerried out with formate and bicarbonate*. The 
uracil-containing nucleotide was eluted from the column 
with 0-2 M ammonium bicarbonate (which normally elutes 
thymidylate). The photometric data of this 
nucleotide together with those of other pyrimidine deoxy- 
nucleotides are summarized in Table 2. The ultra-vio 
&beorption spectrum of deoxyuridylate is indistinguish- 
able from that of uridylate and additional testa were 
carried out to identify the sugar component. The nucleo- 
tide was treated with prostatic phosphomonoesterase. The 
uracil-containing nucleoside’ thus obtained migrated with 
authentic deoxyuridme but not with the faster moving 
uridine in paper electrophoresis with 0-1 M borate buffer 
at pH 9-2. Furthermore, the sugar moiety of the nucleo- 
side was identified as deoxyribose by the method described 
by Waravdekar and Saslaw* after an incubation with 
deoxynucleoside transglycosidase and adenine’. Thus 
the possibility that the uracil spot found in the paper 
chromatograms of perchloric acid hydrolysed PBS? DNA 
might be a degradation product could be eliminated. 
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In addition to the replacement of thymine by uraoil, the 
DNA from PBS? has another unusual feature. The mole 
per cent base composition of PBS2 DNA determined by 
paper chromatography (average of 4 independent experi- 
mente) was adenine, 85-0; uracil, 35-0; guanine, 13-4; 
cytosine, 14-7 (G plus C: 28 per cent). This base com- 
position differs signi tly from that of the host DNA 
(G plus O : 43 per cent). The DNA’s of known transducing 
piss ue ie > have been shown to possess à 

composition similar to that of bacterial host DNA*’. 
This suggests that the mechaniam by which PBS1 and 
PBS3 transfer the bacterial genome might be somewhat 
different from that in other transducing systems. Phages 
PBS1 and PBS2, therefore, may offer & unique situation 
not only for studying the biosynthesis of phage DNA but 
also the genetics and the DNA base sequence homology 
of hoet-virus relationships. 
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Changes In the Ribonucleoproteins of the 
Nucleolus following Inhibition of Synthesis 
of Deoxyribonucleic Acid 
By means of an improved toluidine blue-molybdate 
staining procedure! two types of ribonucleoprotein (RNP) 
oan be very clearly demonstrated in the nucleolus. One 
type is the pars amorpha and the other consists of 
minute granules or hollow spheres and appears to oorre- 
spond to the nucleolini of ical cytologista*. Enlarge- 
ment of tbe nuoleolini has been observed in cells infected 
with viruses and in cells in which the onset of mitosis is 
blocked by large doses of colchicine’. The relationahi 

between the changes in the nuoleolini and nucleic 
metabolism is not clear in these systems. An examination 
of the nucleolar RNP was therefore undertaken in cells 
treated with 5-fluorodecxyuridine (FUDR) since the 
metabolic produced by this antimetabolite have 
been extensi studied. FUDR inhibits synthesis of 
- deoxyribonuoleio &cid (DNA) by blocking the formation of 
thymidylio &cid* s. When oells in tissue culture are 
treated with FUDR, DNA. synthesis is prevented, cell 
division is arrested and the metaboliam of ribonucleic acid 
E is disturbed*'. During one generation time of 
eLa cells, the DNA per cell remains constant, the oyto- 
ic RNP doubles and the nuclear RNP is unchanged. 
and Sebring provide evidence that the effect of 
FUDR on RNA metabolism of HeLa cells is mediated 
through ita effect on DNA synthesis since the process is 

reversed by thymidine, but not by uridine’. E 
In the present work, a clone of S8 HeLa cells (kindly 
provided by Dr. N. P. Salzman) was grown in ring 

1 s in Eagle's minimal ‘al j i. 

1 per cent glutamine and 8 per cent horse serum. Cell 
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Paes V. e seodecyenine, was appli 

experimental groupe for the Art Ae ke At this timo, day, hiere- 
, the was replaced by medium containing 10% fluoro- 

or thymidine. The range of two rep comnts is 
indicated by the vertical bars 


growth was inhibited by the addition of 10+ M FUDR, 
which was changed daily (Fig. 1). The inhibitory effect 
was reversed by remo of the analogue and the addition 
of equimolar thymidine (Fig. 1). Examination of aa ec 
ations stained to demonstrate the nucleolar 1 
indicated that the changes in the cells were nob syn- 
chronous. FUDR inhibited the onset of prophase and 
exerted a O-mitotio effect on dividing cells. The earliest 


decreased and many were extruded from the pars amorpha 
into the nucleoplasm until most of the nucleoli contained 
few or no nucleolini. Fragments of RNP staining like 
the nuoleolini were seen in the nucleoplasm and, occa- 
sionally, even in the cytoplasm of some celle. In many 
cells the nucleoplasm appeared empty. 3-6 h after 
addition of thymidine numerous prominent nucleolini 
were reformed in the pars amorpha. Shortly 

mitotic division was restored to normal (Fig. 1). 
cultures which remained to the inhibitor mitosis 
was completely blocked and the nucleolini progreasively 
disappeared, leaving only the pars amorpha surrounded by 
an empty nucleoplasm in which occasional RNP bodies 


The mechanism of action of FUDR on RNP metabolism 
is indicated by reversal studios. The inhibitory effect of 


.FUDR on cell growth and on the formation of RNP of the 


nuoleolini was prevented by equimolar thymidine, but not 
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by & 100-fold greater concentration of uridine in the FUDR 
solution. Since exogenous thymidine is incorporated 
solely into DNA thymine in HeLa oella’, the reversal of 
the effect of FUDR on the RNP by thymidine appears to 
be secondary to reversal of the inhibition of DNA syn- 
thesis. Some FUDR is converted to fluorouracil; this in 
' turn forms fluorouridylio acid which ia incorporated into 
RNA‘*', Ifthe inhibition of RNA synthesis were due to a 
block in the synthesis of uridylio acid by fluorouracil, it 
should have been reversed by exogenous uridine, which is a 
precursor of RNA uracil’ and which reverses the effect of 
fluorouracil on Candida albicans’*. Thus, the formation 
of RNP in the nucleolini appears to be dependent on DNA 
synthesis 


In normal cells, the nucleolini were smal! and n 
and occasional amall granules of similarly staining RNP 
were present in the nu lasm. When DNA. synthesis 
and mitosis were blocked FUDR, the nucleolini and 
the granular RNP of the nucleoplaam were enlarged and 
occasional granules of similar RNP were seen in the cyto- 
plasm. Afterwards, this RNP disappeared, first from the 
nucleolus and then from the nucleoplaam and cytoplasm. 
This would the RNP of the nucleolini was i 
from the nucleolus to the cytoplasm, probably in the same 
way as it does in the normal cell. When mitosis ia blocked 
in cells infected with viruses or by treatment with colchi- 
oine or FUDR, the RNP may not be utilized normally or 
may move more slowly and accumulate in larger masses 
than in the normal cell. In the absence of further syn- 
thesis of RNP of the nuoleolini type, this RNP disappears 
first from ite site of formation, the nucleolus, and then from 
the nucleoplaam. The dependence of the synthesis of the 
RNP of the nuoleolini upon DNA synthesis would suggest 
that its RNA may be the ‘nucleolar’ RNA II fraction 
which has been shown to have a high rate of synthesis and 
a base composition resembling DNA". Further experi- 
ments are in progress to determine whether the RNA of 
the nucleolini may be the ' RNA which has 
been described by Sirlin e al. in the nucleolus". 
We wish to thank Hoffmann-LaRoche Inc. for the 
e PPIY of FUDR. 'This work was supported by grant 
OA-05402-03 VE from the National Institutes of Health. 
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A Possible Role for Minor Bases in Ribonucleic 
Acid 


Mosr discussions on the nature of the code between 
RNA and protein have given consideration only to the 
four major bases and have ignored the existence of the 
minor bases known to oocur in RNA. ist and 
Matthews! have suggæted on the basis of analytical data 
on RNA fractions from various tissues that all the methyl- 
ated purines occur in soluble RNA and that the small 
proportion of these basea found in other fractions, for 
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example ribosomal RNA, may be due to transfer RNA ' 
functionally associated with these particles at the time of 
extraction. We also calculated that there may be roughly 
1-2 methylated purine residues in each molecule of pH 5-2 
dus e eder but at that time we could see no special 
ction for such bases. However, two recent papers 
on RNA make it poasible to suggeet such a function. 
First, Spencer et al.* have described a structure for 


‘transfer RNA. The bulk of the molecule is made up of 


a regular double helix with hy -bonded base pairing. 
Methylated bases would be unlikely to oocur in this region 
of the molecule. They suggested that a coding triplet of 
nucleotides with bases exposed for hydrogen bonding 
might occur in the short non-helical region of the chain 
they deecribe. Secondly, Woese* suggested that only the 
2’ and 6’ positions in the four major bases may be involved 
in coding ; and that of the triplet of bases concerned with 
one amino acid, one base codes according to both the 2’, 
and 6’ position, one according to the 2’ position only, and 
one according to the 6’ position only. This scheme 
accounta nicely for a number of experimental observations. 

I now wish to suggest that in the triplet of basea in 
transfer RNA, which may be at the non-helical end of the 
molecule, and which might hydrogen bond specifically 
with the appropriate triplet in the template RNA on the 
riboeome, two of the bases are methylated purines or one 
of the minor pyrimidine components. structural 
differences in these bases might serve to block the reading 
ted by Woese. 
If there was & unique minor base in er RNA for each 
of the 2 or 6’ itions on the template bases that are 
read singly in Woese’s scheme, then 5 different minor 
bases would be required as follows: three which are in- 
capable of bonding with the 6’ position in the template 
base but distinguished between =O, —NH, or —H on 
the 2’ position; and two that are incapable of bonding 
with the 2’ in the template base but distinguished between 
—NH, and =O on the:6’ position. For pii tne 8- 
hydroxy-2-dimethyl-aminopurine would be unable to 
donate h from the 2’ position, but the =O at 

ition 6^ would be available as a h; tor. 

e following minor bases have been found in soluble RNA 
from various sources: 6-amino-2-methylpurine'-*, 6- 
methylaminopurine'*-*,  6-dimethyl-aminopurine!'*, 8- 
amino-1-methylpurine*, 2-emino -8 -hydroxy - 1-methyl- 
purine"’*'*, 9-hydroxy-2-methylaminopurine!*s, 6-hydroxy- 
2-dimethylaminopurine'*, pseudouridine*’, thymine** 
and -methyl ine*'*, 

Available analytical data are inadequate in several ways. 
All these bases have not been from all sources 
tested, but.some may have occurred below the level of 
detection in the analyses. On the other hand, most 
analyses have been carried out either on whole soluble 
RNA or on unfractionated pH 5-2 precipitate RNA.’ The 
RNA in the supernatant fluid after precipitation of 
transfer RNA at pH 5:2 is richer in many of these bases 
than is the precipitated RNA! Thus many of the pub- 
lished values may be higher than the actual ions 
in transfer RNA. Further, there is the ihty that 
certain of the bases may arise by t from 


rearrangemen' . 
another. base.dzring hydrolysis ofthe KNA-(for* le, ^ 


6-methylaminopurine from 6-amino-l-methylpurine dur- 
ing alkaline hydrolysig!*. f 

Testing of the hypothesis outlined here could be made 
along two lines. , more accurate analyses could be 
made on purified transfer RNA. The hypothesis predicte 
2 minor base residues per 80 nucleotides, and if a transfer 
RNA iflo for one amino-acid were analysed then there 
should be either 2 residues of one base per 80 nucleotides 
or one residue of each of two different bases, unleas some ~ 
of the bases function interchangeably or have some other 
fonction. Base sequence analysis on purified single 
transfer RNAs, when possible, should show whether two 
minor bases occur in the expected location near the 
centre of the chain. 
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Secondly, model-building, based on the structure of 
Spencer e£ al! with two minor bases in the supposed 
coding triplet, and opposed to appropriate triplet 
ee e aise Wy amodo quiso" templa 
RNA might reveal whether anything ing the 
expected specificity can be obtained. A major base in 
the centre of the transfer RNA triplet flanked by two 
minor bases might tend to arrange the propoeed four 
specific hydrogen bonding sites in the most effective 
pattern to give maximum stability to a molecule 100 A 
long held by one end to the template and holding an 
activated amino-acid in line at the other. 

R. E. F. MATTHNWB 
t of Microbiology, 
University of Auckland, New Zealand. 
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Comparison of the Caseins of Buffalo's and 
Cow’s Milk - 
By comparing the major non-casem proteins of the milk 
of the Indian buffalo (Bubalus bubalis) with those of cow’s 
milk, it has been found! that the single f-lactoglobulin 
component produced by the buffalo is very similar in 
properties to one (B) of the two genetically controlled 
varianta (A and B)** produced by the cow. Likewise, the 
single a-lactalbumin of buffalo milk resembles one (A) of 
the two variants (A and B) of this protein which occur in 
the milk of African‘ and Indian humped (zebu) cattle’. 
(Non-zebu cows have only one a-lactalbumin which is 
like the B-variant of zebu milk.) Thus there are striking 
similarities in the corresponding non-casein milk proteins of 
buffalo and cattle, two ies incapable of cross-breeding. 
We have now exten the comparison to the casein 
complex to see whether such similarities might also pertain 


-- ~ 8 M a + 


~' Jersey x Zeba 





Fig. 1. Bovine cascins, Paper electrophoresis at pH 7-15 
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to the components of the principal milk protein. Milk 
samples from individual buffaloes, rebus, Jersey cows and 
some xebu—Jersey F, crosses were prepared for, and sub- 
jected to, paper electrophoresis in the manner recently 
described for cow’s milk’. Examination of the resulta, of 
which an example is given in Fig. 1, showed that two of 
the three major companents, B- and x-casein, were of com- 
parable electrophoretic mobilities. (The apparent slower 
movement of the Jersey B-casein in Fig. | is fortuitous: 
the particular animal happened to be.homozygous for the 
slower-moving B-variant occurring in Jersey milks.) No 
evidence of fi-casein polymorphism waa seen with any of 
the buffalo and xebu milke, but too few samples were 
examined to exclude the possibility that variante exist. In 
contrast to the B- and x-componenta, the a-caseins showed 
quite marked differences in their rates of migration, not 
only between buffalo and cattle but also, more gurpris- 
ingly, between zebu and non-robu cows. The differences 
are larger than those due to the a-casein polymorphiam 
recently observed in the milk of Holstein cows’, differences 
which cannot be resolved by the paper-electrophoretic 
technique as applied here. 

This prelimmary study has shown that each of the 
main protein components of cow’s milk has ita counterpart 
in buffalo' milk. More detailed physico-chemical studies 
are needed to establish the identity or near-identity of the 
isolated constituenta, a finding which would lend support 
to the attractive hypothesis of a common origin of the 
bovine genera feeder discussion, Buch & bypothesis might 
hold in spite of the non-identity of the a-caseins, since the 
difference in electrophoretic mobility between zebu and 
buffalo seems to be no greater than that between zebu and 
non-zebu cattle. 

R. ABOHAFFENBURG 
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National Institute for Research in Dairying, 
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Inherited «-Lactalbumin and g-Lactoglobulin 
' Polymorphism in Indian Zebu Cattle. 
Comparison of Zebu and Buffalo «-Lact- 

albumins 


Ir has been shown by p electrophoresis that 
genetically different types of f-lactoglobulm** and 
a-lactalbumin®:* occur in cow’s milk. While genetic 
polymorphism of .B.lactoglobulin is general . among - the 
cattle of different countries; that-of a-lactalbumin has 
only been observed in two breeds of African zebus, the 
Nigerian White Fulani* and the boran‘ cattle of Kenya, but 
not in Icelandio, British?, Danish* and North American® 
(Holstein) cattle. Blumberg and Tombe? noted the 
Nigerian White Fulani cattle to be similar in appearance to 
the ‘Brahmin’ cattle of the East, which were probably 
brought into Africa by the nomadic Fulani people, and 

that c-lactalbumin-A might serve aa & marker 
by which the affinities of the zebu cattle, and indireotly of 
the Fulani people associated with them, could be traced. 
We have now examined the ‘a-lactalbumin and B-laoto- 
globulin polymorphism in Indian zebu cattle with the 
view of getting further information on this aspect. 
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Moreover, from a comparison of electrophoretic patterns 
of nan-casein pro beim of African zebu? and Indian buffalo 
milk’. the mobilities of zebu a-lactalbumin-A and of the 
aingle buffalo a-laotalbumin appeared to be approximately 
the same. This indicated that these two protems might 
have closely similar physico-chemical P ies as has 
been observed’ in the case of cow B-lactoglobulin-B and 
the single buffalo 8-lactoglobulin. 

The cows are described according to the nomenclature 
of Aschaffenburg and 2.4 as of phenotypes B-lacto- 
globulin 4/4, B/B and A/B and a-lactalbumin A/A, B/B 
and A/B and the proteins as B-A, B-B and B-AB and «-A, 
a-B and a-AB. 

Samples of milk from 138 zebu cows of different breeds 
and from 15 crosses between Jersey sires and Hariana 
dams were examined. In ingly, the crosses, all 
belonging to the F, generation, were umpleeg, resembling 
European cattle. The samples were prepared i 
to the method of Aschaffenburg and Drewry* and 

~ at pH 8-6 by vertical or horizontal strip paper electro- 
phoresis in veronal buffer, I = 0-05, on Whatman 3MM 
paper applying a voltage of 240 V for 17h. 

The tion of a-lactalbumin and 8-laotoglobulin 
phenotypes among different breeds is shown in Tables la 
and b respectively. The p eee between the observed 
and i 


is not found in British breeds', a relatively lower gene 
frequency for a-A is expected in the Hariana-Jersey 
crosses than in the total Hariana or zebu populations. In 
the case of p-lactoglobulin-4, the gene frequency in 
British breeds has been shown! to be 28 per oent, whioh is 
a significantly higher figure than the 9-4 per cent found by 
us for the total zebu ion. Therefore, the gene 
frequency of 8-A in the crosses should be higher than that 
in the total zebu population. This seems to be the case 
from Table 1b. 
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0-819 (S.H. 0:0422) respectively and of p-4 and B-B of 
0-080 and 0-910 (9.2. 0.0803), frequencies which agree 
reasonably well with those obtained by the application 
of the Hardy-Weinberg formula. 
Table 2 liste the gene frequencies óf a-lactalbumin and 
B-lactoglobulin of cattle of different i 


signifloant aooording to the x? 
test. The gene frequency of B-4 for White Fulani, however, 
is signifloantly higher than that of the Indian zebu cattle. 
These observations appear to support the view* that the 
zebu cattle were probably brought into Africa by nomadic 


people. 

Out of 7 a-A homozygotes, 4 had the combination of 
a-A, B-B. The electrophoretic patterns of buffalo whey 
protems and cow whey proteins of types a-AB, p-AB; 
«-A, B-B; and a-B, B-A are shown in Fig. 1. The patterns 


Table 1. OBSERVED AXD HXYPROTED FREQUENCIES OF G-LACTALSUNIN AND /[-LAOTOGLOBULIN In INDIAN XXSU CATTLM 
(8) «lactalbumin 









Harina Obs. 96 
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Table 3. COMPARISON oF GENA FRRQUENGIES oF CATTIS OY DIFFERENT 
COUNTRIES 


Breed a-Lactaibumin Lactoglobulin 
A-gene Bamme -gene — B-gene- 
British breeds ge 1) 0-00 1-00 072 
Toolandie (ref. 0-00 100 034 0-06 
Holstein A 0-00 1-00 0-52 0-48 
White (ref. 8) 0-15 085 O21 0-79 
Boran (Kenya 4 0-13 087 0-19 0-81 
Indian Eebu* 0-24 0-76 0-09 0-91 
* From Table 1 s and b. 


of whey proteins of buffalo's milk, and cow's milk with 
a-A, B-B seem to be almost identical «-A migrating 
a i the same distance as buffalo «-lactalbumin. 
us, a-lactalbumim polymorphism and existence of 
combinations such as a-A, B-B in zebu milk rule out the 
possibility of differentiation of cow's and buffalo's milk in 
P s anal i 
Cow a- umin-A, purified and crystallized by the 
method1*:i used for a-B, and buffalo a-lactalbumin show, 
as expected, very similar mobilities (u) and shapes of 
patterns im free oresis at pH 6-0, 7-58 and 8-6. 
The values of u (descending) for cow «-A and buffalo 
a-lactalbumin are —2:40 x 10° and —2-48 x 10 
om! (pH 6), —4:92 x 105 and —4'70 x 10-3 
om*/sec/V (pH 7-58) and — 4:40 x 10 and —4-40 x 107 
em!/sco/V (pH 8-6) respectively. In respect of other 
physical chemical properties, cow a-A, a-B and buffalo 
a-lactelbumin show close parallelism. They appear to 
have the same crystalline form, similar nitrogen contente, 
speciflo extinction coefficients at 280 my and tyrosine and 
contents. Their sedimentation coefficients 
(^15, ») fall within the range 1-87 x 10-“ sec and 1-00 x 
10-4 seo. The molecular weight of buffalo «-lactalbumin, 
16,200 g/mole, calculated from sedimentation and diffusion 
date is also close to that of the valuee!!!* reported for 


of a faster minor component 
ae nee ul sedimentation, the mobilities and s 
values of which indicate it to be probably the serum 
Thus, it is interesting to observe that cow a-A and 
buffalo a-l&ctelbumin show close similarity in their 
ies in almost the same manner as shown by cow 
£-B and buffalo g-laotoglobulin, which have approximately 
the same molecular weights’ and ard practically indis- 
inguishable in crystal form’, electrophoresis’, sedimen- 
tation and ultra-violet absorption’. 


robu cattle 
Dr. 8. Bhattacharya and M. R. Konar of the Harmghata 
farm for discussions and help in collecting the samples and 
identification of breeds. 
8. D. BHATTAOBARYA 
A. K. ROYOHOUDHUEY 
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Significance of the Michaelis Constant 
Tam Michaelis-Menten! equation relating initial velocity 
of a simple enzyme-catalysed reaction to initial substrate 
concentration is : 


(1) 





=K +e 


where v is the initial velocity of reaction, e is the initial 
enzyme concentration, s is the initial substrate oonoentra- 
tion, k, is the velocity constant of the breakdown of the 
enxyme-subetrate into enzyme and product of 
the catalysed reaction and K is the substrate concentra- 
tion at which v is half-maximal. 

Michaelis and Menten! supposed K to be the equilibrium 
constant of the reversible reaction between enzyme and 
substrate. Briggs and Haldane? derived an expression 
showing it to be the ratio of the sum of the two mono- 
molecular velocity constants governing breakdown of the 
enzyme-substrate compound to the bimolecular constant 

ing association. 

Both pairs of workers besed their derivations on the 


equation : 
(e — p = Kp (2) 


where p is the initial equilibrium or steady-state conocen- 


tration of enxyme-substrate compound. The full equa- 
tion is: 
(3) 


and the assumption was made in both cases that p was 
negligible relative to s. However, there are now known 
numerous cases in which the half-saturation concentration 
of the enzyme is very low. For example, the half-satura- 
tion concentration of D-amino-acid oxidase with flavin 
adenine dinucleotide (FAD) was reported by Warburg and 
Christian! to be in the region of 107' M. Since this means 
that the practicable range of substrate concentrations that 
can be used for kinetic studies will extend over about one 
order either side of this, the validity of equation (2) in all 
cases as an approximation to equation (8) seams doubtful. 

The of this oommunication is to point out that 
when the ic (8) is solved for p, one of the roots 
gives a solution which approximates to the form of 
equation (1), but K is replaced by (K + e). 

It would seem wise, therefore, in experiments with 
enzymes of unknown molar concentration, which have low 
half-saturation concentrations of substrate, to perform at 
least two series of experiments at different enzyme 
concentrations before equatmg the half-saturation con- 
centration with the Briggs-Haldane* K. Where the 
enzyme concentration is known, an approximate idea of 
the error involved in ignoring enzyme concentration can 
be obtained by inspection. 

When the original data of Warburg and Christian* are 
re-examined usi modern techniques of fitting the 
Michaelis-Menten! relation it is fo that the fit is very 
close and that the original estimates of K and ks are fully 
confirmed. Using more modern data for the half-satura- 
tion concentration for alanine, the second substrate used 
by Warburg and Christian*, and for the turnover number 
of the pure enzyme ( ing to b) which are given 
by Long‘, it can be calculated that the enzyme ooncentra- 
tion used was roughly 1:4 x 10-' M. Since the half- 
saturation concentration for FAD was found to be 
2-5 x 10-' M, it follows that the Briggs-Haldane! constant 
is about half the published value for Kw. 


(e — p) (e — p) = Kp 
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Electrophoretic Behaviour of an 

Aminopeptidase of Human Tissues and Serum 

SNRUM aminopeptidase* (LAP) that hydrolyses 
L-leucyl-g-naphthylamide tes as a single component 
to the q,- ‘globalin region in T e electrophoretic pattern of 
normal serum and the serum of the first and second 
trimesters of pregnancy. Additional componenta of LAP 
which migrate to other areas have been found in the serum 
of many patients with hepatobiliary and pancreatic 
diseases and in the third trimester of pregnancy!-*. The 
origin of these ‘isoenzymes’ of serum LAP was sought in 
an examination of the electrophoretic mobility of LAP 
from various tissues which exhibited high specific activity 
of this enzyme. 

Crude extracts of apparently normal human liver, 
pancreas, kidney and placenta obtained at operation or 
unmediately post-mortem were prepared by homogenizing 
each tissue in approximately 5 times its weight of distilled 
water (2? O) in a TRI-R, STIR-R homogenizer. The 
more fibrous tissues were prehomogenized in a ‘Virtis 45’ 
homogenizer. The homogenates were centrifuged at 
5,000 r.p.m. (1,900g) for 30 min at 2° C. The residue 
was discarded and the supernatant centrifuged at 17,000 
r.p.m. (20,000g) for 30 min at 2° O. The residue was 
again discarded and solid ammonium sulphate was then 
added to the supernatant (I) to yield a 65 percent saturated 
solution. This solution was centrifuged at 10,000 r.p.m. 
(7,500g), the supernatant (Il) separated and the residue 
suspended in cold distilled water (IIT) to a final volume 
equal to that of the original solution. Fractions I, II, 
and I were assayed for LAP activity* and the electro- 
phoretic behaviour of the enzyme was determined on 
cellulose acetate strips. 

For electrophoresis 10 pl. of solution were placed 
along the centre line of a 2:5 x 10 om strip of cellulose 
acetate, which was divided into twenty equal sections 
by vertical pencil lines drawn at 0-5-cm intervals 
along the length of the strip. The strips were contained 
in a Shandon Universal electrophoresis apparatus. The 
samples were electrophoresced for 3 h in veronal buffer 
pH 8:0, ionic strength 0:075, at a constant current of 
0:4 m.amp/cm width of paper. Samples of normal serum 
and serum treated as here with ammonium sulphate 
were electrophoresced simultaneously with the tissue ex- 
tracts for comparison. Following electrophoresis LAP 
activity was localized on the cellulose acetate strips by a 
method described elsewhere for paper stripe’. 

The electrophoretic mobilities of LAP in normal liver 
and serum were identical and coincided with that of the 
serum a,-globulin (Fig. LA and B). This observation 
supports the view that the liver is a primary source of 
serum LAP". 

The pancreatio enzyme exhibited two overlapping peaks 
of activity, a major peak in the vicinity of the serum 
y-globulin, and a mmor peak in the region of the f- 
globulin (Fig. 10). The latter peak has been observed 
in the serum of most patients with cancer of the head 
of the pancreas’. 

Placental LAP migrated as an a,-globuhn, as did the 
serum LAP in late pregnancy (Fig. 1D). 

Crude kidney extract (I) displayed a broad peak of 
LAP activity in the a,- and B-globulin regions (Fig. 1E). 
Kidney supernatant (II), unlike that of liver, pancreas, 
and placenta, showed considerable LAP activity. Electro- 
phoresis of this supernatant (II) and of the resuspended 
residue (III) showed that the single broad peak consisted 
of two peaks, that of the soluble component in the 
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8-globulin region and that of the insoluble enzyme in the 
DU tpa cum imi studies showed that the 
in normal urine migrates to the a,-globulin region. 

In a single observation, LAP from a breast cancer 
metastasis to the liver migrated as a B-globulin, whereas 
the enzyme from adjacent liver parenchyma migrated as 
an a,-globulin. This finding suggests that the abnormal 
(B-globulin) LAP component in the serum of most patients 
with metastatic cancer of the liver'* may be derived 
fram the cancer rather than the liver parenchyma. 

Since the resulta indicated different types of LAP in 
different tissues, the appearance in the serum of types 
other than the usual one may prove to be a useful indicator 
of disease. 

This work was supported by research grants and a 
contract from the National Cancer Institute, National 
Institutes of Health, Department of Health, Education 
and Welfare, Bethesda 14, Maryland. 

- Epaar E. Sucre 
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Beth Israel Hospital and Harvard Medical School, 
Boston, Mass. 
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Sex Differences In the Pattern of Radio- 
lodine Excretion in the Urine of Intact 
Stliboestrol-treated Guinea Pigs 

Tus effects of oestrogen on intra-thyroidal iodine 
metabolism have been widely investigeted!-*, but very 
little ia known about ite influence on the excretion of 
iodine in urine. In thyroidectomized castrated male rata 
on a daily maintenance dose of di-thyroxine there is 
some indication that 50 of œstradiol benzoate daily 
for one week causes a slight retention of radioiodine’. 
Feldman? has observed a decreased renal clearance of 
iodine-131 in both castrated and h yeectomized rats 
receiving 500 1.0. of estrone daily, the decrease was 
not significant when compared with controle. It is most 
likely! that otrogen influences thyroidal activity by 


NATURE 


gives only 


801. 


depression of renal excretion of iodine-131. It has also 
been thab oxtrogen influences the distribution 
of radioiodine in castrated male rate’. 
In the experiments reported here, however, intact 
inea pigs were used in order to obeerve physiological 
ifferenoeg in reactivity to stilbwstrol dependent on sex 
and dose of wetrogen, which it is believed have not 
hitherto been described. Since the 24-h renal oxoretion 
test gives incomplete information about the course of 
iodine metabolism during this period the method of 
fractional urine examination was used‘. 
male and 7 female 
experiment. All animals 


depress thyroid activity respectively’. 
last injection of hormone the animals were given an 
intraperitoneal injection of 28 po. of carrier-free Na!*!T 
in 0-5 ml. of saline. It was previously established that 
the most favourable fractionation of urine for the required 
observation should be 0-8 h, 8-14 h and 14-24 h (zero 


trols (group 1); 12-91 ml. 
(group III). Following the 


counter. A summary of the resulta is given in Table 1. 

It will be noted that retention of radioiodine was 
greater in female guinea pigs (including controls) than 
therefore comparison with the controls was possible only 
within each sex. 

The 24h test of urinary excretion used previously 
slight information about the influence of 
stilbwstrol on the retention of radioiodine in the body. 
With the adoption of the method of fractionated urine 
examination it has become possible to obeerve differences 
between poum Relative contenta of radioiodine in 
separate ions of urine show the largest differences 
between. in the first fraction (0-8 h). The second 
fraction (8-14 h) does not show any significant inter- 
group di cea. In the last fraction (14-24) there was 
a marked change in the urine excretion in the male but 
to a lesser degree in the female. In general, there was æ 
decreased excretion of radioiodine in females, but only 
at the 1-25 mg dosage of stilbmetrol was the difference 
statistically significant (P < 0-05). 


Table 1. EFFECT OF STIBESTROL OX THE HXCRETON OF RADIOIODIMR TO BEX AXD Dosa DX IWTACT GUDULA Pras 
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* Significantly different from control at 1 par eená level. 


+ Significantly different from control at 5 per cent level. 
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Urinary "I as peroentago of injected dose : 


Urinary axoretion of !*!T in successive fractions as peroentage of total exeretion 
2 3 è 


0-8 8-M 4-14h. 
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Female 


0-8 8-14 M-1 hr 





From Figs. 1 and 2 it can be conoluded that the urinary 
excretion of radioiodine is greatest in the firat hour after 
administration and thereafter gradually decreases. Stilb- 
cetrol in & dose of 1:25 mg alters this pattern in the 
intact female, more than in the male, especially with 
respect to the first fraction. Administered at the rate 
of 0-5 mg per day, stilbotrol affects the retention of 
radioiodine in the body; in the female, however, this 
effect is not statistically signifloant. Both tho afore- 
mentioned doses give & significant change of retention 
of radioiodine in the male as assessed from examination 
of the third fraction (14-24 h). 

From this evidence it appears that the female is more 
stimulated by large doses of stilbcastrol and returns more 
quickly to the normal condition than does the male. On 
the other hand, intact female guinea pigs are not so 
much affected as the male by the administration of small 
doses of stilbcestrol. 

The volume of urine excreted per animal per day waa 
in general significantly lees after stilbmstrol administra- 
tion. This was probably due in part to the decreased 
appetite of the experimental animals, with consequent 
decreased water intake, and in part to the recognized 
effect of costro in promoting water-retentian*. Never- 
theless, the values calculated for the regression equations 
and coefficients of correlations show that there is no 
correlation between the volume of urine’ and the amount 
of radioiodine excreted in the male, but that the correlation 
ie statistically significant at tho 1-25 mg doge of stilbosstrol 
in the female (P < 0-05). 


Department of Biochemistry, 
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'  Oracow, Poland. 
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In vitro Measurements of Oxygen 
Consumption of Human Heart Muscle 

H has been used extensively in medicme 
to depreæ the metabolism of the body tissues, Frequent 
Studies have been made of the reduction in oxygen con- 
sumption brought about by various grades of hypothermia, 
both in whole animals" and in isolated and 
tissues*’’, but isolated human heart muscle has not go far 
been examined intensively. 

We have found that small pieces of human auricular 
muscle, trimmed from the appendage submitted for patho- 
logical examination at mitral valvotomy, will undergo 
rhythmic contractions for several hours when placed in a 
Burn—Dale bath*. This observation led us to consider the 
possibilities of using such material for the $^ vitro exami- 





. nation of various aspects of human cardiac metaboliam. 


This. communication deals with the preliminary studies 
which have been made of human cardiac metabolism at 
normothermia and at various grades of hypothermia. 
Small pieces of auricular muscle were received, in the 
operating theatre, into Krebs-Ringer phosphate solution 
and transported rapidly to the-laboratory where tissue 
slices, 0-2 mm thick, were made, and these were placed in 
Warburg respirometer flasks each containing 2:5 ml. of 
Krebe-Ringer phosphate solution and 0-5 ml. of 0-02 molar 
succinic acid in the side-arm. It was usually possible to 
obtain sufficient material fram each operation specimen 
to supply six Warburg flasks, three of which were placed 
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in one Warburg &pperatus, maintained constantly at 
37° O, while the other three flasks were placed in a second 
Warburg apparatus which was at the temperature under 
investigation. 

Endogenous metabolism was examined for 80 min and 
the succinate was then added fram the side-arm and the 
oxygen uptake measured for the next 90 min. The flasks 
from the hypothermic bath were then placed in the bath 
at 87° O and after 15 min for temperature ium the 
uptake of oxygen of all the flaaks in the th at 87^ C 
was measured for a further 120 min. At the end of the 
experiment the material from each of the flasks was 
estimated for nitrogen by the micro-Kjeldahl technique’, 
and the resulta finally expressed in terms of microlitres 
of oxygen consumed per mg nitrogen in the tissue. 2 
At each of the temperatures selected, namely, 26° C, 
15? C, and 8? O, two different imens were i 
and the results are thus from o ions on auricular 
muscle from, sir different individuals. 

Fig. 1 shows the results obtained from one of the 

iments at 15° O, and the reduction in oxygen oon- 
Hoy ae brought about by maintaining the tissue at 
15° Ö can be seen in the first 2-h period, against the 
ibas pci ar The 
results obtained during the second 2-h period, when all 
the flasks were in the bath at 87° C, show that the increased 
oxygen ion of the tissue from the cold bath lies 
ly in the extra supply of substrate which it has 
ab the end of the first 2-h period with its con- 
trol, which has been undergoing more active metabolism 
during the ing 2h. 

Table 1 the results obtained from each of the two 
specimens of tissue tested at each of the temperatures 
under investigation. The resulta are expressed in terms 
of the percentage reduction in oxygen consumption 
obtained when each specimen is compared with its own 
control at 37^ 0. The is reduced 
to 72 per cent of the value obtained at 37° O when the 
tissue is maintained at 26° O and to 40 and 30 per cent 
when maintained at 15°O and 8°0 i . The 
lower part of Table 1 ghows the resulta obtained during 
the second 2-h period when all the tissue was in the bath 
at 87? C. In all cases there is an increase in oxygen con- 
sumption of the tissue from the hypothermio bath, com- 
pared with that in the bath at 375 O throughout, and the 
mean value indicates an increase of some 50 per cent in 
oxygen consumption. Thus in all cases it was le 
to metabolize succinate following the 2-h in the 
hypothermic bath. 

. THB OXrgEX CONSUMPTION AT VANIOUS TEMPERATURES WHEN 


BAGH SPECIMEN IS COMPARED WITH ITS OWN OONTROL AT 37° O IS SHOWN IN 
THE UPPER PART AND AGAIN IN THE LOWER Part ATTER REWARMING 


! 126 Im 1 8 
% O: consumption 96 O4 consumption 9$ O: consumption 
72 38 28 
72 A2 22 
Mean 72 40 30 
20° O/37* O 15° O/37° O 8* O/37° O 
% O: conmmmption % O, consumption Os 
188 186 100 
117 147 203 
Mean 155 143 ] 156 
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In Table 3 can be seen the oxygen consumption in eaoh 
of the experiments during the first 30 min o endogenous 
metabolism and then during the second 30-min period 
after the succinate had been added. At 37° C the addition 
of succinate caused the oxygen ion to be doubled 
during the secand 80-min period; but this stimulation 
is reduced as the temperature falls, being only slightly 
reduced at 26° C, much more at 15? C, while at 8° O it is 
apparent that succinate is not being metabolized at all. 


Table 2. OXYGEN OONSUMPTION AT VARIOUS TEMPERATURES BEFORE AND 
AFTER ADDITION OF BUOCINATA 


Time 370 26*0 15*0 8° 0 
min HL Os al. Or ML Oy al. Os 

1 2 3 4 5 6 7 
0-50 160 — 15 18 9 4 4 8 5 
30-00 32 30 18 19 5 7 3 
This ion of human heart muscle appears to 


function in a stable and reproducible manner, and when 
many more specimens have been examined it should be 
possible to give & Qie for human heart muscle. The 
results of the imi i ta show & reduction 
in oxygen consumption to 72 per oent of the value obtained 
at 37° O when the tissue is maintained at 26°C and to 
40 and 30 per cent of the value obtained at 37^ O when 
the tissue is maintained at 15? O and 8? O respectively. 
The ability to metabolize succinate decreases with declin- 
ing and has been arrested by the time 8° O 
is reached. Both the specimens from bath at 8° C, how- 
ever, showed a rapid return of ability to metabolize 
succinate when placed in the bath at 37° O. 
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Utilization of Proline during Healing of 
Fractures 


Summe! has recently demonstrated that following oral 
administration of proline the level of serum proline was 
lower in children afflicted with osteogenesis imperfecta 
than in normal children. Since this effect was shown not 
to be due to urinary excretion, it seamed that the relative 
rate of proline disappearance from the blood system 
(proline ‘tolerance’) could serve as an index of connective 
tissue metabolism. To determine the validity of this 
00 the serum proline concentration was measured 
by the method of Troll and Lindsey', at two intervals after 
an intravenous injection of line into normal rabbits 
anid into rabbits with healing feaéburoe. 

Ten New Zealand white female rabbits were fasted 
overnight and subjected to a proline ‘tolerance’ test. 
Blood les were withdrawn by heart puncture, prior to 
and 30 60 min after the intravenous administration of 
65 mg prolino/kg body-weight. After a day's rest the same 
rabbita were anzethotized with ether and one femur was 
snapped with the aid of a pipe wrench. The fractures were 
not reduced or immobili After 10 and 34 days the 
proline ‘tolerance’ test was repeated. The fracture site 
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Table 1.  HrrRÓOT OF FRACTURE HRALIKG OX HE RENDYAL OF PROLINE 
FROM THE BLOOD 


Min. after 
intravenous Serum proltne-level (g/ml. 
inen 10 days of Prior to ) ut 
polnejkg | d 
$0 206 +495 (8) 207 + 26-1 (10) 1484130 (6) 
. P= <03 P 
00 181r2293 (9) 1484190 (8) Slt 60 (6) 
P= <07 P= «0201 
* The numbers in parentheses indicate the number of 


+ S.B. 


as feoely movable on the 10th day but quite firm by the 
&4th day. The animals in general lost weight between tho 
first and second test but tended to regain this loss prior 
to the 34th day. 

From tho data of Tablo 1, ib can be concluded that by 
the 34th day an increased rate of proline utilization 
_accompanies callus formation; the serum proline level is 
abnormally low at both 30 min and 1 h after injection of | 
proline. In contrast, after only ten days of healing when 
callus is amall, there is no significant difference in proline 
‘tolerance’; 30 min after an injection of proline the 
average valuo is higher and more variable in the fracture 
animals than in the controls. Furthermore, the increase 
in proline ‘tolerance’ during the period of growth of 
callus is a relatively constant These observa- 
tions suggest that increased p bu Sapien cns recently 

fn petente Arih oat ganosi frparfectis abouli 
be interpreted with caution; many pori patients hospitalized 
with this disease are recovering from fractures, both” 
clinical and non iio microfractures. It should 
be emphasized, however, that fracture healing effecta do 
not necessarily disprove the relation between osteogenesis 
imperfecta and increased proline ‘tolerance’. But beceuse 
of the potential importance of that relationship, it must 
be investigated further in patiente having no visible 


In any event,. that proline disappearance from the 
blood is. accelerated by fracture healing suggests tho 
proline ‘tolerance’ test might be used as an indicator of 
bone formation. Whether the effect on proline ‘tolerance’ 
specifically reflects callus formation or, non-specifically, 
either a phase of tissue repair or an aspect of metabolism 
associated with a phase of recovery from injury, is @ 
question to be settled by additional experiments. _A 
proline ‘tolerance’ test would have the advantage of not 
involving radiation, permitting ita daily repetition with 
minimal discomfort or hazard. 

This investigation waa supported by research grants from 
the U.S. National Institutes of Health (grant No. 4-3793), 
the Squibb Institute for Medical Research, National 
Society for Crippled Children and Adults, and Ayerst 
Laboratories, Inc. 


University of California Medical Center, 
Los Angeles 24, 
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HISTOLOGY 


Hypogastric Nerve of the Dog 
Exrannents attempting to distinguish between the 


effects of reserpine on sympathetic ganglia and on post-. 


ganglionio fibres were carried out on the inferior mesen- 
terio ganglia and the hypogastric nerves of the dog. 
Analysis of the tissues showed such large and variable 
amounts of both noradrenaline and adrenaline in the 
hypogastric ‘nerves’, coupled with a high degree of resist- 
ance to the depleting effect of reserpine, that it wis obvious 
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that these ‘nerves’ were complex in structure. Langley and 
Anderson’s detailed analysis! of the hypogastric nerves of 
the cat and the rabbit had shown these to consist of about 
uas cent non-medullated and 10 per cent (afferent) 

ullated fibres. As these authors pointed out later’, a 
proportion of the non-medullated fibres are preganglionio 
and are interrupted in ganglia situated usually near the 
innervated organ, such being more frequent in the 
rabbit than in the cat. analysis did not, however, 
Eola ue dono alive A Cacho a 


dog, since these strongly suggested the presence of chrom- 
affine tissue in the nerves. 

The occurrence of chromaffne tissue in oa aries 
ganglia, particularly those of the abdamen, in the 
preaortic nerve plexus of cat and man was known since the 
work of Kohn?*. However, whereas in man there is only a 
hypogastric plexus and no h; ay aA Rina boat Sao 
distinct hypogastric nerves, which are 4-8 am ] 


have very few branches and no macroscopic 
The question, therefore, arose where chromaftine tiasue, if 


: such was present, might be localized in such a nerve. 
Longitudinal 


serial sections were made of the inferior 

mesenteric ganglia and the hypogastric nerves of 4 dogs, 
2 adult and 2 puppies of either sex. The dogs were bled 
to death under anwsthesia. The tissue was stretched out 
and tied on a glass plate and fixed in a solution containing, 
per 100 ml, i0 aai: 40 pen aont dosialdehyde solution, 
2-5 g potassium bichromate and 1:0 g sodium sulphate. 
St ak a m 
sectioned at 6. and stained with cresyl violet. As 
large chromaffine bodies were found inside the 

erior mesenteric ganglia, but these did not extend into 

the hypogastrio nerve. However, small elongated groupe 
of 6—50 chromaffine cells oocurred either within the very 
udi RA 1), or along its surface underneath 
the epineurium.- These groups were usually found in the 

ie are og Pe nerne 2 o7 mon oih Paay Mom cee 

of the mesenteric ganglion or the beginning 


Eres plexus. They were not neceasarily in the 
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vicinity of nerve cells. Nerve cells were abundant in the 
neshes of the pelvic plexus, but were also present, though 
karoe, within the hypogastric nerve pro , and were 
isually arranged like a string of beads in 

nerve. They were found in larger clumps at the origin of 
the hypogastric nerves near the lower pole of the inferior 


in adult cata and rabbits. 

In view of the present interest of pharmacologists in the 
hypogastric nerve-vas deferens tion of the guinea 
pig devised by Hukovié‘, the fact ould be kept in mind 
that this ‘nerve’ is & complex structure and varying in 
composition from species to species, and not just & bundle 

onic 
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PATHOLOGY 


ineffectiveness of Autotransplantation on Growth 
of the Methylcholanthrene Sarcoma in 
ts and Mice 


RzomwrLy, Ishibashi e? al! reported that the sub- 
cutaneous autotransplantetion of a patient's own tumour 
alioes was effective against the growth of the original 
tumour and sometimes caused its regression. It seems, 
however, that experimental evidence on the effectiveness 
of autotransplantetion is not sufficient to try it against 
human caneer. Attempts were made in this laboratory 
to examine whether autograft of tumour induced by 
methylcholanthrene could increase the survival days of 
the host after appearance of a tumour. À 

The animals consisted of 100 virgin female Wistar 
strain rats weighing about 105 g and of 100 mice of Al 
strain? of both sexes, 15-20 g in weight. They were 
injected subcutaneously in the interscapular region with 
2 mg in rate and 1 mg in mice of 20-methyloholanthrene 
(California Corp. Biochem. Res., Los Angeles) in olive oil, 
and were fed a synthetic cube diet (Central Laboratory 
for Experimental Animals, Tokyo) and given tap water 


ad libitum. 
, Beventy rata in which 


20-95 mm, two-thirds of it was excised from 40 animals. 
Twenty (group 1) of tham were transplanted surgically 
with their own tumour (2 slices, 8 x 8 x 8 mm) into the 
subcutaneous tissues of the dorsal surfaces apart from the 
indigenous tumour. Twenty other rats (group 2) were sub- 
jected to an identical procedure as the animals of group 1, 
without tumour implantation. Thirty animals as control 
- (group 8) were maintained freely without surgical excision 
or implantation of the tumour. After surgical operation, 
maximum diameter and ita right-angled one in all tumours 
were recorded at least. once a week. 

Growth rates of tumours in rats of each group are 


presented in Fig. la. The growth curve of group 1 has 
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almost the same as that of group 2. Average survival 
after tumour occurrence was 50.6 + 10-1 in group ], 
46-0 +7-0 in group 2 and 47-0 + 18-1 days in group 3, 
respectively. Btatistioel analysis revealed that there were 
no significant differences in survival days among three 
groups. 

Intraperitoneal autotransplaniation. When the tumour 
reached a size of 12-15 mm in diameter, mice were auto- 
transplanted with tumour (2 slices, 2 x 2 x 2 mm) into 
the peritoneal cavity by 13-gauge trocar. Sixty mioe in 
which tumour developed (fibrosarcoma) 70-100 days after 
injection of the carcinogen were subjected to the following 

iment. In 20 mioe, two-thirds of the tumour was 
excised and the tumour was inoculated intraperitoneally 
(group 4). The tumour in 20 other animals was excised 
similarly with group 4 and the abdominal wall waa 
inserted by the trocar without tumour transplantation 
(group 5). The remaining 20 mice were maintamed freely 
without any operation (group 6). 

Growth rates of the tumours of each group are presented 
in Fig. 1b. The curve of group 4 has almost the same 
configuration as that of group 5. Average survival days 
after tumour occurrence was 39-8 + 33 in group 4, 
88-2 + 5-5 in group 5, and 35-8 + 5-4 in group 6, respect- 
ively, and differences among three groupe were of no 


The results of the present experiments showed no oon- 
vineing effect of the immunological treatment on malig- 
nancies, although the negative results might mean that 
the materials or the techniques were inadequate. After 
preparation of this paper, we read Rhodes’s experiment? 
in which the tumour (the spontaneous tumour of the o+ 
strain) was subcutaneously with Freund’s 

j and tetanus toxoid into autochthonous mice. 
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Hepatitis in African Monkeys 

Mx AE EE Ent to be Py n rus 
which is transmisgible to man! but nob to eys or 
other laboratory animals*-*. . 

The present communication is a preliminary report on 
work carried out to determine the tibihty of West 
African monkeys to infectious hepatitis. For this purpose, 
young animals were inoculated subcutaneously with sus- 
pensions of human tissues and feces fram fatal cases of 
this disease. The livers of these monkeys were examined 
in serial biopsies taken at intervals of 2-3 days for six 
weeks after inoculation. All biopsies were divided into 
two portions ; one stored in the frozen state to preserve 
virus, the other examined by cytological and cytochemical 
methods for changes similar to those occurring in the 
human liverit-!*, 

Following inoculation, young patas monkeys (Érythro- 
cebus paias paias) showed liver changes during the period 
3—6 weeks after inoculation. The parenchymal changes 
(Fig. 1) consist of occasional small foci of liver cells 


showing & slight increase in nuclear and nucleolar size’ 


and a concurrent increase in nucleolar and oytoplasmio 
ribonuoleoprotein. Occasional necrotic cells and mitotic 
figures also occur. Same of the portal tracts exhibit an 
infiltration with inflammatory cells and swelling of the 
connective tissue fibroblasts. The stored portions of 
biopsies showing such changes were inoculated into 
further young patas monkeys. These animals showed 


similar, although more pronounced, parenchymal and . 


stromal alterations during the same period. 





fi in liver £3 days after 
Wig. 1. Barly parenchymal Doas Ari d 


Although the livers of all infected monkeys show focal 
parenchymal and stromal changes, in many third and 
later passage monkeys, these alterations afterwards spread 
to involve the entire liver. In these cases, parenchymal 
changes are diffuse throughout the lobule (Fig. 2) but 
necrosis is limited to a few individual or amall groups of 
liver cells. In viable liver cells (Fig. 8) the nuclei and 
nucleoli are usually slightly enlarged and the latter shows 
an increased amount of ribonucleoprotein. The cytoplasm 
ig partly or completely filled with ribonucleoprotem but 
swelling of the oells does not occur. is no increase 
of lipids but glycogen is reduced or absent. The mito- 
chondria sppear increased in number in viable cells but 
are swollen in degenerating or necrotic cells. The sinu- 
soids are often dilated, especially near the central veins, 
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3. Liver cells of healthy (above) and infected (below) petas 
"e " monkeys (x 1,000) ) 


and contain an increased number of lymphooytes and 
granulocytes. The Kupffer cells are swollen. The portal 
tracta show & moderate to marked inflltration with inflam- 
matory cells and a variable degree of degeneration. 
Occasionally complete necrosis of the portal tract occurs. 
The o@ and intercalated veins also show localized 
areas of infiltration and degeneration. 

Subcutaneous inoculation of a variety of African . 
monkeys with infected patas liver i bas given 
rise to similar changes in the livers of five other species 
of Cercopithecoid monkeys, but not in baboons, drills or 
mangabeys. Though the majority of infected monkeys 
exhibit no clinical manifestations of disease, young animals 
with widespread changes in the liver usually show anorexia 
and become emaciated. In these instances, death fre- 
quently ensues. There is never any clinical evidence. of 
jaundice. : 
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in the liver similar to thoee in infected animals 
the livers of 223 uninfected African 


Changes 7 
have not been seen in 


monkeys, neither have they been induced by inoculating 
pooled biopsies fram uninfected into healthy monkeys. 
Tnoculation of infected patas liver suspensions into white 
mice and white rats has not given rise to disease or changes 
in the livers in thess animals. No virus has been isolated 
in monkey kidney tissue cultures. Attempts to isolate 
bacteria from infected monkey livers in ‘a variety of 
artificial media have been unsuccesaful. No mioro- 
organisms have been seen in stained liver sections. The 
agent a Seitz filter and withstands a temperature 
of 56" O for 30 min. These findings suggest that the 
hepatitis occurring in young pates monkeys is caused by 
‘a relatively thermostable virus. At the time of writing, 
this virus bas been isolated on eight separate occasions 
following the inoculation of suspensions of liver, spleen, 
colon and fæces from these cases. All isolations have 
been maintained in serial passage through the subocu- 
taneous inoculation of infected petes monkey liver 


ons. 

The resulta reported here suggest that hepatitis may be 
induced in young petas monkeys through inoculation of 
material from human cases’ of infectious hepatitis. 
Although the liver changes in infected animals 
those in the human liver in this disease, further studies 
are necessary to determine whether the virus causing the 
hepatitis in monkeys is the same as that causing human 

W. G. C. BBAROROYT 
West African Council for Medical Research, 
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G. 
G. 
` IMMUNOLOGY 


Properties of Phage-neutralizing Antibodies 
produced by New-born Rabbits 


Ta new-born rabbit is known to show an immunological 
reactivity which differs in several from that of 
the mature animal. We have found that rabbits injected 
at birth with coliphage T, show, after & short delay, 
phage-neutralizing activity in their sera which appears to 
be antibody. These antibodies, however, differ in several 
aspecta from the phage-neutralizing antibodies produced 
by adult animals immunized with the same bacteriophage. 

For the work reported here rabbits were injected in the 
foot-pad, within 24 h of birth, with 2 x 10° e- 
forming unite of B. cok T, bacteriophage purified by 
differential centrifugation! suspended in 0-1 ml. salme. 
At 7 days of age the animals were killed and their serum 
assayed for phage-neutralizing activity following the 
procedure of Barlow e£ al.*, the titration being performed 
either immediately or after storing the serum for a few 
days at 4°C. All the sera examined showed activity 
ranging from 4 to 64 phage-neutralizing unite (50 cent 
pu) per ml. ; no activity at all was found in the fresh 
sarum of control 7-days-old rabbits not injected with 
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phage at brth. We then examined the effect of various 
treatments on the phage-neutralizing activity found in the 
serum of immunized baby rabbits; for comparison we 
also examined the normal serum from a non-immunized 
adult rabbit and the serum fram an adult rabbit repeatedly 
immunized with coliphage 7. This last serum was 
diluted with serum from untreated 7-days-old rabbit in 
order to give a titre of 50 per cent p.n.u./ml. comparable 
with that of the immunized new-born animal. The resulte 
of & typical experiment are preeented in Table 1. 


Table 1. T, PHAGN-NNUTRALIXING ACTIVITY OF RABBIT BERA, XEASURED 
-A8 50 PER CENT P.K.U. 
Normal Immunized 


adult new-born adult 


serum untreated 
Heating at 56* O for 30 min 
Heating at 56° O followed by dilution In 
1:10 fresh untreated. 


BA, + S22 22 ? 


£ 
j 
! 
i 
: 
i: 


The results suggested that the phage-neutralizing sub- 
stances produced by the immunized new-born rabbit 
ighi eae: (0: Vee Se d eec We estat 
and often included in the properdin system. We tested 
our sera against a phage antigenically unrelated to that 
used for immunizing the new-born animal, namely, 
ooliphage T',, and we found no activity whatever. 

The simplest interpretation of the results is that the 
phage-neutralizing activity found m the sera of rabbits 
immunized at birth with T, phage was indeed due to 
antibody. Thus it fulfilled the requirement of appearing 
as the consequence of a given antigenic stimulation and of 
being specifically directed against the same antigen; the 
phage-neutralizing activity appeared 4-5 days after the 
antigenic stimulation, a latent period not dissimilar from 
that nd primary antibody and also 
was i with the 189 globulins, & serum fraction. 
known to include many kinds of antibodies. 

On the other hand, the phage-neutralixing substance 
produced by immunized new-born rabbits has many of the 
properties once ascribed to pro . This is perhaps 
not so surprising in view of the possibility that properdin 
may represent & family of somewhat peculiar antibodies, 
arising as the consequence of natural stimulation with a 
number of antigens, a possibility also borne out by the 
recent observations’ that the phage-neutralizing activity 
of normal (human) sera appears to be due to a combination 
of molecules with different specificity. Indirectly our 
resulta give support to the hypothesis that these are 
indeed antibodies elicited by ‘natural’ contact with 
minimal amount of each phage against which & neutralizing 
activity is found in ‘normal’ serum. So it would appear 
that heat-labile and complement dependent 189 antibodies 
are formed by the new-born rabbit as & consequence of 
immunization with sufficient amounts of phage, and by the 
adult animal as & product of basal stimulation with what 
might be the minimal amounts of antigen that penetrate 
the intestinal tract. E 

Perhaps our observations may be in on tbe 
basis of recent resulta which show that the antibodies 
produced by different animals in the early stages of the 
immune usually are 199 *-* and may be comple- 
ment dependent. and more heat-labile than those produced 
later on in the course of immuniration!. Thus the new- 
born rabbit would respond to immunisation with phage in 
a more sluggish way than the adult, the ‘early’ antibodies 
being the only ones produced for a period of about two 
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weeks (which is the age at which we first observed the 
production of ‘classical’ heat-stable anti-phage antibodies). 
This situation might not be valid for species other than 
Tabbit because, for example, heat-stable anti-phage 
antibodies may be produced by the new-born guinee pig™ 
or even by the o . In the rabbit, heat- 
stable antibodies (but mainly 185) may be produced by 
10-16 days old animals immunized at birth with some 
bacterial antigens” or with antigens plus adjuvant™. 
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ANATOMY 


Periodic Acid -Schiff-positive Component of 
the Medullary Bone of ve Laying Domestic 
. Fow > 


INVESTIGATION of avian medullary bone in this labora- 
tory led to the observation of a substance therein which 
gave & very strong positive reaction with the periodic 
acid-Schiff technique. In some instances this took the 
form of ruga, Ron p d strands or fibrils of 
irregular thickness distributed in &leee-etrong periodic acid— 
Schiff-positive matrix; in othor instances it was more 
dispersed end lees distinctly fibrillar. Variation in the 
amount of this substance was also noted in different stages 
of the egg-laying oyole and, as a loss of chondroitm sul- 

hate from the cartilage is known to precede endochondral 
Dra formation, an attempt was made to determine the 
nature of the periodic acid—Schiff-positive substance in 
avian bone and to correlate the variations in appearance 
and amount with the alternate absorption and deposition 
known to occur in this bone during the egg-laying oyole!. 
i of medullary bone were obtained from forty 
laying hens of the Thornber 505 hybrid strain, varying in 
age from 1 year to 18 months, specimens being taken from 
about the middle of the shaft of humerus, femur, tibia and 
fibula of each bird within & few minutes after death. 
i from each block were fixed in absolute alcohol, 
or in Heidenhain’s susa containing twice the preacribed 
quantity of trichloroacetic acid to initiate decalcification. 
Aloohol fixation tissues were decalcified in N acetate 
buffer at pH 4-5; decalcification of susa-fixed tissues was 
completed in ‘Permutit’ ion exchange reain (‘Zeo-Karb 
225°) in 10 per cent formio acid. . After decalcification the 
tissues were dehydrated, cleared, embedded in paraffin 
and sectioned at bu. 

Sections from each specimen were stained with periodio 
acid—Schiff technique? either alone or following prelimin- 
ary treatment by one or other of the following: (1) salivary 
amylase (saliva) for 30 min at 37? C; (2) bovine testicular 
hyaluronidase (L. Light and Oo.) for more than 16 h at 
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37° C (ref. 4; (8) ribonuclease (L. Light and Co.) for more 
than 10 h at 37? O (ref. 5); (4) methanol-cehloroform for 
16 h at 37? C (ref. 6). 

All sections were stained with nuclear fast red’ and 
acriflavine’, toluidine blue pH 3-8 (ref. 0), and 0-01 per 
cent azure A!*, amido black 1065 (ref. 11), alcian blue™ and 
gallooyanin chromalum™ and hematoxylin eoin. The 
methylene blue extinction test** and the gentian violet 
reaction!® were used to estimate basophilia. 

All the long bones of the birds in this series contained 
medullary bone, though this was generally scanty in the 
humerus, due to the intrusion of the calvicular sir-sac. In 
one case, however, larger amounts than usual were found. 
Variations in the amount of medullary bone were noted in 
different birds, but the variations appeered to be random 
and could not be correlated with the position of the egg in 
the tube. This confirms the finding of Bloom e al.'. 
"Variations in the quantity and appearance of this in- 
tensely periodio aeid—Sehiff-poeitive material were also 
observed, but again no correlation between this and the 
position of the egg could be distinguished. It waa noted, 
however, that the diffuse non-flbrillar phase was charac- 
teristic of the second half of the period of shell deposition, 
although not confined to this phase. 

A strong periodic acid-Schaf-positive reaction indicates 
the presence of complex polysacoharides with the 1,2- 
glycol linkage, including glycogen, mucopolysaccharide, 
muooprotem and glycolipoid and, possibly, aleo nucleic 
&cide. The unlikely presence of the latter in this material 
is negatived by the fact that the intensity of staining is not 
reduced by prolonged pre-treatment with ribonuclease, 
which resulta in hydrolysis of both RNP and DNP* and 
also by the failure of the materia! to stain with gallocyanin 
chromslum. Glycolipoids and glycogen are eliminated by 
pre-treatment with methanol-chloroform and diastase re- 
spectively and it would seem, therefore, that this material 
is a mucopolysaccharide or mucoprotein. Beoause of ite 
high protein content, the latter might be expected to stain 
with amido black. and failure to obtain a reaction with 
this dye suggests that the substance is a mucopolyssocha- 
ride. This receives confirmation from the finding that it 
exhibits metachromasia with toluidine blue and azure a. 
Under the oonditions of this latter staining technique 
metechromasia is exhibited mainly by eulphated muoo- 
polysaccharides but also by hyaluronic said (through its 
carbonic acid radical) and by nuoleio acids (through 
phosphoric acid radicals). The latter are eliminated by 
their lack of response on treatment with ribonuclease and 
hyaluronic acid by the continuing periodic acid—Schiff 
response without change after 16 h hydrolysis in hyaluroni- 
dase. Furthermore, there [8 a positive reaction with aloian 
blue, specific for acid carbohydrates". There is thus 
evidence that the periodic acid—Schiff-poeitive substance in 
avian medullary bone is a sulphated mucopolysaccharids. 
Tho failure to respond to hyaluronidase despite prolonged 
incubation is in ing, in view of the report by Meyer 
and Rapport!* that testicular hyaluronidase is capable of 
hydrolysing the chondroitin sulphate component of 
cartilage. 

This substance stains also by tho nuclear fast red and 
by the acriflavine techniques, reactions which are 
as being specific for sulphated mucopolysaccharides’'. 
Again, basophilia with methylene blue at pH of leas than 
2-5 tends to confirm this suggestion. However, there is 
evidence against the view that this basophilia necessarily 
indicates sulphated mucopolysaccharides!’. Further con- 
firmation with regard to the nature of this substance is 
found m the fact that a reaction is obtained im aloohol- 
fixed material stained for 24 h in a solution of gentian 
violet at a dilution of 1 : 1,280,000. Harada! has claimed 
that only sulphated mucopolysaccharide will respond at 
this dilution, the carboxylated mucopolyracoharides failing 
to respond to dilutions greater than 1 : 250,000. It is 
interesting, however, to note that this responso is obtained 
only with alcohol-fixed material, the susa-fixed tissue 
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failing to react at dilutions greater than 1 : 250,000. The 
i of this is not understood. 

Irving", using sudan black following pre-treatment with 
pyridine, aloohol or benzol, has demonstrated the ce 
of a line of sudanophil material (calcification Ime) at the 
surface of developing intramembranous bone. This 
substande is periodic acid-Schiff-poaitive and metachrom- 
atic and thus appears to be an acidic mucopolysaccharide. 
In formalin-fixed material, however, it could not be 
stained with methylene blue at low pH values (2-5) 
without pre-treatment in one or other of the foregoing 
reagents and it is thus distinguished from the muco- 
polysaccharide of avian medullary bone. Moreover, the 
sudanophil material described by Irving’ fails to stain 
with alcian blue and is, in any event, confined to surfaces 
at which appositional growth is occurring, being separ- 
ated from the bone only by a thin layer of pre-oeseous 
matrix. Clearly, therefore, this substance is not identical 
with the periodic acid—Schiff-positive material of the labile 
avian medullary bone and, although there is evidence that 
the latter substance varies in amount and appearance at 
different stages of the -laying cycle, it does not appear 

NA tion in the same way a8 the 
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RADIOBIOLOGY 


Alkaline Earths in Heparin 


Herrar is widely used as a blood anticoagulant. In 
the determination of calcium, in plasma, for example, it 
is commonly assumed that heparin has no effect on the 
assay. We have recently found, however, that the 
strontium content of heparin could. be a very substantial 
correction in the determination of the strontium content 
of heparinized plasma. This result stimulated us to 
determine the calcium, strontium and barium content of 
five different preparations of heparm which were avail- 
&ble here. 

The heparin for assay was taken as solid (when. possible 
from an unopened ampoule) prepared by Boots Pure Drug 
Co., Ltd., or Evans Medical, Ltd. Calcium was determined 
directly by flame spectrophotometry. Strontium and 
barium were determined by neutron activation anglysis. 
The results are shown in Table 1. 


Table 1. CALCIUM, BTROWTIUM AKD BARIUM IW HAPARIN IN P.PJM. 


Heparin batoh No. Caletom Strontium Barium 
C4378 2,930 92 4 
64578/1 2,810 B4 — 
08424 $90 5 25 
66306 TOO TS 12 

D 25200 300 9 8 


It will be seen that there was a considerable range in 
calcium, strontium and barium depending on the par- 
ticular preparation. If, for example, 30 mg of heparin 
(batch No. 64378) equivalent to about 2,400 unite were 
added to 100 ml. of human blood, the adventitious 
calcium would be approximately 60 ug per 50 ml. plasma 
or 1-2 per cant. The strontium in the heparin would 
be nearly 2 ug and the barium 0-1 pg or about 100 per 
cent and 10 per cent respectively of the normal strontium 
and barium content of the plasma. 

The results given in e 1 are sufficient to show 
the importance of analysing each preparation of heparin 
when it is to be used as an anticoagulant for the estimation 
of alkaline earths in plasma and that the amount of 
heparin used should not be appreciably greater than that 
required to prevent clotting of the blood. 

G. E. HARRISON 
: ALIO® SUTTON 
Medical Research Council, 
Radiobiological Research Unit, 
Harwell, Berks. 


BIOLOGY 


Relation between Carcass Composition and 
Live Weight of Sheep 


A EN-HXAMINATION of the work of Hammond’, 
Wallace*:*, Pálason and Vergóa*.*, and Wardrop*, suggests 
that the carcass composition of a sheep, in terms of 
diseseoted bone, muscle and fat, is more closely related to 
ite live weight than to its age. Using all the available data 
from these papers, including ewes and wethers irrespective 
of breed, age, stage of pregnancy and nutritional history 
and ram lambs up to the age of 2 weeks, the following 
regression equations have been computed for estimating 
the body composition of sheep from empty live weight 
(that is, the weight of the live animal at slaughter minus 
the contenta of its alimentary tract): 


(i) Weight of carcass bone (y:) 
log y, = 0-722 log a — 0-706 
ü Weight of dissected carcass muscle (14) 
log y, = 1-018 log c — 0-554 ; 
(it) Weight of dissected carcass fab (ys) 
log ya = 1:589 log a — 1-848 





(1) 
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Equations (1), (2) and (3) account for 96-1, 98-0 and 88-8 
per cent, respectively, of the variance of the dent 
variable (log y;, log ys, log y) contributed by ite relation to 
the independent variable (log w). In each case, w and y are 
in kg, z being empty live weight. The data on which 
these regression equations are based, together with the 
regression lines, are shown on a log-log grid in Fig. 1. 
Data on individual sheep have been used, where available, 
but otherwise it has been necessary to use group means. 


`~ 


7" 


10-0 





S 


Weight of careass component (kg) 





. The 
equations gtven in the text 


These equations are of the same form as Huxley’s’* 
allomstric equation. They indicate that, as a sheep 
increases in empty live weight, each of these tissues also 
increases in weight. However, the slopes of these linea 
ahow that, as empty live weight increases, the percentage 
of carcass fat aleo'inoreases, but the percentage of carcass 
bone decreases, whereas the percentage carcass muscle 
remains almost constant. The equations imply also that 
as & gheep loses weight, changes in body composition will 
result from the loss of all three tissues, the loeses being 
given by these equations. 

equations all suggest that there is a constant 
differential growth ratio'* between each carcass tissue and 
empty live weight. However, pooling of mass observa- 
tions, as has been here, may obscure changes of 
slope’ which could occur within individual animals. In 
Fig. 1 the deviations from the regression lines are exc 
md ee E ME - 
cien accurate in its predictive value to adequately 
represent all sheep for any one carcass component. It will 
be necessary to investigate breeds and strains of sheep 
' within various environments to establish more accurate 

Tegression equations. : 

By growing sheep at different rates and killing them at 
the same live weight, Páleeon and Vergós*5 were able to 
demonstrate the profound effects of plane of nutrition on 
the shape of young sheep. However, as indicated here, 
these various planes of nutrition had small effecta on 
carcass composition. In addition, these treatments did not 
affect the weights of the commercial cuta of meat in the 
carcasses of these sheep. This evidence suggests that the 
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shape of a sheep is of doubtful importance from a com- 
mercial point of view. 

Similar conclusions have been reached following an 
examination of published data on cattle and pigs. It is 
proposed to publish this work in detail elsewhere. 

I thank Mr. R. Seebeck for computing the regression 
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A Secondary Induced Thiamine Deficiency in 
Mink 


NUXUBOUB reports attest to the occurrence of thiamine 
deficiency in fur-bearing animals due to destruction of the 
dietary source of the vitamin by thiaminase aotivity. 
Fresh-water fish were first implicated as sources of the 
E E O HAT pa ae a idt 
ingredienta for foxes led to the definition of characteristic 
thiamine deficiency symptoms as ‘Chastek paralysis’!-*. 
Ranch mink fed similar rations developed corresponding 
symptoms*'. Extension of the diet sources used with 
mink led to the recognition that marine fish might also be 
troublesome as contributors of thiaminase aotivity* and 
at present a number of different fish species are listed as 
containing significant amounts of thiaminase. These have 
been assembled by Harris’, who reports 28 freah-water and 
8 salt-water fish species as thiaminase-active. 

Another distinct defleiency disease in mink, termed 
*ootton-fur', has been shown by Stout e al.* to oocur when 
two other fish species, Pacific hake (Morluccius productus) 
and Atlantic whiting (M. bilinearis), were fed as ingrediente 
in an otherwise satisfactory basal mink diet. This con- 
dition has been identifled as an induced iron deficiency 
and has been shown to respond to parenteral iron therapy’. 
Mink fed raw hake have characteristically become pro- 
greasively ansmic and emaciated, but have retained a fair 
appetite and normgl muscular activity. Hake has never 
been implicated as a thiaminase-containing fish species, 
yet there has been same controversy as to whether whiting 
contains thiaminase activity! 4. 

This communication describes a situation wherein 
mink placed on a hake diet formulated to produce the 
‘cotton-fur’ anomaly developed typical symp of 
Ohastek paralysis, and relates the thiamine deficiency to 
the feed consumed by the hake just prior to their being 
caught. ; 

A group of 34 standard dark mink housed individually 
in wire pelter cages were placed at weaning in mid-July 
on a diet composed as shown in Table 1. This diet was 
formulated on the basis of past experience as causative of 
the ‘ootton-fur’ condition, due to its content of Paoiflo 
hake. 

In marked contrast to previous 'ootton-fur' studies, 


-mink in this instance evidenced early anorexia. Within 


3 weeks of first receiving the test diet, they refused the 
major portion of their daily diet offering. Concurrently 
animals became extremely emaciated and loes due to death 
occurred. Since the ration was known to induce iron- 
deficiency, flve mink were each injected with 25 mg of 
iron (‘Armidexan’, Armour Veterinary Laboratories) intra- 
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Table 1. Oomrosrtion* OF HYPERUNNTAL RATIOX 
* 

Paolfio hake 50-00 
Turbot 15-00 
Mixed rockfish t 10-00 
Horsemeat 700 - 
Wheetgerm meal 4-50 
Meat meal 23-34 
Alfalfa meal 2-34 
Skim milk powder 144 

100 00 


* Caloulated on an ‘as fod’ basis. 


muscularty; of these, three died indicating no therapeutic 
value of iron. Death loases continued~and necropsy 
revealed complete depletion of internal fat stores and 
livers which appeared mottled and pale pink to bright 
orange in colour. 

Individual mink exhibited signs of tetany when handled 
and showed other symptoms of Ohastek paralysis. In 
checking the possibility of thiamine deficiency, four 
animals which showed varying degrees of paralysis were 
each given an intraperitoneal injection of 5 mg of thiamine 
hydrochloride. A rapid response to this treatment was 
noted and mink regained control of their muscles and 
several commenced eating within about 0-5 h of admini- 
stration of thiamine. 

Since Pacific hake had not previously been listed as a 
ihinzninase containing fish and since the remaining diet 
ingrediente were known to be jmnocuous relative to pro- 
duction of thiamine deficiency, it was that some 
alteration of this particular lot of had oocurred. 
Examinátion of the viscera showed the stomachs of the 


hake to be distended and filled with anchovies (Engraulis. - 


mordax). No reference as to thiaminase activity of this 
latter small fish ios is available; however, the stri 
anchovy of the of Mexico (Anchoa hepsetus) 


contain the thiaminase factor. A number of the hake 
stomach contents were removed, weighed and calculated 
to constitute approximately 14 per cent of the weight of 
the entire fish. As hake made up 50 per cent of the test 
diet, the anchovies were, present to the extent of about 
7 per cent of the total diet, as fed. Apparently this level 
was sufficient to destroy the dietary thiamine with the 
result that Chastek paralysis Afterwards, 
stomach contents of hake were removed, remaining animals 
Lr 5 mg of thiamine hydrochloride intraperi- 
and the experiment was successfully continued to 
completion. Growth curves (Fig. 1) illustrate weight loss 
and subsequent improvement (following thiamine adminis- 
tration and anchovy removal) of mink fed contaminated 
bake rations es compared with growth of animals fed 
hake free of anchovies or an adequate control ration. 
This experience is further confirmation of the potency 
of thiaminase in rendering biologically inactive the thia- 
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mine content of other dietery ingredients.” ignifl- 
cant, however, it provides evidence of a secondary induced 
thiamine deficiency and demonstrates that not only the 
primary fish components of the diet, but also the stomach 
contents of such fish need to be considered as potential 
sources of thiaminase activity. In this regard it is notable 
that Neilands” found that stomach oontente of two perch 
ies showed considerable destruction of thiamine in 
vitro while the fish tissue per ae was devoid of such activity. 
: This incident may help to explain the disparity between : 
obaervations of thiaminase activity appearing in previous 
literature. Green e£ al.!* observed that whiting caused 
peas, i Poe ted OG Did nitrate 
whereas others! were unable to demonstrate 
thiaminase activity of whiting in vitro. Quite possibly 
the whiting in the former case had ingested enough 
thiaminase-containing fish to be harmful while the latter 
fish were free of such contaminants. 
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Circadian Adrenal Cycle in C Mice kept 
without Food and Water for a Day and a 
| Half 

CHETAIN rodents (as also is the case with man) show 
circadian (about 24-h; oiroa, diss!) rhythms in many 
body fanctions. Prominent among these rhythms is the 
adrenal cycle, gauged indirectly by observations on 
functions influenced by oorticosteroids'^5 and directly by ` 
determinations of corticosterone in serum‘ and in the 
itaelf!*. Investigations of an indirect index, 
the blood eosinophil rhythm, that the adrenal 
cycle persiste in mice kept under conditions which gravely 
alter the cestrus cycle, such as the prolonged 50 per cent 
reduction in dietary calories". This communication 
summarizes shorter-term work with a more direct index, 
that is, the level of corticosterone in serum and adrenals. 
Circadian periodic changes in these indices as well as in 
rectal ture and pinnal mitoses continue in O mice 
deprived of all food and water for 36 h. 

Two experiments were performed on & total of 192 
female O (Bagg albino) mice, 3-4-months of age. This 
strain has been maintained at the University of Minnesota 
Medical School by brother-to-sister mating for more than 


for 6 days on this regimen 
were killed at 4-h intervals. At each of these time points 
rectal temperature was measured and immediately there- 
after the mice were killed for collection of blood, adrenals 
and ears. : 

Sampling in a first experiment atarted at 0400 and ended 
24h later. In this experiment the animals had food and 
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water available througbout the sampling period. In 
another i t begun at 0800 of one day and com- 
pleted at 2000 of the next, food and water wore removed 
about 3 h prior to start of sampling. ~- 

The times indicated with the resulta are mid-pointe; 
actual sampling at any one time-point extended over a 
period of about 1h. At intervals of several minutes cages 
were removed from the periodicity room to an adjacent 
laboratory in which tem ture measurements by ther- 
mistor-bridge cirouit and other procedures were carried 
out. Following decapitation by scissors, the blood was 
allowed to dram from the neck into a centrifuge tube. 
Blood from 6 animals was pooled and the serum obtained. 
Oorticosterone in serum pools and in pairs of adrenals from 
individual mice was determined according to the fluoro- 
metric method of Silber, Busch and Oslapas!! This 
method has been qualified elsewhere as to specificity, and 
the usefulneas of data transformed into a percentage of 
series mean (relative values) particularly for periodicity 
enalysis aleo has been documented’. Data wero subjected 
to analysis of variance. . 

In keeping with earlier work on other specieg!!!4, the 
circadian rhythm in rectal temperature stood out clearly 
in starving and thirsting mice, as well as in mice kept with 
food and water available ad libitum. As further antici- 
pated in the light of earlier lees-extensive unpublished 
work from this laboratory, the circadian rhythm of 
pinnal mitoses also was maintained in O mice deprived of 
all food and water for 36 h. 

Fig. 1 demonstrates the extent of agreement in absolute 
values of serum corticosterone between the two pools 
from each of the groups investigated (left half), and the 
group means expressed as relative values, namely, as a 
percentage of the mean of the first 6 values, the latter 
being equated to 100 cent (right half). A rhythm in 
animals that had f and water available ad lib. until 
death is readily seen. The peak value at 1600 agrees well 
with that recorded earlier for mice of the O strain and of 
other inbred stocks studied under similar conditions, 
notably a regimen of light from 0800 to 1800, alternating 
with darkness*:7.1°, 

The resulte of starved animals show a progressive 
increase in level of corticosterone during the 36-h period of 
examination. Whether dehydration underlies this trend 
is not known. In any event, the trend does not obscure 
two peaks separated by about 20-234 h from each other, 
peaks that stand out more clearly in the relative values. 
The statistical significance of these rhythmio changes is 
supported by the results of an analysis of variance. Time 
is indeed a significant source of vanation in the serum 
corticosterone-levels of both groupe (P < 0-01). 

The persistence during a 86-h period of'food and water 
deprivation of the rh in adrenal corticosterone, in 
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turn, is demonstrated in Fig. 2 by the average values per 
gland pair and the 5.E., plotted against time. 

Figs. 1 and 2 asa whole, izing an examination of 
192 mice, can be interpreted to suggest that the adrenal 
oyolet ‘11, gauged by hormone contente of blood and 
gland, persiste, at least for a while, in O mice subjected to 
starvation and water deprivation. To discuss a possible 
difference in the timing of circadian rhythms-in the two 
groups of mice studied 18 not justified without added date 
over more extended periods. 

Awaiting further study is aleo the question whother the 
overall serum hormone-level around which rhythmic 
changes recur undergoes a consistent change during longer 
periods of tbirsting and starving. 

On the practical side, the present resulta serve to 
re-emphasize! objections to a not uncommon assumption 
made in the design of many experiments, tacitly if not 
explicitly. In oertain endocrine and metabolic investi- 
gations, among others, it has been presumed that circadian 
rhythms can be ‘eliminated’ by starvation. Common 
deeigns in these flelds involve the removal of food, with 
or without the removal of water for a period of 12-24 h. 
Such designs have their uses for aims other than the 
‘elimination of rhythms’. For further comments on this 
point, the reference should be made to a study summariz.- 
ing about twenty years of work by Ohoeeat!*, awarded the 
prize for physiology by the French Academy of Sciences in 
1843. This author demonstrated the persistence of cir- 
cadian periodic behaviour in the cloacal temperature of 
pigeons until the day of their death fram food and water 
deprivation. In & mammal, the mouse, a circadian sugoep- 
tibility rhythm also has been shown to persist in animals 
deprived of food or water, at least for 36 h!*. This point of 
methodological and theoretical interest must be kept in 
mind in work on the adrenal cycle of O mice as well as on 
their circadian rhythms in rectal temperature and pinnal 
mitoses. Periodicity analysis is required for a safe descrip- 
tion of changes in periodic functions, including studies 
made from the point of view of starvation par se or with the 
view of other conditions studied in starved animals, aa was 
suggested and practised already by Chossat'*. More- 


over, the basic nature of a ormoadian temporal co-ordina- 
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tion in, physiological funcion is further, supported. by 
documentation o the persistence of rhythms at various 
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Transmission of antBrucella abortus 
Agglutinins across the Gut in Young Mice 


of antibodies from hyper 
~” perum in a rabbit was markedly less than that 
of other rabbit y-globulins. If the relative rates of absorp- 
tion of antibodies from the gut are expressed in oon- 
centration quotients which are the ratios of the concen- 
trations of antibodies in the serum of the animals fed 
and in the immune serum fed, the maximum concentra- 
tion quotients obtained after feeding 11-day hybrid 
OBI x .A,@ mice with rabbit anti-sheep red cell ut- 
inins® or with rabbit normal y-giobulin* were 1/64—1/128, 
whereas the maximum concentration quotients obtained 
after feeding with rabbit anti- aborius agglut- 
inins were < 1/1,024. This phenomenon was investigated. 
further, and imi results are presented here. 

. The concentration quotienta for feeding to 11-day 
. Og x A.U mice or to 12-day albino rate 0-01 ml.. of 
rabbit anti-Brucella abortus serum per gram body-weight 


Tabl 1. OoxcNETRATIOK QUOTIMETS FOR YOUNG MIos AND Bits FED 
wrru Ranner: Awri-Areceia AGGLUTINIES 


Animalsa “Station 


f 


No. of experimental antmals hav- 

Thre of ing serum concentration quotients 
serum fed of: 

1/82 1/4 1/128 1/1,024 


Rata 


Coro 
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Coombs test‘ using a high-titre goat anti-rabbit-serum— 
proteins serum. Since the latter test measures the total 
amount of complete and incomplete antibodies in the test 
sera, it is evident that the antibody in the immune serum 
administered is mostly of the complete type. 
antibody could not be detected in the sera of the fod 
animals, whereas the incomplete antibody could be 
measured easily and, in the mice, gave concentration 
quotients equal to those for feeding rabbit normal 
y-globulin or anti-sheep red cell agglutinins. 

The sedimentation behaviour of the antibodies in the 
immune serum used, and in the pooled serum of mice 
fed with the immune serum, was investigated in the ultra- 
centrifuge by the method described by Hemmings and 
Jones’. The test sera were diluted to a protein oon- 
centration of 2 per cent and layered on to a 20-12 per 
cent sucrose gradient in a tube of the S.W. 39 head of a 
'Spinoo' model L centrifuge and spun for 18 h at 80,000 
r.pm. This resulted in the separation of the heavy and 
light components of the test serum in the sucrose 

i which was afterwards fractionated into a 
series of 40 samples. Alternate fractions were titrated 
against Brucella abortus, while the remaining fractions 
were used for protein determinations by the method of 
Lowry et al'. The sedimentation profiles of the sera 
with the distribution of the anti-Brucella titres super- 
imposed are shown in Fig. 1, which indicates that the 
distributions of the antibody titres of the test sera are 
all very similar with medians in the 75 region. 

Rabbit anti-Brucella serum was injected intravenoualy 
at doses of 0-01 ml./g body-weight to each of four 11-day 
Ow x As@ mice, two of which were killed 5 niin later, 
and their sera pooled and titrated. The others were 
killed after 4 h and their sera pooled and titrated. The 
resulta (Table 2) show that the titre of the complete anti- 
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body in the sera of young mioe remains unchanged during 
the 4h test period. Consequently, differences, if any, 
in the nature of the antibodies fed to young mice and 
those measured in therr circulations 4 h later will have 
been effected in the absorptive cella of the gut rather 
than in the circulation. 


Table 2. ANTIBODY ACTIVITY OF THE SERA OF YOUNG MIOR JECTED 
INTRAVENOUSLY WITH RABBIT? AWTI-Brucella SERUM 
Interval after Dilntion of antibody 
injechion Berum titre in serum 
Salno = 512 
56 mn Coombs = 512 is 
4h Coombs = 512 He 
Balme = 511 


It has been established that the activity of the immune 
serum used is due primarily to 7S and 18S complete 
antibodies, and possibly to 7S and 189 incomplete anti- 
bodies, whereas the activity of the sera of young mice 
fed with the immune serum is due to 7S inoomplete 
antibodies. Consequently, the transmission of rabbit anti- 
Brucella agglutinins across the gut may involve any or 
several of the following possibilities: 

(1) During transfer across the absorptive oells the 
185 antibodies may be degraded into the 79 incomplete 
type. An us change tn vitro would be the de- 
composition of 189 saline agglutinating Rh antibody by 
the action of mercaptan into 75 Coombe senartizing 
antibody’. 

(2) A configurational rather than a degradational 

from the 7S complete antibody into a ‘more 
acceptable’ 7S incomplete type may be effected by the 
abeorptive cells. A similar explanation has been 
to account for the obeervation that bovine y-globulin, 
which had reached the circulation from the gut of young 
rate, entered the circulation in relatively larger amounta 
when fed a second time to other young rata'. 

(8) The absorptive cells may exhibit selection between 
78 complete and incomplete antibodies and exclude the 
former from the circulation. If this were the case, such a 
high degree of selection between two antibodies prepared 
in the same species would be hard to reconcile with the 
much lower degree of selection exhibited between anti- 
body molecules of different antibody activities prepared 
in different species*, unleas the effect of variation in the 
configuration of the antibody reactive portions’ of 79 
antibody molecules on selection overrides that of the 
species-specific parte. 

The inability to nieasure the incomplete antibody 
activity of the immune serum used, due to the higher 
concentration of the complete antibody, precluded hither- 
tò any aaseaament of the relative importance of these 
possibilities. Further isis ita of the problem is 
desirable, especially in view of the light it might throw 
on the mechanism of the transmission of Rh antibodies 
&oroes the human placenta. 

I thank Prof. F. W. R. Brambell for his advice 
and Mr. W. A. Hemmings for carrying out the ultra- 
centrifugal run. We are indebted to the Rockefeller 
Foundation for providing the Spinoo ultracentrifuge. 

I. G. Morge 
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Department of Zoology, 
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An Anomalous Infection of Mice with 
Schistosoma manson! 


Mics exposed percutaneously to oercarim of S. mansoni 
dévelop an infection which can be well standardized. For 
the past three years we have albino mice, kept in 
identical conditions of diet and housing, to about 200 
oeroarim of a Venezuelan strain! which led to the develop- 
ment of a bisexual infection in the portal and mesenteric 


- veins and the deposition of eggs in the liver, intestinal 


walls and occasionally in the lungs. 

In one experiment on & group of ten mice, in, spite of a 
normal bisexual development of the trematodes, no eggs 
could be found in any of the organs of the hoste. In this 
experiment all cercarim were shed by a single snail, 
Australorbis glabratus. The total number of cercariss shed 
by the snail, which died the following day, was about 
2,000, much higher than the usual number encountered 
in the average experiment, that is, to 600-700 a day. The 
snail itself was infected with 5-10 miracidia. 

Eight mice were a&utopeied 55-140 days following 
infection and no ova were found in any of their organs. 
Perfusion of the liver and the mesenteric circulation! 
revealed that the 83-83 (average 65) schistcaomes counted 
per mouse were of normal size, many of them oopulated, 
with a ratio of 42-63 per cent (average 52 per cent) males. 
Slides of the fresh livers and intestines examined under 
microscope showed no eggs, nor did the i i 
digestion of the organs followed by exposure to intense 
light in river water liberate miracidia*. The reproductive 
organs of the schistosomes stained with 0-005 per cent 
methylene blue solution were normal in sire and number 


"in the males, as were the ovaries and the vitelline glands 


in the females. However, in the uterus at the site where 
normally the ovum is located an irregular mass without 
shell was noted. Two of the mice of this infected 
ten months ago are still alive, though animals infected 
with the same inoculum usually do not survive more than 
two months. 

It has already been shown that induced nutritional 
deficiencies in guinea pigs! and in mice‘ may cause varia- 
tions in the sexual organs of the schistosomes, and that in 
certain hosts hermaphroditiam of the male occurs; 
but we cannot find a ent for complete sterility in 
mouse, a species allowing the development of a bisexual 
infection with deposition of eggs. We exclude nutritional 
influénces in, the present case and we think that the 
sterility, presumably due to the anomaly noted in the 
female schistosome originated from cercarim shed by the 
same snail, may have been determined by the miracidium. 
It is known that the sex of the parasite is predetermined in- 
the miracidium, which forma the cercaria’, and it could be 
assumed that the deformation resulting in sterility may 
depend on a genetic variation in the t miracidium, 
which may have been the same individual for all the 
(female) cercaris of the infection. 

We thank Dr. Eugenio Gerulewicz, Ministerio de 
Sanidad y Asistencia Social, Caracas, for the Ausiralorbis 
glabratus strain. : 
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Effect of Dietary Calcium Lactate and 
Lactic Acid on Fæcal Escherichia coli 
Counts in Pigs 


Curtar strains of E. colt have been isolated! from pigs 
which have died from bowel edema. Strains of the same 
organism are involved* in certain baby pig scours. It has 
been reported’, in investigations of the intestinal flora of 
camden na pene pigs, that the count of E. ool was 
in’ y related to those of lactic acid producing bacteria, 
chiefly Lactobacillus bifidus. Significant growth increases 
with pigs were obtamed‘ with milk inoculated with 
Lactobaollus sp. when compared with that inoculated 
with Streptocooous sp. 


tion: 7} per cent fish meal, 5 
5 per cent bran, 15 per cant po 25 per maize, 42 per 
cent barley, 0-5 per cant vitamin/trace mineral premix. 
Three pigs, one from each pair, were fed the basal diet 
which had 2 per cant of the barley replaced with 2 per cent 
calcium lactate, Bow-Calac., Ltd., Widnes. The basal 
diet for the three control pigs was adjusted to the same 
calcium content as the lactate diet by the addition of 
ground limestone, aguin in pisos o ER The pigs were 
‘od twice daily on a scale of feeding whith was related to 
i i fæces were collected 

rted as soon as 
E. coli counts were made 
on l-g samples of the wet 
During the third and fourth 


possible to the laboratory. 
daily for 5 days each week, 
fees for a four-week period. 
weeks dry matters and pH were also recorded on the 
foes. The mean weekly E. coli colony counta/g wot 
fmoos, with the mean percentage fecal dry matter, and 
daily live-weight gains, are given in Table 1. 

Table 1. Muaw E. coli OOUNTS (x 10) YER 9 OF Wir PRS DAT Ee) 
wEIGHT GAINS, AND AIMAN PERCENTAGE FACAL DRY MATTER BRACKETS) 








* Pig 2 scoured during third week 
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trial. Since small but variable amounts of lactic acid were 
found in the calcium lactate 
pesce to be responding to the 
io acid (B.P.), 2 g/Ib. of diet, was given to the lactate 
pigs from the fifth to eighth weeks. The data are given in 
Table 2. 
G. 8. BURNETT 


Isaac Andrews and Sons, Ltd., Belfast. 
J. HANNA 

Veterinary Research Division, 
Ministry of Agriculture, Northern Ireland. 


1 W. J., Hrakine, È. G., and M. E, Va. Ræ., 69, 293 (1957). 
Bol i H. E, and V T, F. 840 (1059). reti 
H. E., and Elliott, B. J., 


i , Ve. Re., 7] 

æ. Mod., 4, 205 (190). 

3 MoErlsan, B. å., Irish Vet. J., 14, 55 (1060). 

i 8. Sbornit, Czechoslovakian Academy of Agricultural Science, 
Aromia, Výroba., 6, 643 (1901). y x 

* Molgaard, EL, F detect as Statens Husdyr- 

Een hee Firin Chrisiensens Forlag, LC ae: rud 

60, 278 ven, V. Trykt; Frederiksberg Bogtrykkeri, 1947). 

+ Brande, R., and Foot, A. 8B., J JA gric. £ci., 38, 70 (1942). 


Unidirectional Response to Angular 
Acceleration recorded from the Middle Cristal 
Nerve in the Statocyst of Octopus vulgaris 


Youna! guggesta that the three orthogonally arranged 
sections of the crista of the statocyat of Octopus vulgaris 
could function as of angular acceleration in & 
manner similar to the semicircular canals of vertebrates. 
He also that the macula could provide con- 
tinuous information about the position of the head. That 


us in a tank with 

eyo and cut the 
cranial the statocyst nerves, leaving 
a thin layer of cartilage on top. Next, we removed mantle 
and viscera, leaving attached to the sorta only the cranium 
with the statocysts, brain and right eye, and perfused 
aerated sea-water through the aorta. The preparation 
and the mioro-electrode holder were mounted on & turn- 
table which allowed smooth rotation and tilting while 
reoording. The stetocysb was placed in the centro of 


' rotation. The electrodes were thick-walled micropipettes 


filled with Wood’s metal and plated with platinum black. 


Table 2. Vox M. cof COUNTS (4104) FAB GHAM or Ware Paecms, DATY Livm-wAgnm GAIKB, AND Maw PXRCENTAGR FECAL DXY MATTER (IN BRACKETS). 


Daily ltve-weight gains (1b.) 


Wo. | Weeki*| Week 2 | Week 8 | Weak 4 | Wook 5t | Week 6 | Week 7 | Week 8 Weeks 1-4 | Weeks 5-8 | Weeks 1-8 
423 E « 25-72 24 5 
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We recorded from the left statocyst of thirteen animals 
and studied more than 60 unite, isolated or in ups. 
In the absence of stimulation the e o passes 
through the nerve without recording spontaneous activity 
until the surface of the sac is reached and some oells are 
kiled. Otherwise, if one tape the table gently while 
penetrating the nerve, one finds units that respond with 
& series of 4 or 5 bursts with 3—4 spikes per burst for 
each tapping, at a frequency of about 80 bursta/seo. If 
several unite are recorded simultaneously their responses 
appear phased. These unite are highly sensitive to low- 
frequency vibrations transmitted through the ground but 
do not respond to air-borne sounds. These same unite 
` responded with & large discharge (100 spikes/meo) to a 
counter-clockwise rotation in the horizontal plane (as 
seen from above) and with a amaller discharge (45 spikes/ 
sec) at the end of a clockwise rotation. A sinusoidal 
movemsnt elicited & response that extended from the end 
of the clockwise part of the counter-clockwise 
phase. Increasing the uency of the sinusoidal move- 
ment caused a rise in the frequency of discharge and the 
recruitment of new units. Recruitment also occurs with 
vibrational stimulation. That different unite have different 
thresholds is apparent from the recruitment. All this 
is illustrated in Fig. 1. (1) The absence of resting activity; 
(2) the response to the ocounter-clookwise rotation that 
subsides before the end of the swing (B); (8) the response 
to the end of the clockwise movement which begins 
before the stop or reversion of the swing (4 and O); 
(4) the complete adaptation at the cessation of move- 
ment (4). It is apparent that the effective stimulus 
was angular acceleration in the counter-clockwise direo- 
tion. A cinematic analysis considering the phase relation 
of the response to the angular displacement (6), the 
angular velocity (0) and the angular acceleration (0) makes 
this obvious. These experiments, however, do not prove 
that these receptors respond to acceleration only. 
They could also respond to unidirectional linear accelera- 
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tion. If this were the case the two accelerationa could 
be distinguished by comparing the activity in the two 
statocyste. 

Young! expected the longitudinal orista to detect 
rotations around the longitudinal axis through a vertical 
deflexion of the horizontally placed cupula. Our record- 
ings from the middle cristal nerve issuing from it indicate 
that this orsta at least responds to rotation around the 
vertical axis and that these rotations can cause an ade- 
quate movement of the endolymph and cupula (which- 
ever this movement is). However, we have not examined 
rotations around the other axes and we do not yet know 
which is the optimal stimulus for thia section of the 
crista, nor if we can deem the responses of each section 
of the oriste distinct enough for each of them to indicate 
rotations ın one plane only. 

We do not know which cella we recorded from, but 
we presume that the most likely are the large hair cella, 
which have the &xons!. In the crista there are 
also some second-order neurones that send their axons to 
the brain!; but we are inclined to believe that theee 
perform & more complex function and that we did not 
record from them. Whichever is the case, two facte stand 
out: (1) That the same unit responds to two modes of 
stimulation, namely, to low-froquency vibration and to 
angular &ooeleration. These differences in response 
pattern could be used for their central distinction. A 
similar duality of response is found in statocyst receptors 
of crustaceans’. (2) That there is no resting activity 
and that the response to angular acceleration is uni- 
directional. Whether this unidirectionality is due to a 
mechanical property of the statocyst, the cupula or the 
hair cells or to the interaction of the latter with local 
neurones, we do not yet know, but this property and the 
absence of resting activity make this system different 
from the known equilibrium systems of vertebrates* and 
crustaceans‘. ' 

This work, done at the Stazione Zoologica, Naples, 
was supported by grants from the U.S. Air Force Office 
of Scientiflo Research, the Office of Navel Research 
and the National Science Foundation. 

HuxnBugrTO R. MATURANA 
Cátedra de Biología, 


Escuela de Medicina, f 


Department of Zoology, 
University of California. 
Los Angeles. 


Vectorcardiogram of Anguilla anguillla L. and 
Pleurodeles waltili Mich. 

PREVIOUS investigations! on the epicardial electro- 
L., Ameturus 
nebulosus Raf., Oyprinus carpio L., Salmo irideus Gibb., 
Acipenser sturio L., Scyliorhinus cantoula L. and S. stellare 
L.), of larval Urodelea (Ambystoma tigrinum Green) and 
adult Urodela (Pleurodeles waltlii Mich., Triturus oristatus 
Laur. and Salamandra maoulosa Laur.) showed that the 
general activation front in the epicardial layers moves 
approximately from the heart basis towards the apex in the 
fishes and in Ambystoma tigrinum, and from the apex 
towards the basilar region in Pleurodeles walilti, Triturus 
crisatus and Salamandra maculosa. 

Furthermore, it was observed by the simultaneous 
recording of epicardial and intracardiac leads that the 
stimulus sp at the same time into all layers of the 
cardiac muscle and not from the sub-endocardial layers 
outwards, as m the mammalian heart. 
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In order to confirm the aforementioned results an 
investigation of the direction of the cardiac vectors in the 
different planes was undertaken. For this purpose frontal 
and sagittal plane QRS vectorcardiograms were recorded 
in a fish, Anguilla anguilla, andin a Urodele, Pleurodeles 
ualilii; from these tracings the spatial direction of the 
stimulus was reconstructed. 

The investigations were carried out on 12 specimens of 
Anguilla anguilla and on 4 of Pleurodeles walls. The 
animals were narootirod with 20 mg/kg of amobarbital 
sodium intramuscularly, and put iato an earthed Faraday 


cage. 

For the recording of the vectorcardiogram the cube 
arrangement developed by Grishman* and at present used 
for human beings was utilized ; according to this system the 
electrodes are placed so es to represent four of the corners 
of a cube having the dipole centre at its centre. 

The electrodes were as follows: 

(A) Vertacal bi lead:' the electrodes were located 
cranially and cau to the heart. . 

(B) Horizontal bipolar lead: two symmetrical plates 
were placed subcutancously laterally to the heart. 

(C) Sagittal bipolar lead: two plates were placed 
subcutaneously dorsally and ventrally to the heart. 

The composition of A and B gave as a result the vector- 
cardiogram in the frontal plane, while from A and O the 


vectorcardiogram in the plane was obtained. Care 
was taken, so far as le, to apply the statement of 
Gillard e& œ’, ig to whom the electrodes are 


regarded as ideally placed when they are located at the 


Ceph 
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Fig. 8 QES vectorcardiogram of Pleurodeles walt Mich. m the frontal 
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QBS vedoreardiogram of Piewrodeles wakk Mich. In the 
sagittal plane 
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same distance from the heart—the distance between each 
pair being the same—and the distance between heart and 
electrode about five times the heart’s radius. i 

The electrodes were made of stainless steel needles and 
silver plated; the diameters varied from 5 to 10 mm in 
conformity with the size of the animal. 

All the recordings were performed by a dual-beam 
oscilloscope Tektronix 502. 

In Figa. 1-4 the morphology of the QRS vectorial loops 
in the frontal and sagittal plane for each of the species 
examined is illustrated. 

As well as the morphological characteristics of the 
vectorial loop itself, the spatial direction of the excitation 
wave, as can be ascertained by the analysis of the different 
tracings, must be streased. In the case of the eel i$ can be 
seen that the stimulus starts in the base of the heart and 
spreads into the apical region, moving from right to left 
and from back to front. f 

In Pleurodeles, on the odntrary, the excitation wave - 
starts from the apical region, moves beckwards and right- 
wards, spreading at lash into the basal region leftwards 
and forwards. 

Thus, these vectorcardiographical investigations oon- 
firm what has been established by scalar oleotrooerdio- 
graphy concerning the activation of the epicardial layers. 

It can therefore be admitted that the general action of 
the fishes’ heart is clearly different from that of Pleuro- 
deles, where the activation front is approximately directed 
from the apex to the base, thus resembling the behaviour 
of several mammals. 

The patterns observed in Pleurodeles is very likely the 
same for all the Urodela: in fact, either the epicardial 
electrocardiograms or the. frontal and sagittal vector- 
cardiograms recorded on few specimens of Triturus and 
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Salamandra allow us to postulate the existence of a 
general apioo-basilar direction of the activation front. 

V. NosgDA 

Istituto di Fisiologia Generale F- CHrmsA 
Speciale degli Animali Domeatiai 

© Chimica Biologica del l'Université di Milano. 

R. MaAROENTTI 
Istituto di Zoologia della Università di Milano. 
! Chiesa, F., Noseda, V., and Marebetti, R., Arok. Sat. Biol., 48, 1 (1903). 
* Marohettl, E., Noseda, V., and Obiesa, F., Ris. Biol., 65, 187 (1002). 


* Noseda, V., Chios, F., and Marchetti, R., Experionfrs, 18, 380 (1942). 
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Incorporation of '*C-Acetate into Scent 
Constituents by the Green Vegetable Bug 

THERA is rapidly growing interest in the nature and 
functions of the hypodermal glands of insecta, which 
produce not only pheromones but also chemicals which 
are used in defence. Short-chain aldehydes, both satur- 
ated and unsaturated, tho paraffin tridecane' and 
possibly furans and quinones® have been identified in the 
repugnant secretion (scent) of a number of species of the 
hemipterous super-family Pentatomoidea. In this 
the scent is believed to play a defensive part!+. Nothing 
is known of the precursors of the scent nor whether the 
constituents are synthesized by the insect or merely con- 
centrated from the sap which many species pass through 
their digestive tract in quantity. It has been pointed out 
that some of the soent substances are present in low oon- 
centration in the plants on which the bugs feed!. The 
present experimente were carried out in order to determ- 
ine whether acetate, the main building unit in lipid 
metabolism, is involved in the production of the soent 
constituents. 

The contents of the scent storage sao of the green 
vegetable bug, Nezara viridula var. smoragdula (F.), 
consist of a mixture of two liquid phases, one almost 
colourless (actually a very light yellow) and the other a 
distinct yellow. The phases are easily separated by 
centrifugation. The vállow phase has the higher density 
and has been shown by gas chromatography to contain 
some 18 volatile constituenta, not all of which need be 
present in any one sample of scent. Since most of the 
constituents have not yet been identified, we have num- 
bered them in order of in ing retention times on an 
‘Apiezon-L’ column. Peak 12 is always a prominent 
constituent in both phases, and has been identified as 
r-tridecane!. Peak 10 has the same retention time as 
n-dodecane. Peak 11 is n-deo-2-enal! and peak 5 is 
n-hex-2-enal!, Peak 6 forms a dinitrophenylhydrazone with 
properties resembling those of «,8-dicarbonyl compounds!. . 

In an experiment designed to detect utilization of 
acetate for the biosynthesis of scent, 42 adult bugs (both 
sexes) were each injected with 4 uc. of sodium acetate-1-1+0 
(specific activity 82 mo./mM) in 1 ul. of water. Thirty-six 
of these had been previously depleted of soent by electric 
shock stimulation (exposure for two brief periods to 
50 V with 5 pulses/soo of duration 50 msec); 13 survived 
for 8 days. Of the 6 unshocked bugs, 4 survived. After 
8 days the living b were dissected and scent collected 
by i ing & fine capillary into the scent storage 
sac which lies ventrally between the metathoracio legs. 
The capillaries were sealed and stored at —40° O for 
several months. The depleted saos, the paired accessory 
glands and a little adjacent cuticle and fat body were 
stored in a test tube in 1 ml. pentane under the same 
conditions. 

The capillary collected scent was transferred into 1 mL 
of pentane and an aliquot counted in an Ekoo scintillation 
counter. The total count (2,000/sec) showed that only 
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0-2 per cent of the injected carbon-14 had been incorpora- 
ted into the scent. A 0-26-ml. aliquot of the pentane 
solution was evaporated at room temperature in a stream 
of air to a volume of about 25 uL Counting of a 1 ul. 
aliquot of the concentrate showed that about 80 per cent 
of the carbon-14 had been lost during the evaporation. 
Four microlitres of n-tridecane and 25 ul. of the pentane 
solution of capillary drawn scent were added and the 
sample injected into a Pye Preparative Argon Gas Chroma- 
tograph run at 100—125? with a column of 10 per cent 
‘Apiezon-L’ on ‘Celite’. 

The effluent gas from the chromatograph was 
passed through 9-mm. diameter U-tubes packed with 
about 7 om. of 2-mm. diameter glass beads and containing 
0-5 ml. of toluene at room temperature. Tests with 
n-hexanol-1-“C have shown that this system is as efficient 
(about 50 per cent) as one cooled in dry ice and ethanol for 
trapping quantities of 30 ug or more, although quantities 
of leas than 1 pg are trapped with only about 5 per cent 
efficiency. Each peak indicated by the gas chromatograph 
was collected in one or more tubes, and valleys between 

were also sampled. All collections gave some 
increase in count above the background count, but peaks 
6, 7 and 8 gave counta 4 x to 7 x background, and peak 
12 (tridecane) was 100 x background. Two later gas 
phic runs of the same radioactive material 
with the addition of several miarolitres of non-radioactive 
scent to improve the trapping efficiency of minor oon- 
stituents showed significant radioactivity in peaks 5, 6, 7, 
8, 9, 10, 11, and 12. 

Broadly comparable results were obtained with the 
pentane solution from the residual scent sacs and asso- 
ciated tissues. This initially had a total activity of about 
5,000 counta/sec, but, when vacuum distilled into a liquid 
air trap, 90 per cent of the activity proved to be nan- 
volatile. The pentane distillate was concentrated by slow 
evaporation at room temperature, which caused 25 per cent 
loga of the carbon-14 content, and several microlitres of 
cold soent were added to improve trapping efficiency. 
Bignifloant radioactivity was found in peaks 4, 5, either or 
both of 6 and 7 (which did not separate clearly), 9, 10, 11, 
12 and 18. 

Scent was collected in a capillary from a total of five 
bugs which had been injected 9 days previously with 1 po. 
of either sodium decanoete-1-'*40, sodium eaproate-1-140 
or sodium propionate-1-40. The pooled scent gave signifi- 
cant counts (greater than 1-5 x background) in peaks 
5, 6, 12 and 13 and barely significant counts (between 
1-2 x and 1-5 x background) for peaks 7, 8, and 11. 

Bignificant radioactivity has thus been found at one 
time or another in all peaks except 1, 2 and 8, whioh each 
contain so little material that signiflcant activity would 
not have been detected unless these constituents had 
been particularly ‘hot’. It is, therefore, clear that Netara 
is capable of incorporating acetate into the major oom- 
ponents of the scent (including hexenal, the unknown 
dicarbonyl, deoenal and tridecane) and does not rely on 
concentrating unchanged, preformed materials from the 
sap of the various plante on which it feeds in order to 


produce ite characteristic scent. 
H. T. Gorpon * 
D. F. WATERHOUBB 
A. R. GuBY 
C.8.LR.O., 


Division of Entomology, Canberra. 
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Effect of Smiling on Bacterla In Aqueous 
u 


spension 

Onetan bacteria in the logarithmic growth phase 
become non-viable when in aqueous suspension. 
The phenomenon has been observed with strains of 
Escherichia col, Pseudomonas * and Aero- 
bacter aerogenes*. Loss of viability of logarithmic phase 
A. aerogenes in chilled phosphate-salme is 
accompanied by the leakage of endogenous solutes, and 
the ‘leakage producta, in sufficient concentration, protect 
the bacteria against the lethal effect’. Thus’ lom of 
viability is greater the sparser the population and is 
insigni t in chilled suspensions containing more 
than 5 x 10* organiams/ml. Correlation between loss of 
viability and leakage of endogenous solutes has now been 
obteined by observing the effects of chilling on three 
Gram-negative bacteria. 

Escherichia coli strain Jepp, Aerobacter aerogenes 
NOTO 418 and a laboratory strain of Serratia marcescens 
were used. Cultures growing exponentially were obtained 
by seeding flasks (1:5 litre) containing 100 ml. of either a 
defined mannitol_ammonia—salts medium!‘ or tryptic meat 
broth with 4 ml. of a 16-h culture in the same medium, 
and ing for 2-8 h at 87°. Bacteria were separated 
from the culture and washed twice with phoephate-saline 
(0-11 M sodium chloride and K,HPO, + KH,PO, (0-02 M 
—PO,), pH 6-5) by centrifugation, then ded in 
this diluent (about 10!* bacteria/ml.). 
chilling on viability was assessed by 
bacterial ion (0-1 ml.) to cold phosphate-salme 

held in a temperature-controlled bath at 0° + 
0-25°; samples were removed at intervals for determina- 
tion of viability by slide culture’ on tryptic meat broth 
agar. Denser suspensions were used to examine the 
leakage of substances from chilled bacteria: washed sus- 
pension (4-5 x 10° bacteria/ml.) was rapidly cooled to 
near 0° by contact with brine at —10° and placed in 
the bath at 0°; st intervals, samples (5 ml.) were quickly 
filtered through well-washed Oxoid filter membranes 


Table]. LILKAGE OF MKDOGANOUS CONSTITUENTS YROX WASHED AXPONEETUL PHASE 
: HELD IN PHOSPHATE-BALINR 
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‘Viability (per oeni) 
g 


much leas from this organism grown in tio meet 
broth (Table 1). Leakage from Jf. coli at 0° was loss 
than 20° (Table 1) and about the same at these tempera- 
tures from S. marosscens. Thus, on chilling bacteria in 
relatively dense ion, the extent of leakage was 
related to the loea of viability which occurred in more 
dilute suspension (Fig. 1). Since the adenosine triphos- 
phate concentration in filtrates of chilled A. aerogenes 
reached a maximum in $0 min and then decreased (Table 
1), resorption, adsorption or breakdown of this substance 
must have occurred. 

Loes of endooellular constituents on chilling bacterial 
suspensions may be a cause but is not an effect of bacterial 


Asrobacter ecregenes MOTO 418 AND Bookerickia coli STRAIN JEPP 
AT 20° AXD 0° 


Results refer to filtrates from suspensions containing 2 mg bacterial dry weight/ml. 


Ultra-violet TEETH of filtrate 
Organism and ' woof 1 em XR S NS (mtn) 
growth medtum : 
0 15 $0 eo 0 
4 Rm 20" O12 017 033 O87 o 
ref. 4) o 013 049 003 005 (0 
A, eeregetnos from 20* 0-09 0-12 0-13 0-22 0 
meat broth o 0-09 0-15 0-16 0-24 0 
pie Teyp frora 20° ou 017 O88 O87 o0 
o cu œo O11 O10 O0 
(ref. 4) 

AP). TFiltratea were analysed for ultra-violet 
& ion ab 200 mj, adenosine triphosphate with the 


firefty luminescence technique* and ninhydrin-reacting 

substances’. As controls, filtrates separated from similar 
i at 20° were 

Fig. 1 shows which occurred in the viability 

of suspensions containing 


whereas the organisms were more resistant when grown 
in tryptic meat broth; W. coli grown in either medium 
or S. morcescens grown in tryptic meat broth were almost 
completely resistant. The viabilities of similar ions 
of these organisms at 20° remained unchanged during 1 h. 

At concentrations of about 5 x 10° bacteria/ml. af 
phosphate-saline no loss of viability of these organisme 
occurred during 1 h at 0°. However, when compared 
with similar suspensions at 20°, there was a considerable 
leakage bing substances (including 
adenosine triphosphate) and ninhydrin-reacting sub- 
stances from A. aerogenes grown in the defined medium, 


Minhyürin- substances as 
iy cae gael M M 
Š (min) (mtn) 60 
_——_—______~—_____—_——, (slide culture, 
15 30 60 0 15 $0 00 ref. 5) 
0 0 0 28 3-3 41 54 99 
0-92 0-95 0-06 28 10-7 11-0 1*0 99 
0 0 13 3-4 3-8 57 98 - 
0-07 0 23 40 57 5-0 98 
0 0 2-8 *9 50 63 99 
0 0 28 +5 47 2-8 96 


0 

0-02 

0 

0 
death since leakage occurs from bacteria in relatively 
dense suspensions which remain visble. Presumably, in 
dilute ion, the concentration of leakage products 
in the suspending fluid is too low for resorption to occur 
and Joes of bacterial viability results. It is of interest 
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Nuclear Size of Live and Dead Bovine 
Spermatozoa 

Tum aize distributions of _Spermatozoan nuclei are of 
interest from two pointa of view. On one hand there is the 
question of the identification and separation of X and Y 
chromosome bearing spermatozoa, and on the other hand 
the relation of nuclear size to total content of chromato- 
philio substances measured by the plug or oore method of 
microspectroscopy. We do not wish to become involved 
in the former question; but are interested in the latter in 
connexion with work on the DNA content of bovine 

being examined in this laboratory. 

We have adopted the van Duijn! formula for determin- 
ing nuclear areas. This method has been shown to yield a 
high correlation with areas determined by planimetry’. 
The regression of optical density of Foulgen stained bovine 
spermatozoa on nuclear area is n ive and highly sig- 
niflcant*. Under some experimental conditions 51 per cent 
of the variation in optical density could be explained by 
this regression. Suspecting that dead calls might be an 
important factor in this regression, an t was 
designed to determme the size and F staining 
characteristics of live and dead spermatozoa. This com- 
munication reporte the nuclear sixe relationships 

Live and dead 


10 or more live on: -negative) and 10 or more 
spice at cells were mapped so that the individual 
cella could, be relocated. The slides were then fired, 
hydrolysed and stained by the Feulgen method following 
normal procedure’. The proceas of fixation in acetio 
alcohol and hydrolysis in 1 N hydrochloric acid effectively 
removes all the colour from the eosin-stamed sperma- 
tozoa as determined by visual inspection, but there ia an 
effect of eosin treatment on the apparent DNA content of 
the oell. er rang ue Du pan Sen ere 
width and base width of the Feulgen-stained, mapped 
heads were measured with an ocular micrometer. 


Twenty-eight slides were examined, representing threo . 


different semen samples, with sub-samples ranging in age 
from fresh to 18 days old (stored in yolk-citrate at 5° C). 

The dead cells were found to be larger than the live 
, cella in all the dimensions studied. These differences 
' were significant at the 0-001 level of probability, except 
for base width which waa significant only at the 0-05 level. 
The means and standard deviations are given in Table 1. 
With the exception of the standard deviations for maxi- 
mum width, all the means, standard deviations and 
ranges were larger for the dead oells than for the live ones. 
_ Nuclear areas were likewise larger for the dead than for the 
n live sperm. The difference in area amounted-to 9-78 per 
. cenb of the area of the live cells, and waa significant at the 
0-001 level of probability. 

The distributions of live and dead oell nuclear areas are 
depicted in the histograms in Fig. 1. While the modes are 
distinctly different, there is a large overlap of areas in the 
two arrays. The sampling method used does not permit 
any exact statementa with regard to bimodality of the 
sperm populations studied, but if the two distributions are 


pooled on the ion of a single population containing 
58 per cent live no evidence of bimodality can’be 
shown. 


Thus it can be seen that nuclear area of a spermatozoon 
cannot be taken as prima facts evidence that the cell was 


(%) 

No. of oats 800 £79 

B-53 + 0-50» E93 + Dix 4-00 ia 
width 308 + 0-324 419 + 0184 528 eas 
Base wklih ` 1-80 + O 24x 1-84 + 0-f7a 2-21 i 
Ares 17-51 + 206a! 3020 + 2-782" 9-78 aoe 

~ [pdieats ee at iho 0-05 loval of probabiliiy *** Indicates 

significance at 0-001 lsrel of probability. 
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of nuclear areas of dead (eosin- ltro 
Fg. L ncn j xh positive) and 
live (or dead) at time of fixation. However, tho large 
differences between mean areas and the standard 
deviations of dead cells may account for some of the 
differences in DNA and the greater variability in DNA 
content reported in the spermatozoa of infertile as con- 
trasted to fertile males*". i such studies in the 
future should include some estimate of the live cells 
in the sample at fixation, for such differenoos in fertility 
may be due entirely to the paucity of live spermatozoa in 
the semen of infertile males and not to intrinsio differences 
in DNA content of those live cells which are capable of 
We wish to acknowledge the ded 
a grant, RG-8758, to one of us (G. W. B.) the National 
Institutes of Health, U.B.. Public Health Service. 
F. N. Bakar 
G. W. SALIBBUBY 
Department of Dairy Science, 
University of Illinois, Urbana. 
? van Dalh, fun, O., Mibresbopls, 14, 265 (1000). 
* van Dongen, O. G., thesis, Univ, Illinois (1962). 
* Baker, F. N., and Balisbury, G. W., J. Dairy Soi., 4i, 073 (1062). 
Ter miu Hasky, G. L, and MeKenzie, F. F., „áD. Ro., M 107 143). 
E (tiii Prom, Row York tnd Londons 1088). 7 


* Leuohtenberger, O. E., Bonrader, F., and Murmanis, L., J. Leo. 
aad Oka. Woi., 4$ 51 (i085). 


_ * Losehteatergor, D. , Murmanis, L, Murmantis, L., Ito, 8., and Wetr, D. R., 


Chromosoma, 8, 78 (1056). 


VIROLOGY 


Measles Virus - 
Ooorza! placed measles virus in the deoxyvirus group. 
There is now considerable evidence which is contrary to 
this view. The appearance of soridine-orange stained 
inclusions in measles virus infected cells under ultra- 
violet illumination suggests the presence of a ribovirus'. 
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This is in agreement with the observations of Atherton’. 
Waterson et ai. reported similarity of measles virus to 
myxoviruses, under the electron microscope. Waterson’ 
further ‘showed that the three serologically related viruses, 
measles, canine distemper and rinderpest, are structurally 
identical with N e disease virus (NDV), 

ive of a myxovirus sub-group. Further support for the 
similarity of measles virus and NDV is that these viruses 
undergo identical morphological changes during ether 
treatment, and the ability of measles virus to cause 
hemagglutination. 

Recent reporte have shown that halogen derivatives of 
deoxyuridine interfere not only with normal deory- 
ribonucleic acid (DNA) synthesis in animal and bacterial 
cells but also specifically inhibit viral DNA synthesis and 
hence the multiplication of such deoxyviruses as herpes, 
vaccinia and polyoma. Cooper! suggested that 5-fluoro- 
deoxyuridme may be useful in distinguishing deoxyviruses 
from riboviruses. In the present investigation of the 
nature of measles virus three derivatives of deoxyuridine, 
5-ftuoro-, 5-bromo- and 5-iodo-2’-deoxyuridine were used 
separately at a concentration of 20 pg/ml. in a study of 
plaque production in monolayers of H.Ep2 cells by a 

own deoxyvirus (herpes strain HFE 253228-32), a 
ribovirus (arborvirus AM M 2354) and meaales virus. 

Significant plaque reduction was recorded with herpes 


virus while no such effect was seen on plaque counts: of 
arborvirus or measles virus, under the same conditions 
(Table 1). This is taken as evidence that measles virus i8 a 
ribovirus. 


Table 1. PERCENTAGE PLAQUS REDUOTIOK IN THB PREENKOB OF HALOGEK 
DERIVATIVES OF DEOXYURIDIXA 


Inhibitor (20 g/ml.) Herpes viru Arbor virus Measles virus 
b-Ynoro-2' -deoxyurkdtne 93 0 0 
5-Bromo-2’-deoxyurtdine 56 0 0 
b-Iodo-2'-deoxyuridine 79 0 0 


The internal component of measles virus has not been 
identified chemically; however, there is now a strong 
possibility that it is a ribonueleoprotein. If this were the 
case meaales virus then falls into the NDV sub-group of 
myxXoviruses. 

This investigation was supported by University /of 
Queensland Research Grant No. 488. 


K. 8. K. Law 
r J. G. ATHERTON 
University of Queensland, 
Department of Microbiology, 
Brisbane. 
D., Nature, 199, 308 (1061). 
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Véroiegy, 15, 379 (1961). 
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Effect of an Ex ous Interferon on 
Experimental Influenza Virus Infection and 
Interferon Production in White Mice 


Wer have investigated the effect of an exogenous inter- 
feron obtained from inbred albino mice (asw strain) after 
infection with a mouse-adapted influenza virus (strain 
Em2, type 41) on the dynamics of the influenza virus 
infection, in parallel with interferon production. 

Exogenous interferon was obtai from lungs of mice 
infected intranasally with influensa virus containing 
allantoio fluid (50 per cent egg infective dose (HID,,) = 
10**/0-1 ml.; dose .= EID,,in 0-05 ml.) as described 
by Isaacs and Hitchoock'. Exogenous interferon was 
then concentrated according to Zemla and Vilček?, lyo- 
philized and resuspended in buffered broth. (pH 7-2). 
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ed to yield 
_of exogenous interferon from one mouse Tung. : 

A control group and two test groupe, each consisting 
of 18 inbred albino mice (asw strain) weighing 14-16 g, 
were inoculated intranasally under light ether anwathosia. 
The oontrol was inoculated only with 2 EID, 
of infected toic fluid, whereas the first test group 
of ‘mice was treated 4 h prior to infection (2 EID,) 
with four drops of exogenous interferon intranasally, _ 
and the second test group with the same dose of exogenous 
interferon 4 h prior to and 24 and 48 h after infeotion 

i . Starting with the second day after infection, 
3 mice were killed from each group daily, and from their 
lungs 10 per cent suspensions were prepared in Horvath’s® 
medium. The suspensions were clarified by centrifugation 
at 2,500 r.p.m. for 10 min and serial ten-fold dilutions of 
them inoculated into suspended chorioallantoic membrane 
tissue cultures ing to KHorváth*. The cultures 
wero ‘incubated at 35° C for 72 h and the reproduced 
virus detected by hemagglutination test on plastic 
plates‘. The presence of uoed interferon was 
tested according to Isaace and denmann! in the corre- 
sponding lung suspensions of tho third, fifth and seventh 
day after infection. 

The resulte are shown in Figs. 1, 2 and 8. Tho titre of 
virus is expreased on the left in log TOID,, values, the 
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control hemagglutinating titres on the right scale of the 
diagram. It can be seen that the virus in the control 
group (Fig. 1) was first detected on the second day after 
infection. It disappeared on the third day and waa not 
detectable up to the sixth day, in order to disappear again 
on the seventh day. The lack of the virus m lung suspen- 
sions on days 3, 4 and 5 is to be explained by the presence 
of an interferon on the fifth day. 

In the firat test group (Fig. 2) virus waa found in the 
mioe lungs from the second up to and including the fifth 
day. Asan interferon could be found in the corresponding 
lang suspensions only on the seventh day we suggest that 
exogenous interferon mippressed the interferon production 
in comparison with the control mice and, aa a consequence 
of it, virus multiplication could oocur in the absence of 
interferon in the mice treated with exogenous interferon 
to a significantly larger extent than in controls. 

In the second test group (Fig. 3) both virus multiplica- 
tion and interferon production were delayed in comparison 
. with the control group: virus waa first detected in the lung 
suspensions on the fifth day, whereas significant interferon 
activity could be demonstrated only on the seventh day. 

As has been seen in our experimenta, exogenous inter- 
feron given in a single dose 4 h prior to infection suppressed 
the interferon production and, consequently, enhanced the 
virus multiplication, while the same dose of exogenous 
interferon, when given three times (that is, 4 h prior to, 
24 and 48 h after, infection, respectively), suppreased not 
only the interferon production but also delayed the virus 
multiplication in the mice lungs. 

There arises the question of whether exogenous inter- 
feron ahould have a similar affect also in human beings, 
and, if applied for a sufficiently long period, would be able 
to eliminate the virus multiplication at all. 


F. Link 
D. Buasxovid 
. J. RAUB . 
Institute of Virology, 
Ozechoslovak Academy of Sciences, 
Bratislava, B. 
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* Tak&tay, Gy., Ac Miorobsol. Hung., 3, 101 (1955). 
Imas, A., and Lindenmann, J., Proc. Hoy. Soe., B, 147, 258 (1957). 
D. À. J., Mature, 184, Bupp. 7, 453 (1959). 


CYTOLOGY 


Structure of Red-Cell Ghosts and the Effect 
of Saponin Treatment 

THe molecular organization of the various components 
of cell membranes, & frequent topic for theoretical specu- 
lation!, is a difficult problem to approach by experimental 
methods. Little, if any, structural detail has been con- 
vincingly demonstrated in the plane of the membranes 
until the recent electron microscope investigations of 
Dourmashkin, Dougherty and Harris’. These workers 
discovered regular hexagonal patterns in membranes of 
various origin (Rous sarcoma virus, human and guinea pig 
erythrocytes, chicken liver cella), treated with saponin. 

We have recently observed similar, and unexpected, 
hexagonal structures among the liquid-crystallme phases 
of lrpid—water systems (lipids extracted from human 
brain)**, and we have developed our own conclusions 
about the possible biologica! implications of non-lamellar 
organization of membrane elementa. We thus welcomed 
the work of Dourmashkin ¢ al. as & confirmation of our 
ideda, and thought it worth while to carry out similar 
experiments using X-ray diffraction techniques. Bome 
preliminary results of this work are reported here. 
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Human , washed and suspended in phos- 
phate buffer, pH. 7-2, were hemolyaed either in hypotonic 
phosphate (0-01 M) or in the preeenoe of saponin (0-05 per 
cent in water, $0 mun at 87° O). The ghosts were then 
washed and centrifuged (30 min, 40,000g) several times 
and freeze-dried. We ascertained in a fow experimenta 
that freeze-drying had no drastio effect on the structures. 

The X-ray diffraction experiments were carried out in & 
small-angle camera of the Guimer type* at various oon- 
centrations and at two temperatures: 22° C and 37° C. 
The samples were made by mixing flxed amounts of dry 
ghoste and water concentrations (o = weight of dry ghosts 
per gram of sample) were determined by dry-weight after 
the X-ray experiments. 

With ‘intact’ ghosts, that is, not treated with saponin, 
two main concentration-ranges oould be distinguished. 
From o = 0:80 to o = 0-42 a lamellar structure "was 
present, characterized by $—4 sharp reflexions, in 
orders of a fundamental spacing : 170 A at 22° C, 205 A at 
37° O. At higher concentrations, 0-42 < o < 0-70, a 
second lamellar structure was found, in equilibrium with 
the previous one; the repeat distance was 64 A. Samples 
at concentrations higher than 0-70 were not examined; 
at low concentration (o < 0-30) the scattered intensities 
became very weak. 

In saponin-treated ghosts one type of X-ray diffraction 
diagram was observed, which varied vary little with con- 
centration and temperature. It was campoeed of a few 
sharp lines, the spacings of which were typical of a two- 
dimenaional hexagonal lattice (ratios 1 : 4/3 : 4/4) (ref. 8), 
and of some fairly broad bands at spacings clove to 58, 40 
nog eae The unit cell side of the hexagonal lattice was 
165 A. 

The sharpness of the reflexions of the lamellar and 

phases shows that the ordered regions must be 
fairly large in the three dimensions. 

The resulta of the X-ray diffraction analysis were very 
similar to the electron microscope observations of 
Dourmashkin e£ aj.. With both techniques hexagonal 
structures were observed only in saponin-treated ghosts. 
The of the hexagonal cell was almost identical : 
140-160 A in the electron microscope preparations, 165 A 
in the X-ray samples. 

The most excitmg suggestion of the observations of 
Dourmashkin ei al. is that intact membranes are hexagonal 
mosaics of various elemente (lipida, proteins, cholesterol, 
water). The fact that this structure becomes visible in 
the electron microscope only after the action of saponin 
could be explained by assuming that saponin removes 
some of tho membrane elementa, leaving ‘holes’ accessible 
to negative staining. But such an interpretation can 
pl a be reconciled with the X-ray observations: ifa 
hexagonal structure were present in the ‘intact’ ghosts, it 
should be detected by the X ray diffraction techniques. 
We therefore find it difficult to escape the conclusion 
that the hexagonal structures are produced by 
the treatment with saponin. 

It should be emphasized that our resulta are still pre- 
liminary. A detailed anslymie of the phase diagram" and 
of the structure of ‘intact’ ghosts must await more oom- 
plete experimental data. Furthermore, the effect of the 
various preparative procedures must be carefully investi- 
gated. 

F. Husson 
> Virronio Luzzati 


Centre de Recherches sur les Mecromolécules, 
6, rue Bouseingault, Strasbourg, 
France. 
1 Ponder, 3. in The Call, edis. by Braehet, J., and Mirsky, A. (Acacia 
Pross, Kew York, 10691). 
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THE ADVISORY COUNCIL ON SCIENTIFIC POLICY IN BRITAIN 


HE fifteenth annual report of the Advisory Council 

on Scientific Policy * is on the whole a disappointing 
document. Ita main interest lies in the discussion of 
international co-operation in science, and particularly the 
recommendations regarding an International Institute 
for Science and Technology, as proposed by a Working 
Group of the North Atlantio Treaty Organization over 
which Dr. J. R. Killian presided, and in ita discussion 
of a report on biological studies from the Biological 


Research Committee of the Royal Society. This report is 


appended, as are some notes on the scope and methods of 
an inquiry into research and development expenditure 
which are also considered by tho Advisory Counqil. 
Scientific libraries, however, are cursorily dismissed in 
& paragraph which shows no awareness of how important 
a contribution the Advisory Council might make, if it 
were so minded, to the development of the new National 
Reference Library of Science and Invention, or to the 
shaping of the national library system to which the 
Minister of Education is immediately committed. Further, 
once again the question of research into natural resources 
is deferred, pending the report of the Slater Committee, 
while that of the organization of scientiflo research is 
postponed pending the report of Sir Burke Trend’s 
Committee reviewing existing organization for the promo- 
tion of civil science by Government agencies. Of any 
progress, meanwhile, in implementing the reoommenda- 
tions of either the Plowden Committee or the Zuckerman 
Committee on the management and control of research 
and development there is no mention. 

Two other matters are brieffy considered in the report. 
First, the arrangements described in the Advisory Council’s 
lagb report for the supply of costly equipment such as 
computers for research appear to have proved their 
value. In 1961 a total of £2-1 million was allocated for 
computers to universities through the University Grants 
Committee, and when two universities applied for the 
very large Atlas computers that Committee took the view, 
endorsed by the Treasury, that provision must be made 
on a national basis. As a substantial requirement for time 
on such a computer was foreseen by the Atomic Energy 
Authority, it was decided to establish an Atlas computer 
of the most advanced design at the Rutherford Laboratory 
of the National Institute for Research in Nuclear Science 
at Harwell. This would manage the computer and allocate 
& defined minimum of computer time to the Atomic Energy 
Authority, and the rest to the Meteorological Offloe or 
other Government departments and to universities, on 
the advice of & committee of computer experts. Three 
universities have also deaided to use their resources as 
contributions to a larger machine and propose to meet 
part of their computer needs by Atlas machines or Atlas 
componsnts. Needs over the next five or six years should 
be adequately met by the arrangements now made. 

Secondly, durmg the year the Council considered a 
report, endorsed by the Royal Society, from the British 
National Committee on Astronomy, proposing the estab- 
lishment of an Institute of Theoretical Astronomy, if 
possible at the University of Sussex, and providing 
facilities generally for encouraging research in theoretical 
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astronomy as well as a centre of teaching and for the 
exchange of ideas and research workers. The Advisory 
Council is satisfied that steps ought to be taken to 
strengthen, oo-ordinate and stimulate such studies in 
the United Kingdom and to provide satisfactory facilities 
for collaboration with astronomers overseas. A plan of 
the kind and on the scale proposed would, in the Counoil's 
view, be & good way of meeting these needs, and it is 
understood that the University of Sussex is considering 
this project in conjunction with the Royal Society and 
the British National Committee on Astronomy. The 
Council also reports that, in accordance with its recom- 
mendations in their report for 1959-60, effective arrange- 
ments have now been made for expanding seismological 
studies at the University of Edinburgh. Conditions for 
seismological work at its station at Hakdalemuir are as 
favourable as anywhero in the United Kingdom; the 

of Scientific and Industrial Research has made 
& grant of £43,100 over three years for staff and equipment, 
while a farther grant of £10,480 over three years has been 
made to the University of Durham for researches in seis- 
mology of the Earth's crust. 

The Advisory Council was invited by the Minister for 
Science at the end of 1961 to consider the whole question 
of international scientiflo activities and to advise on the 
issues of policy which arise. While welooming the growth 
of international consultation through the numerous 
agencies of the United Nations, the North Atlantio 
Treaty Organization, the European Nuclear Energy Agency 
and the International Atomic Energy Agency, the 
Advisory Council sees some danger of duplication between 
these activities where the Agencies have similar objectives 
or functions. This can be largely avoided by forethought, 
and acoardingly the Council has invited ita Sub-committee 
on Overseas Sciantific Relations to review from timo to 
time the various consultative international activities. 

International collaborative research projects, such as 
the International Geophysical Year, have proved highly 
rewarding and the scientific resulta have been substantial. 
The Advisory Council welcomes the increase in inter- 
national collaboration of this type. The expenditure 
involved is usually small, and programmes can be organized 
in a way that permits results which could not otherwise 
be achieved. It is an added advantage that much of 
the expenditure is likely to be incurred in the currencies 
of the countries concerned. Several of these projects 
have been i under the auspices of the Inter- 
national Council of Scientific Unions. and the Council 
refers particularly to the forthcoming International Quiet 
Sun Year and the International Biological Programme, 
and to the International Cell Research Organization 
which it is proposed to set up under the auspices of the 
United Nations Educational Scientific and Cultural 


The United Kingdom is also particrpating in four 
centralized international schemes, in which research 
facilities are provided and controlled internationally. 
One of these, the European Space Research Organization, 
to which the United Kingdom is expected to contribute 
£7-6 million in 1962—67, is still in the formative stage. 
The others are the European Organization for Nuclear 
Research, to which Britam's contribution is estimated at 
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£10-4 million, the Halden reactor experiment (£140,000) 
and tho Dragon reactor project (£7-2 million), all over the 
same period. Although these schemes differ widely in 
type, they all involve centralization on & regional basis 
and they share the calla on high-grade scientific man- 
power. 

The Advisory Council streases the importance of the 
principle that, in centralized international schemes provid- 
ing facilities for fundamental research, national teams, 
working in their own laboratories, should have a major 
share in the use of tho facilities provided. Proper use 
of very advanced equipment provided internationally ig, 
however, only possible by member countries in which a 
substantial measure of activity already existe and, in 
the Counoil’s view, it is important to ensure that national 
research teams from universities can use the opportunities 
in the very advanced fields of research which the European 
Organization for Nuclear Research and the European 
Space Research Organization will provide. While m 
schemes such as the Dragon reactor project, economic and 
technological oonsiderations may be the determining 
factors in the decision to participate or not, in reaching 
decisions regarding participation in scientific schemes, 
which are usually very costly, it is important that strictly 
scientific considerations should be given full weight and 
that all should be satisfled that, from Britain’s national 
point of view, the enterprise is worth the heavy oost 
involved. 

While the Council agrees that the development of inter- 
national co-operation in science is, in principle, desirable, 
it is not induced by the suoceas which has hitherto 
attended the participation of the United Kingdom in 
such schemes to conclude that any and every international 
scientific collaborative arrangement has merit simply 
because it is international. Each scheme must be oon- 
sidered on ite scientific merits and there are limite to the 
cost which a country can incur on scientific activities. 
Moreover, it is essential to maintain reasonable balance 
between national and centralized mternational activities, 
and it should be noted that the Council attaches great 
importance to a close relation between the two. It also 
suggests that one of the most useful ways of assisting 
international co-operation in science would be to review 
and improve the existing arrangements for international 
exchange of scientists. 

This recognition that international co-operation is no 
substitute for national excellence im science does not 
lead the Advisory Council to overlook the element of 
assistance to smaller countries or to the ‘larger objectives’ 
—objectives such as strengthening European economy or 
union which may be served by participation. Due 
weight is given to these factors; but the Advisory Council 
rightly holds that it is a mistake to resort to International 
activities, whenever possible, simply because it is politically 
desirable to extend the area of co-operation. Ultimately, 
the political value of co-operation is proportional to the 
extent to which there are real scientific advantages for all 
the participants. 

It is from this pragmatic point of view that the Advisory 
Council then considers the particular proposals for an 
International Institute for Science and Technology, 
recently discussed in these columns (196, 1127; 1962). 
While the Council is in sympathy with the basio aims and 
objectives which inspire the proposals for such an institute 
and considers the basic objectives sound, the majority of 
the Counoil believes that these ends can be attamed more 
readily and economically by alternative methods. It 
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questions the soundness of the analogy drawn. between an 
international institute and international research facilities, 
such as are provided by the European Organization for 
Nuclear Research. In most flelds of science it believes 
that the nucleus around which work of the highest quality 
can be developed is the exceptional mdividual and not a 
research facility, and this view is supported by the policy 
which the Carnegie Institution of Washington and the 
Nuffield Foundation have consistently followed. More- 
over, it doubta whether it is wise to ignore the value of 
existing equipment and stimulus such as are to be found m 
the great existing centres of research at universities and, 
elsewhere. Most of the Council doubts whether it would be" 
poasible to attach research leaders of the highest quality 
to & new multi-discipline organization to be built up from 
the beginnings in Europe at the present time, though 
others believe that, given the necessary backing of 
Governments, this would be possible. 

The Advisory Council suggesta, therefore, that in place 
of & new institute, international agreement should be 
sought on the selection in Europe of mdividual centres in 
existing universities, eto., m partioular flelds of science 
and technology which could readily and economically 
be developed into a nexus of the kind of international 
centres envisaged. It gives as examples the Imperial 
College of Science and Technology, which already draws 
& high proportion of its postgraduate students from 
overseas, and the National Physical Laboratory. Such 
international agreament would cover international recog- 
nition of the research degrees conferred by these centres 
as having parity with the research degrees of the partici- 
pating countries. International and national support for 
these centres would then be channelled to develop them as 
rapidly as possible into inter-disciplinary postgraduate 
centres recognized as the leading institutions in their field 
in Europe. Besides provision of mternational research - 
fellowships and visiting professorships, an essential 
element would be short-period exchanges or visita to 
maintain close contact and oo-ordination by members 
of the various institutes to other similar centres. 

The Advisory Council believes that the benefits of such 
an arrangement would ultimately spread to the whole 
of the universities, eto., of which the centres were part 
and that in this way it would be possible to go far towards 
truly international universities. It suggests that such pro- 
posals could suitably be put forward to the North Atlantic 
Treaty Organization as the basis of an alternative both 
to the plan for a single institute and to the proposal for an 
international research fund. to theee recom- 
mendations, the possibility of establishing an institute 
which would comprise, in one country, a central ‘oore’ of 
perhaps two centres, together with a headquarters and 
with associated centres in other countries, has been 
considered and the Advisory Council does not regard 
such a scheme as contrary in iw essential principles to 
ite earlier advice. 

Ib might be remarked that Dr. Killian and his ool- 
leagues on the Working Group fully recognized the value 
of the exceptionally gifted individual as a nucleus for 
research schools of outstanding merit, and the Group 
laid considerable streas on the importance of flexibility 
to cope with this situation and its implications. The 
Advisory Council scarcely seams to do justice to this 
aspect, nor does it comment on a further draft proposal 
for an mternational foundation for the development of 
science and technology. Since, however, Bir John Cook- 
croft is a member of the Advisory Council as well aa of 
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the Working Group, ib may be assumed that the pro- 
poeals of the Working Group were fairly considered. 
The broad comments of the Advisory Council are un- 
exceptional and should receive full weight in considering 
any proposals for international co-operation in research 
and in decisions as to the organization of Britain’s scienti- 
fio effort generally. 

On biological studies, the Advisory Council does not 
necessarily accept at every point the views expressed in 
the report of the Biological Research Committee of the 
Royal Society, but in its present report it is concerned 
eeeontially with the diagnosis of the state of biological 
studies in the United Kingdom. Consideration of the 
institutional changes which may be desirable to deal 
with the problems revealed by the diagnosis is deferred 
‘until the Committee under Sir William Slater concludes 
ita examination of the case for a research council dealing 
with research into natural resources. In view of the 
overlap, this decision is reasonable enough. However, 
at the same time, it mugb be pointed out that here once 
again the Advisory Council scarcely shows the drive and 
senso of urgency that are desirable. Granted that rapid 
action is not necessarily precluded when the Slater Oom- 
mittee reports, this means that the Advisory Council is 
unlikely to contribute further to informed public discus- 
sion of an issue of immediate importance within the next 
twelve months. 

Tt is such circumstances that foster doubts as to the 
adequacy of the existing structure and the real effective- 
ness of the Advisory Council and such oriticiam is not 
invalidated by the very sound discussion of the state of 
biological studies in the present report. In fact, that 
discussion, and the report on which it is based, bring out 
the imperative need for some further consideration of 
the respective functions of the University Grants Com- 
_ mittee and the Research Councils in fostering biological 
research. That is a first step towards ing on 
any permanent basis tho relative neglect of biological 
research which is emphasized by the present report. 

That negleob is attributed primarily to the failure 
within the universities to recognize the need for develop- 
ing biological studies. It is generally agreed that biology 
at present is in & state of transition. With a continuing 
change of emphasis from descriptive studies to the 
analysis of living matter and the interactions of biological 
systems, traditional branches of biology are being in- 
creasingly infiltrated by other scientific disciplmes: the 
mteraction of these subjects has been responsible for 
many of the most promising new developments. Such 
interaction is at present occurring at a wide range of 
levels, and, as the Advisory Council for Scientific Policy 
frankly recognizes, implies the need for major changes 
in the organization of biology departments especially in 
universities. The plans for an International Biological 
Programme, concerned with biological productivity and 
human welfare, are designed to deal specifically with 
one aspect of this situation, but more generally the pro- 
posal for an International Institute of Science and Tech- 
nology is intended to deal with this problem of inter- 
disciplinary relations and overcome the difficulties which 
the rigidity of departmental organization in universities 
often offer. 

In the universities at present the situation is far from 
uniform. In some there are large and well-equipped 
centros for biological research, but in others there are 
small traditional departments with relatively modest 
equipment and insufficient space for expansion. In 
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many branches of biology adequate progress is only 
possible with first-rate modern equipment and facilities 
and inter-disciplimary co-operation. For this oo-operation 
to be achieved, the Advisory Council considers much 
greater financial support to biology should be provided. 
Besides this, however, leaders in research will have to face 
much more severe administrative and managerial preb- 


tional structure of faculties. 

Special measures may be required to meet the situation, 
but the Advisory Council recognizes that the establish- 
ment of new universities presents special opportunities 
for creating biological departmenta embodying & multi- 
iscipli approach. It is vital, it holds, for the proper 
evolution of biological studies in the United Kingdom 
that centres where the necessary conditions exist, or oan 
be established, should be developed and provided with 
staff and resources comparable with the best centres in 
the world. It gives & broad hint, though no more than 
a hint, that this will not be possible with the level of 
support for the universities which is at present contem- 
plated by the Government. Even with a substantially 
higher level of support for university research, some 
selection of odntres of biological research for development 
will be unavoidable, especially in the creation of new 


training in mathematica, physics and chemistry. These 


just 
hopes that throughout biology departments there will 
continue to be developments in both established and new 
universities in training biologists with adequate know- 
ledge of the physical sciences and mathematics. It 
suggests also that more senior and responsible posts are 
required particularly to meet inter-disoiplinary needs if 
facilities are to be provided which will attract the younger 
men who might otherwise be tempted to emigrate to 
centres abroad providing such conditions. While the 
Advisory Council recognizes that Britain may be limited 
in the scale on which expensive facilities of this kind can 
be provided, it strongly insists that such additional 
resources as can be made available should be channelled 
with vigour and foresight into the chosen centres. 

In these comments and recommendations the Advisory 
Council follows broadly the conclusions of the Royal 
Society’s Committee. The latter concluded specifically 
that insufficient biologists are being trained even to meet 
present-day needs and that the present expenditure must 
be at least doubled if Britain is to exploit the present 
possibilities in biological research. Little would be gamed 
by redistributing the funds at present available, but if 
additional resources are provided the means for distribut- 
ing Government grants should be modified so as to permit 
More positive planning. The need for biologists has been 
underestimated and a reassessment of the need by the 
Committee on Scientifle Manpower is recommended. 
The opinion is expressed that previous estimates were 
based largely on a survey of the needs of industry and took 
insufficient account of the needs of agriculture, veterinary 
medicine, fisheries, forestry, eto., in which biologists tend 
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to find employment, while m borderland subjects it is 
necessary to match with biological recruits those coming 
from the physical sciences. 

Reference is also made to a number of particular 
deficiencies. It is questioned whether the Advisory 
Committee on Fisheries of the Development Commission 
is in a sufficiently strong position to finance and expand 
work on many aspects of physiology, biochemistry and 
the physical sciences where marino and fresh-water 
organisms and their énvironment offer exceptionally 
favourable subjecta for study. The position of the 
centres for fundamental research m marine and fresh- 
water biology in Central and East Africa and in Malaya 
is noted as oallmg for immediate mvestigation. It is 
curious, however, that noither here nor in the specific 

_Teferences to the role of the Research Councils is the 
Overseas Research Council mentioned. In terrestrial 
ecology and general zoology the main speoiflo deficiency 
in the present organization is considered to be the lack 
of adequate means of financing biological expeditions. 
Moreover, in economio microbiology it is submitted that 
the Microbiological Research Establishment at Porton 
should be freed from Service control and expanded eo 
as to act as & national institute of microbiology, with ita 
own governing body, suitably attached to an appropriate 
Research Council and with close liaison with university 
departments. 

The almost unlimited possibilities m the development 
of research on marine and fresh-water animals while the 
present restricted work is hampered by lack of funds is 
again stressed in this report, as is the madequacy of the 
grants which the Nature Conservancy is at present able 
to make for biological or botanical research. Certamly 
there is firm criticism of the present departmental struc- 
ture in the universities for teaching and research in 
biological sciences. Obviously the time is ripe for reform, 
apart from the opportunities for experiment which the 
creation of new universities offer, and there is a note of 
urgency which the University Grants Committee can 
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scarcely ignore. In particular, greater flexibility is 
required if tho universities are to be enabled to foster 
precious talent. In the absence of sufficient senior research 
poste, with security of tenure, and more post-doctoral 
fellowships Britain is losing too many trained scientists 
abroad. Whereas nine-tenths of the research personnel 
engaged in the earliest research in a new fleld were pro- 
vided by the United Kingdom, this rapidly changed to a 
situation where three-quarters of the research workers 
engaged m its further exploitation were in the United States. 

The reluctance of the Advisory Council to commit 
itealf to any reassessment of the role of the Research 
Councils in the organization of research in advance of the 
report of the Trend Committee is understandable; but 
it is clearly of the utmost importance that the whole 
system should be reconsidered as a matter of urgency, 
but in relation, for example, to the University Grante 
Committee and to the universities themselves, and in 
respect of the scale of Britain’s whole effort. In particular, 
it is once more apparent that the place and functions of 
the Overseas Research Council are of significant impor- 
tance and that the Nature Conservancy requires much 
greater resources at its disposal. The urgency derives 
only in part from the opportunities provided by university 
expansion ; it arises equally from the pace of development 
in Britain, the productivity campaign and the position of 
research in the emergent countries overseas. The report 
of the Royal Society’s Biological Research Committee 
demonstrates the urgency in one particular fleld, but it is 
clear enough from the whole report of the Advisory 
Council how imperative it is that it and the Minister for 
Science should be thinking urgently and constructively 
about the whole scale and balance of the research effort. 
The present report is scarcely lees tentative than that for 
1960-61, and another successive report of the same 
character must seriously prejudice the position of the 
Advisory Council itself as an effective element in the nat- 
ional structure for advismg on and planning the develop- 
ment of Britain’s research effort. 


FUTURE OF BRITAIN’S NATIONAL PARKS 


HE thirteenth annual report of the National Parks 

Commission *, covering the year ended September 30, 
1962, is noteworthy for its unequrvocal criticism of 
Government policy in regard to the national parks. This 
is most clearly expressed in regard to the Government's 
failure to indicate when a place will be found m the 
legislative programme for what the Oommission regards 
as the essential amendment of the 1949 Act. It is no lees 
obvious, if implied rather than expressed, m the Com- 
mission’s remarks on coastal preservation, the closure of 
railways and on development questions, such as electricity 
supply, water supply, serial maste and disused Service 
sites. 

The magnitude of these latter issues is sufficiently 
illustrated by the simple fact that during the year some 
471 proposals for development affecting landscape beauty 
m national parks, in areas of outetanding natural beauty, 
or elsewhere were referred to the Commission by Govern- 
ment departments, by park and other local planning 


* National Parks and Access to the Coun Act, 1919 
of the National Parks Commission for year ended 
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authorities, or by amenity organizations. There were, 
however, several encouraging features of the year which 
may be briefly noted before discussing the major issue. 
In the ten national parks a number of creative projects 
were proposed by the Park Planning Authorities. Some 
progress is reported in dealing with the litter problem, 
and on Dartmoor and elsewhere encouraging examples 
are cited of co-operation with local people in preserving 
and enhancing the countryside. In the Lake District 
and on the Pembrokeshire coast particular attention was 
directed to problems arising out of caravan camping 
and the increasing congestion of roads by motorista, while 
in the Exmoor National Park particularly difficult prob- 
lems arose in the conflict of interesta in the enclosure 
of open country and in the reconciliation of the need for 
landscape preservation with the demands of forestry. An 
Order designating East Hampshire an ‘area of out- 
standing beauty’ was confirmed by the Minister on 
September 26, 1962, and & proposal to designate an area 
to be known as the Forest of Bowland is to be submitted 
for confirmation shortly, but there was a disappoint- 
ing further delay in the confirmation of an Order deeig. 
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nating the Sussex Downs such an area. However, some 
progress was made towards completing proposals for the 
~ South Downs Long Distance Route, the first such route to 
_be proposed as a bridle way, and for a route in Yorkshire 
from neer Filey northwards along the coast to Saltburn 
and thence inland along the escarpment to Helmsley. 
Proposala for solving the problem of the route of the Pen- 
nine Way in Northumberland were submitted to the 
Minister, who has now approved proposals submitted for 
the variation of three other sections of the Pennine Way. 

Turning now to the major issue of development, the 


although it fully appreciates that the Board is givmg 
moreasing attention to ite statutory duty to pay due 
regard to the impact of its schemes on natural beauty. 
For the Oommission’s part, it recognizes the need for 
nevertheless maintains its objection to particular schemes 
such as those for for Edern in Lleyn in North Wales and 
Hamstead in the Isle of Wight. It again pointe to the 
dangers of a piecemeal approach to these probleme and 
has urged both the Board and the Minister of Power to 
consider as & whole the proposals for extending & new 
high-voltage tranamiseion line westwards as far as Fraddon 
m Cornwall While it weloomes evidence that water 
supply is likely to receive more deliberate consideration, 
it ie disturbed at the absence of a central body to ensure 
that there is no unnecessary multiplication of aerial masta 
and that any new proposal utilizes an existing tower or 
mast if poesible. At present, any one of eight Government 
departments may satisfy itself that no existing mast can 
be used, and it is understood that unless it issues & oer- 
tificato to this effect the Government will not clear the 


The National Parks Commission suggests that the 
Planning Authority should likewise be in s position to 
require, in respect of any new proposal, certificate from 
the appropriate sponsoring department that no existing 
mast, tower or building oan be made to serve. The point 
has been put to the Ministry for consideration, but a reply 
is awaited on this and also on the further submission that 
it should be accepted as Government policy that a aite 
for a new mast within a national park, or in any area of 
special scenic value, should be considered only when a 
site outside such areas is not capable of serving the pur- 
ment responsible for examining the project should at the 
scenio areas; such departments should refuse to put 
forward for planning approval any project involving & 
site in a rational park or in any area of special soenio 
value unleas it can certify on Government authority that 
gites outside such areas cannot be used for the project in 


The National Parks Commission has already provided 
Government departments with maps showing the areas 
which, in ita view, need special protection. Clearly the 
argument applies with no leas force to the soientiflo 
interesta of nature reserves, and the Nature Conservancy 
and the National Parks Commission are equally affected 
by this whole development problem. Meanwhile, however, 
the National Parks Commission is alarmed at the pros- 
pects implied in the Government's sbetement on the 
development of broedoastmg as to the need for many 
more tranmmitting stations. This again is not entirely 
removed by the Government stetement that all new 
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ultra-high-frequency programmes for the same area will 
be transmitted from the same mast and site, and the 
Commission is seeking further information from the 


Government indifference or negligence appears also over 
the disused Service sites and in regard to fresh proposals 
for traming areas. Once again the Commission directa 
attention to the way in which land and buildings acquired 
in good faith for what seamed to be essential defence 
requiremente have afterwards become redundant and 
have been left derelict, and to a tendency to disregard the 
duty to clear up before disposing of a site. Often the 
development was only allowed in tho particular area 
because it was imposed on the planning authority as being 
in the national interest. Sometimes attempts have been 


the costs of clearance or restoration. The Commission 
rightly argues that it is indefensible that one Government 
department should refuse to carry out clearance operations 
when, under other legislation, in fulfilment of a statutory 
duty laid down by Parliament, another departmont will 
be meeting most of the oost. 

The Commission is constantly urging Government 
departments to take what is manifestly the right and 
reasonable action, but it has become necessary for it to 
raise the whole subject with the Minister, as it may be 
necessary to do also over new proposals concerning 
training areas. The Government's whole ‘policy’ here 
appears to be based on entirely wrong priorities and 
values, and in particular on & refusal to accept Mr. Harold 
Macmillan’s own view, in 1952, that national parks are 
areas in which amenity and &ooess are to be given an 
overriding position. That is persistently refused. There 
is no evidence of determined effort to fmd military training 
areas outside national parks. Requests for impartial 
inquiry into the persistent retention or misuse of areas, 
such as Dartmoor, which should have been the first to be 
relinquished, are refused and the Services are never forced 
to consider either the pooling of requirements or to recog- 
nize that if a particular request is granted, further requests 
elsewhere are $pso facto excluded. 

Coastal preservation and the closure of railways provide 
further examples of Government indifference to the easen- 
tial issues. While it is true that the National Parks Com- 
mission has made some positive contribution to coastal 
preservation in that about 30 per cent of the coastline of 
England and Wales is included within the areas estab- 
lished as national parks or as areas of outstanding natural 
beauty, it follows from what has already been said that 
the effectivenees of this protection is still in doubt. The 
Coastal Preservation Committee of the. Council for the 
Preservation of Rural England suggested the appomtment 
of & Committee, similar to the Minister of Transport’s 
Committee on Landscaping of Trunk Roads, to advise 
him on problems relating to the development of land 
around the coast. The Minister was unable to agree to 
this suggestion, and referred to the general duty of the 
National Parks Commission to advise him on all questions 
relating to natural beauty. The Commission believes that 
the Minister of Housmg and Local Government recognizes 
the need for a proper coastal pressrvation policy, but it 
is disappointed that he has not yet issued a promised 
circular to local planning authorities on the review of 
Development Plans, and asking them to make special 
surveys of the coast with the view of deciding where 
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facilities for holiday-makers should be concentrated while 
safeguarding the reat of the coast so that its attractions 
might be enjoyed to the full. 

Aa regards railways, the national parks lie in the rural 
areas where drastic curtailment of services has occurred 
or is most likely. Proposals to withdraw services from all 
railway lines into Brecon were strongly opposed. locally, 
and the Commission believes that if the purposes for which 
the Brecon Beacons National Park was established are to 
be achieved, access by train from the heavily populated 
industrial oentres of South Wales is important. Tho 
Newport to Brecon and Neath to Brecon lines are regarded 
as worthy of special treatment because of the exceptional 
beauty of the landscape which oan be seen from them. 
These lines have now been closed, however, and the Com- 
mission is equally disturbed about the implications of 
this policy of closure for the Exmoor National Park, and 
generally the Commission insista that railways provide an 
important means of public access to national parks and 
are in themselves facilities from which the scenery oen 
be enjoyed. 

Apart from this, of course, the withdrawal of passenger 
railway services from national park areas is bound to 
intensify the difficulties which are already being experi- 
enced, in places with regard to road transport. Neverthe- 
less, there is aa yet no sign that the Government is aware 
of the implications of the present policy, if indeed it is 
sufficiently interested in the national parks to be oon- 
cerned one way or another with their future. There, in 
fact, the deepest note of concern of the whole report is 
struok. The Commission records ite profound disappoint- 
ment that there is still no sign from the Government that 
an early place in the legislation programme may be 
expected for amendment to the 1949 Act. Lord Jellicoe’s 
remarks as Parliamentary Secretary to the Ministry of 
Housing and Local Government, in addressing the Con- 
ference of Park Planning Authorities at Moretonhamp 
stead last May, indicated that prospects of early legislation 
are not brighter than a year ago and it must now be 
remembered that the present Parliament reaches the end 
of ita five years in the autumn of 1964. If legislation is 
not introduced during the next two seasions, prospects of 
early introduction in & new Parliament are unlikely to 
be good, particularly if & new Government assumes 
offloe. z 

While it is agreed that more could be done wrthin the 
framework of the Act as it now stands, the Commission 
is firmly of the opinion that legislation giving effect to 
the relatively modest amendments it has recommended 
would provide much greater scope for the Park Planning 
Authorities to undertake more positive work because of 
the increased rate and range of Exchequer grants. In 
particular, grant for administration would encourage the 
appointment of staff to deal solely with work ooncerning 
to be vital to the suooeesful operation of the national 
park system and that it cannot press too strongly the 
real need for the changes suggested. Meanwhile, it is 
discouraging, both to the Commission and to Park Plan- 
ning Authorities, that the Government does not care 
sufficiently about national parks to devote a small part 
of Parliamentary time to a relatively simple, and politically 
uncontroversial, piece of legislation. 

Lord Strang, the chairman of the Oommission, in 
.addressing the Ramblers’ Association Conference last 
Septamber, noted that Parliament can be refreshingly 
conscious of the interesta of national parks, and of this a 
debate in the House of Commons when™a motion was 
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adopted calling for the introduction of amending legis- 
lation to the National Parks and. Access to the Countryside 
Act, 1949, is encouraging evidence. From the Opposition 
Front Bench, Mr. C. Hughes, in a sound but constructive 
as well aa critical speech, supported the motion. How- 
ever, in accepting the motion on behalf of the Government,. 
Mr. F. V. Corfleld, Parliamentary Secretary to the Ministry 
of Housing and Local Government, declined to give any 
undertaking about time for amending legislation, although 
he admitted that the Government had recognized for some 
time that the Act required amendment. In view, however, - 
of the Parliamentary situation, might not this lateat report 
of the National Parks Commission prompt some determ- 
ined effort to secure agreament between Government 
and Opposition to provide Parliamentary time for 
the introduction of the relatively simple and uncon- 
troversial amending legislation that is now so urgently 
required ? 
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FIFTY YEARS OF DROSOPHILA 


Genetics and Evolution 

Belected papers of A. H. Sturtevant. Selected and edited 
by E. B. Lewis. Pp. x+334. (San Francisco and London: 
W. H. Freeman and Company, 1961.) 54s. È 


T is more than fifty years since the results of experiments 
in breeding the fruit fly began to issue from the small 
laboratory (it was only 30 ft. by 27 ft.) of T. H. Morgan 
in Columbia University. The work began in 1910 with 
Morgan’s conversion to the chromosome theory, the 
theory of Weismann, Boveri and his colleague Wilson. 
It reached ita climax in December 1921 when he in turn 
tried to convert the reluctant Bateson to the new doctrine. 
In the intervening period a revolution had been accom- 
plished and the foundations of a new genetics had been 
laid by Morgan and his pupils. 

Now we have a part of the record of this revolution 
in the selected of the youngest of the three chief 
collaborators, Sturtevant. When Sturtevant 
published his first paper (on heredity m horses) he was 
eighteen years old. Three years later, in 1913, he wrote 
his most notable work, the acoount of linkage between 
“six sex-linked factors” in Drosophila ampelophila. The 
result was a chromosome which within a few years 
became the focus and the 1 of the new science. Its 
discovery constituted the first unmistakable step from the 
biological side towards the union of the physical and tho 
biological sciences. 

After this paper, the first in the present selection, there 
followed the series of Investigations described, or perhaps 
we should say reported, in this book. Four main lines 
should be noted. 

- (1) The re-arrangament of genos, discovered as ‘crossing - 
Over-8u > in 1917 led to a new view of the different 
kinds of change in chromosomes in 1921, and later 
to the conception of different kinds of hybridity and to 
the theory of interchanges in hybrid species (as in 
Ginothera). 

(2) The recognition of the bar-eye mutation as due toa 
duplication of a bit of chromosome widened this view 
still further in 1925. It also mtroduced the idea of the 
position effect as yet another mode of genetic change m 
the chromosome materials. 

(3) Side by side with these analytical studies, evolu- 
tionary and synthetic hypotheses were contmually being 
applied. The discovery of Drosophila simulans was the 
first part of the story of parallel variation combined with 
divergent changes in related species. 

(4) Sex reversal, sex ratio control, sexual selection, 
intersexes and the origin of gynandromorphs: all these 
eee) Oe Se ee y idgaty 
new issues. Thus gynandromorphs, considered develop- 
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mentally, led on to the study of mosaics, to the principles of 
gene action and of the diffusion of gene products. Whence, 
as he pointe out in an introductory note, Beadle and his 
colleagues derived a new beginning in biochemical genetics. 

These seem to be Sturtevant’s main contributions, and 
they are well represented in the selected papers. Repre- 
sented, but not, alas, expounded. These were 
written for a circle of Wuminait. uni Ged has, 
but quite sufficient it seemed to ite members. Each peper 
began with the briefest introduction or, more often, with 
references to one or two earlier papers on Drosophila. 
Here is the first catch. These earlier papers are not usually 
in the present selection. 

But there are still other catches. The whole theory of 
linkage and crossing-over relios on observations of 
chiasmate between chromosomes. But these observations 
were not made on Drosophila. There is no reference to 
them. Again, the importance of the bar mutation is that 
it confirma, in a limited sense, Bateson’s theory of “Presence 
and Absence’. Sturtevant indeed explains the mutation 
as duo to ‘Presence and Absence’. But he contradicts 
Bateson's theory: and he does so without mentioning 
Bateson. This is an extreme example. 

In exposition parallel difficulties arise. It often happened 
that everything turned in a complex linkage experiment 
on which end of the chromosome was supposed to be left 
or right and where the ‘spindle attachment’ was supposed 
to be. Many more students in remote places must have 
struggled with these esoteric problems: and some, like 
myself, may have struggled in vain. 

Thus, these papers will be useless without tho explana- 
tory volumes published jointly with Morgan and the other 
collaborators and now unfortunately inaooessible. For 
the historian of genetics equipped with these volumes, 
however, they will reveal several matters of interest. 

First, those pe Show that the driving foroe in 
Sturtevant’s work has been observation and experiment 
and not generalization. Not only the driving force but also 
the continuity. That first sentence with the reference 
which joins each paper to ite predecessors genuinely and 
without pretenoe represents tho intellectual link: and no 
summary is usually needed, for the whole is the briefest 
conceivable abstract. Secondly, these papers show the 
parts played by the several collaborators. Wilson used to 
say that Morgan’s three greatest discoveries were Bridges, 
Sturtevant, and Muller. But we can now see that the 
discoveries were reciprocal. Morgan gave literary coherence 
as well as scientific perspective to this powerful combina- 
tion. He could pause to look back and look around while 
they looked almost entirely forward. Thirdly, we now 
gee the different way they looked forward. The chromo- 
some theory had answered so many questions. The 
chromosome map had asked so many more. On one hand 
there was Muller, bent on relentless analysis, pursuing 
the determinant to ita smallest atomic element which he 
reached by the induction of mutation in the gene. On the 
other hand there was Sturtevant, turning aside to those 
awkward problems, biological problems, intermediate 
between the gene and the chromosome and between the 
cell and the organism: and both methods we see having 
consequences which have been reaped by many others. 
In this contrast, over-simplified, we also see what will 
continue for some time to be one of the chief polarities 
of biological inquiry. 

_ The problems that concerned the early ‘Drosophilists’ 
interest to-day & widening public in the most practical 
sense. To-day, one after another, the situations that 
revealed themselves in the fly—to be confirmed and 
elaborated soon afterwards by the chromosomes of plante— 
are revealing themselves in man. There has been & gap of 
fifty years: and for the benefit of those who are interested 
in man it is to be that there is still no worthy 
acoount of the b discoveries. Sturtevant’s 
papers are there ‘ore a timely reminder of a still unrecorded 
passage in the history of science. O. D. DARLINGTON 
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RADIATION HAZARDS 


Irradiation of Mice and Men 
By Dr. John F. Loutit. Pp. rii4-154. (Obicago and 
London: University of Chicago Press, 1003.) 5 dollars; 


40s. 
We nor 
destructive power hangs over mankind, interoet 


to lain the immediate danger and to forecast the 
possible consequences of radiation in the near or distant 
future. In view of the many diverse opinions expressed 
by the various authors, under the influence of national, 
financial, moral or political considerations, this book, 
though limited in ite scope, will be welcomed by all who 
want unbiased information about the hazards of radia- 
tion. The subject of the book is a series of lectures 
iven to the Section of Nuclear Medicine at the University 
of Ohicago in late 1961 by Dr. Loutit, who is director 
of the Radiobiological Research Unit at Harwell and & 
member of the International Commission on Radiological 
Protection. 

The reader can thus expect a critical study of the prob- 
lem and guidance in areas where so far no goneral agree- 
ment bas been reached. Dr. Loutit has mado extensive 
use of reports by the United Nations Scientific Committee, 
tbe Medical Research Oouncil, the Committee on Radio- 
logical Hazards to Patiente, the Agricultural Research 
Oounoil the International Committee on Radiological 
Protection and of various other surveys. He has also 
drawn on his own experience and that of his colleagues 
at Harwell to provide the sort of first-hand information 
that only the experimenter can supply. 

‘After an introduction in which the biological targets of 
radiation are briefly described, the information given in the 
book centres around two topics: the effect of radiation on 
the ife-span and the incidence of malignant diseases, par- 
Past experience in medical radiology and industry has 
itii Aba? pecans exposed in tbat Oe aca: The 
tion often die prematurely, due mainly to cancer. The 
mortality pattern of the uranium miners st Schneeberg 
exemplifies this point. The question remaining is, whether 
the cumulative effect of low dose chronio irradiation can 
shorten the life-span. The author marshals the statistical 
date and the pertinent i tal findings to comfort 
his reader that so far no evidence has yet been obtained 
which could suggest any non-specific reduction in life- 
expectancy, when the is below tho officially 
up o tard ' dose, that is, five rads per annum. 
In this section the problem of the nature of pet or 
accelerated ageing, which can be brought about in mice 
by radiation in specially designed experiments, is discussed 
in some detail. The author explains the various difficulties 
which are involved in the interpretation of the experi- 
mental findings and indicates their essential strengths and 
weaknesses, mostly weaknesses, when they are extra- 
polated to man. 

In the second part of the book, Dr. Loutit deals with the 
possible effect of radiation on the incidence of leukmmia. 
He summarizes our recent knowledge concerning spon- 
taneous, as well as radiation-induced, leukesmogenssis 
in mice then proceeds to examine the findings of various 
surveys carried out on the leukemia incidence in man, 
These surveys, one is retrospective the other prospective, 
arrived. at different conclusions; the former revealed an 
association between leukmmis and radiation; the latter 
did not. Dr. Loutit critically examines the facta in which 
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some writers on radiation hazards have based their 
prediction of the shortening of life-span and of the crease 
in leukemia incidence which might follow the increase 
in fall-out or other source of radiation and his conclusion 
is not flattering to most of the speculators. 2 

A large part of the book is taken up with the thorny 
problem of strontium-90, the product of nuclear fission 
which is hberated into the atmosphere by atom bomb 
explosions. It represents a serious radiation hazard 
because it is absorbed and retained in the human bones, 
has & 30-year half-life and, like radium, it does produce 
anemia, bone destruction and not infrequently bone 
cancer. The Radiological Research Unit at Harwell 
devoted much effort to the examination of strontium 
metabolism, and the reader will find in the book a great 
amount of factual data obtained by the group. Perhaps 
this part will be heavy going to many non-expert readers ; 
but on the other hand this section of the book illustrates 
very clearly the fact that extensive and painstaking 
scientific investigation is needed to obtain reliable data 
for estimating the hazard of radiation to man. 

The aim of the author in his series of lectures waa to 
disseminate unbiased information. This aim was well 
fulfilled, and by publishing the lectures he has made 
the valuable information available to a much larger 
public. Let us hope that those who are seriously concerned 
with the administration of our future will be interested 
in the information provided. P. O. KOLLER 


ANALYTICAL CHEMISTRY IN 
THEORY AND PRACTICE 


Treatise on maal Chemistry 

Part 2, Vol. 7. ited by I. M. Kolthoff and Philp J. 
Elvmg, with the assistance of Ernest B. Sandell. Pp. 
xxii + 507. (New York and London: Interscience 
Ie & Division of John Wiley and Sons, Inc., 
1901.) 189s. 


I & previous review of the earlier volumes of this 
Treatise, 1t was remarked that the various volumes 
were appearing haphazardly. At that time Volumes 1 
and 8 of Part 2 bad appeared, but not Volume 3. Since 
that time, so far as is known, Volume 7 is the only further 
section which has ap 

In Volume 7 the systematic analytical chemistry of the 
elements is continued. It consists of chapters on the 
following elements: sulphur (B. J. Heinrich, M. D. 
Grimes and J. E. Puckett), selenium and tellurium 
(T. E. Green and M. Turley), fluorme (O. A. Horton), 
the halogens (G. W. Armstrong, H. H. Gill and R. F. 
Rolf), manganese (M. D. Cooper and P. K. Winter) and 
rhenium (O. L. Rulfa). 

All these chapters are set out according to a standard 
pattern and are well classified. It 1s possible by reference 
to the contents page for each chapter to find readily any 
special information ing the particular element. 
Each section describes the occurrence, manufacture and 
uses, the toxicology and industrial hazards, and the 
general properties of the various compounds. There are 
sections on sampling and methods of decompoartion, 
dissolution and preliminary treatment of samples. Refer- 
ence is made to almost every method available for the 
determination of a particular element, whether it be 
instrumental or purely chemical. Each section concludes 
with & selection of recommended procedures. The high 
standard of the previous volumes has been maintained, 
and the weaknesses which are inevitable in such a massive 
compilation are remarkably few. 

- A more extensive treatment of barium sulphate pre- 
cipitation would have enhanced the value of the section 
on sulphate determination. It is rising to find this 
procedure covered in two pages when it has been the sub- 
ject of so many extensive investigations. There are no 
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references to methods for the purification of banum 
sulphate, nor to alternative preoipitante. It is also somo- 
what surprising to find the use of tetrahydroxy quinone 
and rhodizonic acid aa indicators still recommended. 
When these indicators first came into use, there were no 
satisfactory titrimetric methods for the determination 
of sulphate ion. Much better procedures are now avail- 
able. 

The chapter on the analytical chemistry of fluorine is 
the moet comprehensive that I have seen, but one would 
not altogether agree, however, with the methods reoom- 
mended for the decomposition of organic fluorme com- 
pounds, nor the method for titrating fluoride with thorium 
nitrate. 

The chapter on the other halogens ıs valuable because 
of the extent of the treatment ; nevertheless, there are n 
few omissions. The section on rhenium is particularly 
to be weloomed. This metal was not discovered until 
1825, henoe its analytical chemistry is not as extensive as, 
and is less well known than, the other elements considered 
in this volume. 

Part 2, Volume 7, is a worthy successor to the earlier 
volumes, and the editors of the Treatises must again be 
congratulated on their general approach to the prob- 
lems involved in this type of compilation. 

R. BELOHER 
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THE MYCOPLASMATACEAE 


Pleuropneumonla-Like Organisms (PPLO) Mycoplas- 
mataceae 

By E. Kleineberger-Nobel. Pp. ix+157. (London: 

Academic Preas, Inc. (London), Ltd.; New York: Academic 

Press, Ino., 1962.) 40s. 


Te M lasmatecone are now known to be ubiqui- 
tous organisms oocurring as commensals and pathogens 
in many animal species and also as unwelcome fellow 
travellers in tissue-cultured oells. Ignorance of their 
existence in these situations may lead to serious mis- 
interpretations. By collecting in one small volume much 
information previously dispersed in the scientific litera- 
ture, this work should be a valuable source of reference 
for medical and veterinary diagnosticians and research 
workers. 

Two short chapters describe the causative organisms 
of the major epizootics and other members of the group 
which have received most attention in reasearch. They 
also provide a historical background to development 
of knowledge of pleuropneumonia-like organisms (PPLO). 
Chapters on morphology, isolation and metabolism (tho 
latter by 8. Rasin) form the major portion of the book and 
present the data clearly and concisely. The large alloca- 
tion to these topics is justified since technical problems 
have been the main limitations to progress in the examina- 
tion of this group of organisms. The chapter on morpho- 
logy is well illustrated and should be of particular value 
to those unacquainted with PPLO. Other chapters deal 
with the susceptibility of PPLO to inhibitory agents. tho 
relationship of PPLO to chicken coocobacilliform bodies 
and also to the controversial relationship of PPLO to 
L-forma of bacteria. The chapter on serology, immuno- 
logy and pathogenicity suffers from an important omission 
since publication preceded recent applications of fluores- 
cent antibody techniques in the elucidation of the associa- 
tion of a PPLO with human atypical pneumonia and in 
the detection of PPLO in cell cultures. Investigations 
of the growth of PPLO in tissue cultured cells and the 
problem of contamination of cell cultures with PPLO 
receive & small amount of attention considering their 

With these reservations the volume is authoritative 
and fills & gap in microbiological literature. 

IAN MACPHERSON 
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BENZENE EXTRACTS OF THE ORGUEIL METEORITE 


By Dr. W. G. 


MEINSCHEIN 


Esso Research and Engineering Co., Linden, New Jersey 


IFE cannot be defined in a quantitative manner. - 


prehistoric organisms 
remnants of life are preserved in sediments over geological 


in most cases do not reflect accurately the compositions 


organisms have been recognixod as reliable indicators that 
strange organisms, unlike any seen by man, have existed 
on Earth. These indicators have been accepted because, so 
far as is known, only a living thing could have formed these 
fossils or the templates that gave the fossils their shapes. 
Organimms also use templates to synthesize the organic 
molecules which make life possible!*. Plante and animals 
are remarkably selective of the compounds they make 
and use. Tho precise structures of organic molecules may 
be equally as indicative of a biological source as are the 
features of fossilized skeletal remams*:*. Based on tho 
established stabilities and the analyses of carbon oom- 
pounds in sediments and in organisms’! certain hydro- 
carbons appear to be the best-preserved remnants of former 
life on Earth. Hydrocarbons in association with some 
organio non-hydrocarbons oan be extracted by benzene 
from most terrestrial sediments. This article will estab- 
lish that -benxene-extractable constituents of the Orgueil 
meteorite resemble chromatographically and spectro- 
ae In addition, 
'wn the masa spectroscopic ne 
of alkanes from Orgueil fragmenta, posed adierit 


presented here strongly indicate that the benzene extract 
of these Orgueil fragments were not significantly oon- 
taminated by terrestrial organio matter. 

Abiotic!" and specifinally. Fiacher-‘Trdpech!® Processes 
have been proposed as sources of carbonaceous substances 
in meteorites. Fischer-Tropech producta are commonly 


S eed n thos Mübarstade. 

Infra-red spectra of a crudo oil a Fischer “Tropach 
primary oil, and the benzene extracts of terrestrial sedi 
mente and the Orgueil chondrite are shown in Fig. 1. 
ee abeorptions of 


the carbon to al eats See T75-3,000 and 1,330-1,430 
cm-1) bands, sediment extracts and crude oils normally 
absorb near 8,300 (OH or NH); 1,080, 815, and 745 
(aromatics), and 720 (m-alkyls) om~. Recent sediment 
extracta also show complex carbonyl absorptions with 
maxima near 1,780 (ester carbonyl) cm-?, whereas the 
carbonyl absorptions in extraote of ancient sediments 
are frequently sia at slightly above 1,665 (organic 


are generally 
Gud crate alli Maxima in the carbonyl absorptions of 
the Orgueil and recent marine sediment extracts both 
appear at the same wave-length, near 1,730 om~. 
The infra-red spectrum of the Fischer— product 
suggests that it is a mixture of hydrocarbons and fatty 
acid esters which contains some unsaturated. 
or olefinic compounds (010 om~ absorption band). 
Chromatographic data in Table 1 provide a measure- 
ment of the relative abundances of unda of different 
Mgr ade ne aa compounds from 
meteorite and various terrestrial sources. 
ee the values in Table 1 are average values. The 
numbers in which appear beside the sample 
designations in Tables 1 and 2, indicate the number of 
samples averaged to obtain the values given. Standard 
deviations (c)-are shown for some of the analyses in Tables 
1 and 2. 


"Wave-numbers (oan) 
1,500 Q 1,800 1,2200 1,100 1,000 


5,000 3,000 2,500 2,000 
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the benrens-ertraoctable fractions of the Orgueil meteorite, 
E Dio Peoi Carbon disulphide was used as spectral solvent | 


terrestrial sediments, arude ofl, and 
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AND VARIOUS THAT ARE ELUTED SUOCOBÉMIYENLY 


Table 1. PEROEWTAGIS OF THB BERZENS EITRAOTS oF METEORITE AND TEUREETRIAL HAMPLER 
5r SQUE VOLUMES OY f- Trana (n-0r), CARBON TRTRAOALORIDE (O01), HNKKBKN (0,H,), AXD METBANOL (OH,OH) TRON A BILIQA-GNL ÜHROMATOGRAPRIO 
UNE 


terrestrial samples are 

Su Een for berreste ial ener gt 

Sample nO, 

Meteorite : , 
Orgueil 10-0 54 
Recent marine (18) Hie i 157° 
Boils (49 55 (om 2-9 4:8 
Ancien (32 26:3 (c—-21-6 12-7* 
Orude (103) 41-6 10-8 

Ablotio : 
Fisober- 181-6 104 


om 4-1 
9 20-8 


e) 


Tor sho RUEIDSTUT shown by the numbers in to tho of the 
average samples by In parenthesca right ee rie semenations, 


are presented to the righi of these analypes as 


ee LY OH,OH 


* Contain elemental sulphur, Suggested values for sulphur-fiee eluates are stated in the diseusson of Table 1. 


Table 2, Miss SPECTROMMTRIO TYPE ANALYSES OF THE SATURATED 
METEORITE, FISOHER-TROPBOH (ABIOTIO) PRODUCT, CRUDE OIL, 


HTTAOCARECKS (1-0, XLUATXS TROM SILICA QEL OOLUMEB) FROM THE ORGURIL 
Lime BADDEUPTS 


THIKGS, AND HXCXET AND AXOIERT T'ERKESTKIAL BAD 


Peroentages given for natural natural terrestrial for the number of samples shown by the numbers in parentheses to the right of the sample 
designations. Standard deviations in the ited hydrocarbons for various terrestrial samples are presented to the right af the type and values 
Per oeni of saturated hydrocarbon types 
A : Oyoloalkance 
ee: Paraffins 1-ring Z-ring 3-ring 4-ring ring 6-ring 
Orguell 17-6 18-9 174 118 115 6-4 68 
Living things (11) 24-9 (6-2) 47:5 (3-8) 14:8 (1-4) 11:1 (2%) 10-0 (2-1) 5:8 (1-8) 5-9 (12-6) 
21-6 (62 236 (25 17:8 (2 16 7 (1:1 114 5-9 (1-0 3:3 (0-6 
Anci (18) HN e» sea 58403) 153 03) 14-7 33) 118 (54) 84 (4) 0:1 g9- \ 
26-1 25-5 18-0 78 34 2-8 
Abtotie: 
Fiseber—Tropech 30:3 559 10-1 4:3 0-6 08 0-7 


All the terrestrial sediment samples in Table 1 wero 
fractionated prior to the beginning of the meteoritio 
investigations. The recent marine and some ancient 
sediment, but none of the soil extracts, contained elemental 
sulphur. As shown in Table 1, the sulphur was oonoen- 
trated in the carbon tetrachloride eluates of the sulphur- 
containing samples. Mass spectral analyses showed 
sulphur in only 3 of tho ancient sedimenta, and the oon- 
centration of sulphur in the eluates of 4 recent sediment 
extracts were determined. Benzene extracta of the 
Orgueil also contained free sulphur. It was removed 
immediately from these extracts to eliminate the possi- 
bility of subsequent reaction between sulphur and the 
meteoritio carbon oompounds!*. AI date in Table 1 
may be placed on a eulphur-freo basis by averaging tho 
ancient sediments which did not contain sulphur and by 
correcting the eluates of the recent marine sedimenta for 
their determined sulphur contents. The sulphur-free data 
for the recent marine and ancient sediment samples are 
ory cent): recent marine sediments; n-heptane (n-O,)-6-0, 

0, benxene (C,H4)—5:0, methanol (OH,;OH)-63-0: 
ancient sediments; n-0,-80-5, COL-10.3, O,H,—23-7, 
CH,OH-80:2. 


On the basis of sulphur content and the silica-gel 
obromatographic analyses, the benzene extracts of the 


Orguei fragments resemble those of recent marine sedi- 
ments more than of the other terrestrial samples reported 
in Table 1. In the terrestrial samples, with 
exception of the Fischer-Tropsch product, show a system- 
atic variation in chromatographic compositions. Soils 
and recent sediment extracts contain lower concentrations 
of saturated (n-C, + OCl, eluates) and aromatio (C,H, 
elustes) hydrocarbons than do ancient sediment extracts 
and crude oils. Preferential preservation of hydrocarbons 
in ancierit sediments in general! and selective aocumula- 
tion“ of hydrocarbons in petroleum de may 
explain the gradational changes in biologically ived 
substances from different terrestrial Bouroeg*1L31, But, 
of direct interest to the meteoritio investigation, these 
differences indicate how to differehtiate between the 
remnante of living things that are initially deposited 
and those that are eventually preserved or redistributed 
im ancient sediments or forcing biospheres. 

The similarity between the chromatographic analyses 
of the benzene extracts of recent terrestrial sediments 
and the Orgueil fragmenta affords evidence that the 
Ineteoritio fragments were nob contaminated approciably 
by erther crude oils or other carbonaceous materials from 
ancient terrestrial sedimenta; whereas the high oonoentr&- 
tions of benzene-extractable materials in 
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chondrite make ib unlikely that the meteorite could have 
acquired, these materials from soils which contain on the 
average less than 1/50 of the concentration of extracts 
found in this meteorite’. YR 

Infra-red spectra of the silica-gel chromatographic 
fractions of the Orgueil extracts are presented m Fig. 2. 
These show only carbon to carbon and carbon to 
hydrogen bond absorptions for the n-O, and COL eluates. 
Minor concentrations of aromatic hydrooerbons are sug- 
gested by the 795 cm- absorption band in the COL eluate 
spectrum, and the 720 cm~ band in the nC, eluate 
indicates the presence of n-paraffins in this fraction. 
These resulta show that the n-C, eluate and a major 
portion of the CCL eluate are composed of saturated hydro- 
carbons. Aromatic hydrocarbons are concentrated in 
the O.H, eluate, and the bands at 1,030, 815 and 745 om~! 
in the spectrum of this fraction are typical of the abeorp- 
tions observed for aromatic mixtures isolated from 
terrestrial sedimenta and crude oils. These bands 
have been referred to as ‘oil bands’ because they appear 
in the infra-red spectra of all aromatic fractions of 
petroleum”. The spectrum of the OH,OH eluate in Fig. 2 
has the OH or NH ion at 8,800 cm— and the osr- 
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bonyl absorption near 1,730 am-! which are observed in - 


the infra-red spectra of most recent marine sediment 
extracts (Fig. 1). 

Additional confirmation of the interpretations of the 
infra-red spectra of the Orgueil eluates is provided by the 
ultra-violet spectra in Fig. 8. Negligible ultra-violet 
absorptions by the 1-0, eluate are indicative of a saturated 
hydrocarbon fraction, while the small absorptions by the 
COl, eluate suggest that it consists mainly of saturated 
hydrocarbons containing minor cancentrations of arom- 
atios or conjugated olefines. Aromatio hydrocarbons from 
the meteoritic extracts are concentrated in the strongly 
absorbing O,H, eluate, and the maxims in the ultra- 
violet and mass spectre of this eluate can be attributed 
to phenanthrenes, pyrenes and chrysenes*. Fluorenone 
age T. resembling the CH,OH eluste spectrum 
m Fig. 8. 
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Vig. 3. Ulira-violėt abaorption spect of alle el cnra enano 
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Previously reported results show that some recent 
marine sediments" and soils“-™ contain relatively simple 
aromatic hydrocarbon fractions. The simplicity of the 
aromatic mixtures in recent sediments and the structures 
of aromatic compounds in sediments and petroleum have 
been cited as evidence that aromatic hydrocarbons are 
derived from plant and animal steroids, isoprenoids and 
related compounds!*1%1, It has been postulated on the 
basis of theoretical considerations and the distributions of 
aromatios in sediments that these compounds are products 
of the catabolic activity of anaerobes". 

Mixtures of aromatic hydrocarbons in extracts of ancient 
terrestrial sediments and in crude oil are much more 
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complex than the aromatic fractions in recent sedi- 
ments":1.3. The complexity of the aromatic mixtures 
in ancient sediments has bean attributed to the mixing 
of hydrocarbons from many different sedimental environ- 
mente that oocur during the redistributions of hydro- 
carbons which take place over geological periods of time 
and which lead in some instances to the formation of 
petroleum depoartst*:*. The complexity 
aromatios in ancient sediments also may result partially 
from chemical alterations that over long periods of time 
may change the structures of some of the aromatic hydro- 
carbons in sediments. 

As in the oese of the chromatographic analyses of the 
terrestrial samples in Table 1, gradational changes can 
be observed in the compositions of the aromatic fractigns 
from recent sediments, ancient sedimenta, and crude oils. 
These changes may be deduced from the ultra-violet 
spectra in Fig. 4, and the resulta in Fig. 4 may be inter- 
preted as supporting the interpretation of the data m 
Table 1. 





Ultra-violet absorption 


Wig. 4. 
Orgueil meteorite and 
spectral sol vent 


of aromatic fiactions from tbe 
Iso-ockané was used as 


Relatively simple mixtures of aromatics give sharper 
absorption bands in the ultra-violet region than do 
complex aromatic fractions. Although none of tho terres- 
trial samples available for this investigation contamed 
aromatio fractions as simple as those previously re- 
pore am, or as simplo as the aromatiœ (C,H, eluate 

silica gel) isolated from the Orgueil meteorite, an 
additional fractionation of the C,H, eluate of the recent 
marine sediment did yield a fraction as shown in Fig. 4, 
that had an absorption spectrum similar to the spectrum 
of the meteoritio aromatics. 

Alumina chroma y was used to simplify the 
mixtures of aromatics all the terrestrial samples. 
The ultra-violet spectra presented in Fig. 4 for the 
terrestrial samples were obtained on equivalent alumina 
fractions that had the same adsorption properties on 
alumina as do phenanthrenes, chrysenes, and pyrenes”’. 
These alumina fractions were selected because the aromatic 
fraction of the Orgueil meteorite is composed predomin- 
antly of phenanthrenes, and pyrenes*. These 
same aromatics are frequently the most abundant arom- 
atics iù recent terrestrial sediments*?™. 3 

It is noteworthy that the sharpness ‘of the absorption 
bands or detail of the spectra in Fig. 4 decrease from the 
Orrell ok poser inerius sediment Huston specks to ths 
ancient sediment fraction to the crude oil 
fraction spectrum. The ultra-violet spectrum of the 
Fischer-Tropsch fraction does not resemble the spectra 
of equivalent alumina fractions from other terrestrial 
samples. Tho simplicity of the aromatic hydrocarbons 
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from the Orgueil effectively eliminates the possibility 
that these compounds were obtained by chance contamina- 
tion of the meteorite by crude oil or organic matter from 
ancient ‘terrestrial sediments. Extensive distillations 
and chromatographio fractionations of a crude oil followed 
by a careful recombination of selected fractions would be 
required to obtam a fraction from oil that has ultra-violet 
and mass spectra’: similar to the aromatics from the 
OrgueiL Only rarely do recent marme sediments contain 
so simple a mixture of aromatics as do these Orgueil 
fragmenta, and the concentration of aromatics in these 
fragments are many times the average aromatic concen- 
tration in recent terrestrial sediments. Extracta of living 
things oontain negligible concentrations of aromatic 
hydrocarbons. Neither terrestrial organisms nor organic 
substances are likely sources of a significant portion of 
the aromatics in these Orgueil fragments. - 

Alkane hydrocarbon type analyses™ are given for the 
saturated hydrocarbon fractions (n-C, eluates) of meteori- 
tio, sedimental, biological and Fischer-Tropsch (abiotic) 
samples in Table 2. These mass spectrometric analyses 
indicate the types of alkanes in the various fractions. 
All the type analyses of the saturated hydrocarbons from 
the Orgueil meteorite fall withm the ranges of values found 
for biological and sedimental hydrocarbons, whereas the 
Fischer—Tropsch’s saturates contain far higher concentra- 
tions of monooycloalkanes (or perhaps olefines) and much 
lower concentrations of polyoyoloalicanes than do any 
of the terrestrial samples included in the average analyses 
reported in Table 2. 

Reactanta and reaction conditions that existed through- 
out the evolution, development and destruction of a 
meteoritio parent body are not accurately known. How- 
ever, extensive investigations'--".5 of the composition 
and origins of carbonaceous materials in terrestrial 
sediments indicate that things have exerted a 
detectable control on the composition of these materials. 
Although unknown reactants under undefnable conditions 
et arth have pa the carbon compounds in the Orgueil 

& general dissimilarity between an abiotic 

(Fishar rope product and the benzene extracts of 
sediments bas been demonstrated. The 

iu in this article show statistically aigniflcant 
agreements between the benzene-extractable fractions of 
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Orgueil fragments and some terrestrial sedimente as well 
as between meteoritic and biological alkanes. 

This investigation was suggested by Dr. Bartholomew 
Nagy of Fordham University, and the extractions of the 
Orgueil fragmenta were conducted by Dr. D. J. Hennessy 
of Fordham University. I thank Drs. Hennessy and 
Nagy for their helpful discussions of this work, and Drs. 
Brian Mason, R. F. Folmabee, Lincoln LaPas, and E. P. 
Henderson for providing the meteorite samples. Mr. T. C. 
Menzel, G. G. Wanleas and J. J. Waters assisted in some 
analyses of meteoritic extracts. A 500-yoar-old butter 
sample was contributed by the late Dr. Werner Bergmann 
of Yale University. 
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MAGNETIC AND CHEMICAL INVESTIGATIONS OF IRON 
IN TEKTITES 


By A. N. THORPE, F. E. SENFTLE and F. CUTTITTA 


U.S. Geological Survey and Howard University, 
Washington, D.C. 


HE ferric-to-ferrous iron ratio (hereafter designated 

simply as the ratio) in glasses is dependent on three 
important factors: (a) the thermal history; (b) the oxidiz- 
ing or reducing conditions of the glass melt; (c) the time 
of heating. Abou-El-Arm! has shown that the reduction 
of Fe,0, added to high-silica glass moreased ra ae aed above 
1,400? C. Banerjee! has discussed the effecta of a reducing 
atmosphere and the time of heating on the ferrous iron 
in glasses, and Bamford’ has examined the state of the 
iron in some reduced glasses. 

Friedman, Th and Senftle‘ have compared the 
chemical composition with the magnetio properties of 
tektites and some glasses formed by the fusion of terrestrial 
rocks. They found that the ratios for six rocks fused at 
2,500° O in a solar furnace under atmospheric conditions 
with one exception approached a limiting value of about 
0-4. This value is somewhat higher than that of the 
average ratio (m~ 0-18) calculated for tektites from data 


in the literature’. These caloulated ratios varied consider- 
ably and ranged from 0-03 to 0-31 (ref. 4). The larger 
ratio (^s 0-4) for the fused rocks was attributed to fusion 
under normal atmospheric conditions (Po, = 1/5 atm.). 
The variation of the ratio reported for tektites may be due 
in part to some scattered questionable analyses in the 
literature. On the other hand, if these differences were 
real, it suggests that the partial preasure of oxygen in the 
melting atmosphere was substantially differant for the 
various tektite falla, and/or that there may have been 
considerable differences in melting temperatures. 

To solve this problem, more, and also more accurate, 
analyses of the ferric-to-ferrous ratio in tektites from 
different strewn flelds is desirable. To this end, monitored. 
high-precision chemical analyses have been made on 
twenty-one bediasites. Analysis of the resulte shows tho 
ratio to be constant (0.053) within narrow limite for 
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Table L CHEMICAL ANALYSES OF MLEXENTAL TITANIUM, MAXGAXBER, 
AKD IRON IK BEDIASPTES * 
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tron T tron tron +4 /Fet® 

Bampile No. Titantum e 

Go ME GG) CO 

Bedtasites 
BM-i 0-29 0-015 225 1233 002 
BM-14 0-40 0-014 219 212 008 8 037, 
30775-77 0-28 0 0£7 $39 119 O18 0-050, 
B-140 0-41 0-023 2-1 — £659 — 0203 0-011, 
B-20 0-25 0-029 $22 118 00 0-013, 
BAT 0-87 0-030 2-61 £57 0-04 0-015, 
B50 0-57 0 021 273 56 016 0 062, 
B-14 0-44 0 023 203 283 O15 
BM-18 0-89 0-018 276 — 276 000 
B-80 0-48 0-023 225 — $09 — 016 0-081, 
BS 0-44 0 020 +10 291 O19 0 065, 
80247-38 0-45 0-020 3-32 2-00 0-23 0 076, 
BO 0-44 0-023 08 294 Ol 0 047, 
B-85. 0-43 0-083 809 02 O15 0 05 
B-86 0-47 0 024 8-40 $14 on 0-070, 
B-87 0-45 0-023 $359 $15 OH 0-076. 
20780-23 0-54 0-020 $51 $345 O11 0 035, 
B-16 0-51 0-015 $78. $04 00 0-024, 
B-108 0-51 0-023 3-96 $74 — 033 0-058, 
20763-10 0-60 0-016 4-11 401 Off 0-054, 
B00 0-63 0-015 430. 4499 — 019 0 046, 

* Outitees, F., aon, M Ker gi s Titoher, d. Dd dhao A. O. T., 1002, 
Chemical US. Geol. Surv. 
Anp te, Oe. N Sig. o d to ASA, Fob. 26, 1061— 
Aug. 1. Mokal oantent es as 

hao, 1 

Magnetic susceptibility ts have been made 





as part of an investigation of the physical properties and 
chemical composition of tektites. To supplement the 
chemical analyses, a magnetio susceptibility method was 
developed for the quantitative determination of total and 
ferrous iron. The proposed susceptibility method is leas 


other strewn flelds. E LP oo ae alow 
that the ratio is nearly constant (&40-05) within narrow 


S de oy to earns His autor ths incisos of 
refraction and specific gravities exhibited by the tektite 
collection. End members of this suite are BM-1, with 
an index of refraction of 1-4828 + 0-0004 and specimen 
B-90 with an index of refraction of 1:5076 + 0-0004. The 
specimens are listed in Table 1 in increasing order of index 
of refraction. The bediasites were analysed for manganese, 
titanium, nickel, ferrous iron and total iron as Fe,0,, 
and with the exception of nickel the results are shown m 
Table 1. (Nickel analyses are all lees than 50 p.p.m. 
Individual quantitative analyses were made spectro- 
graphically by J. D. Fletcher (personal communication).) 
In addition, the total iron as Fe,0, was determined for 
15 other selected tektites (Table 8). These results are 
averages of duplicate determinations by the various 
methods, the coefficient of variation of the average being 
3 per cent for ferrous iron and total iron, 5 per cent for 
titanium, and 10 per cent fof manganese and nickel. 
Although spectrophotometric, volumetric, phic, 
and X-ray fluorescence techniques were the average 
obtamed by these methods will be referred to simply as 
the chemical determination throughout this article. 
Using these different techniques, the determinations were 
closely monitored by similar determinations in granite 
G-1, diabase W-1, and selected National Bureau of Stan- 
dards certified samples. 

In the spectrophotometric method" * ferrous iron reacts 
with o-phenanthroline in the pH range of 2-9 to form a red 
complex having an absorption maximum at 512 my. The 
complex is stable and conforms to Beer’s Law up to a 
concentration limit of 10 p.p.m. Ferric iron must be 
reduced to ferrous iron initially with hydroxylamine 
hydroahloride, hydroquinone, ascorbic acid, or N,N'- 
dimethylformamide. These analyses were made at pH 
4-5 using acetic acid—sodium acetate as a buffer. 
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The X-ray fluorescence determination of total iron, 
titanium, and manganese 250 mg of sample 
which was fused with 250 mg of La,O, and 1:000 g of 
Dn crucible at 1,000? C for 8-10 min’. 

e cooled bead was ground in & mixer-grinder to pase a 
$36 ech sieve. The sample was double pelleted with a 
boric acid backing for additional strength. The analyses 
were made with & single channel fluorescent vacuum 


X-ray using & lithium fluoride-analysing 
orystal and a krypton—halogen-filled Geiger counter. X-rays 
were with a tungsten target tube operated at 


380 kV and 10 m.amp. The tune 
10,000 counts for the iron Ka line at 57-45° 29, titanium 
Ka line at 80-07? 20, and Ka lino ab 62-91° 29 
was measured. The X-ray resulta were obtained by count- 
ing each standard and sample twice at random. 

The ferrous iron content of the tektites was determined 
by spectrophotometric and volumetric methods. In the 
volumetric method, the tektite sample was decomposed 
with hydrofluorio and sulphuric acids in the absence of 
air. The ferrous iron in the resulting solution was titrated 
with K,Cr,O, using sodium diphenylamine sulphonate 
as an internal indicator. 

The spectrophotometric determination of ferrous iron!’ 
was made on 5—-16-mg amounts of sample. Decomposition 
of the tektite was affected at room temperature by hydro- 
fluorio acid containing pentavalent vanadium to oxidize 
ferrous iron as it dissolves. The spectrophotometrio 
method utilizes the reversibility of the reaction: 


Vu + Fett 2 V4 Fe*t 


The direction of this reaction is dependent on pH. In 
strongly acid solution, the reaction proceeds quantitatively 
from left to right. When the pH. is moreased to greater 
than 2, ferric iron is quantitatively reduced to the divalent 
state by quadrivalent vanadium. The re-formed ferrous 
iron is determined by using o-phenanthroline as the 
chromogenic agent':* 

and titanium were also determined spectro- 
photometrically.  Disodium-1,2-dihydroxy-benzene-3,5- 
disulphonste (tiron) yields a strong yellow colour with 
titanium (IV) in the pH range 4-8-9-6 (ref. 11). The 
interference of iron was overcome by reduction with 
ascorbic acid at pH 4:7, and the absorbance of the resulting 
solution was meesured at 410 mj. The purple perman- 
ganate colour was utilized for the determimation of 
manganese. The oxidation was effected with ammonium 
persulphate (peroxydisulphate) at the boiling point in a 
phosphorio-nitrio acid medium in the presence of silver 
nitrate. The absorbance of the solution was measured 
et 525 my. 

Nickel and manganese were determined by a quantita- 
tive spectrographic method similar to that described by 
Bastron, Barnett and Murata}?. 

The total iron plotted against the ferrous iron in Fig. 1 
shows & good linear relationship which passes through 
the origin. Thus: 


Ore: = kO yo = Ore + Oner (1) 


where k is the slope of the line, and O is the concentration 
of the iron. If Ore /Oze = R, then from equation (1) 


the ratio R = k—1. a least-squares analysis of tho 
date, b was determined, and R = 0-068. As shown in 
'lTable 1, the ratio from 0-01 to 0-08 and has a 


median value of R = 0-051. is in good agreement 
with the value, E = 0-058, culated from the data 
of Fig. 1. It is thus evident that the ferric-to-ferrous ratio 
di podiat a iniecit fr dier edi 

The magnetic susceptibility measuremente were made 
on a quartz helical spring balance developed by Senftle 
ei al.?, and the procedure followed has been described in 
a previous paper!* Care was taken to clean the specimans 
in hydrochloric acid and to measure the susceptibility 
at several field strengths to ensure against possible con- 
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Ferrous tron (chemical) 
Fig 1 Varsation of ferrous tron with total iron in bedissttes determ- 
med obemioally = 


tammation with ferromagnetic impurity. All measure- 
ments were made at room temperature (29° C). 

Tektites exhibit mild paramagnetic but no significant 
ferromagnetic properties“. From the elemental oompoei- 
tion of tektites, it is apparent that, to a first approxima- 
tion, the ism is a function of the iron content. 
Nickel, manganese and titanium concentrations are low, 
and their combined contribution to the paramagnetiam 
is probably leas than 2 per cent. Thus, the magnetio 
susceptibility of a tektite, at a given temperature, oan 
‘be described as: 

XT = XpeteOyors + Arenas + 

[1 — (Ores + Oro), (3) 


Table 3. COMPARISON OF THE MAGNETO AND OHEMICALLY DETERADTED 
TOTAL IRON AND FERROUS IRON IK BADIARTTRE 





- 96 Total tron % Ferrous iron 
Magnetic 
Sample erem Oaloulated Determined Osjeulated Determined 
No. 3.X.U./g( x 10*) from eq. 8. ohemically from eq. 6. obamwelly 

BA-1 4-00 2:25 2-25 2:17 2-23 
BM-14 3-08 200 2-10 2-02 2-12 
80775-77 415 2:38 220 2-30 2-19 
B20 4-00 2:25 233 2-17 2-18 
B-17 4-53 253 2-61 143 2-57 
515 2-85 278 2-74 2-06 

B-t 5-35 296 303 2-83 2-88 
BM-13 5-18 286 2-76 2-75 270 
B80 5-84 3-20 3-26 8-07 3-00 
B-6 6-78 $315 3-10 3-02 2-91 
20247-38 5-02 8-24 832 $11 2-99 
BM 5-55 3-06 308 2 93 2-04 
B-85 5 64 3-10 3 00 2-98 2-02 
4-85 643 8-51 3-40 3-86 3-14 
B-87 5 90 9-13 3-39 3-10 315 
6 78 3:00 351 3-53 3-438 

B-76 6-51 8-55 3-78 3-40 23-04. 
B-105 7-390 3-06 3-06 3-70 3-74 
30763-10 7-83 423 411 4-06 4-01 
7:88 4:25 4:28 407 409 


' The magnetic susceptibilities and a comparison of the 
magnetically and chemically determined total iron and 
ferrous iron of the bediasites are shown in Table 2. The 
susceptibilities are also plotted against the total iron 
determined chemically im Fig. 2. The relation is remark- 
ably linear, and a least-squares analysis of the data leads 
to the equation: 

Xr = 108-6 x 10- Ore — 0-8607 x 104 (8) 


Although the actual pomts are not shown, to avoid 
confusion, the curve of susceptibility as a function of the 
ferrous iron also is a good lineer relation and is represented 
by the broken line slightly above the solid total iron line 
in Fig. 2. A least-squares treatment of the date yields 
the followmg equation: i 

XT = 204-5 x 10-* Oye — 0-414 x 10-9 — (4) 


a“ 
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Actually the susceptibility of the tektite glass without the 
iron (y-interoept) should be identical in both equations, 
but due to the scatter of the experimental pointe they are 
slightly different. However, ing both are the same, 
it oan be shown algebraically that the ferrio-to-ferroua 
ratio, E, is & constant and equal to: 
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R = b—a[a (B) 


where a is the coefficient of Ores (193-6 x 10-*) and b is the 
coefficient of Ofer: (204-5 x 10-*) in the foregoing equations. 
Substituting with numerical i 





Magnetio suscoptibilrty (10° ».x1.v./g) 
A 





l 
wo 


aa ee J 

2 8 
Percentages iron (ehemical) 
2. Vartation of the magnetic susceptibility with total tran content 
(solid Hne). Dashed Line ts the susceptibility 


as a fomotion 
of ferrous iron (to avoid confusion, actual ate not shown) 
XT = 198-6 Ore? — 0 


The magnetic susceptibility measurements are good to 
better than 2 per cent, and hence, assuming no large effects 
due to other transition elementa, the total iron as given 
by the magnetic measurements and equation (3) should be 
accurate to slightly more than 1 per cent. The suscepti- 
bility measurements are made relatively easy and fast, 
and thus this technique for total iron analysis proved very 
convenient for bediasite investigations. As the ratio 1s 
neerly constant, it also provided a practical method to 
obtain the ferrous iron content. Likewise, the ferric iron 
could be obtained, but due to its relatively low éonoentra- 
tion it was not nearly as accurate. (The ferrous and ferric 
iron contents can be calculated from the expressions: 


Ope** = 0-489 Xp + 0-219 (8) 
Cye** = 0-0285 Xr — 0-031 (7) 





1 


4 5 


where Of, 18 in peroen and Xr 18 the magnetic sus- 
ceptibility in 10-* E.a.v./g.) 

Having established the ferrio-to-ferrous iron ratio for 
bediasites as approximately constant, one now asks 
whether or not the same ratio holds for tektites from other 
strewn fields. Ultimately, chemical analyses of total 
ferrous and ferric iron made on a reasonable sampling 
from each strewn feld would be desirable to answer this 
question. In place of detailed chamical analyses, however, 
the magnetic susceptibility technique offers a method of 
determining this information with only a total iron 
chemical analysis being required. 

If for convenience one expresses equation (1) in terms 
of the concentration of total iron, Ore: = Ores + Ofer, 
then: 


RX 
A TEE )crm0-OmX, (9 


PNE 


As (1 — Cre) is approximately one, and as X, is small, 
one can approximate the last term in the equation by a 
constent without incurring a large error. Thus: 
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where G = (1 — Cye9)x, iis d bo quus Heal oe acces 
sion for the determined relation, equation 

(3). In so far as the composition of all tektites is quite 
uniform, ib is reasonable to assume that G will be easenti- 
ally single valued for all tektites. Thus, if equation (3) 
oan be shown to hold for tektites from other strewn fields 
one may conclude that the ferric-to-ferrous iron ratio is 
approximately the same for these tektites. 

A comparison is made in Table 8 of the total iron 
determined from equation (8) with those determined 
chemically for tektites from several strewn flelds. Tho 
comparison is very good indicating that within narrow 
limits the median Cres/Cre ratio is nearly the same 
for all the tektites studied, and essentially the same as 
that for bediasites, namely, about 0-053. Before a definite 
conclusion can be made, however, a detailed analysis 
similar to that made on bediasite should be made on 
tektites from other strewn flelds. 


Table 3. ee OF TA eee AND UIGIGALES. DNTIRERD 
TOTAL IRON IW SXLBOTED LooATIOXS 





TEKTP'ES FROM OTHER 
Mag. % Total iron 
tege TUÉS ms 

No. Location 2AX.U./£ eq. (8) Cham 
BA ^ HH Hc 
Ip-18 Indochina 0-85 3-72 $81 
Ip-13 752 497 414 
Jet 7-68 415 413 
75-18 } Java 703 3-82 408 
177-8 } eects 6-17 $37 338 
TT-11-7 : 3-02 3-78 
Pris] f Thauland 633 8-46 3-46 
Py-78 8-57 4-61 4-61 
P 1-94 7-24 $-93 3-83 
Pr 6-76 3-68 3-31 
Ps-30 6-16 3-37 3-55 
Prs 6-02 3-61 3-60 
Po-lt 1-47 4-04 "m 
Po-85 Philippine Islands 647 3-53 8-74 
Pp-ies ~ 6-80 3-70 8-35 
Pp-170 6-79 3-00 3-00 
Pein 6-55 3-87 3-73 
PT 7-78 4-20 4-15 
P187 6-97 8-79 3-78 
Pp-216 6-99 3 80 3-99 
T3 Ivory Coast 8-04 405 4:85 


Our results indicate that the ferric-to-ferrous iron ratio 
for all tektites is relatively constant (approximately 


0-05) and low. ‘These resulta do not concur with ratios ` 


calculated from date reported in the literature’ *:4, which 
show a considerable variation within & strewn field and 
also between different tektite families. For example, 
both the average analyses given for australites by Barnos* 
and tha moro rose analywes roparted by Tavion™ Indicate 
an average ratio of about 0-12. Taylor mentions that 
some of his samples were crushed in a steel mortar and 


mechanically in an agate mortar before chemical 
analysis. it conceivable that such a preparation in 
air may have oxidized a significant amount of iron to the 


ferric state. 

As indicated in the introduction, tektites show a 
relatively uniform composition and history of formation. 
Unlike other natural glasses (voloanio glasses and ful- 
garites) and synthetic glasses, the tektites from different 
strewn fields have one interesting chemioal characteristic, 
namely, & low ferric-to-ferrous iron ratio indicating a 
relatively uniform thermal history under reducing condi- 
tions. 

Synthetio glasses of tektite composition prepared under 
reducing conditions and high temperature should exhibit 
similar characteristics. It should be possible to calculate 
their total and ferrous iron content from a magnetic 
susceptibility measurement and equations (8) and (6). 
In contrast, synthetic glass melts prepared under normal 
atmospheric conditions should undergo a slight oxidation 
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of the iron to Fe,O,, and hence the calculated total and 


Magnetic and chemical analyses on several synthetic 
glasses of tektite com ee in & normal 
atmosphere of air are able 4. The total and 


aeons tacos Galalated RU Hs CAT susceptibility 
data is high as compared with the chemical values-in 
almost every case. In two cases, so much Fe,O, was 
formed that the samples were ferromagnetic and could 
not be measured. 


Table 4. FERAI AND FAREOUS IRON IN BYXTENTIO GLASSES OF TAKTTTIO 
OOMPOSTMON A8 DETERMINED BY MAGNENTIO AND CHEMICAL METHODS 


Simulated oom- Mag. Total tron Ferrous iron 
Xo. reser and (x Chen. from 
time marv./g) eq. (8) eq. (6) 

STG-3 Ausuallte,1,800'O 7-32 407. — $74 390 — 8948 
ST-05 Anaunitte, i900 * . 5-20 * 443 
8T-72 Averitt, 19000 839 441. 423. 41. Sn 
S8T-80 Australie, 1,800* O * . 817 id 2-80 
ST-l Beato, 1410° 0 $5 190  1"74 184 135 
ST- as ten 184 175 1857 1400 


* Specimens ferromagnetic. Reliable measurements could not be made 


These data indirectly support the concept that tektites, 
unlike other natural glasses, have experienced a thermal 
history under redu conditions. Further, the method of 
Se ee ica and E aid le ee OR 
and not generally applicable to other glasses. The fore- 

going results lead to some interesting aspects of the 
Sanok propdrüed of iron mi takita The paramagnet- 
ism of the iron arises from the electrons ing in orbit 
around the nucleus. The total magnetic moment of such 
an electron may be divided into two perte: that due 
to the spin of the electron, and that due to ite orbital 
motion. While the presence of electrons in neighbouring 
atoms does nob generally affect the spin, the electric 
fields of nearby electrons can significantly alter the orbit 
of an electron. In fact, the li flelds are often strong 
enough completely to immobilire the orientation of an 
electron orbit against the effect of an outside magnetic 
fleld. The orbital magnetic moment is then said to be 
quenched, and the resulting orbital magnetic moment is 
small or zero. For the case of a free ion removed from all 
external fields, the magnetic susceptibility in electro- 
magnetic units per gramme due to both spin and orbital 
moments is given by: 

1 a 

x pe sog AS + 1) + AL + 1)] (10) 
where N is Avagadro’s number, B is the unit Bohr magne- 
ton, b is Boltzmann's constant, T is the absolute tempera- 
ture, and M is the atomic weight. u is the total magnetic 
moment for the transition elements and is equal to 
V48(S + 1) + IL + 1), where S and L aro the spin 
and orbital quantum numbers, respectively. In the case 
of a ligand field which is sufficiently strong to quench the 
orbital moment, L — 0, and the ‘spin only’ magnetic 


ties of ferrous and ferric iron, can be determined from 
equation (10) by insertmg the proper spin and orbital 
quantum number. These can be obtained from considera- 
tion of the atomic energy-levels. For ferric iron 8 = 5/2 
and L = 0, and yre is simply 259-4 x 10° m.w.u./g at 
28° O. For ferrous iron, however, the calculation is not 
so simple. The numbers are S = 2 and L = 3, 
and hence yres should equal 222-4 x 10-* mw.v./ 

20° O for the free ion. From the rather extensive work on 
the magnetic properties of synthetic glasses, ferrous iron 
in glass had indeed been shown" to have a susceptibility 
of about 218 x 10 naw.u./g at 29° O, corresponding to 
an orbital magnetic moment which is only very slightly 
quenched. However, the normal ferrous iron imparts a 
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blue coloration to the glass. A blue coloration is not 
evident in tektites which range from a light sea-green to 
& brownish black in colour. Moreover, previous work!‘ 
on the magnetic properties of tektites has shown that the 
orbital moment of ferrous iron is almost completely 
quenched. Thus, one cannot accept this value (218 x 10-* 
2.M.U./g at 29° C) for the specific magnetic susceptibility of 
ferrous iron in tektites. . 

The fact that the Oge«/Cre« ratio is relatively constant 
for tektites will allow one to make an approximate caloula- 
tion of the specifle susceptibility of the ferrous iron. By 
equating the bracketed coefficient in equation (9) with 
the i slope (equation 3) and using the chemical 
values of the ratio, R = 0-053, and yre = 259-4 x 10-4 
A.M.U./g, Xye** is caloulated to be 190-2 x 10-* m.w.v./g. 
This oorresponds to an almost completely quenched 
orbital magnetic moment. While this is only an xim- 
son consistent witht Gus yalue Df JH je panintin 
accurate to show that the moment is almost completely 
quenched. The significance of this relative to the structure 
of the tektite glass will be discussed in another paper. 

A magnetic susceptibility technique has been devised 
to give a non-destructive, micro-analysis of the total 
and ferrous iron content of tektites. The measurements 
are much easier and faster to make providing an accuracy 
comparable with monitored, high-precision chemical 
methods. 

The ferric-to-ferrous ratio has been found to be constant 
within relatively narrow limits for bediasites. Tho 
results also suggest that the median ratio is approxim- 
ately the same for all tektite families, indicating a reason- 
ably uniform thermal history of formation and melting 
atmosphere. The low ratio (av 0-05) implies an atmosphere 
with a very low partial preasure of oxygen. The constancy 
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of the ratio in comparison with the wider range of ratios 
reported in the literature indicates that some of the 
reported ferric and ferrous analyses may be in error by a 
small but significant amount. The speciflo magnetic 
susceptibility of ferrous iron in tektites aa calculated 
from the foregoing ratio shows that the orbital magnetic 
moment is almost y quenched. 

We thank Dr. E. of the U.8. Geological Survey 
and E. Henderson of the U.8. National Museum for many 
of the tektite specimens. We also thank Sherman White. 
H. Rose and M. K. Carron of the U.S. Geological Survey 
for their assistance with the measurements and chemical 
analyses, Dr. Dean Chapman, National Aeronautics and 
Space Administration, and Dr. T. P. Kohman, Carnegie 
Institution of Technology, for usly providing 
specimens for our work, and Dr. H. R. Branson of Howard 
University and Dr. 8. 8. Goldich of the U.S. Geological 
Survey for their interest in this work. 
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MODEL EXPERIMENTS FOR VORTEX COLUMNS IN THE ATMOSPHERE 


By Dx. B. R. MORTON 
Mathematics Department, University of Manchester 


RGANIZED oolumns of vorticity are observed in 
many of the Earth's atmosphere, in such forms 
as dust whirls and dust devils, tornadoes, waterspouta, 
fire storms and hurricanes. These columnar flows cover 
& very wide of horizontal length and velocity 
scales, say, 10 m—2000 km in length and 10-50 m.p.s. or 
more in velocity, and they exhibit & wide range of 
behaviour. However, each may be regarded as & rotating 
column withm which the mean angular velocity (or 
vorticity) of the fluid is several orders of magnitude 
greater than ambient. In each case thermal convection 
plays a fundamental part m the flow development. 
Tt seems to be accepted. generally that convergence into 
, convection columns or thermals may produce amplification 
of existing ambient rotation about the vertical, and that 
this provides & mechanism for the generation of dust 
devils in a locally unstable environment. But in spite 
of the obvious interest and meteorological importance of 
the growth of rotating columns in the atmosphere, there 
have been relatively few attempts to investigate the 
roa ar aaah of ambient vorticity through the action of 
turbulent thermal convection. Recently, Dessens! has 
reported the formation of ‘tornadoes’ near the base of a 
large experimental convection columm in the atmosphere; 
and Byram and Martin* have ‘fire whirl’ experi- 
ments in which & pan of aloohol is burned at the bottom 
of a vertical cylmder into which air is drawn tangentially. 
These are both interesting experiments, but they mvolve 
a variety of effects and have neither the degree of simpli- 
city nor of experimental oontrol which is needed for a 
basic study of the convective amplification of vorticity. 
As a stage in such an investigation, I have been carrying 


out model experiments on the behaviour of turbulent 
buoyant jeta of alcohol and salt solution m a uniformly 
rotating tank of water. (The plume from a aimple source 
of buoyancy represents a limiting case of this wider range 
of source conditions.) 

The experiments are carried out in a ‘Perspex’ tank 
75 cm in diameter and 150 om deep, which can be 
filled with water and set rotating about a vertical axis at 
steady speeds between 0:3 and 4-5 radians per seo. After 
the water has reached a state of sensibly uniform rotation, 
a stream of dyed liquid is injected as a vertical jet along 
the axis, oitber from a nozzle at the centre of the base or 
from one just below the centre of the free surface. An 
upward jet of aloohol/water or a downward jet of salt 
solution may be termed positively buoyant, a water jet 
neutral, and an upward jet of aalt or downward jet of 
aloohol negatively buoyant. The inflow is maintained 
for long enough to generate a jet rather than a ‘cloud’ of 
buoyant fluid, and then turned off to avoid significant 
effecta due to the walls and free surface. Tho develop- 
ment of the rotating plume can be recorded photo- 
graphically by still or cinó cameras directed: (1) hori- 
zontally, from a fixed station, or (2) vertically downward, 
from & station rotating with the tank. The horizontal 
records illustrate the development of the rotating column, 
while vertical streak-ph hs of the alumimium- 
powdered free surface may be used for obtaining angular 
velocities in the columns. 

In terms of jet diameter and moan vertical velocity at the 
nozzle, the operating range of Reynolds numbers for the 
issuing jet in the first set of e. iments was about 5 x 10%- 
5 x 1%; while the range of Rossby numbers based on 
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Fy 1 A positively buoyant downward jet of salt solution in a 
ptationary tank 


diameter and mean inflow velocity at the nozzle was 
2 x 101-2 x 10, or if based on averaged values over 
tho height of the jet was about two orders of magnitude 
smaller. 

A featuro of tho experimental arrangement is the fact 
that small disturbances to the velocity of a rotating fluid 
propagate in a two-dimensional fashion. This has only a 
moderate effect on the vigorous initial motion of the Jet, 
but constrains the subsequent pattern of flow quite 
strongly into a column: hence the flow observed at the 
free surface relatively quickly adopts a profile appro- 
priate to an average over the greater part of the water 
depth. This effect may be observed m Fig. 2. 

The experimental observations fall mto three groups 
according to whether the jots are positively buoyant, neutral 
or negatively buoyant. There are only minor differences 
between the upward and downward jets of specified 
buoyancy, and these arise from the character of the bound- 
ing surface near the nozzle. 
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When a positively buoyant downward jet of dyed salt 
solution 1s released in a rotating tank the outer layers 
of the jet are swept into vigorous rotation at an angular 
velocity greater than that of the tank and ambient water. 
This vorticity diffuses rapidly through the jet to produce 
a rotatmg column with typical angular velocity about 
2-10 times that of the tank (the precise level depending 
on the source conditions of the buoyant jet). The rotating 
column usually remains centred on the nozzle so long as 
the inflow contmues, though it often shows signs of 
sub-division; but when the jet is stopped the column 
wanders slowly about the tank and usually subdivides 
into two or three columns of comparable strength, and 
occasionally more. ‘Those vortex columns persist for 4 
long time. 

Fig. 1 shows a downward jet of salt solution in 4 
stationary tank, and is included for purposes of com- 
parison. The development of & rotating plume is 1llus- 
trated in Fig. 2a, band c. In this case the angular veloorty 
of the tank was 1-23 radians/sec; the denmty of the salt 
solution was 1:18 g/ml.; the jet ran for 15-2 sec; and 
the photograph reproduced in Fig. 2a was taken at 5-2 
seo relative to the time of starting the jet, Fig. 2b at 
20-8 seo, and Fig. 2c at 40-2 sec. The vertical scale marks 
which can be seen are 10 cm apart. The developing jet is 
much less clearly straight-sided and at first shows a largo 
intermittent variation in width; but shortly after the 
nozzle flow has ceased (Fig. 2b) the decaying jet is roughly 
straight-aided and occupies & much larger volume than 
15 would in & stationary environment (Fig. 1); tho weakor 
outside disturbances are already taking up a two-dimen- 
sional form (Fig. 2b). Later (Fig. 2c) the jet has separated 
mto two rotating columns with almost vertical edges. 
Fig. 3 shows a streak photograph of the free surface dusted 
with aluminium powder taken with a camera fixed relativo 
to the rotating tank. This is a composite shot showing 
two major vortex columns and one additional weak ono 
which have been generated from an earlier jet emismon, 
together with a vigorous starting column about & second, 
jet emission from the nozzle. 

A neutral jet in a rotatmg tank produces no change in 
the state of uniform rotation of the ambient fluid (apart 
from some mitial disturbance which soon decays). 

A negatively buoyant downward jet of aloohol in a 
rotatmg tank of water gonerates a number of rotating 
columns (which are now, of course, clustered towards 
the free surface) in which tho angular velocity is smallor 
than that of the surrounding wator. 

These effecta can be explamed quite simply in terms of © 
the distortion of mean vortex tubes by the buoyant jet. 
When a vortox tube is stretched the associated angular 





Development of a positively buoyant downward jet of salt solution m a rotating tank 





velocity increases in proportion to the relative extension; 
when it is shortened there is a corresponding reduction 
m angular velocity. All jeta entram ambient fluid and 
share with it their Imear momentum, so that the mean 
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anal veloctty ın a buoyant jet always decreases with 
increasing distance from the source (except in short, 
buoyancy-dominated regions of very buoyant jets). It 
follows that in the interior of a jet (buoyant or otharwise) 
there will always be & continuous sho ing of mean 
vortex tubes parallel to the axis. On the other hand, the 
entramed fluid enters the jet in a slow radially inward 
stream that will convect ambient vortex tubes into the 
jet; sections of vortex tube the inclined outer 
parte of the jet are at first stretched as they are drawn 
into the faster parte of the flow. Thus, if we were to 
ignore turbulent diffusion, there would be a net 

of mean vortex tubes in the outer parta of the buoyant jet, 
and & net shortening in the interior. Turbulent diffusion 
Tapidly averages these regions of moreased and decreased 
angular velocity, and in a neutral jet the two cancel 
end there is no modifloation of the ambient vorticity. 
But in a poartively buoyant jet there is a slower decrease 
of mean axial velocity with increasing distance from the 
source, and consequently a net stretching of mean vortex 
tubes over the jet as a whole, so that the angular velocity 
in the jet is creased above ambient, while in a negatively 
buoyant jet there is an overall shortening of mean vortex 
tubes with a corresponding decrease in angular velocity 
across the jet as a whole. 

This phenomenon is in fact a familiar one and can be 
demonstrated easily. If & cup of hot black coffee (or tea) 
is stirred with a rotary motion 80 as to leave the coffee 
(or tes) swirling smoothly, and a stream of cold milk is 
poured into the centre of the cup a small vortex will be 
formed, and this vortex will often be strong enough 
to dimple the surface noticeably. Hot milk will not 
produce such & vortex. In fairness to the experimenter 
16 should be noted that it is relatively easy to mask the 
effect, and some ioe may be needed. 

The material of this article was reported at the Boulder 
Conference on Fluid Mechanics in Geophysics (September 
1962) sponsored by the American Phymcal Society and 
the American Meteorological Society, and a theoretical 
analysis and detailed quantitative resulta will be published 
elsewhere in due course. I thank the Meteorological 
Research Council for & grant towards the cost of this 
work. 

1 Dessens, J., Nature, 193, 13 (1062). 
* Byram, G, M., and Martin, B. B., , Fire Control Notes (U.B. Forest Service), 
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RUTHERFORD AND NUCLEAR POWER 


By DAVID A. KEYS 
Scientific Adviser to the President, Atomic Energy of Canada, Ltd., Chalk River, Ontario 


HE completion of the first six-week trial run of the 
first Canadian Nuclear Power Generating Station at 
Rolphton, Ontario, brings to mind the predictions made 
by the late Lord Rutherford and his colleague Frederick 
Soddy in the early days of this century. Durmg Ruther- 
ford’s Macdonald professorship in MoGill University, 
Montreal (1898-1907), many of the fundamental re- 
searches were performed on which the ultimate release of 
from the atom was attained. In his Hadtoachvity, 
written in 1902, he realized the atom as a source of large 
amounts of energy as the following quotations indicate!: 
(The significant predictions made by Rutherford are 
indicated by italics in this artiole.) / 
“There ts thus reason to believe that there ts an enormous 
store of latent energy resident in the atoms of the radio- 
elemenis. This store of energy could not have been 
recognized if the atoms had not bean undergoing a slow 
process of disintegration. ee es i ra 
aotivs changes is derived from the internal energy of the 
atoms. 


“The existence of this store of latent energy does not 
ordinarily manifest itself, smoe the atoms cannot be 
broken up into simpler forms by the physical or chemical 
agencies at our disposal. Ita existence at once explains 
the failure of chemistry to transform the atoms and also 
accounts for the rate of change of the radioactive processes 
being independent of all external agencies. . . . If 42 should 
ever be found possible to control at will the rate of dis- 
integration of the radio-elements, an enormous amount of 
energy could be obtained from a small quanitty of mater.” 

The means of oontrolling at will the rate of disintegra- 
tion has been found, and so the Nuclear Power Generating 
Station was able to deliver on ite first trial an a 
power of 14,000 kW of electricity to the Ontario Hydro- 
Electric Power Oommission’s system. 

It is of further interest to note the following aoaotint 
which appeared in the London Daily Mail', which may 
have been the result of some interview the reporter had 
with Rutherford at the Cavendish Laboratory. The 
acoount was headed in bold print: 
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"THE MIGHTY ATOM" 
“Scientific struggle to harness it” 


eee eS R m Britain, the United States 
and even ia are to-day all corresponding over the 
question of minute advances in their several laboratories 
on the structure and behaviour of the atom. They 
believe that they are on the edge of discoveries that may 
largely, in the sequel, end the struggle for life—at least so 
far aa light and power are concerned. 

“The finest instrument in the world is probably that 
in a Cambridge laboratory and it is opening up new 
secrets, and Profeasor Sir Ernest Rutherford, who has 
some remarkable fellow-workers, such as Mr. Aston, 
is accepted as one of the world’s high priests of the new 
alchemy. He and others have as good as that each 
atom, though it ts quite incommensurable, has in i the power 
of a thousand horses. If we can harness this power almost 
al our ial di ies are at an end. 

‘This is still a dream, still a sort of laboratory theory; 
but little side disooveries—such as that supposed elements 
(chlorine, for example) are not really elements—are bemg 
made continually; and in the course of this o0-0 ion 
of the world’s best brains, all intensely eager in same 
hunt, we may expect discoveries greater than the dis- 
covery of radium and of more general application. 

"Infinite material power is at our finger-Mps, waiting 
release by finer ond finer instruments. Nothing ts more 
likely to benafit humanity than help to the making of such 
machines. The best are costly, and this form of science 
is 1Il-endowred.."' g 

The morning this the late Dr. G. F. O. Searle 
directed my attention to the article, making a few charac- 
istio caustic remarks about "the thousand horses”. 

Soddy in his book* spoke of explosive power which the 
gudden release of energy from radium would produce in 
the following words: 
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“In only two days radium gives out more energy, 
weight for weight, than the most powerful explosive known 
in a thousand years could be released instantansously, a 
single milligramme of radium would equal in ite effect 
a ton of any known explosive.” 

Soddy also realized the energy available in the atom as 
the following statement shows: ; 

“These considerations force us to the conclusion that 
there is associated with the mternal structure of the atom 
an enormous stare of energy which, in the majority of 
cases, remains latent and unknowable.” 

Rutherford was for the idee of the poem- 
bility of energy being derived from the atom due perhaps 
to statements made in such addreases as that 
delivered when he was at Gill University. In his 
addreas to the Royal Institution‘ in 1904, he stated: 

“A few pounds (of radium emanation) would suffice 
to provide enough power to drive a liner across the 
Atlantic.” 

I remember, more than half & century ago, the late 
Prof. (later Sir John) MacLennan holding up a glass of 
water and stating that there was enough energy in the 
atoms of this water to run the Lusitania across the 
Atlantio. 

The fulfilment of these early ctions by the new 
nuclear power reactor in the country where 
some of them were first recorded, is of interest to those 
who knew Rutherford when he performed his experiments 
which inspired the search for nuclear energy “to benefit 


" humanity". 
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ASSIMILATION OF MINERALS BY HIGHER PLANTS" 


By Da, GEORGE J. FRITZ 


Department of Botany, University of Florida, Galnesvilie 


A Eo E EIN ail 
aro known to be required for the growth and 


relatively large 

the last seven are required in much smaller amounts and 
aro known as microelemente. The elements cobalt, 
sodium and vanadium are essential to certain micro- 
Orpaniwue bui them bemontiality fee gronn Daci 
has not been definitely established yet; but it these three 
elements are shown in the future to be essential to higher 
plante, then it can be predicted that their requirements 
will be only in ultramicro amounts. 

The essential elements are supplied as inorganic plant 
nutrients by the three media of the external environment: 
atmosphere, water and soil. Thus, the bulk of the carbon 
and oxygen in the tissues of higher green plants is derived 
from the carbon dioxide of the atmosphere, and probably 
all the hydrogen comes from water: in the photosynthetic 

carbon dioxide of the is reduced in 
the leaves by the hydrogen from water to the level of 
carbohydrates; in this process, the oxygen of water escapes 
from the plant as oxygen gas, which is a by-product of 


photosynthesis. Water also is probably utilized in some 
metabolic processes other than photosynthesis, and these 
activities might account for the incorporation of small 
amounts of hydrogen and oxygen into organio matter. 
Another possible source of small amounts of carbon, 
oxygen. and hydrogen in plant tissue is bicarbonate ion 
in the goil, which is known to be absorbed and incorporated 
into cellular constituents such as malio and aspartic acids 
by -plant roots“; whether this process contributes a 
significant part of the total carbon, oxygen and hydrogen 
in plant organic matter, and if po under what conditions, 
is still not completely clarified. In summary, these three 
elementa, carbon, hydrogen and oxygen, supplied primar- 
ily by the atmosphere and water, are the principal con- 
stituents of organic matter; in fact they contribute 90 
per cent or more of the total dry weight of the average 
plant. Since all the other easential elements are lied 
to higher ta primarily by the soil (except in those 
oases in ch nitrogen is supplied as a gas), they may 
be called mineral elements. 

the oxygen in organic matter is derived from carbon 
dioxide, then what part does gaseous oxygen play? 
Higher green planta carry on aerobic respiration; in this 
process, gaseous oxygen acts as an electron and hydrogen 
acceptor and is thereby reduced to water, which mixes 
with the water already present in plant tissues. Therefore 
the oxygen gas consumed in respiration does not become 
organic matter directly, but may become organic matter 
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indirectly if it is incorporated via some metabolic step 
which utilizes water. Another prooem is now known 
which consumes small amounts of gaseous oxygen; plant 
tissues orm & process’: which may be called ‘oxygen 
fixation’, in which & small portion of the oxygen gas 
Which is applied to tiasues is added directly to organic 
substrates. The products of ‘oxygen fixation’ have not 
been studied intensrvely, but probably include organic 
peroxidee. 

In a consideration of the transformation of inorganic 
nutrients of the external environment to oellular con- 
stituents of planta, it is difficult completely to divorce the 
subject from the functions which elements perform, and 
it is useful to review the general roles in which elements may 
participate in cellular metabolic processes. Metabolism is 
& general term which refers to the chemical reactions 
which occur in a living oell. Exoept for the metaboliam 
of nitrogen and phosphorus, relatively little is known about 
the chemical transformations which mineral elements 
undergo after they are i ted mto the living material 
of the oell. Jeskniaon i a teni hinh rofore to the 
chemical events associated with the transformations 
accompanying the incorporation of inorganic nutrients 
into organic matter; it is this part of metabolism, especi- 
ally with respect to mineral nutrients, which is considered. 
here. 


The sequence of events by which inorganic mimeral 
nutrients may be assimilated differs from element to 
element, and in fact some mineral nutriente which have 
been absorbed by a plant may not be converted to organio 
matter at all. For example, nitrate ion might be stored 
in the vacuole as such without undergomg chemical 
chango, or nitrate might be converted first to ammonia 
and then incorporated into amino-acids or proteins. An 
element like potassium may be bound by weak electro- 
static forces to organic anions produced by cellular 
metabolism, and thus potassium may serve to maintain 
cellular electroneutrality. In other cases a nutrient such 
as iron might exist in an organic form in the external 
ited even before it is presented to the plant, 

ee UE 

ut in spite of these variations in behaviour of 

mineral nutrients, the major roles which elements have 
within & plant may be summarized in a few categories. 

An element may be essential to plant growth and devel- 
opment for one or more of the following reasons: (1) it 
may be & component of a vital protopla&mio constituent ; 
(2) it may icipate in & vital biochemical or biophysical 
event; (8) rb may exert a significant effect on an enxyme 
reaction; (4) ib may contribute to the maintenance of 
protoplasmic organization and integrity; (5) ib may 
function as a free ion. In view of the complexity of higher 
green plants, it is not surprising to find that some elements 
function in more than one of these categories ; thus mag- 
nesium, for example, probably plays & part in all five 
categories: (1) magnesium is a component of chlorophyll, 
a vital protoplasmic constituent ; (2) magnesium partioi- 
pates in a vital biophysical event, that is, the absorption 
of light quanta by the chlorophyll molecule; (3) magne- 
sium is well known as an activator of many enzymes 
which are completely inactive in vitro m the absence of 
magnesium ion; (4) magnesium is known to stabilize 
water-in-oil emulsions as do other divalent ions and thus 
probably contributes to the maintenance of protoplasmic 
organization ; (5) magnesium may act as a free ion, for 
example, by balancing anions, and may serve to maintain 
cellular electroneutrality. 


Assimilation of Nitrogen, Phosphorus and Sulphur 


Nitrogen, phosphorus and sulphur sate considered 
because they are usually supplied prorat 
Nitrogen is quantitatively the most important of these: 
99 per cent of the living parts of living organisms are made 
of the four elemente carbon, hydrogen, oxygen and 
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nitrogen. Nitrogen is usually supplied to the plant as 
nitrate ion, although plants can aleo utilize other sources 
of nitrogen, such as ammonia; gaseous nitrogen may also 
ee ee ee ee HS oe 
plant lives in symbiotic relation with specific micro- 
organisms. Whether nitrate or nitrogen is utilized, each 
of these is probably first reduced by the plant to ammon- 
ium ion before being incorporated into organic matter. 
The sequence of evants in the reduction of nitrogen from 
the +5 oxidation state in nitrate ion to the — 3 oxidation 
state in ammonia has been the subject of considerable 
research in recent years, and has been reviewed periodio- 
ally**. While some of the details of the reduction 

have not been completely elucidated, nevertheless the 
outhnes are reasonably well known.. The following 
scheme presents probable steps in the reduction, nitrate 
being reduced successively to nitrite, nitrio oxide, hypo- 
nitrite, hydroxylamine and ammonium ion: 
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(Mo) (Fe, Ou) (?) 
NO, — NO, —> NO —> 
(Fe, Cu) (in) 
N,0,7 —— NH,OH — NH, 


Same of the indicated molecular species may have only 
a transient existence during the reduction process.” Each 
step in the sequence requires the participation of a differ- 
ent enzyme system; for example, the reduction of nitrate 
to nitrite requires & molybdo-flavoprotein enzyme; the 
reducing power which is required for the reduction 18 
supplied d coenzymes derived from other metabolic 
processes. The subsequent steps in the sequence also 
require other enzymes and associated metals as well as 
reduced coenzymes, and the known micronutrient require- 
ments for each enzyme system are also indicated in the 
scheme. The indispensability of theee particular micro- 
nutrients for nitrate reduction is apparent. 

Our understanding of the moorporation of nitrogen 


gas into organic matter by higher green plante which 
exist in symbiotic relation with certam mi 


oro-organisms, 
as well as the nitrogen fixation by other free-livmg micro- 
organisms, has advanced considerably in recent years. 
It now appears that in nitrogen fixation, nitrogen acte as 
an electron and hydrogen acceptor and'is reduced to 
ammonia!^!', The intermediates may never be isolated 
in sufficient quantities to be identified with certainty; the 
reduction probably occurs in a stepwise fashion as follows: 
+28 +%H +18 
N=N — NH—NH —— NH,—NH, ——- 2NH, 
Nicholas!" has recently shown for the micro-organism 
Asotobacter vinelandii, a Íreo-living aerobic organism 
capable of nitrogen fixation, that gaseous nitrogen and 
pes d Rd 
another for electrons supplied by other metabolic activi- 
ties of the cell. The competing pathways, and the 
D ONDE mi E A wee ae presented. 
Nicholas“, may be shown schematically as follows 
(iis: neyro eyed which activates gaseous nitrogen is 
called nitrogenase): 


cytochromes—-O, 
electrons from flavin ‘a 
intermediary — adenine = nonren Fe C 
metabolnm 
Y nttrogenaso—> Ns 


The microelement requirements for nitrogen fixation by 
A. vinelands include at least iron, molybdenum and 
cobalt; the iron is needed in the complex which contams 
iron in a non-ham form; molybdenum and probably also 
cobalt may be a part of the nitrogensse systern!*, Cobalt 

is required for nitrogen fixation by 4. vinelandi*, and 
it is also required when certain leguminous species grown 
under symbiotic conditions are actively flxing nitrogen 
gas!; however, this latter requirement may reflect a need 
for cobalt by the infecting bacteria rather than by the 
root cells themselves. 
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Whether nitrogen is absorbed as ammonia, or is reduced 
to ammonia from nitrogen or nitrate ion, the ammonia 
is rapidly incorporated into organic matter. The asimila- 
tion of ammonia has been reviewed recently by Webster!’ ; 
to summarize briefly a process which may have further 
complications, it appears that initial ammonis assimilation 
probably proceeds to a large extent in the formation of 
glutamic acid by a process called reductive amination, 
catalysed by the enzyme called glutamic acid dehydrogen- 
aa: 


oketogiierio aad -+ NH, +NADH,—+ gintamis acid + NAD + H:O 
Aspertic acid and alanine are also found when labelled 
ammonia is applied to plant tissues, but in lesser amounts 
than ghitamic acid; they pud otio mes NY trans. 
amination from glutamic acid as follows: 

hrtamic asid + oxalaostie acid o-ktoglutarie aed. aspartic sod 

(or pyruvic acid) or alanine) 

These three amino-acids, glutamic acid, ED acid 
and alanine, serve as & pool from which moet of the other 
amino-acids oan be formed, as well as amides and proteins 
and other productae of nitrogen metabolism. (Over- 
simplifloation of this subject might ly lead to mis- 
understanding, and Webster? . be consulted for 
details.) 

The assimilation of phosphorus probably oocurs mostly 
if nob entirely by esterifloation of ene aaa ions. In- 
oranie ED a DU OE the plant from the 

external environment as H,PO,- ions, depending 
on the pH, and is then ostetifind into one or moro of 
several classes of organic phosphate compounds which 
are found in plants’. These groups may be listed as: (1) 
carbohydrate phosphate esters and carbonyl-phoephate 
esters; (2) nucleic acide, that is, ribose and deoxyri 
phosphate diostors which unite nitrogen bases; (3) phos- 
phoproteins, inoluding n e aaa phosphate 
esters and guanidino phosphates; (4 hosphates in 
biologically important cosusymes sua vin adenine 
dinucleotide, adenosine triphosphate, nicotinamide aden- 
ine dinucleotide, eto.; (5) Phoapho pia such as glyoerol 
phosphate esters and diesters of nitrogenous bases; (6) 
moeitol osphate esters such as phytio acid and phytin. 
oe OT aE ee ee 
studied to a much lesser extent than the assimilation of 
ua ipis phoephorus. The form in which sulphur is 
sappliad io ihe plant Je the mulphste lon: tho 

Mouse | tbe Rab ad Gavan anc cf ta 
sulphate ion to — 2 in sulphydryl (—8H) has been studied 
in some micro-organisms, and the subject has been 
reviewed by Thomas! and by Wilson“. Tracer experi- 
ments with higher green plants have also demonstrated 
that inorganio sulphate is found especially in the amino- 
(NH,)—OOOH). By aseum- 
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similar to that in micro-organisms and through 
sulphite and hate to sulphydryl, and also by assum- 
mg in analogy pathways demonstrated for micro- 


that sulphydryl groupe react with the amino- 
todimiation ia higher plats ‘which ie consistant with 


BO, = —» BO, = — 8,0, = -> —EH. ———"» oysteine 
is & component of many molecules of great 
sod nbi uq concu dica aic 
R methionine, cystine and others; various 
thioether, sulphoxides and thioesters of greater or lesser 
complexity also ooour in plant tissues. The investigation 
of the function and degradation of these 
compounds has only begun. 


Assimilation of Potassium, Calclum and Magnesium 


Even it is probable that some anions absorbed 
by a plant may not be metabolized at all, and may perhaps 
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serve only to neutralize cations, yet it is evident from the 
discussion so far that assimilation of the bulk of nitrogen, 
phosphorus and sulphur is accompanied by an active and 
intense metaboliam; the chemical transformations which 
these nutrients undergo in their conversion from inorganic 
to organic forms is drastic. In comparison with this 
behaviour, potassium, calcium and ium may be 
considered to be metabolized to a lesser extent. Sub- 
stances like organic acids and proteins probably exist m 
the cellular milieu as anions; neutral substances like 
carbon dioxide are also converted by photosynthesis into 
organic anions; these anions are neutralized either by 
hydrogen ions produced metabolically or by the ions 
K+, Cat and Mgt. Thus, one of the important functions 
of cations is their action as free ions in the mamtenance 
of electroneutrality; relatively weak electrostatic forces 
bind the inorganio ions to the organic anions. 
Cations like potassium, calcium and magnesium probably 
support the maimtenance of protoplasmic organization 
and integrity in the cell. Protoplaem is a complex colloidal 
system of an emulsion-like nature, and requires stabilixa- 
tion $^» vivo. Our knowledge of this phase of cell 
biology is very scanty, but ib is widely recognized’ from 
studies of colloidal systems in viro, that monovalent- 
metal soaps, being soluble in water, act as stabilizers of 
oil-in-water emulsions, whereas divalent-metal soaps, 
being water-insoluble and oil-soluble, serve as efficient 
stabilizers for water-in-oil emulsions. Probably both 
these kinds of emulsions are present in protopleam, and 
monovalent and divalent cations may thus play important 


Nos only can potassium, calcium and 
flou ae stile charged pecudes, bub tiles eai 
may also have physiological importance as insoluble 
salts. The middle lamella of the cell wall consiste largely 
of insoluble pectic compounds which are mixtures of 
calcium and magnesium pectates; phytin, the caloium— 
magnesium galt of inositol, is found in large amounts in 
seeds and . Whether physiologically important 
potassium salts of low solubility oocur in plant tissues is 
still an open but their existence may be sus- 

because of the wide range of known potassium salta 
which have low solubilities’. 

Other more compliosted forms of potasium, calamum 
and magnesium also exist in plant tiesue. Metal ions 
form oomplex:or co-ordination with organic 
groupe which donate electrons to the metal. The com- 

which result when electron-donor stoms are 
attached to each other as well as to the metal are called 
chalate or sequestered compounds. Donor atoms which 
undergo combination with the metal in the formation of 
these camplexes are usually nitrogen, oxygen and sulphur. 
Complexes and chelates are formed by nearly all metals, 
including alkali and alkaline earth metals*!*. Among 
potassium, -calcium and magnesium, the best-known 
naturally occurring chelate is chlorophyll: the magnesium 
atom is present in the centre of the porphin ring, and is 
bound to the four le nitrogen atoms much as the iron 
&tom in iron yrin. Organic anions such as citrate, 
tartrate, malate and various amino-acids also form stable 
chelates with metal ions, calcium and magne- 
sium. Less well known is the fact that alkali metals like 
sodium and potassium can also form chelate compounds!!*, 
Many cases of non-speoiflo activation of enryme systems 
by univalent and divalent cations may possibly find their 
explanations in pert in this phenomenon. Without doubt 
*he common observation that sodium ean replace potas- 
sium as & nutrient stems frqm the action of potassium as 
a free ion in the plant, bound ionogenically by neutral 
polar valences to organic anions and functioning as a 
charge neutralizer or as a stabilizer of protoplasmio 
emulsions. But the fact that sodium cannot replace 
potassium completely—potassium is an essential element 
to higher green plants whereas sodium is not—leads to 
the conclusion tha potassium performs a fonction which 
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sodium cannot perform; but this special function of 
ee en HOT ee a It is suggested 
that organic complexing agents exist in plant tissue 
which have higher affinities for potaastum than for sodium ; 
the resulting co-ordination of chelate compounds of 
potassium, functionmg perhaps as an unknown essential 
cellular constituent, may account for the eesentiality of 
potassium. 
In summary, the cations potassium, calotum and 
d eee S plant tissues in one or more of 
the following forms: eral charged particles, bound 


substances of low solubihty (for example, phytin, calcium- 
oxalate, calcium-pectate, eto.). 


Assimilation of Micro-elements 


Our knowledge of the roles of some of the micro-elaments 
has increased considerably during the past decade or so. 
Elements like copper, iron, manganese, molybdenum and 
xino have been to act as nuolei of metalloprotein 
enrymes or as enzyme activators, and their roles have 
been reviewed“. Chloride ion has been shown to be 
required in the photo-oxidation of water by isolated 
chloroplasts’. Boron probably forms sugar borate oom- 
plexes which are associated with the translocation of 

*. Bo far, major research emphasis has been 
placed on the roles of mioro-elementa in enzyme systems; 
other roles not now investigated, such as possible effects 
on membrane structure, cell organization, eto., should 
also be considered!*. But in spite of increasing awarences 
of the functions of micro-elaments, remarkably little 
detailed information is available concerning the processes 
of assimilation of the micronutrients. 

With the possible exception of Cl-, probably very low 
concentrations of free micro-element ions are present in 
soils and in plant tissues. The elements copper, iron, 
manganese and xinc oocur in the soil as cations which form 
insoluble salts with systems such as sulphate, chloride, 
carbonate, phosphate and many others; boron and moly- 
bdenum usually occur as oxy-anions which form insoluble 
salts of other metals. These metals in soils are locked 


in the mineral portion of the soil in the form of insoluble , 


inorganio salts; the metals are converted to soluble form 
by weathering processes, perhaps first involving conversion 
to bicarbonates E or low. low or intermediate solubility by the 
action of carbon dioxide dissolved in rain-water, or by 
attack by natural organic chelating agents produced by 
micro-organisms or by plant roota, which secrete small 
amounta of organic anions which tend to solubilize the 


mioro-elementa*. Inside the plant, micronutrient cations 
like , iron, Manganese and xinc may be incorporated 
into late compounds by reaction with cellular meta- 


bolites; molybdenum also may form oo-ordinated or 
chelate oo of biological interest, perhaps involv- 
ing the bi of the molybdyl ion (MoO, ) (ref. 20). 
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Tt is becoming increasingly clear that organio substances , 
of various kinds bind metals with greater or leeser tight- 
ness. The story of the assimilation of the mioro-elementa 
involves numerous interactions of metals with metabolites 
of various kinds, from those which bind metals so 
tightly that the metal must be considered not in equili- 
i em Me rune Dor hag EE 
wise interact with the metal, to other binding agents 
which have low affinities for the metal and in which the 
metal bonds are labile. The porphyrins bind iron and 
vitamm B,, binds cobalt with extreme tightness; other 
substances like organic acids, amino-acids, peptides and 
proteins bind metals leas tightly so that the metals remain 
exchangeable. Purmes, pteridines, nucleotides and nucleic 
acids also have been shown to bind metals, but little 
work has been done to measure the affinities of these 
substances for individual metals’. Thus, a metal may be 
carried within the plant as a chelate or co-ordination 
compound, and may undergo exchanges with other meta- 
bolites which form complexes of greater stability. 
The process of absorption of micronutrients from the 
external environment by plant roots may involve in part 
simple replacement at the root surface of one oo lexmg 
agent for another. Considerable efforts by biochomiste 
and physiologists will be needed to attain detailed know- 
Jongo of meris rip: micronutrients. 

preparation this article was supported in 
with funds by the U.B. Atomic Energy 
mission (contract AT-(40. 1)-2834). 
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OBITUARIES 


Prof. A. G. Glnetzinsky 

Pror. A. G. Gourswaxy, head of the Laboratory of the 
Institute of Evolutionary Physiology in Leningrad and 
corresponding member of the Academy of Medical 
Sciences of the U.8.8.R., died on October 20, 1962, at the 
age of sixty-seven. To many of his colleagues abroad, 
Ginetainsky’s contributions to physiology became known 
only comparatively recently, despite the fact that he was 
the author of a series of important discoveries over the 
past forty years. He was born at Vologda in 1805. After 


graduating at the Medical Institute in Leningrad, ho 
joined the laboratory of the late Academician L. A. 
Orbeli, whose influence as a teacher continued to guide him 
in the pursuit of problems in nerve and muscle physiology. 
After holding for many years the chair of physiology in 
the Medical Pediatric Institute, Leningrad, Gi 
moved to the Sechenov Institute of Evolutionary Physi- 
ology. 

Of his many scientific studies, I shall refer to four which 
have gained international interest and recognition (though 
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some very belatedly and not until his findings had been 
rediscovered in other places). 

In December 1922, Ginetxinsky gave an important 
communication at the thirty-seventh Physiological Con- 
gress in Petrograd, ibing the effect of sympathetic 
nerve fibres on fatigued m He showed that stimula- 
tion of aympathetionervos oan influence and, under certain 
conditions, restore the force of muscle contraction evoked 
by motor nerve impulses. The work was done, I believe, at 
the ion of Ginetzinsky’s teacher; but there is no 
doubt from Orbe yritinga (or Bis pupil Lad played A 
very prominent part in this discovery, which for some 
reason is commonly referred to in the non-Russian 
literature as the ‘Orbeli phenomenon’. 

In 1985, Ginetzimaky and N. I. Michelson reported that 
in muscles which had been completely paralysed by curare, 
a nerve impulse still evokes a small electric response in the 
region of the nerve-musole junction. This was the first 
description of a phenomenon which became known, and 
intensively studied, several years later under the name of 
the ‘end-plate potential’. 

In 1843, Ginetzineky and N. M. Shamarina published a 


Britam. It confirmed the well-known fact that ‘adult’ 
skeletal muscle fibres are nob very sensitive to acetyl- 
choline except in a narrow region around their nerve- 
muscle junctions. The authors to show that, a 
few days after birth, the whole of the muscle fibre 
reacte to low concentrations of acetylcholine, and that the 
final state, of a locally restricted sensitivity, is not attained 
until later. Furthermore, when adult muscles are deprived 
of their nerve supply, their acetylcholine sensitivity 
coe Pee o T spread, from the nerve-muscle junction 
ong the whole length of the muscle fibres. 

During the last years of his life, Ginotzinsky's principal 
interests had turned to problems of kidney physiology, 
especially the control of water excretion and the mechan- 
ism of action of the anti-diuretio hormone. In 1058, he 
published & note in Nature (182, 1218; 1958) in which he 
put forward a new theory, namely that.the ion 
of water in the renal tubules is controlled by a local 
release of hyaluronidase which causes & break- 
down of the intercellular ‘cement substance’ in the wall of 
the distal and collecting tubules and so opens up channels 
for osmotic water flow. His evidence indicated that a 
hyaluronidase is released from the kidney cells under the 
influence of anti-diuretic hormone, and that the action of 
the free raises the water permeability of the 
tubular wall. This novel hypothesis has aroused much 
interest and some oon: ; but ite main features have 
been greatly strengthened by subsequent work dono in 
Britain and by Ginetzinaky himself 

I had the pleasure and rivilege of meeting Prof. 
Gineuineky in Moscow ia 1001 and, like many of out 
colleagues, I was greatly looking forward to his intended 
visit to Britain in 19638, when he was to have given & series 
of lectures in the University of London. inetxinsky's 
contributions to physiology took a considerable time to 
cross the language barrier: if recognition outaide his own 
country was belated, it fortunately did not come too late, 
and I like to think that he derived a good deal of satis- 
faction from it during the last years of his life. 

BugsAnD Karz 


Academiclan A. V. Topchlev 


Acapamroran A. V. Torony, a noted organic chemist, 
a skilful administrator and a olever ‘oultur’ diplomat, 
died in Moscow on December 27. 

Born in 1907, Alexander Vasilievich T graduated. 
at the Moscow Institute of Chemical Technology in 1930. 
After his graduation he made rapid progress and soon 
achieved eminence as & scientist and as a specialist in the 
fleld of petroleum chemistry. His numerous papers, & 
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number of them dealing with hydrocarbons, 
earned him world-wide recognition. He also played an 
important part in the creation and development of the 
Soviet petroleum, chemical and polymer industry. 

his publications one may single out a few of the more 
outstanding anes, such as one on the nitration of hydro- 
carbons, unother on boris fluoride as a dAtelysb and one 
ga pea none nvel cadat Te Paa aes, E 

the Congress on the Peaceful Uses of Atomio held 
in Geneva in 1958. 

In 1947-49 he acted as deputy Minister of Higher 
Education. In 1949 he was elected a member of the 
Soviet Academy of Sciences, and eventually he was 
entrusted with the key post of scientific secretary of the 
Academy. He was also director of the Institute of 
Petrolom Ghesaload is. Ho received the Stalin 
Prize and the Order of Lenin for his work. As a very 
active member of the Communist Party, he was a deputy 
in the Supreme Soviet of the Russian Federation. His 
abilities as an administrator and a diplomat ensured 
his election to a number of committees and he was often 
ig Race 

was a frequent visitor to England, sinoo his 

fess Voth ty Muss ete ho ous to Lena as adada 
of & group of Russian scientists attending & conference on 
nuclear . Ab this meeting he spoke with much 
fedling of the desire of the Russian scientista to restrict 
nuclear energy to peaceful uses. In 1056 he again led a 
of Russian scientists attending the opening of 

( Hall. He was known as & most active fighter for 
peace and international soientiflo co-operation, and he 
was one of the founder members of the peace 
movement at its first conference in 1957. At a scientific 
gathering in the United States in 1961, Topahiov again 
spoke eloquently about problema of posco and inter- 
national He was also a frequent and eloquent 

of the Russian space programme, a circum- 
stance which suggests that he had an important pert to 


play in this. 
To sum , one may say that Topchiev was an out- 
ntist, an outstanding 


operation and a most 
greatly admired by his fellow delegates and by his hosta 
for his frankness of speech, sincerity of purpose and good 
humour. B. I. TowxmrEFF 


Dr. J. Howard Dellinger 


Da. J. Howard DmrLIxGWB, formerly chief of the 
Central Radio ion Laboratory at the National 
Bureau of Standards, U.8. Department of Commerce, 
died on December 28. 

Dr. i , who mitiated radio research at the 
Bureau in 1911, was also known for his work at national 
and international conferences on radio problems. Ho is 
credited with the discovery of the simultaneous occurrence 
of solar and radio effects (the Dellinger effect). 
He also investigated the fonosphere and high-frequency 
radio tion and supervised the development of 
many o radio aids to air navigation, and the initiation 
of the U.S. standard frequency broadcast service (WW V). 

After retiring from the Bureau m 1948, Dr. 
continued his work as & radio consultant and adviser. 

Dr. joined the staff of the National Bureau 
of Standards in 1907. He began working on the determ- 
ination of the conductivity of copper for & few years. He 
was appointed chief of the Radio Section in 1919. 

ing the Second World War, Dr. Dellmger was 


. Belected by the Armed Services Jomt Communications 


Board to direct the work of the Interservice Radio 
Propagation Laboratory. It was the taak of this group 
to draw together accumulated research know! and 
data from which to make radio propagation ictions 
for the Armed Services. In 1946 this organization became 
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the Central Radio Propagation Laboratory, and the 


prediction service was made available for civilian as well. 


as military use. Dr. Dellinger continued as chief until 
his retirement from the Bureau m 1948. 

'Dr. Dellinger was born in Cleveland, Ohio, in 1886. 
He attended Western Reserve University during 1903-7 
and received his bachelor of arts degree from George 
Washington University in 1908. He was a fellow at 
Princeton during 1912-18, receiving his Ph.D. there in 
19018. Ho was elected to Phi Beta Kappa at Western 
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Reserve and was presented with a D.Bo. b e 
Washington University in 1932. MOM E 
He was author of more than 200 papers in his flelds, 
and was radio editor for Webster's Dictionary. Ho was a 
Fellow of the Institute of d ees vite rende 
1924, president in 1925, Medal of Honor in 1938), a member 
of the U.S. Academy of Sciences (vice-president in 1985, 
1939 and 1941), and a member of the Interndtional 
Scientific Radio Union (honorary member for life of the 
U.S. National Committee, honorary president for life). 
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NEWS and VIEWS 


The National Research Councll of Canada : 
Dr. B. G. Ballard, O.B.E. 


Da. B. Q. BAnníABD, vice-president (scientific) of the 
National Research Council of Canada sioe 1954, and 
acting ident since the death last August of Dr. 
E. W. R. Steacie (Nature Obituary, 196, 110; 1962), haa 
been appointed president of the Council. Dr. Ballard was 
born in 1902 at Fort Stewart, Ontario, and graduated 
from Queen's University, Kingston. Following a Woeting- 
house graduate course in electrical engineering in 1924—25 
he joined the staff of the Westinghouse Klectrio and 
Man ing Co., East Pitteburg, Pennsylvania. In 
1930 he was appointed to the National Reseatch Council's 
Division of Physios, and throughout the following ten 

built up the electrical engineering section of that 
Division. In 1946 he was appointed assistant director of 
the Division of Physics and Electrical Engineering, and 
two years later, when a full Division of Radio and Eleo- 
trical i ing was established, he became director. 
He was awarded an O.B.E. for his war-time work on the 
development of mine-sweepers, and the Ross Medal of 
the Engineering Institute of .Canada in 1949 for his 
publication entitled Recent Canadian Radar; in 1953 he 
received the Coronation Medal. Dr. Ballard is president 
of the Canadian Standards Association. Ho is an honorary 
member and former president of the Enginoering Institute 
of Canada, a Fellow of the Institute of Radio Engineers, 
and of the American Institute of Electrical Engineers, of 
whioh he was a former vice-president. 


Dr. L. Marlon, F.R.S. 


Ds. Lio Marton, senior director of the National 
Research Council of Canada, and director of the Division 
of Pure Ohemistry, has been appointed vice-president 
(scientific) of the Council in succession to Dr. B. G. 
Ballard. Dr. Marion was born in Ottawa in 1899. He 
graduated with honours from Queen’s University in 1926 
and gained his Ph.D. degree from MoGill University in 
1929. The same year he began his career with the National 
Research Council of Canade, continuing in the field of 
organic o istry, principally alkaloids, on which he did 

work at the University of Vienna in 1984— 
35. Binoo 1947, Dr. Marion has served as editor-in-chief 
of the Canadian journals of research and since 1952 as 
editor of the Canadian Journal of Ohemistry. He also 
serves on the editorial board of three other scientific 
journals. He became head of the organic chemistry 
section of the Division of Chemistry in 1948, director of 
the Division of Pure Chemistry in 1952, and senior 
director of the National Research Council in 1980. Dr. 
Marion was elected a Fellow of the Royal Society of 
London in 1961. He is also a Fellow of the Royal Society 
of Canada and a pest-preeident of Section III; a Fellow 
of the Chemical Institute of Canada and immediate past- 
president of the Institute; pest-president of l'Association 
Cenadienne-Frangaise pour l’ Avancement des Sciences; a 
member of the American Chemical Society, and a Fellow 
of the Chemical Society of Great Britam. He has received 
many awards for his contributions to the field of alkaloid 


chemistry, includ the Médaille Léo Pariseau of 
l'Association Canadienne-Francaise pour l'Avanoement 
des Sciences, the Palladium Medal of the Chemical 
Institute of Canada, and the Gold Medal of the Profe- 
sional Institute of the Public Service of Cenada. 


The Commonwealth Scholarships (Amendment) Bill 


Tma debate i the House of Lords on February 5 on 
the second reading of the Commonwealth Scholarships 
(Amendment) Bill added little to tho points stressed in 
the House of Commons (see Nature, 197, 731, 749; 1963). 
The Earl of Lucan referred to the need of the overseas 
universities for large numbers of isted teaching staff 
and said that the African universities alone were 
estimated to need something liko 5,000 teachers in the 
next twenty years. He urged that the Government 
and leaders of the professions could not be too emphatic 
in their assurances that those who took posts overseas 
for aie eb to help ae education would not 
prejudice their careers but ra improve their ; 
Lord Peddie stressed the importance of Hon ied ote 
Studente expanding educational facilities, but Lord 
Ogmore strongly urged that postgraduate study was moet 
ny pursued in ape of the more mature 
countries, an ee some of the British graduates 
should hold their Commonwealth fellowships in African 
and Asian universities. In replying on the debate for the 
Government, the Duke of Devonshire pointed out that 
the 500 places provided for under the scheme should be 
considered against the 85,000 studenta from Common- 
wealth countries who were already studying in Great 
Britain. He gave no indication that the £6 million - 
vided over the period 1960-65 would be nawd bud 
added that he understood that under the scheme £200 a 
year maintenance was allowed for a scholar’s wife. > 


The Diploma In Technology 

In a written answer in the House of Commons on 
February 8, the Minister of Education, Bir Edward Boyle, 
stated that of 2,697 first-year students for the Diploma in 
Technology, 2,097 qualified by the General Cartiflcate of 
Education and 588 by Ordinary National Certiflonte. Of 
these first-year studente, 1,234 were college-based and 
1,463 works-based; for second-, third- and fourth-year 
students the corresponding figures were given as 666 
and 1,367; 875 and 1,019; 310 and 856. Of first-year 
studente at January 31, 1968, 1,718 wore in engineering 
(including 122 in chemical engineering, 596 in electrical, 
and 517 in mechanical engineering); 445 in applied 
chemistry and 225 in applied physics. For the second, 
third- and fourth-year students the co ing figures 
are: 1,828 (85, 515 and 443), 299 and 179; 954 (40, 377 
and 308), 187 and 186; and 847 (45, 800 and 282), 132 
and 87. 


‘The Expanding Universities 


Iw & written answer in the House of Commons on 
February 12, the Financial Secretary to the ? 
Mr. A. Barber, stated that Exchequer grants to the 
universities for recurrent and non-recurrent expenditure 
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would rise from £84-1 million in 1961—62 to an estimated 
minimum of .about £180 million in 1966-67. Student 
numbers would imorease from 111,885 to 150,000 in the 
same i The universities had estimated that the 
entry in 1966 should be more than 10,000 higher and 
would represent about the same percentage of the much 
larger age-group. 


British Medical Ald to the Developing Countries 


. Iw opening an adjournment debate on medical aid to 
the developing countries in the House of Commons on 
February 11, Mr. J. Boyden concentrated on the report 
of Sir, Arthur Porritt and his Working Party, endorsing 
an earlier tribute of the Secretary for Technical , Co- 
M noa ee uu o tnr uM ae a 
the urgency of the problem, 
Dun cet darle Works De Heel hod acted € 
decline in British influenoe' in the medioal fleld 
overseas during the four months it was at work. 
for the Government in the absence of Mr. D. Vosper 
through illness, the Joint i ary to the 
Ministry of Health, Mr. B. Braine, said that the Govern- 
Mud cot cn quA n S Onpa anao dica 
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meet the requests of developing countries in whatever . 


form they The delay in publishing the 

was due to the new financial involved. 

Ss i es ae eee 
of the Department of Technical Co-operation for 1963—64. 
Mr. Vosper would not have been able to make a statement 
had he been present, but would do so at the earliest 
opportunity, and meanwhile, Mr. Braine said that the 


To-day, 900 undergraduate students from overseas are 
studying in Britain's medical schools and there are 9,000 
student nurses from overseas in Britain’s hospitals. 
Almost half the doctors at registrar level in the hospitals 
Sore coreean, Snif D no ee ene Depart. 
ment for Technical Co-operation has and paid 
for postgraduate training for 265 doctors and 170 nursing 
sisters from overseas, in addition to 170 doctors from the 
dependent territories for postgraduate training at the 
expense of their own Governments. Under the Overseas 
Assistance Scheme, 1,385 medical staff have been desig- 
nated for the coming year at a cost of £1-6 million. The 
Department’ also recruited 181 doctors during the past 
two years for service overseas, and many medical appoint- 
ments were made under the Colombo Plan and the 
Special Commonwealth African Assistance Plan, while 
medical equipment to the value of £68,000 was provided 
under these plans in 1961-62, and £262,000 is at present 

expended on medical research for the benefit of 
oping countries. 

RE asm rade dnbie, aa Wie 
response to serve overseas. The Government proposed to 
create 25 bursaries for postgraduates fram the developing 
aniria and thes would (be administered: on. Linde 
similar to thoee provided under the Colombo Plan. The 

of postgraduate education in non-teaching 
hospitals, he said, was now in hand with the aid of 
200,000 pac iden by Hoa POTUM 

Government was aiming at establishing 12 
senior and 6 junior lectureships in 1968-64 at the two 
schools of ical medicine as & contribution to pre- 
ventive mediome overseas. If all the 235 vacancies at 
present dxisting were to be filled, a climate’ of opinion 
must be created in the medical feasion and the 
- hospital boards as favourable to service overseas as that 
already created in the feasion, and to that 
dotate. . Braine welcomed the Holy. affórdod by the 

tos 


Reactor at Full Power at Buchanan, New York 


Fon power operation has been achieved at Con 
Edison’s Indian Point atomic-electrio generating station 
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. was issued in June 1957. 'The 
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in Buchanan, New York, thirty-five, mile, from the centre 
of New York City. At full power, Indian, Point generates 


. 275,000 - "KW for Con Edison's six million kW system 


serving tho area of New York City. Tho steam which 
drives the turbine at Indian Point receives approximately 


. two-thirds of its heat from the atomic reactor and one- 


third from oil-fired superheaters. The reactor, according 
to ite designer and builder, the Baboock and Wilcox, Co., 
has operated smoothly since it achieved criticality. The 
core of the reactor, the first power reactor to use thorium 
as fuel, will last OPPTRE stique. 
fuelling. 


The Imperial College of Science and Technology 

A nmocHuUEN, A Decade of Expansion: 1958-1968, 
Imperial College, deecri with di &nd illus- 
trations, the progress _ Since January 1953 with 
the expansion of the College of Science and 
Teahnology from about 1560 a ee danis $c 4,000 
(Pp. 86. London: Imperial _1968). This target 
has almost been achieved. À o work has at no stage 


area has grown from 9 to 25 acres and the foor space 
from 800,000 to almost 1-8 million sq. ft. groes, and many 
semi-obéolete buildings have been replaced. While these 
developments have been achieved basically through 
national funds made available through the University 
Grants Committee, substantial help has come from 
charitable foundations, industry, and individuals. 
Capital expenditure on buildings of more than 217 million 
was involved. The academic staff of 491 includes 51 
professors and 75 readers, and there are some 1,100 
students, and the total of 2,900 studente 
includes 659 from overseas, while the annual income for 
supported research exceeds £500,000, half of which comes 
aera ae oreet id pg poe 
Despite this picture when the brochure looks 
to the future, it points out that the grapts announced for 
the new quinquennium 1962-67 are so low that the 
College will be unable to man completely the large, and 
sometimes unique, now buildings which have been or are 
being completed. `` This will have a serious effect on the 
admission of students and the quality of the specialist 
E eduoation provided; the Departments of 
ics and of Chemistry would be special sufferers. 
Remedial action is tly needed if the full benefits of 
the expansion are to realized, and, in ita absence, it is 
anticipated that the number of studente will not exóeed 
8,100, whereas On the recurrent grant lied for & total 
of 3,700 was visualized. Reference is to the 
social needs of students. By the end of 1962-63 residence 
should be provided for 22 per cent of the studenta, perhaps 
about one-third of the demand, but unless finance permits 
the expansion of the College to be resumed these 
figures will have deteriorated by the end of the quin- 
quennium. 


Hazards to Health due to Radlatlon 
Tua first edition of the Code of Practice against Radia- 
tion Hazards for the guidance of members of the Imperial 
College of Science and Techno. , University of London, 
test edition, the fourth 
(October 1962), supersedes former editions and gives the 
regulations applicable to the use of t producing 
ionizing radiation, to accelerators, end to the use of 
sealed and unsealed radioactive isotopes. The first eight 
e hora or ihe ids to et DARE 
al EP lig isn eee at Ge 
do Eoo radiation, to ensure the safe disposal 
of waste ntori] and effluent, and to avoid contamination 
of laboratories and their surroundings, and it deals mainly 
and instructions. The 


ith admini ive 
somsindeecpf the booki sonnsis af dera arbada 
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in which detailed information, interesting physical date, 
and extremely valuable advice on practice are given. 
Maximum permissible levels of radiation; protection 
against ionizing radiation particularly from X-ray 
apparatus; classification of radioisotopes; requirements 


for radiochemical laboratories; monitoring; storage and 


disposal of active materials and waste; emergency pro- 
cedures and fire precautions are some of the topics dis- 
cussed. An extensive bibliography is also provided. For 
other university departments which have yet to establish 
their own radiation safety committee and produce their 
own regulations, the Code should prove an excellent 
model to oopy. 


U.K. Library Telex Directory 

Tan second edition of the lL4brory Telex Directory, 
compiled from 700 questionnaires issued to organizations 
known to have access to telex and reported to posseas 
library or information services, contains entries for 400 
libraries compared with 181 in the first edition in 1960 
(Pp. 24. London: The Library Association, 1062. 85.; 
L.A. members 65.). Some entries are qualified by restric- 
tions. Some notes on the use of telex in libraries which 
preface the Directory streas the importance of stating the 
urgency of a request, of not economizing in words at the 
expense of clarity, of sending brief acknowledgments of 
action taken or to be taken, and of spacing loan requests 
on the paper roll and including name and address with 
each separate item. 


The Quarter-Inch Map of Great Britaln 


Fasevany 1 saw the completion of the Ordnance 
Survey's Fifth Series of the Quorter-Inch Map of Great 
ee ee ee eee inne 
the whole of Britam is now covered b 
series begun in 1957. The quarter-inch D sieges map, 
as it could be called—for here lies its greatest utility— 
owes ite inning to the War Offloe and the Ordnance 
Survey. It was begun in 1859, but ita publication was 
delayed for almost twenty-five years owing to the all-out 
effort of the engravers of the day to complete the one-inch 
map then on hand; moreover, its sale to the public was 
not until 1887. In order to conform with continental 
practice and the requirements of air navigation the scale 
of the Quarter-Inch Map of Great Britain is, in fact, now 
1: 250,000 and not 1 : 253,440. As with previous 
editions, the Fifth Series has been derived from the 
one-inch map, in this oase the post-war Seventh Series. 
Oompered with the Quarter-Inch Fourth Edition, tho 
amount of detail on the Fifth Series has been reduced in 
the knowledge that there exists an up-to-date one-inch 
map for more detailed reference. Relief is shown by 
hypsometrioal or layer tinte and contour lmes, with the 
addition of hill shading to give a more readable picture 
of the ground. Special effort has been made to make the 
map useful to the motorist by clearly defining Motorways, 
Class I and II roads and dual carriageways. 


The ae Ss Soclety and Nuffleld Foundation Common- 
wealth Bursarles Scheme 


AWARDS under the Royal Society and Nuffield Founda- 
tion Commonwealth Bursaries Scheme have bean made 
as follows: Dr. Madge G. Adam, university demonstrator 
in astronomy, Oxford, to asist her to visit Mount Stromlo 
Observatory for a year from August in order to use the 
74-in. telescope there for a study of magnetic stars in the 
southern Sky; Dr. U. Aswathanarayana, reader in geology, 
Andhra University, to enable him to familiarize himself 
with recent advances in methodology and experimental 
techniques of radioactivity methods of dating, at Oxford, 
from April until September; Dr. N. Collim-George, 
associate professor of soil science, University of Sydney, 
to enable him to become acquainted at first-hand with 
the theoretical and experimental methods of describing 
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the movement of water through soils, at Cambridge, from 
July until December; Dr. P. J. Grubb, university demon- 
strator in botany, Cambridge, to enable him to investigate 
the sodium/potassium relations of the Alripler spp. 
growing in the arid areas near Adelaide, from April until 
October; Dr. J. R. Richards, Fellow in the Department of 
Geophysics, Australian National University, to assist him 
to gain further experience in the measurement of lead 
isotope ratios and to extend his experience in the arts of 
isotope geology and geochronology at the University of 
British Columbia and the University of Toronto, for 
about eight months from March; Dr. C. G. Winder, 
associate professor of geology, University of Western 
Ontario, to enable him to gain experience of studying 
conodonts at the University College of Swansea and to 
study the type exposures of the Ordovician, Silurian and 
Devonian systems of rocks which oocur in Wales and 
Devon, from April until September 1963. 


VOL. 197 


Announcements 


Ma. J. West has been awarded the recently instituted 
City and Guilds of London Institute's Prinoe Philip 
Medal. This award, which is made annually, is restricted 
+o persons under 40 years of age who have ''travelled tho 
City and Guilds path” and passed one of the Institute’s 
examinations. Mr. West, when assistant manager of 
P. and O. Orient Management, Ltd., was the designer of 
the 45,000-ton passenger liner Canberra. 


ting the annual general 
meeting, arranged by the National Vegetable Research 
Station Association, will be held on March 12. Further 
information can be obtained from the Secretary, National 
Vegetable Research Station, Welleabonras, Warwick, 


Tan» fourteenth annual of the Tissue Culture 
Association will be held at the Somerset Hotel, Boston, 
during May 27-30. Three of the six sessions will be 
devoted to a symposium on “Metabolic Contro! Mech- 
anisms in Animal Cells”. Further information can be 
obtained from Prof. P. Goldhaber, Harvard School 
of Dental Medicine, 188 Longwood Avenue, Boston, 
Mass. 


A OONFERENOH on “Semiconductor Power Controls’, 
arranged by Texas Instrumente, Ltd., will be held in 
Bedford on March 18. Subjects under discussion will 
include: basic SCR circuit considerations;  gnte-oon- 
trolled switches; proportional power controls; motor- 
control circuits; d.o. motor-control circuits; a.o. motor- 
control circuits; power lies. Further mformation 
can be obtained from Mr. W. A. Yates, Texas Instrumente, 
Ltd., Manton Lane, Bedford, England. 

AN international symposium on “Aqueous ee 
Chemistry of Nuolear Fuels’’, organized by the pean 

y for Chemical Processing of Irradiated Fuels and 
the Gnganination for Economic Co-operation and Develop- 
ment, European Nuclear Energy Agency, is to be held m 
Brussels during April 23-20. Further information can be 
obtained from the Organization for Economic Co-opera- 
tion and Development, European Nuclear Energy Agency, 
38 Boulevard Suchet, Paris 16 éme. 


Ta% jubilee meeting of the British Ecological Society 
will be held at Queen Elizabeth College, London, during 
March 28-31. The programme has been divided mto six 
seasions: ecology and conservation; Quaternary ecology ; 
the history of ecology m Britam; experimental and 
eutecological studies; ecology; the com- 
munity Prof. W. H. Pearsall will give the Jubilee 
Address, entitled “The Development of Ecology in 
Britain", on March 29. Further mformation can be 
obtained from A. Macfadyen, Department of Zoology, 
University College, Swansea, or from Dr. P. J. Newbould, 

t of Botany, University College, Gower Street, 
London, W.C.1. 
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EXPENDITURE ON RESEARCH AND DEVELOPMENT IN BRITAIN 


N the final section of tbe annual for 1961-62*, 
the Advisory Council on Scientific Policy again reviews 
the i on soientiflo and technical research and 
development, which in 1961-62 is estimated at 20634 


other hand, the Government provided 60-7 per cent 
(£885 million) of the finance, of which 38-7 per cent was 
from defence departments and 4:6 per cent from the 
research councils, while private industry provided 33-6 
per cent (£218 million), only 0-2 per cent coming from the 
universities and technical colleges. Of current expenditure 
by the Government, £86-4 million was by defence depart- 
ments, £45-7 million an civil research and development, 
and £19-4 million on the research councils. Technical 
colleges spent £1-8 million, universities £248 million, 
research associations £6-5 million, publio podus 
tions £15:4 million, and private industry £340-8 ion, 
The : : 


: by uni hi 
ee T million in 
research associations from £49 million to £8-1 million, 
by publio corporations from £5:8 million to £21-4 million, 
research councils from £10 million to £23 million, and 
by private industry from £185 million to £367-7 million, 
while that by defence has only risen from 
£05-7 million to £98-2 million. Government 
in work oarried out in private industry was nearly £177 
million, and most of this was in the electronicos, electrical 


Quid. 159) Pp NOTAE TLM. Stationery Rin 153). Ba. hok. 


engineering, and ially the aircraft industry. Total 
diture in the United States in 1961-62 is estimated 
at about. £5,860 million, or 2-89 per oent of the gross 
national product, ing capital expenditure. 
methods used in this inquiry 


reeserch and development in private industry an e 
of science mathematics 
England and Wales as 
respectively, on the previous year. The additional scientific 
manpower is computed 

diplomas awarded in pure scienco in 1960-61, 8,082 in 
technology, 620 diplomas in technology, 158 associateshipa 
of educational institutions, and 5, new members of 
Government i on research in 1980—61 was 
£18-19 million and is estimated at £21-5 million in 1901—62 
and £27-2 million in 1962-68. For agriculture, forestry, 
fisheries and food the figures are £10-66 million, 212-7 
; for industry and 


nuclear science, £54-1 million in 1961-62 and £56-7 million 
in 1962-68. Of the i on Research Councils, 
estimated at £80-4 ion in 1962-63 com with 
£31.86 million in 1961-62 and £27-7 million m 1960-61, 
£17 million was for current and £5-1 million for capital 
expenditure on the of Scientiflo and Indus- 
trial Research with a scientific staff of 8,050. For the 
Agricultural Research Council the corresponding figures 
are £68 million, £954,000 and 2,672; for the Medi- 
cal Research Council, £5-4 million, £441,000 and 1,883; 
and for the Nature Conservancy, £534,000, £56,000 and 
121. 


TRAINING OF GRADUATE SCIENCE TEACHERS IN BRITAIN 


REPORT on the training of 
in England, Wales and Scotland, issued as the first 
gection of Part 3 of the Science end Education Report of 
the Science Masters’ Association and the Association of 


years’ experience, and a joinb meeting was held with the 
Standing Oonferenco of Heads of University Departments 
of Education in December 1960. i 

The report points out that the present shortage of 


science teachers and. oo: t rapid promotion to senior 
posta may quickly cause young graduate to be faced 
with the general ision and, maintenance of a labor- 


atory as well as to be asked to produce new teaching 
syllabuses and to devise new courses. It is hoped that 


* The Treining of Craduete Solms Teachers te England, Walin end Foot 
land. seckion of Part II of the Beience and leaned by 
and the Assoelaton of Women Belence 


e dur) $$. (London: John Murray. 
ANDR. Mi) te. not, ^ 


he will wish to keep himself informed of developments 
within and on the fringe of his own subject as well as in the 
field of education. This clearly ires & comprehensive 
course of study, not merely coaching in practical tech- 
niques, and the sub-committee responsible for the report 
submits that a successful teacher is one who can convey 
clearly and accurately both the established knowledge of 
science and the spirit of scientific inquiry and can indicate 
the part which science plays in the wide field of human 
achievement, ical and intellectual. The Associations 
intending science teachers should undergo 
an effective training course, but they also believe that 
the potential value of present courses is often not realized. 

Their inquiries revealed that eight out of twenty-three 
departments of ednoation had no practical facilities, four 
had & small room or laboratory, seven had one laboratory, 
and four had two or more laboratories. Many of the 
amall rooms were for one subject only, and some depart- 
ments used facilities elsewhere in the university. Only 
eleven departments held laboratory courses, ranging from 
five to sixty hours per year, and the money spent on appar- 
atus averaged £2 8s. per student per year; in fitting out new 
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laboratories the capital expenditure in 1959-60 was £9 
por student. The sub-committee oonoluded that tho 

ilities provided: for praotical work were quite inadequato 
both in time and in accommodation. If practical work is 
to be given adequate time, science students must be 
prepared either to devote more hours weekly to their 
training, or to have their training extended beyond the 
present university terma. 

To overcome the inadequacy of laboratory accommo- 
dation, the report recommends the establishment of 
Science Teaching Centres in all universities, in the depart- 
ments or institutes of education or elsewhere. These 
ge should have adequate laboratory accommodation, 

po Organisa By & curestor and Devo a banal of, visiting 
teachers. It is suggested that the establishment of 

aaa centres would help to meet the present need for 
refresher courses for established teachers and for part-time 
courses ene | to a higher professional qualification, such 
as university diploma in the teaching of science. It is 
also recommen that the training course to be taken 
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by all intending science teachers should pay adequate 
attention to general principles of education and to studies 
in the philosophy, method and social consequences of 
science. School practice should comprise a complete 
school term and only in schools where te super- 

vision and help are provided. There should be more 
liaison between school supervisor and departmental tutor 
both at the peraonal and professional level. Departmenta 
of Education should be asked to consider the merita of 
continuous assessment and the time spent on method and 
practical work, and Department of Education staffs and 
local branches of the Science Masters’ Association and 
the Association of Women Science Teachers should ensure 
that effective and continuous contact existe between each 
Department and the science teachers in ita area. Condi- 
tions in Scotland are as in many ways in advance 
of those in England and Wales; but there is considerable 
dissatisfaction with the student/steff ratio and the 
inadequate provision of rooms and equipment in the 
colleges. 
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CHALLENGES OF SCIENCE IN SOUTH AFRICA 


N his presidential address to the Diamond Jubilee 

Congreas of the South African Association for the 
Advancement of Science at Town, July 1962, Prof. 
J. P. Duminy, under tho title ' Challenges of Science 
To-day”, discussed more particularly the universal short- 
age of manpower which, he suggested, arises out of the 
unplanned and advances in technology in the 
past decade—out of what can be described as an explosion 
in the fleld of scientific knowledge. But for this, South 
Africa might have been able to cope with ita internal 
post-war demands for tramed personnel. However, 
extreme difficulty is now being experienced in attracting 
men from abroad to institutions there and in training 
South Africans in their own universities to meet the 
manpower needs. 

South Africa has never enjoyed the means of providing 
facilities at its universities necessary for training men 
. to the levels of teaching and research in science and 

technology which are essential. Many of those who go over- 
seas in order to obtain qualifloations never return. Some 
mobility and interchange are desirable, but for several 


years the movement has been consistently one way. 
Investigations into the sources of trained manpower have 
shown that the universities will be powerless to play their 
full part unless the interest of youth is aroused and larger 
numbers are stimulated to take up careers in science and 
technology. The Manpower Development Foundation, 
created under the auspices of the Association and in 
collaboration with the Federation of Science Teachers’ 
Associations, seeks to improve the teaching of science in 
the schools. Publication of a periodical dealmg with 
zeshods and matrial for tecohing niis, chemistry, 
mathematics and biology is planned. A significant oon- 
tribution is also being made by the Permanent Exhibition 
of Modern Science. g 
In conclusion, Prof. Dunning, observing that science is 
not independent of philosophy and that philosophical 
thinking is not incompatible with soientiflo oonoepta, 
urged that the schism between the humanities and the 
sciences must be healed and science enabled to make its 
full contribution in our thinking about the realities of 
human existence and the relations between human beings. 


PROGRESS AND INNOVATION IN SCIENTIFIC RESEARCH 


N his Peter Le Neve Lecture to the Royal Society of 

Arta on January 9, on DEM Ad Innovation", 
Mr. J. O. Duckworth, i i of the National 
Research Development Corporation, said that in these days 
of the large development and design team it is often 
difficult to decide what is truly invention and what is 
purely the logical outcome of applied research or develop- 
ment work. The actual invention of a new device or 
process can occur very soon after the requisite knowledge 
is available, and indeed almost as part of the process of 
acquiring it, or the invention may come long after the 
necessary knowledge is available. On the other hand, the 
inventor may be too far ahead of the ‘frontiers of know- 
ledge’ for his ideas to be practicable. 

Mr. Duckworth suggested that over the past two 
centuries the nature of invention has changed. The 
principle of designing new equipment to meet a need is 
now well established and such design should not be oon- 
sidered invention unless it incorporates some novel 
feature or concept beyond that which the ordmary design 


engmeer can be expected to provide. The fact that ideas 
such as the hovercraft oan be conceived by an individual 
should those who believe that inventions may 
be possible by those outside the large research and 
development teams. Moreover, it is probable that individ- 
ual inventors wil have most success where a combination 
of different disciplines is required to produce the new idea. 
After emphasizing that an invention only makes ite 
impact if the economic and social climate is ready for its 
acceptance, in addition to the need for technical develop- 
ment to reach a sufficiently advanced stage, Mr. Duck- 
worth observed that within the team the creative genius 
of mvention is still required to make more than humdrum 
progress. The National Research Development Corpore- 
tion was set up partly due to the belief that inventions 
of obvious merit were being suppressed because their 
development jeopardized the position of established 
products; however, the Corporation found no reliable 
evidence of this. Development contracts involve an 
appreciable proportion of the effort and expenditure of 
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iho Corporation which operates its development activities 
in an area in which it is particularly diffloult for the 
individual inventor to succeed. In many other indus- 
trialized nations industry is more receptive to new idees 
and will gonerally take up innovations more quickly and. 
enthusiastically than in ritain, or is prepared to take 
greater riaks where final commercial viability is lees easy 
to asees. The Corporation generally becomes directly 
involved where the technical possibility is more in doubt, 
the commercial are difficult to assess, or where 
it appears that there may be a benefit to the community 
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as a whole, and where the benefit to one branch of industry 
may be marginal. 

"Inero is no doubt that the individual invontor now has 
difficult taak and that in tho ecientific field the inventor is 
inaroasingly a highly qualified man working with adequate 
resources. True iiventivensss should always be encour- 
aged and in spite of the fact that the lone inventor now 
bes a smaller chance of making significant scientiflo 
advances, if he does succeed in doing so ho has a better 
chance than ever before of getting his ideas adopted, 
followed by fair treatment and financial reward. 


THE EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH 


z | \HE seventh annual report of the European Organiza- 
tion for Nuclear Research (CERN) * covers the period. 


tion, describes in his 
experimental year”. 

research programme 

full stride and in which 
out to the problems of internal organization, of the shaping 
and managemant of the programme itself, and of relation- 
ships with other research organizations and research 
physicists. ; 

The staff on December $1, 1961, numbered 1,091, of 
whom 187 were scientists and engineers, 573 technicians, 
149 administrative and 182 ancillary members. They 
were organized in twelve divisions under a directorate of 
three and the director- The total expenditure 
during 1961 amounted to 70-2 million Swiss france, of 
which $6.3 million was devoted to capital expenditure, 
mainly on buildings and on the accelerators and experi: 
mentel equipment; 8-4 million on expenditure ; 
and 25-6 million on staff salaries and expenses. 

The mean intensity of the proton synchrotron remained 
at about 2-5 x 101 protons/pulse with & trapping effici- 
ency of 50 per cent. The machine time allocated to 
experiments increased by about . 50 


commmissi 1 
hall (N ) made room for two extra beams to be 
sob up, making a total of five beams in use round the 
maohine at the end of 1901. ° » 

Two CERN-designed electrostatic separators came into 
operation during the year. A vol of 750 kV could be 
held over a gap of 14 cm in a 3-4 Ge Jo. antiproton beam 
and of 500 kV over a gap of 8:5 om in a 1:5 GeY/o.K- 
beam. Other new separators, including a radio-frequency 
separator, are under construction. 

The research performed by members of the Nuclear 
Physics Division with the proton synchrotran was very 
fruitful. In the section of the report dealing with the 
activities of this Division, 16 experimente with the 
proton synchrotron and 11 with the aynehbro-cyclotron_ 
are described in some detail. For the proton synohtotron 
these include elastic and near-elastic scattering of protons 
on protons; total cross-section measurements of high- 
energy pions on hydrogen; strange particle physics; tbe 
measurement of resonances in the two-pion system using 
a spark chamber; the determination of the lifetime of the 
neutral pion. about 2 x 10-77* geo; muon electron scatter- 
ing; and the search for magnetic monopoles. Long 
experiments were performed with the help of two large 
French bubble chambers. 300,000 photographs were 


* OERS, Organization for Nuekeer Research. Anmual Report 
foc 1961. Pp. 193. (Genova: OHRN, 1002.) 


taken with the 81-am Saclay hydrogen bubble chamber in & 
beam of slow antiprotons and 80,000 pictures by the same 
chamber in a fast (8-0-4-0 GeV) antiproton beam. (It 
was in the latter series of pictures that for the first time, 
early in 1962, a charged anti-Xi particle waa found.) 
Interesting resulta were alao obtained in the study of photo- 
graphs taken with the 30-am hydrogen bubble chamber. 
The experiments with the gyuohro-cyclotron inoluded 
the outetanding experiment to measure the magnetic 
moment of the muon to an accuracy of 1 in 200,000, 
thus establishing that the muon ia accurately described as a 
Dirac particle with no interaction other than the electro- 
magnotic and the weak kinds—that is, that it behaves 
exactly as a heavy electron. During 1961 an experiment 
on the scattering of negative p-mesons on O was started, 
and the reaction u^ + p — n + v was investigated directly 
without nuclear complications in the Italian 20-cm hydro- 
bubble chamber. The energies of p-mesio X-ray 
transitions (2p-1s and 3d-2p) were measured for many 
nuclei throughout the Periodic Table, and the search for 
the neutrino-less conversion of a muon into an electron 
using an improved u^ beam intensity and a spark chamber 
bas continued. 
Using a modular system of construction, the Electronics 
Workshop has produced a comprehensive range of transis 


dalays and triggers, 
fler with a gain of 10 
generators. Some work has been initiated in the field of 
image intensiflers and scintillation chambers. 

During the year under review it became clear that more 
attention would have to be given to data handling and 
analysis, and that more and more machine time would be 
required from computers with faster operation and larger 
memories. Tho introduction of a 709 computer has 
greatly increased the computing facilities ; but the absence 
of a link between the 709 and the Meroury computer has 
been the main bottleneck. A number of general-purpose 
programmes have been added and an improved compiler 
has been introduced to simplify the testing of Autooods 
programmes. 

The staff of the Theoretical Study Division at the end 
of 1961 comprised ten scientista, one computer-program- 
mer and two secretaries. In addition. about thirty 
theoreticians under the CERN and Ford Foundation 
fellowship programmes were working st any one time in 
the Division. Various problems characteristic of the 
very-high-energy region opened up by the CERN proton 
synchrotron were given special attention. Noar-elastio 
scattering of nucleons on nuclei, inelastic nucleon-nucleon 
scattering with very small energy loss, and the interactions 
of high-energy neutrinos with complex nuclei, were the 
main subjecta of study. A variety of problems relating 
to the physics of pions and nucleons and of strange 
particles have also been investigated. The Theoretical 
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Study Division organized an international conference at 
OERN on the theoretical aspects i 
phenomena during June 5—9, 1961. 
published as ORRN: Publication 61-22. 

The Film-badge Service of the Health Physics Group 
monitored 1,068 people for y-Tadiation, and in addition 
about 140 people were also under neutron flim-badge 
control. Only 78 people received a dose exceeding 1 rem 
for the year. In seven casos the maximum permissible 
annual exposure of 5 rems was approached. te 
for making blood testa of people exposed to radiation 
were improved and extended. A monitoring system for 
all waste leaving the OERN site has bean set up. Routine 
weekly surveys of the radiation-level from the proton 
synchrotron and from the Bynchro-cyolotron were made. 

Careful cansideration was given during the year to tho 
question of the rate of growth of the Organization in the 
future. The Council agreed on & budget for 1903 which 
would permit a moderate rate of growth and decided 
that during 1962 a more profound study should bo under- 
taken by a special working party of the basio queetions 
on which any policy for the future should be founded. 
Provision was made in the budget for 1962 for an intra- 
European study-group' to produce deeign studies of two 
possible future projects, a storage ring device to be fed 
from the present proton synchrotron and a 800-GeV high- 
intensity proton synchrotron. The device is likely to 
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consist of two storage rings of the same size as the proton 
synchrotron, but with d.c. magneta with split focusing 
and bending. The r.f. system would also be smaller and 
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were greatly handicapped. Four television p 


programmes- were pes in lish, 
French and Italian versions now exist of t film 


Mater in Question, which was awarded the Grand Prix 
in ite class at the International Festival of technical and 
scientific films in Budapest. A German version is to follow 
during 1962. A total of 5,867 people in 206 conducted 
parties were shown around the establishment, and a 
new scheme of visita is boing worked out to allow visitora 
still to see as much as possible although the accelerators 
are now practically inaccessible. The separate report 
of each Division concludes with a list of publications by 
members of the Division, and in two appendixes to the 
annual report are listed the 1901 COERN publications ; 
reprints of publications during 1961 in other periodicals 
by members of the staff of CERN; and details of the 
lectures, seminars and colloquia held at CERN. 
B. Waorrroun 


RECENT DEVELOPMENTS IN ASTRONOMIC AND SPECTRONOMIC 
INSTRUMENTS 


^ 


W ORE underteken during 1962 by Bir Howard Grubb 
Parsons and Co., Ltd., has ioluded a number of 
interesting and unusual projects. A ,48-in. i 
telescope has been erected at the Victoria Observatory, 
British Columbia, and a rather uncommon type of tele- 
Boope, a twin 16-in. reflector, has been manufactured 
for the Royal Observatory at Edinburgh. Each tube of 
the twin reflector contains & 16-in. primary mirror and a 
Cassograin mirror giving an overall focal ratio of J/15. 
One of the tubes can be off-set from the other in any 
direction up to 5° and simultaneous photometry can 
be carried out on two stara. The operation of the tele- 
scope can be made fully automatio. 

Because of difficulty in obtaining acceptable glass 
blanks for the components of the complex optical system 
for the 40-in. reflector for the Cape Observatory, the 
completion of the telescope has been held up. The 
optical system uses a parabolic mirror and a lens system 
affording a wide fleld of good definition at the prime focus. 
A largo correcting plate is located at about the prime focus 
and & ing lens is inserted in the beam just before 
it comes to a focus. When the optical system is assembled 
it will be necessary to mount it in the telescope tube and 


; covering & wave- 
length range of 0-6-254, and an interferometrio Bpeotro- 
meter based on the work of Dr. H. A. Gebbie at tho 
National Physical Laboratory. New techniques have 
been developed to produce very narrow band interference 
filters for the visible and selective fitters far the infra-red. 
For the U.K. Atomic Energy Authority establishment at 
Harwell, two remotely controlled gas analysers to monitor 
carbon monoxide and carbon dioxide in & helium test loop 
for Pluto have been made, and four glass windows have 
been polished for use in à liquid hydrogen bubble chamber. 
Four oval windows for a similar purpose are to be ground 
and polished for use by the European Organization for 
Nuclear Research (CERN). Measuring 70 x 25 x 6 in. 
and weighing approximately 1,800 Ib. each, they will 
constitute the largest pieces of optical glass ever to be 
manufactured anywhere in the world. 


PAL/ONTOLOGY IN THE U.S.S.R. 


(IDEE DLE advance has been mado in palaton- 
tologioal research in the U.8.8.R. during the past 
half-century, following on the great development in this 
field of solentiflo activity in Russia during the nineteenth 
century. Oharacteristic of the present-day approach is the 
re-orientation of palmontology so that it is no longer treated 
as a mero annex of stratigraphy but is linked more closely 
with biology (theory of evolution, ecology, geological 
facies and conditions of fossilization)., The Palmontological 
Society, founded in 1916, has actively sponsored this 


research and much has been done 


by iodinalá, 
i the four serioe—Palosontology of ths U.8.S.R., 

yiri P , Paleontological Journal and 

Transactions of the P. ioa? Instituts. 

The old-type description of fossils, collected by over- 
worked geologista, is replaced by planned systematic 
work, specially organized. to combine fleld and laboratory 
investigations. Examples of such work oan be seen in 


no.4s7o0 March 2, 1963 


recent expeditions to investigate & large accumulation of 
fosil bones of reptiles of Permian age, discovered in 
1949 near the village of Eechovo, south of the town of 
Ochera on the River Kama. The 
of this fossil field was begun by members of the Paleon- 
tological Institute in 1957 and is still in progress. The 
resulte ao far obtained are summarized by P. K. Chudinov 
(Priroda, 4, 78; 1962). The majority of fossils belong 
to the group of Deinocephalia, genera Retemmensuchus 

Bowianosuchus Tho name Ocheria is given to the 
remains of a new genus. There are also & fow remains of 


is considered to be intermediate between those of North 
American and South Africa. Another important ossuary, 
discovered by members of the East Siberian Geological 
Institute in & locality 15 km south-west of Ulan-Ude 
Transbaikal region, and by L. N. Ivaniev 
(Priroda, 6, 78; 1962), consists of fosil bones of Tertiary 
-remains of Hipparion and other genera belonging to the 


B. 8. Bokolov; 
A. L Nikiforov; Brachyopoda, 
bita, V. V. Weber and E. V. Lermontova; Quadrupeda, 
P. P. Shushkin; fossil plante, I. M. Pokrovskaya and 
8. M. Naumova. 

The only way of dealing with the abundant palmon- 
tological literature published during the past three years 
is to give the titles of the recent volumes of the T'ransac- 
tions af Palaontological Institute: , 

80, The Spiriferidae of the Kazan stage of tho Russian 
platform and the conditions of their co-existence, by 


Phyllopoda, by 
Devonian sea of the Kusnetzk depression, history of its 
development, population and deposits, by T. N. Bel'ekaya 
(1960); 88, The principles of systematics, system and 
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phylogeny of Palmoroio Ammonoidee, by V. E. Ruzheni- 
xev (1960); 85, Palsozoic insecta of Kuxnetak basin, 


Artinskian Ammonoidea of the Middle Urals, by M. F. 
Bogoslovskaya (1962); 88, Ecology and the development 
of Silurian and Devonian brachiopoda of the Kurnetzk, 
Minusinsk and Tuva basins, by E. A. Ivanova; 89, 
Cambrian Algae of the south-eastern part of the Siberian 
platform, by K. B, Eorde (1961); 90, Fundamental 
problems in the systematics of Nautilidea and related 
by V. N. D. Shimansky and F. A. Zhuravlev& 
(1901); 91, Baline-water Pliooene Oardiatidae of the 
U.S.8.R., Part 4, by A. G. Ebeexin (1962). . 

But the most spoctacular and certainly the most impor- 
tant publication in the Soviet Union is the projected 
l5-volume Principles of Paleontology written by two 
hundred specialists and oon: ini not only accounts of 
recently discovered fossils in the Soviet Union but also a 


&tios, nomenclature and distribution in space and time. 
Tho titles of the fifteen (non-numbered) volumes of the 


` Principles of Palaontology (Osnovy Paleontologit) are: 
General Archaeocy& 


part, Protozoa; Porifera, thidea. 
Coslenterata; Mollusca: Loricate, Bivalve, Scaphopoda 
Supplement: Vermes; Mollusoe: Gastropoda; Molluses: 
Cephalopoda. I, Nautiloidea, eto. ; Mollusca : Cephalopoda. 
pare iopoda, Supple- 
: obita, ; 
: Chelicerata; a Son 
chordata; Astomata, Pisces; Amphibia, ia, Aves; 
Mammalia; Algae, Fungi, Bryophyta, Pteridophyta; 
Gymnospermae. Angiospermae. : : 
One can got more information by looking at the partiou- 
lars of the two most recently published volumes in this 


series : 
Suppl.: Phonoridea, edited by 
T. G. written by twenty authors. 848 pp. 
82 plates, 485 text-figs. 1960. Price 3 r. 82 k. 
Mammalia, edit. by V. I. Gromova. Written by thirteen. 
authors. 491 pp. 548 toxt-figs. 1962. Price 2r. 01 k. 
The Prinoiples of Palaontology (Osnovy Paleontologis) 
is produoed by the Palwontological Institute, Moscow 


Academy of Sciences (Lenin Pres 33, Moscow B-71) 
in collaboration with a number of other institutes. 


B. I. ToxxEIHFFT 


IL Ammonoidee, eto.; Bryoxzoe. 
ment: Phonoronidea; Arthropoda 


“BIOLOGICAL SIGNALS AND NOISE 


By Da. L. MOLYNEUX 


` 


HE word ‘noise’ in a soientiflo context is usually used 
to describe random fluctuations of potential; how- 
ever, the definition can be usefully ed to mean 
‘extraneous information of the same kind as that which is 
of interest in & particular situation’. For example, if the 
biological phenomenon is the movement of some part of 
the anatomy with respect of ita surrounding tissue (say, 
the pulsation of an artery), then ‘noise’ include any 
movement of the artery with respect to the pick-up 
device which is not directly due to arterial expansion. 
Or in, if the biological signal is the potential differ- 
ence between two pointe on the skin (say, the electro- 
enoepbalogram) then the ‘noise’ will include any potential 
difference appearing across the input electrodes, regard. 
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leas of whother the source of the disturbanoe is external 
(alternating current mains supply) or internal (muscle 
potentials). 

Anyone who has tuned & radio from station to station 
will bave heard between the stations fairly ‘white’ noise. 
The expression ‘white’ here means that the frequency 

of the noise is spread over most of the audible 
band-width, and that it is not concentrated at a par- 
ticular frequency. It is noticeable that a weak station 
can be better understood in the ce of ‘white’ noise 
than if the interference is coming from another station 
broadcasting in the same This is because, in 
the case of the interfering station, the ‘noise’ more closely 
resembles the signal than do the random background 
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disturbances. The diffoulties of separating two signals 
consisting of the spoken word m the same may 
be demonstrated by imagining the definition of the 
neceseary filter. It would certainly be elaborate, depend- 
ing, for example, on the timbre of the voices or perhaps 
(with the help of a fast electronio computer) the content 
of the two : 

The use of the word ‘definition’ to mean a functional 
account in everyday language of the characteristics of a 
device can form & bridge between the doctor and the 
engineer, which each can interpret in his own terms. For 
example, pose it was n to have some reliable 
indication of each time that the heart pumped blood into 
the aorta. The phenomenon, the pumping of blood, is 
not directly detectable in the imtact body and the 
definition of the signal must be based on some aspect of 
it. Each of theee definitions will include ‘noise’ and the 
. first consideration in the design of a suitable instrument 
must be the selection by definition of the aspect that 
gives the best signal-to-noise ratio. Buppose that the 
problem outlined here was being discussed by interested 
parties. The blood rushing around the aortic arch causes 
the whole body to jerk a little, though this aspect of the 
phenomenon, while directly related to it, is clearly mixed 
with much ‘noise’, since the movement of the body due 
to this cause is very small and is easily confused by 
incidental movement of the subject. It would, therefore, 
be rejected as a signal source. Pulsations of an artery 
would probably also be rejected because of movement of 
the subject, though this would depend to some extent on 
the conditions of use and, in some circumstances, anses- 
thesia, for example, might provide a useful signal. ' 
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The heart is a complicated muscle, and each time it 
beats a small potenti difference, the electrocardiogram, 
may be detected on the surface of the akin. The ‘noise’ 
mixed with this wave-form oonaista of any other potentials 
of comparable or ter magnitude and, for reliable 
resulta, it is not cient to rely on detecting this wave- 
form in its entirety; some aspect of it must be chosen. ` 
Discussion would reveal that the R wave is reasonably 
constant in form and is always present when the heart 
oontracta. The definition of the heart pumping blood into 
the sorta oan therefore be narrowed io only tho R wave 


of the electrocardi: 

At this point ike preliminary discussion is at an 
end; the doctor knows that the instrument will respond. 
to each R wave, but he also knows that some abortive 
bests of the heart which pump no blood (extrasystoles) 
will by ine as a beat, since the phenomenon is socom- 
panied by an R wave. He will therefore have to take this 
aspect of the signal-to-noise ratio into account when \ 
eae tas seule The engineer is left with the 
problem of re-deflning the R wave in eloctrical terma. 

This is most difficult, since there is at present very little 
basio information on the technical nature of the various 
physiological phenomena. What, for example, ia the 
_ typical frequency of the R wave? At the moment, it is 
only possible to make a guess and then test the apparatus 
i the guees on as many subjecta as posible. 
This is & lengthy and tiresome procedure and adds little 
to the knowledge of the basic phenomenon. 
There is at the present time a need for some means of 
collecting and sorting information of this kind ; perhaps 
an appropriate body might take an interest in the work. 


VISCO-ELASTIC PROPERTIES AND THE FRICTION OF SOLIDS 


Friction of Polymers: Influence of Speed and 
Temperature 


"EE frictional behaviour of polymers as a function of 
speed has not bean systematically studied, and much 
of the published data are contradictory. In our own 
laboratory such studies have been limited to very low 
speeds (10-* cm/sec) where frictional heating is trivial or 
at very high speeds (10*,am/sec) where frictional heating 
and ita effect on surface layers is dominant. This article 
describes briefly experimenta on the friction of polymers 
at speeds up to a few 100 om/seo (20-80 f.p.s.) and at 
ambient temperatures from — 60° C to 300° C (ref. 1). The 
polymers range from amorphous and crystalline thermo- 
lastios, where the molecular chains have considerable 
om of motion to highly oroee-linked polymers which 
retain their strength and rigidity up to relatively elevated 
temperatures. 

The friction was measured between a flat rotating disk 
and a cylindrical pm which was loaded with ita axis 
normal to the plane of the disk. Dead loading was used, 
and the frictional force was moasured with strain gauges 
attached to suitably mounted spring strips. Heating coils 


were incorporated so that the ambient temperature could. 


be raised from room temperature to 300° C and the 
friction chamber could be evacuated to about 10“ mm 
meroury. ‘The polymer specimens were generally pre- 
pared by abrasion under water on silicon carbide papera. 
at a preasure of 10-* mm mercury. 

Friction of Polytetraflucrosthylens : effect of speed and 
temperature. Because frictional heating at speeda of a 
few 100 cm/sec might cause chemical degradation, the 
first polymer chosen waa P.'T.F.E., which haa high melting 
and decomposition temperatures and is chemically very 
stable. 

The first marked observation is that tho friction rises 


ith i ing speed (Fig. 1). With specimens containing 
4 Higher diste OF tela the increase is more 
gradual 

If the rise in friction is due to thermal softening pro- 
duced by frictional heating, the rise should be observed 
at lower sliding speeds if the specimen starts off at a 
i temperature. Experiments on these lines (see 
Fig. 1) show that the exact oppoarte occurs. 

"Gristion and deformation propertiss. Earlier work’? 
suggested that the friction of polymers could be expressed 
mainly in terms of the shear-strength of the material and 
the area of contact during sliding. Experiments were, 
therefore, carried out on the shear 8 and the 
indentation hardness p as a function of rate of deformation. 
The ratio s/p did not, however, correlate particularly well 
with the observed dependence of friction on speed and 
further investigations on these lines are desirablet. It 
was also considered that energy might be dissipated by 
the impact of surface asperitiea, especially during high- 
speed sliding; but again there was poor correlation, 
between the observed friction and the impact strength of 
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Fore ane prd polymers pj , 
dien M erpo-eettng polymer (silere resin), Yth the ret group 
100 em/see. ‘The resin shows the least effect of speed on 


the polymer as a function of temperature and speed of 
deformation. Finally, experimenta were carried out in 
which a hard steel ball was rolled over the polymers at 
various . This reproduces approximately the bulk 
deformation losses ing during aliding’. It was found 
that under the conditions of our experiments this deforma- 
tion component constituted a small fraction of the obeerved 
aliding friction, a result in close agreement with the work 
of Flom‘, 3 
Frictional behaviour of other polymers. Similar i- 
ments were carried out on thermoplastic 
polymers M aching ce polypropylene, 6,0-nylon) on 
thermop o amorphous polymers (polystyrene, poly- 
methyl-methacrylate) and on thermo-setting polymers 
such as silicone-, polyester- and formaldehyde-reeing. 
Some typical results are shown in Fig. 2. It is seen 
that wi i there is a marked 
i and & drop above about 
not shown 


while with the cross-linked polymers there is 
no change of friction with speed. It is evident that the 
friction becomes less dependent on speed and temperature 
as the polymer structure becomes more rigid. This may 
be sean from Table 1, in which the physical properties of 
the polymers are compared with their friction—velocity 
. In general, & high i and a 
large elongation-to-fracture are associated with marked 
flexibility of the polymer cham. It is apparent that 
polymérs with these properties have & large friotion- 
velocity dependenoe. 


Impact Hiong- 
strength Tensile ation at Friction- 
Polymer Character notohed strength tensie 
Izod = Ib fin.” break - 
(ft. 1b.) (per cent) ence 
L bg S 
obains 
.T FE 4 2,500 60-400 Marked 
Iden 3 2,500 450 Marked 
6,6 X 26 11,500 90 Marked 
Polyprupyiens 1 5,000 1230 Marked 
Il Thermeplastic ^ Some 
‘glassy’ at = 
room 
te 0-4 8,000 5 Moderate 
Polysiyrene 04 4,500 T Moderate 
TIL Thermoesiting "| Hick! 
eross-Fa rod structures 
Bpoxy resin 10,000 17 Very littie 
Polvester 0:2 5,000 2 Verr little 
Metamine 0-3 10,000 0-7 Yery litte 


Mechanism of polymer friction. These results show that 
under the conditions of our experimenta the major part 
of the friction does not arise from bulk deformation 
losses, in contrast to resulta obtained with well-Inbricated 
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surfaces’. Nor does it appear to arise from impact with 
surface asperities. The greater part must arise from some 
type of adhesion i 

Experimentally the most striking observation is that 
the friction moreases with speed, and that if the tem- 
perature is raised the increase in friction occurs at & 
higher ali The speed effect cannot, therefore, 


top left-hand corner of Fig. 8. 
& Maximum at a i 
as the frequency increases. 


shifta the curve into the region of higher frequency. 
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3. Friction of P.T.F.H. on P.T.F.E. (40 pervoont )asa 
M ban of ande speed. s T tor than 1,000 emjeeo are from 
Bowden and Persson (ref. B). The inseri shows Jomes as A 
function of frequency. Tf the temperature ls raised the poak is shifted 

to a higher frequency 
suggests that 


propere ers 

po . MoCrum? has found a marked ping peak 
or P.T.F.E. at 176° K at a frequency of 1 o/s. 
using these data and assuming an activation energy of 
18 koal/gm mol (ref. 9) we may apply an Arrhenius shift 
to calculate the position of the peak at, say, 22° C. It 
oocurs at a frequency of about 10° o/s. In the frictional 
i ta at this ture the maximum. friction 
occurs at a speed of about 500 cm/sec. Without specifying 
a detailed mechanism we may regard the sliding at the 
interface as resembling the shear in a visco-elastio 
medium. Then to obtain a frequency of 10* this implies 
cm, that is, 50 A. 
Similar resulta are 


than a process involving asperity 

surface deformation. This is supported by the observation 
that the deformation t of friction constitutes 
only a small of the o friction. 

There is, of course, considerable uncertainty involved 
in applying ‘the damping-loss characteristics to explain 
the frictional behaviour. This arises primarily from the 
effect of frictional heating. The damping-loes character- 
istis describe the properties of the material at well- 

temperatures. In the friction experiments the 
frictional process itself produces surface heating so that 
of the material at the sliding 
interface is nob known with any precision. (The same 
unoertainty applies to the resulte o: Bulgin, Hubbard and 
Walters” in their work on the friction of rubber.) For 
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speeds lees than, gay, 100 am/seo the temperature rise ig 
probably of the order of tens of degrees C. At higher 
speeds it oan be very much greater. For example, the 
very low friction shown on the right-hand portion of 
Fig. 8 obtamed at speeds of 10* am/seo is almost certainly 
due to surface melting*; sliding occurs on a thin molten 
surface layer of relatively low viscosity. However, many 
of the polymers show a rise and fall in friction within a 
spoed range of 100 om/seo (Fig. 2). Under these conditions 
surface melting cannot be an important factor. 

The most striking confirmation for this connexon 
between the frictional behaviour and the visoo-elastio 
properties of the sliding materials is provided by the 

, experiments of Grosch on rubber (following communica- 
tion). He carried out friction measurements over a wide 
range of temperatures and sliding speeds, but the sliding 
speeds never exceeded 8 om/sec, so that frictional heating 
was always trivial. His resulta show that the whole of 
the frictional behaviour can be described by & single 
*master-ourvo' if the data are subjected to the Williams, 
Landel, Ferry!! transform. This transform applies to the 
damping properties of polymers above their glass tran- 
sition temperature. The new point brought out in the 
present work is that a similar correlation is probably 
valid for polymers below the glaas-transition temperature. 
Here, of course, the transform involves an Arrhenius shift 
rather than the Williams, Landel, Ferry transform. 

In a qualitative way this broad correlation is supported 
by the opmparative behaviour of polymers of different 
types, the main factor being the flexibility of the polymer 
chains. Linear orystallme polymers which have the 
pen impact strength and the largest elongation-to- 

in tension are polymers with the greatest chain- 
flexibility. They show the most marked dependence of 
friction on speed. Linear amorphous polymers aro less 
flexible and exhibit a smaller variation of friction with 
speed. (However, they show a marked increase in friction 
when they reach the glass-rubber transition temperature.) 
Finally, cross-linked thermo-setting polymers which have 
the most rigid structures and are relatively brittle show 
the smallest dependence of friction on 
Earlier work showed that with polymeric materials the 


deformation component of friction is a function of the . 


visoo-elastio or hysteresial properties of the polymer. 
The results described here show (in agreement with the 
work of Grosch (following communication) and of Bylgin, 
Hubbard and Waters’) that the adhesion component 
involves speed and temperature-dependent properties 
which also reflect the visoo-elastio properties of the aliding 

We thank Dr. F. P. Bowden for his continued encour- 
agement, Messrs. Small and Parkes for a b to the 
Laboratory, and especially to Dr. A. So h and 
Mr. K. A. Grosch for the free discussion of their frictional 
work on rubber prior to publication. 
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Relation between the Friction and Visco-elastic 
Properties of Rubber 


lr has reoantly become increasingly apparent that 
friction of rubber on hard surfaces is due to two causes: 
(1) the adhesion of rubber to the surface; (2) to deforma- 
tion occurring in the rubber when it slides on rough 
surfaces. Schallamach! and Bartenev! showed that the 
eadhesional friction could be considered as an activa 
rate process with activation energies similar in magnitude 
to those associated with the visco-clastio behaviour of 
the rubber, and Tabor and others explained lubricated 
and rolling’ friction of rubber in terms of deformation 
losses*-, 

Experrmmente have now been carried out, sliding several 
rubbers of widely differing visco-elastio properties on 
smooth and rough surfaces over a wide range of tempera- 


tures and sliding velocities. Tho highest value bf the alid- 

ing velocity was kept below 8 am/sec so that rises in 

ae te treed ood Pe 
ected. 
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It is found that curves giving the coefficient of friction 
as a function of the sliding velocity at different, tempera- 
tures are segments of a single ‘master curve’ which de- 
scribes the coefficient of friction over an extended range 
of sliding velocities ab a selected reference temperature 
Ty. The master curve oan be constructed from the 
individual segments by displaoemente perdllel to the 
logarithmic velocity axis until they superpose with the 
curve at the selected reference tem . An example 
of such a master curve is shown in Fig. 1 for an acrylo- 
nitrile-butediene rubber vulcanizate sliding on glass. 
Similar curves have been obtained with other non-crystal- 
lixing rubbers on smooth and rough surfaces. This close 
connexion between rate and temperature dependence is 
common to the visoo-elastio properties of a large number 
of polymers**. Williams, Landel and Ferry (W.L.F.)* 
have shown that the horizontal displacements necessary 
to construct the master curve can be expressed by a 
single relation, the W.L.F. equation, independent of the 
material and the type of visoo-elastio property in question 
if a standard reference temperature T, is chosen instead 
of the arbitrary reference temperature T,. As Fig. 2 
shows, friction conforms very closely to this general 
visoo-elastic behaviour, the displacement functions being 
in excellent agreament with the W.L.F. equation. The 
standard reference tem are material constants 
simply related to ther glass transition temperatures 
Tp that ia, T, ~ T, + 50, and here, too, there is close 
agreement between T, values derived from friction 
experimenta and this requirement. The friction of & 
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rubber on o particular surface is therefore described 
completely by ita master curve and the glas transitian 
temperature of the rubber. 

Master curves obtained on & smooth surface are similar 


velocity of maximum friction, Vs, increases as the glass 
transition temperature 
can be related quantitatively to the frequency fm ut 
which the loes modulus is & maximum if compared at 
the same temperature, thus: 

Fs 2-2126x107oam 

fr 
irrespective of the rubber. As the loas modulus reflocta 
the relaxation spectrum of the rubber maximum adho- 
sional friction of rubber appears to be linked to the 
relaxation time ta for which the spectrum is a maximum: 


Vatu om À 


Friction 
abrasive paper, are always asymmetrical and the maximum 


gated had only a single relaxation peak, the maximum 
and the hump on the friction curve must be associated 


. with the two friction mechanisms. When magnesium 


oxide powder is applied to the rough surface, the hump 
in magnitude end position as shown in Fig. 4. The 
maximum on tho dusted rough surface appears therefore 
to be due to deformation losses and a correlation of the 
frictional behaviour with the visoo-elastio properties of 
the rubber shows that the velocity of maximum friction 
on the ro track Vg beers a constant relation to the 
frequency iy for which the loss factor has ite maximum, 
both being compared at the same temperature, that is: 


VR 
— = (Qc 


fr 


The distance « agrees closely with the spacings of the 
abrasive particles on the track surface used. 

These experiments thus demonstrate clearly the exist- 
ence of the two friction mechanisms, that is, adhesion 
occurring along the slopes of the agperitios and cyolic 
deformation occurring in the rubber as it passes over 


15 x 10-7 om 


them, both being visco-elastic in nature. 
I thank Drs. D. Tabor and A. Schallamach for their 


interest. 
i K. A. Groson 
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Welwyn Garden City, Herta. 
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NATURE OF ORIENTATIONAL DEFECTS IN ICE 
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l By Paos. J. D. DUNITZ 
Organic Chemistry Laboratory, Swiss Federal Institute of Technology, Zurich 


AOH. oxygen atom in ice is surrounded tetrahedrally 
by four others at a distance of 2-76 A (ref. 1). Bernal 
and Fowler! proposed that water molecules are preserved 
in the crystal and that there is one hydrogen atom between 
every pair of oxygen atoms, which are thus linked by 
hydrogen bonds. According to Pauling’, all configurations 
compatible with these conditions oocur with equal prob- 
ability, giving a disordered structure which does not 
become ordered on cooling. This iption of the 
jyduselat uade due Ede ee ee 
by the more recent results obtained by neutron diffraction‘. 
In order to &ooount for the electrical properties of ice’, 
the existence of two kinds of defeote, ionic and orienta- 


defects (Fig. 1), water molecules are supposed to have 
rotated through 120? about.an O—H ... O axis. Buch 
& rotation tes a vacant O . . . O separation (r-dofeot) 
and a doubly occupied O—H . .. H—O one (p-defeot). 
A gubeequant or coupled rotation of the adjacent water 
molecule into the vacant site has the effect of separating 
the D- and L-defeote, which are then supposed to migrate 
through the orystal, thus providing a mechanism for the 
rotation of water molecules. 





We 1. Formation of  Di-patr of orientations] defects in ico according 
The main objective of this article is to direct attention 
o the unlikelihood that p-defects, as already defined, 
can exist. Another type of defect, also complementary 
to the 1-defect, will be proposed as an alternative to the 
D-defect. Finally, it will be ahown that rotation of water 
molecules is more likely to occur by diffusion of 1-defecta 
than of the complementary type of defects. The discus- 
gion will be based on the assumption that the structures 
of the defects can be related to their energies; but, to 
anticipate certain quite legitimate criticiams, it must be 
emphasized that the present state of theory permits this 
io bo doos only in m raikan ornas fashion: We shall 
frequently have to be content with rough order of magni- 
tude estimates, little better than guesses, of the energy 


quantities Involved. 

The formation of a pair of D- and r-defects corresponds 
to the reaction 2 N — D + L, where N representa a 
hydrogen bond. If Ex is the associated with the 
formation of & hydrogen bond m separated water 
molecules and Hy and Wrs the energies associated with 
the formation of D- and r-defeote respectively, also from _ 
separated, water molecules, than the energy of the reaction 
is: 5 : s 


Em = Ep + By — 2Ey 


The i Value’ of Ep; is 15-7 koal mole-i 
(0.08 + 0-04 eV), that of — E is between 3 and 7 koal 
mole- (ref. 8). Experimental values of Ep and E 


separately are not available. 

Bjerrum estimated the energy of a fault site on the basis 
of an electrostatic point charge model in which water 
molecules are tetrahedra of radius 


. Bjerrum obtained 
values of 6-7 kcal mole-! for Ep, By and — Ey, corre- 
sponding to about 24 kcal mole-? for Eor. The agreement 
with the experimental values of Hy and Ey; is satiafac- 
tory but, nevertheless, the values for Ep and B, are . 
easily shown to be unreasonable. 


oxygen and the crystal radius of O-1 


are both given’ as 
140 A and that many crystal 


structures are known in 


' which oxide ions are sopiratad by dietanoos of 2-5—9-8 A. 


jerrum's estimate for the energy 


[ oyclononane! and oyclodecano! 
and lie in the range 1-8-9-0 A. It is probable that the 
strain energies of these amounting to some 
12 koal mole (ref. 14), are derived largely from the 
occurrence of such short hydrogen—hydrogen distances 


tremendous 
increase in the mutual repulsion energy for any reasonable 
assumption for the form of the potential energy curve in 
this regi 


region. 
Abandoni the pomt-charge model, we can most 
simply & D PCR Ci. WAVE Tipleme 
oriented so that two of the O—H bonds point directly at 
This arrangement is not conducive to the 


energy 

ee hydrogen atoms separated by about 
0-8 

A number of differant potential energy functions for 
the interaction of two non-bonded hydrogen atoms have 
been proposed by several authors and used to estimate 
hydrogen-hydrogen interaction energies in organic mole- 
cules. Three such functions are: 
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Bir) = 10,000 axp(— 4:6 r) — 49-2/r* (raf. 15) 
Bir) = 6,600 exp(—4-08 r) —49-2/r* (ref. 16) 


Mir) = (166/r + 366 +28-1 r + 580 r* + 1,828 r?) 
exp(— 435 r) (ref. 17) (8) 


whore H is expreased in kcal mole and rin A. The first 
two functions are derived semi-empirically from date per- 
taining to largo values of r and are evidently quite in- 
correct for small r values when the negative attraction 
term in the formule dominates over the positive repulsion 
one. This can be corrected for by inclusion of an additional 
i The third function is 
to the triplet 


(1) 
(2) 


the experimen: 
Apart from this discrepancy, there is another unsatis- 
factory 
Since repulsion between 
atoms is the dominating force, any movement of these 
hydrogen atoms from the xygen lme must lower 
the energy of the system. situation represented in 
Fig. 1, whatever ite energy may be, must d to 
an energy maximum with respect to rotation o one or 
both water molecules, and although it might conceivably 
d to & transition state for some reaction it cannot 


corresponding 
koal mole-! according to the poten 
Thus the foregoing estimate of 25 koel mole" for Ep seems 
fairly reasonable. These authors consider the model with 
both water molecules rotated out of the head-on position 
to be a satisfactory representation of a p-defect, but they 
did not, , examine other possibilities. In 
i , the variation in the energy for rotation angles 
of more than 80° was not examined, nor the effect of 
rotating only one molecule of the pair. 

These considerations have shown that the Bjerrum 
model of the p-defect, at least in its collinear form, corre- 

to a too high energy. The question then arises: 

there other, energetically more reasonable models? 

Examination of the structure of ico shows that there is 

indeed such a model, which is illustrated in Fig. 2 and 
described here. 

If a water molecule in the normal ice structure is 
rotated about an O—H ... O axis by 60° instead of by 
120°, ita second hydrogen atom is brought into a position 
midway between an O ...H—O and an empty 2.0 
(r-defect) direction. This situation is clearly unstable, 
for thero will be an uncompensated force tending to 
reatore the original situation in which all O—H. bonds 
pointed along oxygen—oxygen directions. However, a 
subsequent or coupled rotation of the adjacent water 
molecule through 120° to bring one of ita hydrogen atoms 
into the empty O ... O di is all that is required to 
make a stable arrangement. 
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Fig. 2. Formation of an Yi-pair of onentational defects in boe 


The ‘extra’ hydrogen atom is now symmetrically 
situated between two neighbouring O . . . H—O bonds (to 
+ confusion with the Bjerrum np-defeot we shall 
refer to this type of situation as an X-defect) and is separ- 
ated from the_I-defect, which cannot spontaneously 
diffuse back. Once the defect pair has been formed and 
both kinds of defects can diffuse through tho 
crystal by jumpe that involve rotation of water molecules. 
Each jump of the X-defect involves & coupled rotation of: 
two adjacent water molecules, each through 60°; each 
jump of the r-defeot involves rotation of one water 
molecule 120°. In the Bjerram model, each 
jump of either kind of defect involves rotation of ono 
molecule through 120°. This appear to be the only formal 
differance between the two types of mechanism and the 
only ion is: which is the more reasonable from an 
io point of view? : 

As in the case of the Bjerrum model, an exact caloula- 
tion of the energy of an X-defect is out of the question, 
but again a crude estimate oen be made by considering 
the non-bonded interactions. The extra hydrogen atom 
associated with an X-defect is about 1:5 A from eech of 


hydrogen-h 
of both water molecules from oollinearity 


It may, however, 
about 1:7 A by iste 20° deviations of the three 
O—H bonds involved from their ideal directions. Such 
deviations can be achieved by rotating the water molecules 
as rigid bodies, thus ing; the local hydrogen 
bonding system, or by distortion of the HOH anglee from 
the tetrahedral value. Both modes are relatively cheap in 
energy for small deformations and the energy increment 
for these 20° deviations, shared between both modes, is 
not expected to exceed a few kcal mole-*. The interaction 
of two non-bonded hy atoms separated by 
1-7 A is estimated to be 2-0, 4-4 and 6-9 kcal mole- from 
fonctions (1), (2) and (8) respectively. Equation (3) is 
probably the least reliable in this region. A value of about 
10 koal mole-! for the energy of two such interactions is 
thus at least of the correct order of magnitude. We then 
have By ~ 10, Hi ~ 0 and —Hy ~ 5 koal mole? and 
the experimental value of 16 koal mole-! for Fy, seems 
quite in keeping with these estimates. The X-defect is 
therefore regarded as more reasonable, on energetic 
grounds, than the D-defeot as proposed by Bjerrum. 

Tt remains now to consider the activation enorgy for 
diffusion of such defects. The experimental value has been 
given’ as 5-4 kcal mole-? (0-285 eV). Now, each jump of 
an 1-defect involves a rotation of a single water molecule 
through 120°. Tho half-way position, with the rotating 
O—H bond at an angle of 60? to both O . . . O directions, 
ia probably close to the transition state. Since no short 
non-bonded interactions are present in this position, the 
activation energy cannot be more than the energy of the 
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hydrogen bond that is broken in tho process, and it is 
unlikely to be much lees. Thus a value of about 5 kcal 
mole-* seems reasonable as the activation energy for 
diffusion of an 1-defect. 

Diffusion of an X-defect involves rotation of two mole- 
cules, each through 60°. The activation energy for this 
process is more dificult to estimate but the transition 
state is probably rather similar to that proposed by 
Cohan, Cotti, Iribarne and Weissmann” for the p-defect, 
but with both molecules rotated out of the head-on 
position by about 30°. From their resulte, this state 
appears to be stabilized by about 25 koal mole- (the 
potential minimum at 207-25? is quito shallow) with 
respect to the collinear situation. If this and our previous 
energy estimates are roughly correct, then the activation 
energy is 15-25 kcal mole, that is, appreciably 
than for “diffusion of an r-defoct. It seems 
that the activation energy for diffusion of an X-defect 
should be larger than for an 1-defect. The forces holding 
the X-defect in its equilibrium position depend on hydro- 
gen-hydrogen repulsions, deformations of HOH angles 
and rotations of water molecules from preferred hydrogen 
bond directions. At the equilibrium position, these 
forcas balance out but all three componenta, taken separ- 
ately, aro strained so that any movement of the system 
from equilibrium must be associated with a fairly 
increase in the tial energy. On the other 
the force holding the r-defeot in equilibrium depends on 
pee oe ot ee ee ee eee of the 
hydrogen bond energy on the O—H . 

These considerations suggest that the a.o. conductivity 
of ice arises almost exclusively from moleoular rotations 
associated with diffusion of r-defeote. In pure ice, the 
active r-defeote oan only be formed together with an 
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equal number of inactive X-defecta, but if the latter have 
only a minor, influence on the olectrical properties, this 
should be apparant from measurements on ioe with 
small amounts of ammonia and hydroffuoric acid. 
Addition of HF molecules should morease the number of 
active sites and decrease the number of inactive ones, 
whereas addition of NH, molecules should have just the 

thank Prof. H. Grünicher for several useful discus- 
sions. 
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SYNTHESIS OF ORGANIC COMPOUNDS BY ELECTRIC DISCHARGES 


By Pros, J. ORO 


Lawrence Radiation Laboratory, University of California, Berkeley, California, and Department of Chemistry, 
' University of Houston, Houston, Texas 


some amino-acids, hydroxy acids and a few other organio 
compounds by the prolonged action of spark discharges on 
mixtures consisting essentially of methane, ammonia 
and water. These results have been confirmed by other 
investigators under identical or alightly different condi- 
tions, 

Further investigations on this synthesis were carried 
out in this laboratory with the hope of obtaining additional 
amino-acids and perhspe also some ultra-violet-absorbing 
compounds. 

In order to increase the probability of formation of new 
compounds, ethano was also included in the reaction 
mixtures. The use of othane in these ts is 
justifiable since the O, species has been detected speotro- 
soopically in star atmospheres, oomete snd interstellar 
gpace'1.14, In order to determine the over-all pattern 
of the compounds formed, ™“C-bydrocarbons, mainly 
140_methane, were used as tracers. Furthermore, ib was 
thought that the patterns obtamed by sutoradiography 
of two-dimengional chromatograms of the products may 
help in establishing & correlation between these and other 

12-15 


resulta obtained show that an appreciable number 
- of organio pups une are formed by the action of electric 
discharges on the foregoing mixtures. The products 


obtained molude glycine, alanine, ic acid, 
ine, isoleusine ( or our ae de and Pok: 
sibly proline; a yello o requie polymer, 
and several ultra-violet-absorbing compounds. The 
formation of other products which give purple, green and 
brown derivatives with ninhydrin, suggesting the presence 
of amines, ammo-nitriles, and peptides, 
has also been observed. The 1C-patterns produced by 
autoradiography of two-dimensional chromatograms of 
the products are reasonably simple. They are not much 
more complex than the patterns produced by spraying the 
same chromatograms with ninhydrin. 
Conditions of the reaction. Fig. 1 shows the design of the 
apparatus used, which consists of a 3-1. flask provided with 
removable tungsten electrodes, and with inlets and outlete 
for reactants and products. Temperature and preasure 
of the system were measured by means of a thermometer 
and & vacuum gauge, respectively. The liquid phase was 
ee eee eee ‘The spark gap 
the electrodes waa usually 1:5 om; but m later experi- 
mente it was increased to 3 om. The current was supplied 
by & transformer (Thordarson Electric Man 
Co.: V.P. 110, Sec. 25,000, V x A 1,000, cycle 50—60) 
from an X-ray tus connected to a 110-V line 
through a ‘Variac’ ich was used to regulate the voltage. 
The discharge voltage was appro: 10,000 V when 
the spark gap was 1-5 om and 15,000 V when the electrodes 


were separated 8 om. 


[i 
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of apparatus for the synthesis of organis compounds 
Pe L Diagem are MH, removable electrodes ; Af, mannometer 


connexion; O garsampimg orifice ; T, thermometer well. Dotted 
linos aro used Tepresons parts on the beck of the reaction vessel 


After complete evacuation of the apparatus, 300 ml. of 
methane, ethane and concentrated ammonium hydroxide 
(15 M) were allowed into the system. Pressure readings 
were obtained after the introduction of each component. 
Whenever !*O-hydrocarbons (1 mo. or lees) were used, 
they were admitted into the ovacuated apparatus before 
anything elso (water, non-radioactive hydrocarbons and 
ammonium hydroxide). All the reactants used were O.P. 
reagente. Care was exercised to prevent any infiltration 
of air into the system. Apart from this, no special treat- 
ment was followed to eliminate traces of air possibly 
present in-the reagents. Table 1 gives the results for each 


Courses of the reaction. The reaction time was only 7 h 
or legs, instead of the usual one week. This was done, in 
part, to make possible the detection of some of the pre- 
sumed amino-acid intermediates such as amino-nitriles 
and amino-amidee, and in part, to have reaction times 

with those of similar experiments carried out 
with high-energy electrons!*-!*. 

The course of the reaction in the gas phase 
was followed by measuring the increase with 
time of the pressure of the system (Fig. 2). 
Tt ean be seen that under the conditions 
used, the increase in pressure levels off after 
7 h or lesa, depending on the concentration 
of the reactants. The tem oscilla- 
tion between the start and end of the 

i was only 2° or 3°, usually from 

to 30° O, and the preesure values were 
not corrected for the resulting small varia- 
tions in pressure. ‘ 

By comparison of different experimenta it 
can be seen that the curves are quite repro- 
dusible, and their shape is mainly determ- 28 
ined, as might have been expected, by the 
'initial reactant concentration in the gas 

and by the energy put into the system 
(spark gap). Analyses of the gas phase were 
not made, and therefore the nature of the 
gases responsible for the increased 
was nos determined. However, on basis 
of previous results and knowing thet dehy- 2 - 
drogenstion takes place with eleotrio dis- i 


PRESSURE (in Hg) 


PRESSURE (in Hg) 


was one of the main gases formed. 
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Table 1. OOXPOSITIOK oy Gas MIFTURBMM AXD OfHER DATA OV THE 
EXPERIMENTS WITH HLBOTRIO DIBCHARGES 


8-8 Hp io os $6 85-1 


8-31 83 


oH (om Hg) 127 76 101 101 76 106 328 
"GIC aottvity (uo ) NIC e e — 
Q om Hg) 127 T6 101 106 TO int — 
e mL 31 $00 846 H0 800 391 
N H 016 11 Ed ea ae ae a 
Duration of (a 1 6 5 5 7 5 5 
Bpak Lr 15 14 145 15 15-3 3 3 
(mg) 7 40 77 73 50 78 180 
of residue (xc.) 36 n 
Acktvity of distillate 200 100 
Conversion of !*O- . 
arene) 37 3-0 
Oon version of 
to volatile water-soluble 
prodneta (per cent) 28 15 


*Reaidua] gaseous produots from S-5, oontaining probably a large amount 
of hydrogen. 


charge voltage had been reached. By increasing this 
voltage the equilibrium would be displaced to higher 
hydrogen pressures. Such a change of equilibrium oan 
be seen in curve S—5 of Fig. 2. 

The curves of Fig. 2 should not only give an indication 
of the formation of hydrogen but also of the resulting 
deh: tion producta, that ia, alkenes, alkynes, 
aldehydes, hydrogen cyanide, nitriles, hydrazine, eto., 
which are supposed to be precursors of organio and bio- 
chemical compounds. ‘These curves, however, do not 
give any information on the processes which go on in the 
liquid phase. It is obvious that condensations, and mainly 
hydrolytic and ammonolytic reactions, will continue in 
the liquid phase even after the gas phase appears to have 
reached. ilibrium. 

Analysis of products. Iù general, the analysis was 
undertaken as soon as the electric discharge was dis- 
continued. The gas phase was not analysed. The total 
volume Mose PRS (about 850 ml.) was filtered 
and then concentrated in & vacuum rotating evaporator 
at 40°-45° C. When the volume had been reduced to loss 
than 20 ml. it was transferred to & tared 50-ml. fiask and 
the evaporation was continued to dryness. The distillate 
was collected in a very large trap immersed in liquid 
nitrogen. The distillates were set aside. The flasks with 
the dry residues were first weighed (Table 1) and the 
residues were then dissolved in 5 ml. 0-1 N hydrochloric 


ro x 
* PRESSURE (in Hg) 





ePREBSURE (in Hg) 


i 2 3 4 5 6 T 
TIME (hra) 


PRESSURE (in Hg) 


? 3 4 5 
TIME (hrs) 





the levelling off would simply indicate T reso tn promo fa mapponed D bo Gao madii 
that equilibrium of the dehydrogenation Gonaiien reactions. The erperimen eaten aan a I s out with 


reaction in the gas phase at a given dis- 


similar spectra. 
& abso: 





acid. The solutions thus obtained were used in the subse- 
quent analyses which were carried out by two-dimensional 
paper chromatography, ion exchange ohromatogrephy, 
autoradiography and spectrophotometry. - 

Uüra-violet-absorbing compounds. The solutions from 
the first three experiments, after appropriate dilution 
with 0-1 N hydrochloric acid, were directly examined for 
ultra-violet-absorbing compounds. They gave somewhat 
An aliquot of S-1 diluted 25 times ahowed 

sharp band at about 236 my (O.D. =~ 0-85). 
An aliquot of 9-2 diluted 100 times and also an aliquot 
of S-8 diluted 200 times, showed a shoulder at about 236 
my. (O.D. ~ 0-6) and a broad absorption band between 
250 and 800 mu. 

Aliquota of the same solutions were then analysed 
by two-dimensional chromatography by 
No. 1 paper and n-propanol/1 N ammonium 
hydroxide, $ : 1 (BA) and n-butanol/acetic 
acid/water, 4 : 1 : 1 (BAW) as solvents. The 
dry chromatograma were scanned with & 
short wave-length (2587 A) ultra-violet-light 
lamp. Two major ulira-violet-abeorbmg 
compounds wero detected in the three 
chromats One of these two oom- 

nds (4) had Ry 0-80 in PA and 0-40 in 
BAW. The other (B) bad Rr 042 in PA 
0-17 m BAW. By tho intensity of the 

the formation of both these compounds 
followed in this quantitative order in the 
three experimenta: 5-9 > 8-2 > S-l. 

The areas corresponding to A and B from 
experimen t S-3 were out from the paper and 
the compounds were oluted with hydro- 
chlorio acid. Their ultra-violet spectra are 
shown in Fig. 3. As can be seen, compound 
A shows & maximum at 257 my and 4 
minimum at 232 my. For comparison, 
isocytosine shows a maximum at 257 my 
and a minimum at 235 mp at pH 1. Com- 

und B shows & maximum at 262 my and 
minimum at 234 my in 0-1 N hydrochloric 
acid. This maximum shifts to 267 mp in 
0-12 N eodium hydroxide. For comparison, 


A 
and 


under the seme’ conditions, adenine i 


NATURE 


March 2, 1963 YOu 197 


dines is apparent, no definite statements in this respect 
can be made until these compounds are - isolated 
and characterized more fully. The formation of ultra- 
violet-absorbing compounds in expermnenta with elec- 
trical discharges has also bean obsarved recently by 


Amino-acids and other ninhydrin-posttive compounds. 
The reaction product was next analysed for amino-acids 
by paper chromatography and by ion-exchangs chromato- 
graphy. Fig. 4 shows tho reproduction of two-dimensional 

- ahrom& (Whatman No. 3 MM, ascending) of 
S-1, S-2 and S-S after spraying with ninhydrin. There 
are three chromatograms for each reaction product. 

' The first corresponds to the reaction product before ion- 
er treatment, the second to the water eluate (W) 
from ‘Dowex 2’, and the third fo the acid eluate (A) 
from the same resin Several ninhydrin-positive com- 
pounds, which are likely amino-acida, peptides or other 
derivatives of amino-acids can be observed in the chroma- 
tograms of the acid eluates. At least § spots were observed. 
in S-1-A, 16 in S-2-A and 20 in S-8-A. The ninhydrin- 
positive compounds of the water eluates are to 
be amines, amino-amides and amimo-nitriles. Some of the 
compounds in the acid or water eluates gave a green (G) 
or a yellow (Y) coloration with ninhydrin. Other com- 
pounds gave first a tan or yellow-brown coloration which 
eventually changed into purple. Some of the amides 
of amino-acida are known to give the foregoing colours 
with nmbydrin!’. 

The amino-acids present in the acid eluate from experi- 
ment 9-3 were identifled by ion exchange chromatography 
using a Beckman-Spmoo automatic analyser. (These 
analyses were carried out in Dr. F. H. Carpenter's labora- 
tory, University of California, Berkeley.) The results 
are given in Fig. 5. The amino-acids which were identifled 

. by their positions in the eluate from a long column 
include aspartic acid, asparagine, ine, alanine and 


isoleucine (or isoasparagme). Traces of other amino- 
acids can also be observed. One of these corresponds 
to proline by its position in the eluate and the colour 
given with ninhydrin. 












from 262 to 269 mp and purine from 261 i. turatia (umiendling) of a ta 8-1, 9-2, 5a 
to 273 oertein similarity eom Propanolji X arumonium hydruine. He inate) ds ed puse ieu 

a 5 of aged water, anol 1 X animorum Pr detem] spous were purple or brown-parple In oolour. 
pounds A and B with purines and pyrimi- make complex the ultra-vaolet-absorbing spota are not ahown hare 
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VOLUME ELUATE (wi) 





VOLUME ELUATE 


Tig. 6. ‘Hintion diagrams of the amino-acids of S-8-A separated by two ion 


and long one (bottom) for acidie and neutral 


Several unidentified peaks (X, Y, eto.) can also be 

observed in the eluate from the short column which is 

run for basio amino-acids. The large ammonia 

peak shown here is no doubt the result of hydrolysis o: 
amino-acid amides such as asparagino. F 

Evidence for the formation of asparagine was also 


obtained in experiment S-7 by comparing 4 two-dimen- 


and n 

6:8:1 (PAW) and m-butenol/propionio acid/water, 
14:9:10 (BPW), .as the first and second solventa, 
respectively). A spot with Rr 0-49 m PAW and 0-36 m 
BPW oan be observed im Fig. 6. This spot showed a 
change in colour from brown to purple (Br — P). Authen- 
tio ine has Rr 0-53 in PAW and 0-39 in BPW 
(Fig. 7) an showed an identical change in colour (Br — P). 
The small differences in Rr were probably caused by the 
higher ionio strength of S-7 relative to that of the standard 
mixture of amino-acids. 

To the right of asparagine (Fig. 6) a more intense spot 
which underwent the same colour change (Br -> P) can 
be observed. By ite Rr in the two solvents this compound 

to glyainamide. The characterization of 
this amide and other possible amino-amidea which are 
suggested by the spots with similar oolour changes 
(Br — P) in the upper right corner of the chromatogram 
(Fig. 6) was not carried out further because ion-exchange 
column chromatographic date have not yet been reported 
for amino-amides. It may be added that no identification 


The detection of asparagine and glycinamide is signifi- 
cant in two respects. First, it confirms earlier obsarva- 
tions made in our laboratory that the amino-amides 


crohns oD A short eon ( ) 
amino-acids pinco model 120 ) 


was used for basio amino-acids 


po sulphonic acid resins“. It should be pointed 
out, however, that valine, leucine and isoleucine have been 
identified recently in our laboratory’* in experiments 
where the action of eléctrio discharges on mixtures oon- 











Fg. 6. Photogra: 


PAW solvents (woe 


with 
A ( 
eolour or eolour 

then 
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taining C, and C, hydrocarbons was allowed to proceed 
for a period of 24h or longer. It appears that under these 
conditions the probability of formation of C, and C, 
aldehydes which are presumed to be the precursors of 
valine and the leucines increases cantly. 

With regard to the formation of proline it should be 
stated that a smali peak was obtamed at the correspond- 
ing elution place for this compound (Fig. 5). As in the 
case of proline, the nmhydrin derivative of the eluted 
substance showed an optical density at 440; 100 per cent 
higher than at 570. If this peak corresponds to proline 
the small peak in front of proline should probably corre- 
spond to glutamic acid. 

Carbon-14 compounds. Two experiments were carried 
out with carbon-14 reactants. In the first of these experi- 
ments (S-5) one millicurie of 1*C-methane (8 mg) was 
used. The unreacted “C-methane and other gaseous 
M(-components from S-5 were recovered and used in a 
subsequent experiment (9-6). This was done as follows: 
At the end of the experiment, the gases of the reaction 
product were trapped into two cold traps immersed in 
liquid nitrogen which were connected in series. The trap 
farther away from the flask contained 50 g of molecular 
sieve (Linde type 44, 1/16-in. pellets) for the absorption 
of methane. In lees than 1 h the pressure in tho reaction 
flask fell to about 1 in. mercury, which is approximately 
the vapour pressure of water at 27° O. This indicated 
that essentially all the gases and volatile compounds had 
been condensed in the cold traps. After removing the 
main reaction product (yellowish solution) from the 
flask, the latter was evacuated and connected again to 
the traps, which were allowed to warm to room tempera- 
ture. In this manner the bulk of the gases from the traps 
diffused back into the reaction flask. These gasea, together 
with additional non-radioactive methane, ammonia and 
water, were used as reactants for the second experiment 
(S-8). 


if 
ae Ike 


AN le 


the diagonal line the spots correspond to : leucine + a 
and lysine. The two spota on the left uen rm ne ee D E] 
i2 and aspartio aad 


The concentrated reaction products from S-5 and S-6 
were then individually chromatographed in the PAW- 
BPW solvent system described previously. Autoradio- 
graphs of these two chromatograms are shown in Figs. 
8 and 9. By comparing the autoradiograms of S-5 and 
S-6 with the ninhydrin-sprayed chromatogram of S-7, & 
general resemblance of distribution of spots in the three 
chromatograms can be observed even though different 
methods of detection were used and the three chromato- 
grams correspond to three different experiments. 
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Miaoty to the tent RUE IS 
togram 


The first three gpota on the diagonal line of S-6 (Fig. 9) 
correspond, very likely, to asparagine, glycme and alanino, 
as shown by comparing this chromatogram with that of 
S-7 (Fig. 6) and with the chromatogram of a standard 
mixture of amino-acids (Fig. 7). Radioactive and nun- 
hydrin-positive spote can also be detected in the areas 
corresponding to valme and the leucines. However, 
since no separation of bases from amphoteric substances 
was carried out before chromatography, some of these 
spots may correspond to the amides of the foregoing 
amino-acids, instead of the amino-acids as such:, The 
“O-spot to the right of asparagine (Fig. 9) corresponds, 
most likely to glycmamide. 





04 ot i oe 


aph of a two-dimensional ohromntogram of S—0. 
Bee . 8 for explanation of white band" 


The and most diffused nmhydrin-poeitive 
compound of S-7 (Fig. 6) is probably caused by an aliphatic 
amine. (Aliphatio amines are known to produce diffused 
spots.) A radioactive spot corresponding to this com- 
pound can be observed clearly in S-5 (Fig. 8). 

Aside from amino-acids, ammo-amides and aliphatic 
amines, rt 18 of interest that other radioactive spots appear 
in the area of purines and pyrimidmes™. It should be 
possible to identify these compounds by eluting them from 
the chromatogram and co-chromatographing them in- 
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dividually with the suspected &uthentio compounds. 
However, e more rysternatie approach would be to obtain 
a sample sufficiently large submit it to analytical 
ion exchange chromatography. Tho eluate could _be 
automatically scanned with a short wave-length ultra- 
violet lamp and with a radioactive scintillation counter. 
Coincidence of ultra-violet-abeorption with radioactivity 
would exclude any possibility of contamination. 

Polymers and other . In & number of experi- 
ments & : solid material was observed to be 
formed on the glass surface of the apparatus close to the 
. electrodes. It extended in the form of a thin layer, around 
each electrode, to about one-fourth of the total area of 
the flask. 

This product was insoluble in ordinary organic solvente 
and water, and could not be dissolved, degraded, or 
hydrolysed by boilmg in 6 N hydrochloric acid overnight. 
Only after long standing in acid could it be separated 
in the form of thin flakes from the glase surface. This 
material is presumed to be similar to that obtamed by 
experiments with electric discharges. 


electrodic phenomenon), i 
at this moment the part that this or atmilar polymers may 
have played in pre-biochemical evolution. 

Preliminary evidence for the formation of small- 
molecular-weight peptides was given by some of the two- 
dimensional paper chromatograms of Fig. 4. In particular 
9-3 and S-8-A showed two elongated spots close to the 
origin, which gave @ brown colour on spraying with 
inhydrin. This brown coloration changed very slowly 
into purple. Because of their low rate of migration 
and their characteristic way of reacting with ninhydrin, 
these compounds are probably peptides or polymers of 
gute acids. i Almost identical spots were observed in the 
reaction product from hydrogen cyanide-ammonia—water 
reaction mixtures“, and it has been definitely shown by 
Lowe ei al** that polymers of amino-acids are formed 
i experiments. Tho aforementioned ninhydrin- 
positive spots shown in chro of S-8-À are 

to correspond to the compounds X and Y which 
were observed to be eluted from a short ion-exchange 
column (Fig. 5). 
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Finally, it will be recalled that the gaseous and volatile 
products of experiments S-5 were condensed in two traps 
immersed in liquid nitrogen. After allowing the gases to 
diffuse back to the reaction flask, several droplets of a 
transparent pale yellow oil and a white viscous material 
were observed to remain in the trap adjacent to the flask. 
Both substances were radioactive and insoluble in water. 
The yellow oil was soluble in carbon tetrachloride. These 
materials were not analysed, but they suggest that the 
formation of lipophilic substances is poamble in experi- 
ments with electric discharges. 

I thank Prof. M. Calvin for providing the stimulus and 
laboratory facilities to carry out these experiments, and. 
Dr. R. Lemmon for his advice. 

This work was sponsored in part by tho U.S. Atomic 

Commission and by a grant (Ne@ 257-62) from 
the National Aeronautics and Space Administration. ' 
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ATTEMPTS TO ISOLATE INFECTIOUS NUCLEIC ACID FROM VACCINIA 
VIRUS AND VIRUS-INFECTED CELLS — i 


Š By Pros. H. CURT BUBEL and DAYID A. WOLFF 
Department of Microbiology, College of Medicine, Unlversity of Cincinnat! 


UMEROUS plant and animal viruses yield. infectious 
ribonucleic acid (RNA) on treatment by a variety of 
reagents and techniques’*. Furthermore, & deoxyribo- 
nuclease-sensitive unit capable of infecting E. cols proto- 
plasta was isolated by degradation of phage T, with con- 
centrated urea’. The question now arose whether an 


infectious deoxyribonucleic acid (DNA) could be recovered ' 


from a DNA animal virus. Vaccinia virus was selected 
for investigation since it is known to contain DNA (ref. 6), 
is readily purified’, can be accurately titrated and identi- 
fled in tissue culture systems. It is the purpose of this 
article to describe attempts to isolate an infectious DNA 
from vaccinia virus or virus-infected cells, and direct 
‘attention to the possible biological significance of our 


Vaocinia virus (Lederle Laboratories strain) was propa- 
gated on a KB cell line (obtained from the Southern Re- 


search Institute, Birmingham, Alabama) grown in 


Eaglo’s basal medium (BME) with 10 per cent calf 
serum. Crude virus material for DNA extraction was 
prepared by, treating 48-h infected KB cells and tissue 
culture fluids for 5 min in a 10 KO Reytheon sonic 
oscillator. Purification and concentration of vaocinia 
virus was effected by fluorocarbon (Genetron 113) treat- 
ment’ and sedimentation at 87,000g for 1-h. Sedimented 
virus particles were di by brief sonoration in an 
epee diluent for DNA extraction. Virus titres 
of these preparations ranged from 1 x 10" to 1 x 10° 
plaque ing units per ml. 

Most of the DNA extraction procedures adopted in this 
investigation used -phenol treatment as one step in the 
extraction procedure. The cold! and hot* phenol methods 
were used extensively, as were modifloations of the former 
method which consisted of adding selected anions’ and 
a surfactive agent!? to the extraction mixture. KB oell 
monolayers for testing DNA extracts were grown in 


z 
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250-ml. square dilution bottles and washed three times 
with solutions of either 0-6 M sodium chloride, 0-7 M 
sucrose, or versene buffer, pH 7-1, prior to &dding DNA 
extracts. These washings materially reduced extracellular 
deoxyribonuclease (DNase) activity and the concentration 
of divalent cations necessary for DNase activity. A 
hypertonic envirenment as well as the presence of versene 
has been shown to increase the sensitivity of cells to 
infectious nucleic acids, DNA extracts were diluted 
1:1 in either BME without calf serum, 0-5 M sodium 
chloride, or 0-7 M sucrose’ solutions, and 1-2 ml. of the 
mixture incubated with KB cell monolayers 15—40 min at 
87°. Freah tissue culture medium was then added and 
incubation continued for 48 h. At this time the cells were 
disrupted by sonoration and at least one ‘blind passage’ 
made on fresh KB oell monolayers. 

In some cases DNA extracts produced an observable 
cytopathogenic effect in the initial test cultures. To 
distinguish this effect from the oytopathogenic effect 
resulting from vaccinia infection, 2 ml. of a 1 cent 
suspension of chicken red blood oella in 0-15 sodium 
chloride were added to each test culture drained free of 
culture fluid. Susceptible fowl cells are rapidly adsorbed 
to KB cells infected with vaccinia virus, but not to cells 
showing non-specific cytopathogenio effect arising from 
cytotoxic materials in DNA extracta. 

The inability of these procedures to release an infectious 
nucleic acid from either crude or purified virus materials 
prompted consideration of DNA extraction procedures 
relative to the structural complexity of vaccinia virus. 
Enxrymatio digestion of vaccinia virus has been correlated 
with obeervable changes in the structural organization 
of the virus particle!*, Consequently, purified virus 
material was pretreated 1-3 h at 87° with pepsin, trypain 
or ficin prior to phenol extraction. Such procedures did 
not yield biologically active nucleic acid. A summary of 
typical experimenta is given in Table l. ~ 


Table 1. NON-INFBOTIYTTY OF VAOOINIA VIRUS DNA Mxraicrs 


acinis OBRO hem- 
Mrp. Virus Axiraction procedure on 
matertal - cells cells 
1 OV, FPV 80-88% phenol, 0° 0 0 
2 OV, FPV 80-88% phenol, 40—50* 0 0 
3 OV, FPV 88% p 0-15 M 
te, 0* 0 0 
4 OV, FRY £8X 15 M tri- d i 
5 OV, FPV 02-2% sodium - 
6  EFPY rk papain 0-1 D ý : 
.»H 35 
ELA MEE. 
7  YXPV ooi $7*; 88% ó 


o o 


8 OV, FPV 0/955, teypein, pH 74, 87°; 
88% phenol, 


Abbreviations: OV, crude virus; FPY, fluorocarbon purified virus; 
ORBO, chicken red blood calls; CPE, sytopathogento effect. 


The failure to recover infectious nucleic acid from 
crude or purified vaccinia virus suggested tho alternative 
ee ee 
infected cells prior to ite incorporation into virus particles. 
Saltzman" has shown that the majority of vaccinia virus 
DNA is synthesized by infected HeLa cells within 6 h after 
initiation of infection, and before the appearance of newly 
formed virus. This finding suggested that infectious DNA 
might be isolated from KB oells during the early stages 
of virus synthesis. In Table 2 are shown data from experi- 
mente with vaccinia virus-infected KB cells and homo- 
genates of vaooinig-ifected rabbit testicular tissue. In 
the latter instance the infectmg virus was a testicularly 

strain which could be propagated equally well 
in KB oells. j 

The extraction or homogenization of virus-infected cells 
entails the hazard of releasing cellular nucleases which 
rapidly inactivate infectious nucleic acid’*. Therefore, 
in some of the extraction procedures for infected cells 
either a chelating agent (versene) was used to sequester 
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Table 2. DNA EXTRACTION OF VAOQDHLAHEFBOTED KB OELLE AND TISSUES 


VOL. 197 


Exp extracted Extraction procedure CPK on adsorption 
KB cells 
1 ZXBoele 68h 88% phenol, 0* 0 
porion EN ; 
1 $-11h 88% phenol, 1 x 1032 M 0 0 
Frye econ , 29*, oF 
3 6-8h 002-2% sodmm dodesyl- 0 0 
post-nfection s , 88% phenol, i 
KB cells, 6-8 h o-1b M late, 0 0 
o ection  - 88 1, 0° 
calls, 08 ii 0-15 M. trxah lorosoetate, 0 
-post ection 88 benol, 0* 
cells,6-8h 0-15 M. trichloroacetate, 0 
post-infection _ teris ed 84%, 
7 org qe 0 
s fnohloroacatate, 0 
ru E 
footed rabbit , 88*6 
testicular tisis o* 


magnesium ions, or an adsorbing agent (bentonite) which 
has been shown to inactivate nucleases during phenol 
extraction of tobacco mosaic virus (TMV) and contribute 
to the stability of TMV infectious RNAU.  . 

None of the extracte of infected KB cells contained 
biologically active DNA. The initial extraction of infocted 
rabbit testes yielded a DNA preparation which caused a 
iranamittable cytopethogenio effect on KB cells; ‘this 
effect was shown positively to be caused by vaccinia virus. 
Since numerous attempts to repeat this Ing wero 
unsuccessful, it was impoesible to apply strict criteria for 
the presence of an infectious DNA in testicular extracta. 
The results of the initial experiment may be explained 
by a carry-over of infectious vaccinia virus through the 
extraction procedure. 

It appears, therefore, that neither i vaccinia 
viruses nor virus-infected oells yield infectious DNA by 
the methods applied in this work. -8 explanations 
for these results are: (1) the methods used in DNA 
extraction yielded a degraded, inactive product, or did 
not adequately release DNA from the virus perdes; 
(2) the inability of extracted vaccinia virus DNA to 
initiate cellular infection because of some unique biological 
relationship with the host cell; (3) that some other oom- 
ponent of the virus, in addition to DNA, may be involved 
in the initiation of cell infection. 

It is noteworthy that the DNA extraction methods of 
Experimente 3 anid 4 (Table 1) have released infectious 
DNA from the polyoma virus", as has cold phenol extras- 
tion of the Shope virus’ and the SV, agent*. The fact 
that infectious DNA can be recovered from these timour 
agents and not vaccinia virus suggests a signifloant 
difference in the structural organization of the tumour 
viruses or the mteraction of their nucleic acids 
with the host . It is also significant that the recovery 
of infectious DNA from such extensively studied, non- 
tumour agents as the adenovirus, herpes and peeudo- 
Tabies viruses has not been e 

Pertinent to this work are the resulta of Pfau and 
MoCree, who found that single-stranded DNA waa released 
from vaccinia virus by phenol extraction™, and that 
treatment of the virus with a protease-and 2-methoxy- 
ethanol" yielded double-stranded DNA, both types being 
non-infectious. It is apparent, therefore, that DNA of 
strikingly varied physical properties may be derived 
from vaccinia virus, and it is reasonable to assume that 
the physical state of the extracted DNA would have some 
bearing on the biological activity of this material. Un- 
fortunately there is no information available which 
might clarify the relationship between the physical state 
of animal virus DNA and the capacity of such DNA 
to infect cells. 

That infectious DNA could not be recovered from virus- 
infected cells in the early stages of virus synthesis would 
suggest inactivation by cellular DNases released durmg 
extractions, although precautions were taken against this 
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eventuality. ' Cairns! and others“ have shown that 
vaccinia virus antigens appear in the infected cell simul- 
taneously with viral DNA. It is ognoeivable that under 
Such conditions viral ins and DNA may form com- 
plexes or viral eub-unita which cannot be artificially degrad- 
ed to yield biologically active nucleic acid. The early- 
appearing nuoleo-protein antigen of vaccinia virus may well 
represent such & complex. 

Finally, consideration must be given to the possibility 
that the larger and more complex animal viruses such as 
vaccinia do not possess an infectious nucleic acid per se. 
Such an assumption predicates the existence of one or 
more viral components other than DNA which participate 
in the initiation of virus synthesis. That components of 
the pox viruses other than DNA play a part in the inter- 
action of virus and host cell is indicated by the experi- 
ments of Joklik e$ al., who showed that protein de- 
naturante which do not harm DNA, completely destroy 
the reactivability of rabbit pox virus. Prelimmary 
experiments with ultra-violet-inactivated vaccinia virus 
and DNA added to KB cell cultures simultaneously or at 
different intervals have not resulted in cell infection. 

This work was supported by grant #3586 of the U.S. 
Publio Heelth Servioe. 
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INTERRELATIONSHIP BETWEEN GLUCOSE UTILIZATION OF BRAIN 
AND HEART 


By Dx. R..VRBA, Dr. H. S. BACHELARD and Dr. J. KRAWCZYNSKI 
Medical Research Council, Neuropsychiatric Research Unit, Carshalton, Surrey 


T has been demonstrated! that brain oan scoumulate 

carbon-14 and retain it for a considerable period after 
the introduction of gluooee-U-!*O into the circulation of 
ihe rat. Tho carbon-14 from gluoose carbon which 
accumulates in the brain is rapidly converted into 
glutamic and aspartic acids?. Twenty minutes after sub- 
cutaneous injection of gluooee-U-4O, more than 70 per 
cent of the oerbon-14 in the acid-soluble fraction from 
brain had already been oonverted into a-amino-acid 
carbon, but in liver only 10-15. per cent of the radio- 
activity was found in the a-amino-acid fraction’. The 
corresponding figure for heart (33—38 per oent) was inter- 
mediate between those for brain and liver, whereas in leg 
musclo it was lower than in any of the eight tissues 
investigated. 

Heart has now been found to resemble brain in ita 
ability to accumulate carbon-14 from labelled glucose in 
vivo. After the injection of gluooee-U-O, the radio- 
activity in the brain-soluble fraction rapidly increases, 
despite the continuous decrease of radioactivity m the 
blood, and reaches levels much higher than that of blood!. 
As demonstrated in Fig. 14, heart shows a similar 
merease. Leg muscle, on the other hand, does not ap 
to share this ability to concentrate the ocarbon-14 
blood glucose to values higher than the actual concen- 
tration of blood carbon-14 during the first 2 h after 
injection of glucose-u-*0. However, after this period a 
retention of oarbon-14 above blood-levels oan be observed. 
The ability of the heart to accumulate carbon-14 from 
blood glucose has been considerably reduced. after fasting 
(Fig. 1B). 

The brain is known to be particularly sensitive to acute 
hypoglyosmia’*. In cases of decreased availability of 
glucose, the possibility had to be considered that brain 
might utilize administered gluoose (apart mu hi aes 
reserves) at the expense of other organs. The followmg 
experiments were performed as part of a more extensive 
investigation which will be published in detail elsewhere. 

Sixteen male Wistar rate of approximately the same 
weight wero divided randomly mto two groups. One 


group was deprived of food, the other was fed ad libitum 
on the normal laboratory diet (No. 41 B, J. Rank, Ltd.). 
Water was available ad libitum to both groups. After 
24 h, all were injected subcutaneously with gluoose-U-!4C 
(15 po. in 0-8 mL water in the presence of 0.037 mg of 
carrier glucose as supplied by the Radiochemical Centre, 
Amersham). weight (and S.H.) of the fed 
animals was 109 + 1:4 g, and of the fasting animals was 
92 + 2-1. The concentration of blood glucose, as estimated. 
with glucose oxidase’, was 181 + 6-2 mg/100 ml. for the 
fed group, and 77 + 1-7 mg/100 ml. for the fasting group. 

At various times (4 min-2 h) after glucose injection, 
the animals were killed by decapitation, and the blood 
(1 mL) was immediately collected and deproteinized by 
the addition of 80 per oemt (v/v) ethanol (8 ml.) Bram 
(whole, except for cerebellum), heart, liver and a sample 
of the gastrocnemius muscle were rapidly removed and 
frozen in liquid nitrogen. The time from decapitation to 
fixation of the tissues by freezing did not exceed 2 min. 
The tissues were stored in the frozen state at — 20° O 
until homogenization, which was done at 0° C in 80 per 
cent (v/v) ethanol (8 ml.) in a "Teflon'-pestle homogenizer 
(A. H. Thomas Co.). Ethanol was used instead of per- 
chloric or trichloroacetic acids because it extracts glucose, 
amino-acids, Krebs cycle intermediates and other sub- 
stances, but not glycogen. 

The homogenates were centrifuged at 0° C for 15 mm 
at 2,500g (MLS.E., 'Major' and the residue was twice 
rehomogenized in 80 per cent ethanol (8 ml.). The gom- 
bined supernstanta from each sample were made up to 
25 ml. with 80 per cent ethanol and plated in duplicate 
aliquots of 0-2 ml. and 0-4 mL Counting was oarried out 
at infinite thinness in a ‘Nuclear Chicago’ automatic 
Geiger counter. licate counts of 1,000 were taken for 
each sample and activities were usually 10-100 times that 
of the background, for which corrections were applied. 
The resulta are shown in Table 1. 

It may be seen that the oarbon-14 content of the blood 
of all the fasting animals was considerably higher than 
in the fed animals. This indicates that the elimmation 


Counts X 09 /an A tresh thauc or mi blood 
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Counts X 10°9/nin Afresh teue oc mi biood 





of glucose-carbon from fasting animals as carbon dioxide 
is slowed down, in accordance with the reporte of similar 
investigations (for relevant literature, see ref. 6). As & 
consequence of the higher blood carbon-14 content m the 
fasting animals, the total amount of radioactivity in each 
of the tissues examined was increased (Fig. 1). 
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AXD RETENTION OF Cuxnon-l4 IN Ermaxol- 
SOLUBLE FRACTIONS OF ORGANS OF FED AND FASTING BATE AFTER INJECTION 
OF GLUCOSE-U-"0 ` 


Time after tnjectian of glucose-U-^CO 
160 min 82 min 


Timwue Nutrition 4mm 8 mn 1h 
Blood ped 
30,875 16,504 10,504 15,025 7,583 
(onta, Fasting 60,781 24,250 44,968 41,468 10,345 
BBA. 
Brin Fed 34 50 130 a5 376 
Fasting 54 66 99 197 425 
iver Fasting — 08 & 5 uou 
1 
Hat iis ~ Ru $5 ww 
usalo Fed 81 — 46 51 90 
Fasting 26 27 22 Eri 38 
Male rats were infected over the left flank with 0-3 mL of 
glucose-U-'^C (15 wo, In presence of 0 mg carrier ). Fed antmal 
mantmals fed e£ Mbitwem until decapitation. animals food with- 
drawn 24 h before of 'U-4Q, extracted with 


80 oent (v/v) ethanol as described in the text, andl reaylta expressed 

relative spect notivities (RSA). d * e 

., Counte/min/gm fresh wetght of organ (ethanol-sctuble fraction) |. 
Counta/min/mL of blood (etbsnol-scluble fraction) 

Compared with the levels m the fed group, the relative 

specific activity in the brain and liver of the fasting group 

was almost unimpaired, whereas a considerable diminution 


-of the relative specific activity was observed in the heart. 


The accumulation of carbon-14 in skeletal muscle, which 
in both groups was much lower than in heart, was even 
farther decreased in the fasting group. Thus it ap 
that, under certain conditions of hypoglyossmia, the 
may accumulate and retain carbon from administored 
glucose at the expense of other organs. 

It is conceivable that this mechanism, which seams to 
protect the vital functions of brain, may be, in mut- 
able circumstances, detrimental to the functions of other 
organs, for example, heart. This could be relevant to the 
sstiology of heart disease. In this connexion, it is of 
interest thatthe tranquillizer, reserpine, 18 h after mjection, 
has been observed in rats to cause a 55 per cent decrease 
in the uptake by heart of carbon-14 from blood glucose’, 
while no effect on the ability of the brain or liver to 
accumulate carbon-14 from blood glucose could be 
demonstrated. Structural damage to cat heart after 
reserpine injection has been previously reported’. 

This work was carried out during the tenure by two of 
us (R. V. and H. 8. B.).of Rockefeller Foundation grants, 
and by the third (J. E.) of & personal grant from the 
Polish Ministry of Health. We wish to thank Dr. Derek 
Richter for his interest and support. 
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POLIOVIRUS NEUTRALIZING PROPERTIES OF EQUINE AND OTHER SERA 


By G. PLUMMER 
Wellcome Research Laboratories, Beckenham, Kent 


E s neutralizing or inhibitory action of some bovme 
sera to ane or more of the three serological types of 
poliovirus has bean described by a number of workers!-*. 
Bartell and Klein? found that this property was also 

by the sera of certain horses, pigs and chickens, 
and that the activity was associated with the globulin 
fraction of the sera. MoFerran* demonstrated that the 


bovine pohovirus mhibitors had much the same stability 
as poliovirus antibodies 1n human sera, and concluded, as 
did Bartell and Klem, that they were probably antibodies, 
the origin of which was obscure. In marked contrast were 
the conclusions of Takemoto and Habel* with regard to 
equine serum poliovirus inhibitors; they regarded the 
action of the serum as being not neutralization but & 
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This was confirmed by further experiments 
in which doubling dilutions of inhibitory 
serum were made. Part of each dilution was 
mixed with an equal volume of poliovirus 
suspension (100 TOD,,/0-5 ml. of mixture), 
incubated lj h at 87° O and inoculated into 
tube cultures, 0-5 ml./tube. Other cultures 
were inoculated with 0-25 ml. serum dilution 
and 100 TOD,, poliovirus contained in 0-25 
ml. of medium without prior mixing and 
incubetion. The inhibitor titres were 2-3- 
fold lower when prior mixing and incubation 
were omitted. 

The heat sensitivity of the equine inhibitors 
is much the same as poliovirus antibodies 
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Fig. 1. Neutrahxation of palioviruses by equine inhibitory sera 


reduction in the rate of adsorption and release of virus 
from the cells of the tissue culture system. Fractionation 
on the cellulose ‘column, however, indicated that the 
activity was associated with the y-globulin. 

In this article, studies of poliovirus inhibitors of equine 
sera are presented and the frequencies of their oocurrenoe 
analysed. A survey of inhibitors of sheep and monkey 
sera is also included, and suggestions as to the origin of 
poliovirus inhibitors are made. Monolayer monkey kidney 
tiasue cul&ures were ‘used for this work and were main- 
tained on Earle’s salt solution containing 0-5 per cent 
liver digest, 0-22 per cent sodium bicarbonate and peni- 
cilin and mycin. Poliovirus strains Brunenders, 


strepto: 
MEF-1 and Saukett were used unless otherwise indioeted.- 


Adult horse, sheep and sera were tested for 
inhibitors by mixing doubling serum dilutions with polio- 
virus (100 TOD,,/0-5 ml. of mixture), moubating 1$ h at 
37° C, inocula&ing 0-5 ml. of each reaction mixture into 
four monkey kidney tube cultures and examining for 
cytopathic offoct six days later. The percentages of sera 
showing inhibition are given in Table 1. In each case 
D um itor titres tended to be the highest and 
type the lowest. Thus, in the equine sera the type IL 
inhibitory action was sometimes detectable up to a serum 
dilution of 1/38; type I titres rarely exceeded 1/12 and 
type HI 1/4. There was a statistically significant associa- 
tion between the in equine sera of inhibitors to 
polioviruses types I and IT and between I and III, but 
no such marked correlation between types II and III. 
Monkeys are known to be to some extent susceptible to 
poliovirus infection; therefore, the findings for the 
monkey sera are presanted with some reservation, - 
ticularly as the animals concerned had been held in 
contact with man for short periods. 


Table 1, PEROENTAGN SERA FROM TARER ANIMAL SPECIES OOXTiINING 
POLIOYIRUS IXHIBTTORS 
No. of Peroent 
sera containing mihfbliori 
tested TPT m Type 
Horse 203 2 i 
Maay es 4a 1 : 
2-0 0 
(Opnomoigus 
and rhesus) 


The mode of action of equine poliovirus inhibitors was 
investignted in the following experiments.  Undiluted 
serum was mixed with an equal volume of poliovirus 
suspension and incubated at 37^ O, the virus being 
titrated before, immediately after, and at short intervals 
after, mixing. The titration dilutions were made in cooled 
medium immediately after each sample was taken. Such 
a test was done with two poliovirus concentrations of 
Mo dein ie eo en dn 

. 1, demonstrate a in virus during incubation, 
indicating that actual neutralization has taken 


i apium by hyperimmunisation of horses, 
10 type of inhibitor being stable up to 
63° OC.  v-Globulin 


ipitation by the 
method of Peterson ei al." about a 
complete removal of inhibitory activity 
from the supernatant; the resuspended y-globulin neutral- 
ized poliovirus, although to a titre about two-fold lower 
fore, of the equine inhibitors are rether similar to those 
of antibodies. 

The ility of the horse to poliovirus was of 
interest in view of the similarity of the inhibitors to 
antibody. No poliovirus has been detected in fioel 
samples and nasal swabs taken from 616 and 201 horses, 
respectively, over & period of 15 months; each sample 
was tested in monkey kidney tissue cultures. Further 
pertinent information was obtained during the hyper- 
immunization of horses with attenuated poliovirus. Two 
horses, the sera of which were free of type I poliovirus 
inhibitor, were each inoculated intramuscularly with 11-3 
logi, TOID,, Sabin attenuated Ag I poliovirus. Fecal 
samples were taken daily from . Small quantities of 
type I poliovirus were found in the fæces taken from each 
animal 24 h after inoculation. No virus was detected in 
the subsequent feoel samples. Neither horse developed 
pyrexia or clinical reactions. Further type I poliovirus 
moculations were given and antibody developed, but 
more sluggishly than might be expected if the virus were 
reproducing in the equine tissues (Table 2). Slow antibody 
responses were also obtained in other horses receiving a 
similar course of inoculations of Sabin attenuated type II 


Table f. A-TIBODY RESPONIE BY TWO HORSES INOCULATED WITH TYPR I 
POLIOYIRUS 


7T" Day of e TODA 
inoculation or Ee [Htm Antibody 
taking serum Inooulated titre 
113 «1/478 
14 110 Nos tested 
29 112 1128 
35 — 1/612 


The properties of the equine poliovirus inhibitors are, 
therefore, very similar to those of . They are 
risu) associated with the y-globulin fraction and, 

poliovirus antibodies prepared in horses, are stable 
to 63° C. The inhibitors neutralixe the virus. This is 
contrary to the findings of Takemoto and Habel’, who 
concluded that the type I poliovirus inhibitors they 
studied were not neutralizing the virus but 
reducing the absorption and release of virus from the 
oells. In their experiment inhibitory serum was mixed 
with high titre virus suspension (5:4 P.¥.U./1 mL), samples 
being removed and titrated at intervals after mixing. 
Little or no reduction in titre was demonstrable. How- 
ever, equine poliovirus inhibitors usually have only low 
titres and in order to demonstrate neutralization in the 
type of test utilized by Takemoto and Habel it has 
been neceasary to use poliovirus suspension of low titre. 
In preliminary experiments using between 5-0 and 7-0 
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logis TOD, per 0:5 ml. of serum/virus mixture, no 
neutralization could be detected. This is not surprising when 


, the neutralization curves obtained with lower concentra- 


tions of virus ate considered. Thus, in one.of the type I 
neutralization curves the virus titre waa reduced from 3-7 
log, to 2-7 logie that is, 4,500 T'OD,, were neutralized. Ev 
allowing for a considerable elasticity in the neutralizing 
mper of a serum containing antibody, the number of 
TOD, which this serum sample would neutralize when 
mixed with 5-5—6-0 log,, TOD,4/0-5 ml. of poliovirus would 
not be readily detectable'by ordinary titration techniques. 
If these are antibodies, what are the antigens which 
stimulate their formation ? It 1s unlikely that polioviruses 
themselves form the stimulant, because: (a) the in- 
hibitors reach only low titres; (b) poliovirus has never 
been isolated from horses; (c) horses seem to be insus- 
ceptible to poliovirus infection. Sabin and Fieldsteel* 
were also unsuccessful in their attempts to infect calves 
with polioviruses. It is therefore likely that the antigens 
are to be found in other viruses or micro-organisms. If 
this is so, there will probably be several, as it is unlikely 
that one single virus or organism can infect horses, cattle, 
sheep, swine, monkeys and chickens. Much evidence has 
accumulated for antigenio relationships between the three 
types of poliovirus! and between polioviruses and the 
various enteroviruses!*!-, Among the polioviruses 
type IT has antigens in common with type I and to a 
leeser extent with type III. These relationships can be 
emphasized by heating the antigens’, by treating with 
formaldehyde” or by irradiating with ultra-violet light™. 


Such treatment probably alters the surface structure to . 


reveal other antigens. Mayer et al.! and Hummeler and 
Hamparian’ have demonstrated two distinct complement 
fixing antigens in poliovirus, one of which is ‘exposed’ by 
heating. The ability of II poliovirus to stimulate 
antibodies common to the serological types, particu- 
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larly type I, could be explained by ita deep antigens 
being more exposed. It is perhaps significant that in 
bovine, equine, sheep and monkey sera the typo II 
inhibitors are most cammon and type III least common. 
It is suggested that these inhibitors are antibodies to the 
more deeply situated antigens common to enteroviruses, 
and are stimulated by various enterovirus infections 
experienced by the host during ite life. The viruses m 
which these antigens are least concealed will most readily 
stimulate the formation of inhibitors and will be most 
sensitive to them when formed. 
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CONCEPT OF MULTIPLE MOLECULAR FORMS OF LACTIC 
| DEHYDROGENASE 


By Dr. N. RESSLER, J. L. 


SCHULZ and R. JOSEPH 


Department of Medicine, Wayne County General Hospital, Eloise, Michigan 


RI which have recently been reported 
by Conklin, Dewey and May! that treatment 
with butanol may convert the various ic dehy 

(LDH) isoxymes in a tissue 


i were detected in untreated rat kidney 
homogenate, but only a single band could be observed 
in & sample after butanol treatment. The explanation 
proposed by these authors is that the enzyme is associated 
with various lipoproteins or lipids which alter the electro- 
boretio mobility. The dissociation of these complexes 

meens of butanol would then permit all the LDH to 
migrate as a single band. Further corroboration, however, 
was felt to be necessary. . 

Since this theory questions the validity of the concept 
of multimolecular forma of enzymes, at least in regard to 
LDH, the effect of butanol on LDH activity was investi- 
gated further. The results, described here, demonstrate 
that increasing butanol treatment resulta in a progressive 
inactivation of the enzyme. Electrophoresis of purified 
isozymes provides no indication that butanol converts 
one isozyme into the form of another before complete 
inactivation. 

Heart, liver and kidney tissue homogenates were 
prepared from both human and rat sources. Approxim- 
i ee ee 
All samples were subjected to both starch-gel* and agar? 
electrophoresis, since some proteins migrate differently 


in the two media. Preparative regis was 
conducted in agar. LDH activity was detected after 
electrophoresis by the nitro-blue tetrazolium-subetrate 
solution described by Allen‘. The butanol treatment was 
conducted by adding various amounts of butanol to a 
series of tubes. The same amount of tissue ho 

or isozyme was then added to each tube and the contents 
mixed. The butanol addition was thus varied, while the 
enzyme addition was constant. Total LDH activity was 
determined by the method of Cabaud and Wroblewski'. 

The results obtained with human tissues are shown in 
Fig. 1. Increasing amounts of butanol caused a progres- 
sive inactivation of the enzyme. Measurement of total 
enxyme-levels in corresponding samples, after butanol 
treatment, demonstrated & decrease in activity to approx- 
imately 10 per cent of the treatment values. 

Fig. 2 shows the results obtai with isozymes isolated 
from human liver. Since the fourth and fifth bands showed 
considerable over ing, they were taken together as a 
single fraction. cient butanol treatment caused an 
almost complete loes of activity of all the isoxymes. 

Fig. 8 presents the results after electrophoresis of rat 
tissues. The butanol inactivation, apparent from this 
figure, was also confirmed by the measurement of total 
levels in corresponding samples. Tho untreated liver 
tissue exhibited a band migrating towards the anode in the 
starch gel. This fraction had been observed by Oonklin, 
Dewey and May only in the treated sample. The difference 
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Fig. 1. Blootrophoretio separation of LDH wcsymes in human tummies Migration towards 
the anodo is Daw Loh ert anis ara DA ed by:dashad les Btareh-gel separations 
aro 
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Fig. *. Electrophoretic separation of fsoxymes isolated from human liver The Dore whieh tes most rapidly towards the anode 
is on the left. Staroh-gel separations are abovo, ADA agar separations aro below: In tho bu ] additions per ml. of isoxyme wero, 
nghi, » 
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may be due to different quantities of enzyme applied to 
the gel. The corresponding band obtamed after starch- 
gel electrophoresis of kidney tissue appears to be the only 
one after butanol treatment. This is in agree- 
ment with the resulte of Conklin e£ al. The electrophoresis 
of the same samples in agar, however, revealed two 
bands in the treated kidney, corresponding in position 
to those of the untreated tissue. This may 
posibly bo rola to an allertion of mobility Dy the 
starch gel. 
- Attempta were also made to detect specific lipide 
associated with the human isoxymes by stamming tech- 


NATURE 


March 2, 1963 von 197 





niques, but none could be demonstrated. The conclusion 
which would Most consistent with these experi- 
ments is that ol treatment vides no ‘reason 
to question the concept that LDH exists m different 
molecular forms. 
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SOURCE OF THE GASTRIC MUCOSAL POTENTIAL DIFFERENCE 


By J. G. FORTE*, P. H. ADAMS and Pro, R. E. DAVIES 


Department of Phys! 
lar Bio! 
University 


T has been shown recently that the potential difference 
soroes frog skin is 


and inner cell membranes in the cells of the stratum 
germinativum!. However, there is no agreament as to 
the source of the electric potential difference across the 
stomach wall which has been known since 1884 (ref. 2). 


* Postdoctoral Fellow of the Pennsytvania Plan to Develop Bolentisis tn 
Medical Research. = 


$ 


E Shoa! of Medicine, and the 


of Animal Blology 


» School of Veterinary Medicine, 
nsylvania, Philadelphia 


Nutrient side: sodium chloride, 85-8 mMJ/L; 
chloride, 8-4 mM/1.; calcium chloride, 1-8 mM/1. ; potassium 
dihydrogen phosphate, 0-9 mM/L; magnesium sulphate, 
0-9 mM/l.; sodium bicarbonate, 17-6 mM/I. 

side: & similar solution with the sodium bicarbonate 
Both solutions contamed 


cent carbon dioxide and 95 per cent oxygen. In fourteen 
experiments the average transmuoosal potential difference 
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POTENTIAL DIFFERENCE (mv) 
L 
o o 


b CHLORIDE ADDED TO SECRETORY SIDE 


CONC.OF CHLORIDE (mM) 


Tha. 1. ETc Mn of ATO ihe nateni sido (e O: and to tle more 
sido ofa mnoosa bathed in Ringer's solution. difference 
no 1n the solutions for the mucose In (a) was + 24 mV and the rate of 

aad secretion (QH^) was 1-0 sequiv./om*/h. the Was rele tote TAL 

on ihe era a chloride solution to the side cansed the 
difference to changs from — 46 mV to a steady state of -B mV. ‘Bx’ 
the observed current of fons i: For tbo muoosi m) 

ihe difference in the chloride was +27 mV and the was 1-1 and did 

aignificanily in ‘or the slope are 


chloride was raised solution, 
Given as mY per tem toll ohange in iho conooniration of chloride 


at approximately 22° O was —30:7 + 6-0 mV (standard 
deviation). All values of the potential difference are given. 
for the secretory side with respect to the nutrient aids. 
m an external circuit. 

29 + '05 mmhoe/om?, and the 

rate of acid secretion {QH+) was 

48 + 1-1 pequiv./om*/h (1 om? = -80 


12 dry wt.) When all the 
chloride ions in the salt solutions 
were replaced by 2-hydroxy-ethyl- 
sulphonate (isethionate), the trans- 
muoosal potential differance 
changed from negative to positive 
and within a half-hour achieved a 
steady stato value of + 22-2 + 
4:6 mV, while the conductance 
became 1:0 + 0-4 mmhoe/om? and 
the rate of hydrogen ion secretion 
L0 + 0-2 uequiv./om*/h. The 
electrical effeota were similar in 
direction but much greater in 
magnitude than those observed 
when the chloride in the bathing 
media is replaced by sulphate 
(which. is less permeable than 
chloride and very inefficiently 
transported by the gastric mucosal 
pump'). The effects in ise- 
thionate solutions were completely 
reversible for at least 7 h. 430 

Fig. 1 shows the changes o 20 . Y, 60 100 
in potential difference follow- 
ing serial addition of chloride 
to isethionate solutions on the 
(a) nutrient and (b) secretory 
sides. Fig. 2 shows similar 
changes’ during anaerobiosis 
and following the reintrodus- ai time 
tion of oxygen during condi- 


tial resulting 
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tions where acid secretion: occurred 
or was inhibited. 

The results support the view that 
there is & chloride diffusion potential 
across the nutrient (but not the 
secretory) surface, and that there 
are electrogenic hydrogen and chloride 
ion ion pan at the secretory surface‘. 

oo for this view is as 
awe 

The reversible change from a nega- 
tive to a positive polarity when ise- 
thionate completely replaced chloride 
on the nutrient side shows that 
chloride is necessary for part of the 
neturally occurring potential differ- 
ence. In isethionate solutions, with 
no external chloride, the rates of acid 
secretion were considerably leas than 
those observed in the normal chloride 
solutions, presumably because the 
isethionate accompanying the hydro- 
gen ion is at least ten times less 
permeable. Fig. 1 shows that for 
the change from 1-6 mM chlorido 
on the nutrient side the QmH* more 
than doubled (AQu+ = 1-8) and tho 
potential difference increased at the 
rate of —15 mV for a ten-fold con- 
centration change. However, for 
the change from approximately 15 
to 60 mM chloride the AQn* was 
only 0-4, but the rate of incroase 
of the potential difference was — 54 
mV for a ten-fold concentration 

in chloride and thus ap- 


change 
the value of —58 mV for a ten-fold change 
ohmic by the Nernst equation for a diffusion poten- 
from an ionic concentration gradient. 
The mucosal conductance was This suggesta that there is a chloride diffusion potential 


to 
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a) H* pump alone 


secretory nutnent 
isethionate + ---——-------------------- isethuonale 


secratory 





b) Cl” pump alone 


secretory secretory 





(ortfuston 
id potential 
+ 


Fig 3 


four oj 


Behematic representation of the mecshanumm of 
Sundiiods (ee also Daries (rar b tus. 


impermeable rdi eer re EE Uer 
biearbonate ions. (s) a pump alone in 
mucosa even after many hours, tà. this so 


ron; (D) OL on 
naturally or In the iistaia; (c) tho IL, And OF pumps ere normally in 
opeation during acid secretion: "nd (@ and (0) o Ht at GE pumps are 2n operataon under condibana fash 


as anana, 2,4-dinftropbenol 


across the nutrient surface, but that normally ıb i8 
masked by the postive potential caused by hydrogen 
ion secretion. Furthermore, the imsensitivity of the 
potential difference to changes of chloride on the secretory 
aide shows that no chloride diffusion potential is developed 
across this surface. The small o in potential ahown 
in Fig. 1b might be the result of 
from the secretory to the nutrient solutions. Changes in 
the bicarbonate concentration from 5 to 30 mM in tho 
nutrient solution were without significant effect on tho 
potential difference, so ıb is unlikely that there is a bicarb- 
onato diffusion potential across the nutrient surface 
(Fig. 8e). 

Fig. 20 shows that a chloride diffusion potential at 
the nutrient surface can develop ın the absence of oxygen 
although it dissipated as chloride entered the cells. On 
re-establishment of the energy supply (Fig. 2D and EZ) the 
cells were able to pump out the chloride which had 
accumulated in the absence of oxygen; thus they could 
restore the anionic concentration gradient and the reeult- 
ing diffusion potential. These findings agree with the 
resulta of several authors that the chloride concentration 
withm the oxyntic oells is normally low relative to tho 
external oonoentration"', and that the intracelular 
chloride conoentration mcreases when oxidative phos- 
phorylation is inhibited by 2,4-dinitrophenol* which 
also destroys the trangmuooeal potential differance’. 

The chloride pump causes a net flow of chloride through 
the secretory surface!*. Since it can operate in the absenco 
of acid secretion and with no exchangeable anion on the 
secretory surface, and since the chloride concentration 
within the cells 18 low, the chloride pump seems to be 
electrogenic, that 18. capable of producing & net transport 
of electric charge. 

Tt has been shown that the potential differance across 
the gastric muooea in chloride Ringer’s is unaffected by 
changes in pH from 2 to 7 on the secretory mde". In 
wethionate solutions we have similarly found that the 
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potential difference 18 insensitive 
to the aforementioned pH changes. 
Thus, there 18 no significant hydro- 
gen ion diffusion potential &oroes 
the secretory surface. Since the 
secretory surface is relatively im- 
permeable to hydrogen ions, the 
positive potential found durmg 
acid secretion in isethionate solu- 
tions (Fig. 2 4 and E) is taken 
to be the result of an electrogenic 
hydrogen pump. This potential 
can be abolished by suitable inhibi- 
tors of acid secretion (anoxia or 
thiocyanate, Fig. 2 B and E). Tho 
magnitude of tho moasured hydro- 
gen 1on potential would depend on 
local short orcuite through the 
mucosa which, ir turn, are relatod 
to the permeability of the mem- 
brane. Thus m solutions contaming 

, isethionato, but no chloride, whore 
the mucosal conductance was low, 
we have found that mlubition ot 
acid secretion roenlted in larger 
itrangmuoosal potential changes 
than in chlorido-containing solu- 
tions. 

Fig. 3 is a schomatic ropreeenta- 
tion of the sources of the gastric 
mucosal potential difference under 
four different conditions. (It should 
be noted that states b and c are 
usually found together in any given 
mucosa.) Both the hydrogen and 
the chloride pumps are taken to be 
electrogenic in that if either of them 

operates alone ıt produces a soparation of charge and 
hence an electromotive force. When the mucosa ia 
secretmg hydrochloric acid, the hydrogen pump and 
the chloride pump both operate, and, since the ions 
are egual and opposite ın aign, there is no net charge 
transfer and hence no devolopod electromotive forco 
associated with hydrochlorio acid secretion per se. So 
long as the chloride pump is in operation, it maintains 
the intracellular chloride concentration at values below 
that of the bathing solutions, and hence a chloride diffusion 
potential develops acroas the nutrient side of the oxyntic 
sae This causes a polarity across the mucosa—tho 
dp ers being negative with reepect to the nutrient 
sido. the absence of a permeablo anion, such as 
chloride (or bromide, iodide, nitrate, oto.1%:13), or in tho 
presence of metabolic inhibitors which reduce or abolish 
the concentration gradient, the chlomde ion diffusion 
potential is lowered or absent. 
This work was aided by U.8. Public Health Service 
grant 45707. 
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NORMAL HUMAN SERUM 


By Pror. SIDNEY C. WERNER and Dr. ILDIKO RADICHEVICH 


Departments of Medicine and Blochemistry, Columbia University College of Physicians 
and Surgeons and the Presbyterian Hospital In the City of New York 


ERNER and Block! obeerved & between 
iodine-181 and iodine-127 content of iodotyrosines 

in chromatograms of serum of healthy human subjecta 
given a labelling dose of iodine-131. No iodine-181 iodo- 
tyrosines were found, whereas in the same chromatograma, 
iodine-127 iodotyrosines, both diiodotyrosine (DIT) and 
monoiodotyrosine (MIT), constituted a sizeable percentage 
of the total iodine. The same group of workers further 
demonstrated that neither radioiodide nor labelled 
thyroxine (T,*) was converted to labelled iodotyrosines 
by the extraction and chromatographio procedures 
originally used? or by several other methods. It was also 
noted that stable iodotyroaines were present in chromato- 
grams of normal rat serum, and additional evidence was 
furnished’ that the iodotyrosine titre in human serum 
extracte probably varied, with pathophysiological change. 
The present experimenta were designed to determine 


further the identity of the iodine-127 iodotyrosines ` 


extracted fram serum with standard compounds, MIT 
and DIT. Two techniques were adopted: isotope dilution 
and derivative formation by dinitrophenylation. With 
the isotope dilution method, small concentrations of 
iodooompounds were determined when dilution oocurred 
of the appropriate standard compound of known specific 
activity added to the serum before ing. By dinitro- 
phenylation, bis(2, 4-dinitrophenyl)-derivatives of both 
DIT and MIT were formed which were then identifiable 
chromatographically by comparison with diphenylated 
standard MIT or DIT of known speoiflo activity. Addition 
of either of these compounds to the serum prior to dinitro- 
phenylation permitted both autoradiography and isotope 
dilution studies. 

Blood for the experiments waa secured fram healthy 
inodical students, and the sera therefrom pooled and. used 
immediately. Jodme-131 diiodotyrosme and monoiodo- 
tyrosine (Abbott) of known specific activity were then 
added to separate aliquots of pooled serum and one of 
the two types of experiment mentioned here conducted. 
Several pools of serum were used during the study. 

In all experiments, two-dimensional chromatography 
.was performed with two different solvent systems. 
Radioactive areas were then identified by sautoradio- 
graphy, the appropriate areas of the paper cut out, and 
the radioactivities measured. Iodine-127 concentrations 
in these areas were determined either directly as DIT or 
MIT by the oerio sulphate—arsenious acid reaction, or in 
tho cane of the dinitrophenylated derivatives, as iodine-127 
following combustion in oxygen. 

Serum for the isotope dilution experiments was pro- 
ceased by the methods,ysually adopted in this laboratory‘. 
and the final extract chromatographed on paper. For 
dinitrophenylation, the iodotyrosines were first separated. 
from the other iodinated ands in serum by column 
or by peper chromatography, and the derivatives then 
P . 
all experiments, saline solutions containing 0-50 per 
cent sodium chloride, the average of human serum, were 
used as controls and processed the same as the serum. 
Full details of the procedures as well as the recovery and 
other salient data not presented here are being published 
elsewhere". 

Tables 1 and 2 show the pertinent resulte. The wide 
Tange of individual values shown for the isotope dilution 
expetiments was accounted for by several factors: (a) the. 


amount of isotope added to the serum; (b) the serum 
le used which may affect tho chemical reaction 
eod to quantitate iodine-127; -(c) to a limited degree, 
the solvent systems. Bmoe greater purification is achieved 
with the compounds to be dinitrophenylated, this prob- 
ably accounts for the greater uniformity of the values for 
this part of the study. Also, the quantitation of stablo 
DIT and MIT is more reliable with the combustion pro- 
cedure than with the catalytic method used for tho 
isotope dilution study. 
Table 1. IDENTUHOATIOY BY ISOTOPE DILUTION OF IODIN3-127-MOXO- 


IODOTYROSINE AND IODTIX2N-127-DiIIODOTIROSINE IN HITRACTB OF NORMAL 
Humax BERUM 


Isotope dilution 
(resin of intila] tO inel nece oth den) 


Solvent system IT 
BDA':2BA 2:3 * 
2 BA : BDA 19 5:8 
BDA : BAo 30 17 
BAe: BDA 41 14 
2 BA: BAo 5-6 86 
BÀo:28 BA 2-8 2-1 
* Value not 
BDA, z-butano! : dioaxans : ERAN Cic 
32A, sexbutanol : 1-6 N ammonia (31) 
AAs, »-buisnol: gteolal acetic acid : water (0:1:2 5) 
Table 2. IDENTOMOATION BY DERIVATIVE FORMATION THROUGH DINITRO- 
PIENYLATIOX OF TODURM-137-MOROIDDOTTEONLEE AND JIODINE-127-Di- 
IODOTYROSINE IN NORMAL HUMAN BEZUXM 
Hatimated serum content t 
(ratio of initial to final 
Dir Hg/100 ml. a/100 ml 


determined, » 
+ Corrected for losses during extraction. 


The avetage concentrations of diiodotyromne m the 

original serum before extraction have been estimated, 
from the dinitrophenylation procedure (Table 2). The 
results agree reasonably well with those origmally Pee 
by this laboratory! and by Beale and Whitehead’. 
latter used ẹ double isotope dilution technique sithouge 
the completeness of the chromatographic separation 
of the final producta has been questioned. About a third 
of the extractable serum iodine appears to be present as 
iodotyrosines. 
Proof that the compounds considered to be iodotyro- 
aimes do in fact contain iodine and hence that the catalytic 
reaction to measure iodine was not being produced by 
non-iodinated materials has been furnished by neutron- 
activation is. ‘Both Stark and Knorr’, and 
Dimitriadou, Turner, Slater and Fraser!’ have extracted 
normal human -serum and identifled the formation of 
iodine-128 in the iodotyrosine areas of the chromato- 
grams. Their calculations of the amounts of iodine-127 
present in serum correspond reasonably well with the 
original estimates of Werner and Blook!. 

Dimitriadou et al. later reported that the proportion 
of iodine-127 iodotyroeines in normal sera and in sera 
from thyrotoxio patiente was leas if a resin column was 
used for the extraction procedure. A similar observation 
has been made in our laboratory. Dimitriadou e£ al.!! and 
Wellby and Hetzel", using different methods, also con- 
firmed the fact that iodotyroemes are not formed during 
extraction from the other iodocom: ds normally preeent 
in serum or plasma. The latter Sorbets, however, were able 
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to identify iodine-127 1odotyrosines ın normal serum only 
when the serum protein-bound iodine values were at the 
upper limita of the normal range or were moreased by 
pre-treatment of the donor with thyrotropin. 

All in all, the evidence seams almost incontrovertible 
that iodotyrosines are extracted from normal human 
serum by the usual procedures for chromatography. The 
present investigation indicates that both DIT and MIT 
are involved. The materials extracted from serum and the 
appropriate standard compounds behaved identically 
on isotope dilution and derivative formation. It is 
improbable that two other iodinated compounds have 
been bebaving in so many systems like DIT and MIT 
and yet are different. 

If iodotyrosines are present in extracts of normal serum, 
the question remains whether they exist as such in the 
original serum. It is more probable that they do not, in 
view of the short half-life in vivo of several hours for 
these substances. Rather they may be liberated fram 
other compounds in the course of preparation for ahroma- 
tography by splitting of bonds which are unstable at 
pH 3-4. This poesibility is at present under investigation. 
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BINDING OF INSULIN TO A MUSCLE CELL MEMBRANE PREPARATION 
[By Dr. P. M. EDELMAN, S. L. ROSENTHAL and Pror. I. L. SCHWARTZ 


Department of Physiology, University of Cincinnati Medical Colle, 
Brookhaven National Laboratory, T; 


ECENT invætigations!-* suggest that the primary 
action of insulin is on the permeability of cell mem- 
branes. This idea may aocount for the effects of the hor- 
mone in broken-cell preparations as well as in tissue 
preparations with intact cells if the concept of the cell 
membrane is broadened to include endoplasmic reticular 
extensions and tho membranes of sub-cellular organelles. 
Following on the initial demonstration that insulin 
was bound to muscle”! and the elucidation of the structure 
of insulin*!*, evidence was presented that this binding 
involves & sulphur-eulphur linkage between hormone and 
target tissue". In the work reported here, skeletal 
muscle cell ghosts were prepared for use in studying the 
chemical nature of the attachment of insulin to a relatively 
pure oell-membrane pre n 
e-Dawley fins (150-200 g) were fasted 
for 18-20 h, killed by dica em &nd the femoral 
musculature removed. The intact excised muscles were 
then incubated in 15 ml. of phosphate—bicarbonate unes 
ium!* containing 1-2 ml. of ™J-iodoinsulin (spec 
activity 7-85 and 2-96 mo./mg, Abbott Lot No. IN 000-0, 
No. IN 099-22, , and contammg 005 mg 
msulin/ml.), at pH 7-4 and 37° C. 95 per cent oxygen 
and 5 per cent carbon dioxide were gently bubbled through 
the medium. The contralateral limb musculature was 
used for control studies. 

After 80 min incubation, the muscles were removed 
from the medium, washed 8 times in normal saline, bathed 
in 10° M N-ethylmaleimide (NEM) for 3 min to bind 
available SH. groups, washed 3 times in 0-01 N hydro- 
chlorio acid and then 6—8 times in a solution of 8 M urea 
in 0-015 N hydrochloric acid, after which the radioactivity 
in the supernate was at background levels. 

The musoleo was then sheared and shredded by a modi- 
fication of the method of Wang!* and membranes were 
prepared by a modification of the procedure of MoColle- 
Bber!*. During the preparation, samples were inspected 

larized light!" and the washings disoontinued when 
half. the muscle cell membranes appeared as hyalme 
tubules. The membrane suspension was divided into 
4 equal parte in 4 seperate tubes, and aliquots of the 
uniformly dispersed membrane preparations were assayed 
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for protem by the method of Lowry" and for radioactivity 
in & well-type scintillation counter. 

To free the preparation further of insulin bound in 
electrovalent linkage, these four tubes were shaken for 
lh at 87° C in & solution of 8 M urea and 0-1 M sodium 
bicarbonate (pH 8) under an atmosphere of nitrogen. 
After this and subsequent incubations, the membrane 
suspensions were centrifuged (1,200g) and the radioactivity 
and protein of the membrane and supernate determined. 
The membranes were then resuspended in 5 ml. of 
fresh media containing 0-1 M serme, 0-1 M methion- 


‘ine, 01 M oysteine or 0-1 M f-mereaptoethylamine in 


&ddition to 8 M urea, and 0-1 M. sodium bicarbonate 
(pH 8). After replacing the air with nitrogen, the tubes 
were stoppered and shaken (100 oscillations per min) at 
87° C. At 30-min intervals the tubes were 

and an aliquot of each membrane preparation and the 
supernate derived from it were assayed for protein and 
radioactivity. The membranes in each of the 4 tubes 
were then in fresh aliquots of their respective 
suspension solutions, the tubes again gassed with nitro- 
gen, stoppered, and the moubation continued with shakmg 
at 87° O. 

After 210 min of washing, the specific radioactivity of 
the membranes (defined as o.p.m./mg membrane protein) 
exposed to methionine or serine (the controls) reached a 
plateau at a level of 25 (- 2 per cant) of their mitial radio- 
activity. When these membranes were then incubated 
and washed with erther B-mercaptoethylamine or cysteine, 
their specific radioactivity consistently dropped to a new 
plateau within 2h; the residual labelling of the membranes 
now amounting to 5-8 per cent of the original (pre- 
incubation) level. Membranes that were washed in thiol 
compounds from the inning also dropped to the 5-8 
per cent plateau-level within 8 h (Figs. 1 and 2). (We 
observed that the thiol compounds caused a continuous 
dissolution of the muscle membrane which was minor but 
significantly greater than that noted in the control experi- 
ments. This phenomenon was, of course, taken into 
consideration in the calculation of the specific activity. 
It should be noted that the speaiflo activity of the mem- 
brane preparation ultimately rises, Indicatmg solution of 
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unlabelled or relatively lightly labelled protein 


components.) 

To determine the amount of ™I labelling in 
each chain, an aliquot of !!! I-msulin was oxidized 
with performic acid!) and the chains separated 
by counter-current distribution*. The A and B 
chains were found to have 56 and 44 per cent, 
aaa of the total radioactivity. 

us, when insulin was attached to muscle 
tissue under the conditions already described (and 
when the remaining free RH groupe in Sis 
membrane were then reacted with NEM) it 
fouud hae efe Abodamovel at tha eunped end 
eleotrovalently bonded !'"L-1odoimsuUn, a signifi- 
cant amount of radioactivity (25 per cent of the 
original level) remained bound to the membrane. 
This residual radioactivity was further. reduced 
to 5-8 per cent of the original level when theee 
membranes were subjected to thiol reagenta, 
suggesting that this final reduction in membrane- 
bound iodine-181 was the result of cleavage of 
an S88 bond between hormone and muscle cell 
membrane protein. ` 

Since insulin poeseaseg 2 8—8 bonds linking the 
A and B chains, one must consider the possibility 
~ that it is these interchain 8—8 bonds which are 
aleaved by the thiol treatment. However, this 
possibility would allow a maximum 44 per cent 
release of additional radioactivity to be effected 
specifically by the final thiol treatment. The 
' fact that a 67-80 per cent release of additional 
radi occurred as a result of the thiol 
treatment strongly that the initial hormone- 
tissue reaction involved the formation of an 8—B bond 
between membrane protein and the half-cystine moiety 
in position 6 and/or position 11 on the A cham of the 
hormone 


Another possibility nob exeluded is that the A and B 
chains are involved m the separate attachment of these 
chaing to the tissue. This alternative seems unlikely, 
hpwever, because the individual chains are neither eesily 


separated nor physiologically active™. 
B COME added at 
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Dos gre p d 10-* M NEM (to block 
SH. groupe) bound approximately 50 per cent leas !"]— 
iodomsulm than did the control tissue whiah was not 


iodomsulin bound in both the NEM-pretreated and the 
control whole mugoale varied greatly; the bound 10doinsulin 


membranes i 
tionship was maintained throughout the procedures de- 
signed to release eleotrovalenily bound radioactivity. 
However, the thiol compounds reduced the specifle activity 
of the control membranes and the membranes from NEM- 
pretreated muscle to the same level. This suggesta that 
not all the membrane SH groups which may be serving 
as insulin-binding sites were chemically or physi- 
cally available to NEM, but that the NEM 
which did reach and react with the musclo membrane 
indeed blocked hormone attachment at 80 per cant of the 
available sites. In view of the finding that the release 
of bound radioactivity was effected similarly from mem- 
branes prepared from NEM-pretreated and from control 
muscle, it appears that the mode of attachment of hormone 
to membrane may be qualitatively unaltered by the 
partial binding of NEM to the membrane as a whole. 
Whole muscle boiled in saline for 3 min produced 
extremely variableresults: the specific activity of the boiled 
muscle seemed +o be in inverse relationship to the amount 
of connective tissue as determined by histological appear- 
ance. When moderate amounts of connective tissue were 
present, the boiled whole muscle bound ximately 
15 per cant more radioactivity, a finding which corresponda 
to that of Mirsky and Perisutti™ on whole musclo tissue. 
The muscle membranes obteined from boiled tissue had a 
specife radioactivity amounting to as much as 600 per 
cent of that of membranes prepared from the unboiled 
control muscle. However, the boiled membranes dissolved 
readily in the urea—bicarbonate media and even more so 
in the media containing thiol During the 
washing of the membranes to remove olectrovalently- and 
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disulphide-bound iodoinsulin, the specific activity of the 
‘boiled’ membranes decreased at twice the rate (200 per 
cent) of the ‘unboiled’ control membranes. It ap 
therefore, that bailing di ta the membranes, causing 
a variably greater non. ifle binding and trapping; the 
heat denatured membrane neither binds nor releases 
1*1T-iodoinsulm in a reproducible manner. 

In summary, & relatively pure preparation of cell mem- 
branes was isolated from rat skeletal muscle which had 
been allowed to react with physiologically active iodo- 
ilar Bed ule odine i 1. These membranes were 
ound to be extensively labelled, the radioactivity being 
bound through both electrovalant and covalent (disul- 
phide) linkages. These findings are consistent with the 
hypothesis that the action of insulin on membrane permea- 
bility is initiated by a thiol-disutphide i reaction 
involving the cyclic disulphide on the A cham and gul- 
phydril groups on the receptor protein of the target tiasue. 

We thank Dr. Viotor Bond of the Brookhaven National 


the U.S. Publio Health Service (grant No. 4-656585), and 
by the U.8. Atomic Energy Commission. 
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SPECIFIC METABOLIC REPRESSION OF INDUCED ENZYMES IN 
ESCHERICHIA COLI 


By Da. ELIZABETH McFALL and Dr. J. MANDELSTAM 
National [nstitute for Medica! Reseerch, MIII Hill, London, N. W.7 


NDUCTION and repression are two mechanisms which 

appear to have been evolved in bacteria to ensure that 
certain enzymes will be produced at a high rate only when 
they can function usefully in the chemical environment. 
The selective advantages of directed enzyme synthesis are 
obvious, and the fact that at least 100 enzymes may be 
controlled in this way! means that a substantial saving in 
protein synthesis ia achieved. In general, repression is the 
control mechaniam for biosynthetic enzymes concerned in 
the ion of amino-acids, purines, pyrimidines sand 
possibly oo-faotors. The inhibitory effect of amino-acids 
on the formation of enzymes involved in their own 
synthesis waa first noted by Monod et al.*, and later termed 


On the other hand, many degradativo enzymes are 
controlled by induction, that is, they are not produced 
unless their substrates or chemically similar Inducers are 
present. On the basis of genetic experiments with the 
P-galactoaidase system the following explanation of 
induction was proposed (see Jaoob and Monod’). The 
gene responsible for inducibility (++) causes the formation 
of a specific repressor (E). This prevents the functioning 
of the gens (s) which specifies the structure of B-galactoe- 
idase so that little or no ensyme is formed. If an inducer 
is added it reverses the action of R, and the enzyme is 
produced. freely. 

There is, however, an additional control on the produc- 
tion of f-gelactosidase and other degradative-induced 
enzymes. This is commonly manifested as the ‘glucose 
effect’; in which glucose prevents enzyme formation even in 
the presence of inducer. bursa oe palin oa y ol es 
glucose; if any source of carbon and energy ia ex 
stve (for example, by restricting nitrogen), it will exert a 
similar ion. This is consistent with the earlier 
- Buggestion* that it is nob glucose itealf but metabolites 
derived from it which produce the affect. 


“metabolis 


We have examined the glucose affect to determine 
whether the repression ia due to formation of greater 
amounts of R, or whether there is a separate metabolic 
repressor. If the metabolic repreasor were the same as R, 
it ahould have the following properties: (a) it should not 
be formed at all by constitutive (*-) strains because these 
have lost the ability to produce functionally active B; 
(b) ita action should be reversed by adding sufficient 
inducer; (oc) it should have no effect on the constitutive 
strains designated O°. These are still t+, that is, they still 
produce #, but have undergone a mutation which renders 
them insensitive to it. 

An earlier investigation showed that the constitativo 
(47) strain was in fact susceptible to repreeaion by glucose 
and all other carbon sources tested, and that oven a 
moderate degree of ion was not reversed by adding 
large amounts of induoer!*. Finally, we have confirmed 
Brown's observation! that the O* mutants are also subject 
to carbon source repreasion. On all these criteria, there- 
fore, the metabolic repressor is a separate control factor 
acting at some pomt which does not involve the three 
factors of the Jacob-Moncd model: the 4 gene, the 
inducer or the O% locus on the chromosome. 

The next problem was to determine whether & common 
exists for all enzymes showing the 
'gluoose affect’ or whether there is a specific repressor for 
each. This was examined using three enzymes known to 
be subject to metabolic repression: f-galactomidase, 
D-serine deaminase and L-tryptophanase. s culture 
of E. cols induced for the three enzymes was subjected 
to nitrogen- or magnesium-deprivation in a continuous- 


that the two latter enzymes behaved 

suggested that they had a common repressor 
which differed from that of B-galactoaidase. This led us 
to teat the effect of pyruvate, which is an end-product of 
enryme action both for serine deaminase and for trypto- 
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phanase, and of galactose, an end product of £-galactoa- 
idase action. Pyruvate proved to be an even more 
effective repressor for tryptophanase than glucose while 
galactose was almost inactive (Fig. 1). Serine deaminase 
was examined in the continuous flow apparatus because & 
transient toxic effect of D-serine made the results of flask 
culture experiments difficult to interpret. Again, pyruvate 
repressed, while did not. On the other hand, 
galactose was an efficient repressor for B-galactosidase 

In most experiments it was somewhat more 
than itself, while pyruvate failed to 
repreas at all (Fig. 2). Other carbon sources have been 
tested for repressor action but none was as efficient as 
galactose for B-galactosidase or as pyruvate for trypto- 
phanage. These results are consistent with the assumption 
(gee above) that glucose acta, not as such, but because it 
is rapidly metabolized and is thus capable of giving rise 
to large amounts of intermediary metabolites like galactose 
and pyruvate, which act as specific repressors for different 
enzymes. The validity of this interpretation and objec- 
tions to it are considered. in more detail elsewhere. 

It appears, therefore, that inducible enzymes producing 
carbon and energy for the cell are each controlled by two 
specific repressors. Production of one repressor is con- 
trolled by the + gene, which determines the property of 
inducibility or constitutivity. The other repressor oon- 
trola enzyme production both in constitutive and induc- 
ible strains, and seems to be the immediate end-product 
of the reaction or some closely related substance. 

Other instances have been reported im which end- 
products repreas the synthesis of degradative enzymes; 
seo, for example, the effect of succinate on isocitratase 
produotion!*. 

These findings suggest that end-product repression is & 
fairly general mechanism for controlling enzyme bio- 
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synthesis, and that it operates both in biosynthetic and 
catabolic pathways. However, in some of the latter 
induction provides an additional and independont control. 
The value, in terms of protem economy, of having this 
second type of regulation can best be appraised by 
considering what would bappen if only one type of 
repressor were present. If the oella possessed the genetic, 
but not the metabolic, repressor, the enzyme would be 
produced in response to the substrate even in the presence 
of good carbon sources like glucose, which were already 
supplying sufficient carbon and energy. Conversely, if 
there were only the metabolic repressor, & state of carbon 
starvation would cause the synthesis of the previously 
enzyme, whether its substrate were present or 
not. The possession of two repressor systems ensures that 
the enzyme will not be synthesized unless the substrate is 
present, and even then only if the level of intermediary 
metabolites has fallen to & low level. 
One of us (E. M.) thanks the U.S. Publio Health Service 
for a special research fellowship. 


L Mandelstam, J., Beat, Rev., 24, 289 (1060). 
2 Cohn, XL, and Monod, J., in Adaptation in M 

Boe. Gen. Mierobiology (Camb. Untv. Press, 1965). 
id gel, HE J., in The Ohemical Beris of Development (Jobas Hopkins Pron, 


1 Gorini, L. W., and Burger, M., Cold Spring Harbor Symp. 
Quant. Diol., 86, 173 (1961). 

» Maas, W. K., Cold Spring Harbor Symp. Quant. Biol., 96, 183 (1061). 

* Vogel, H. J., Cold Spring Harbor Symp. Quant, Biol , 38, 103 (1961). 

* Jacob, F., and Monod, J., J. Mol. Biol., 8, 318 (1961). 

? Mandeistam, J., Biochem. J., 79, 480 (1061). 

* Neiihardt, F. O., and Magasanık, B., Nature, 178, 801 (1066). 

 Mandelstam, J., Biochem. J., 88, 499 (1061). 

1 Brown, D. D., Cold Spring Harbor Symp. Queni. Biol., 88, 254 (1901). 

n enba is e Collins, J. F., and Bigley, D., Biochim. Brephyl. Acta, 


s, Third Symp 


882 


NATURE 


March. 2, 1963 


VoL.3197 


ENVIRONMENTAL CONTROL OF FLOWERING IN DACTYLIS GLOMERATA: L. 


By D. M. CALDER 5 
Welsh Plant Breeding Station, Aberystwyth 


OT Y LIS glomerata has been shown to be a long-day 
plant’, but before responding to long days it must be 

fully mduced and there is some confusion over the nature 
of induction in this species. Somo workers claim an induo- 
tive requirement of cold temperatures only’, others short 
photoperiods', while still others suggest that both low 


temperatures and short days are necessary’. In a few 
instanoces’:* complete failure of induction haa been 


In recent investigations at the Welsh Plant Breeding 
Station on the environmental control of flowering in 
D. glomerata certain aspects of behaviour have been 
revealed of which the following are significant: (1) germin- 
ating seed and young ode do not respond to oold 
vernalization; (2) plants wn from germination in 
continuous light fail to head; (3) plants grown 1n natural 
long days without any cold or short-day induction can 
head; (4) overwintered plants head more rapidly in con- 
tinuous light compared with 16-h photoperiods. 

These apparently confusing resulta may be explained 
by suggesting that from germination individual plante 
must pass through & number of developmental stages, 
each with ite own environmental requirement for most 
rapid completion. The following three stages are postul- 
ated for D. glomerata: (1) juvenile, (2) inductive, and (8) 
post-inductive. 

Juvenile. During this stage the plant is completely 
insensitivo to environmental conditions which later 
promote flowering. It is believed to be a stage when thi 
plant is increasing in size and weight but is not making 
any progress towards flowering. The existence of such & 
stage could account for the faure of seedling induction. 

Inductive. On the completion of the juvenile stage 
planta enter the mductive stage during which they are 
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sensitive to inductive conditions. It is suggested that 
darkness is the essential environmental factor for com- 
pletion of induction, mnoe plants of D. glomerata fail to 
head when grown from germination in continuous light, 
but. will head in long days without exposure to cold 
temperatures or short photoperiods. It is possible that 
complete induction is achieved either by exposure to a 
certain number of hours of darkness, or by e to a 
certain number of diurnal cycles of light and dark. 
Temperatures during induction may influence the effi- 
ciency of the dark exposure. 

Posi-induciive. This state is achieved on the completion 
of induction, and during it D. glomerata behaves ad a 
typical long-day plant. $ 

Tt should be possible to tost these postulates by growing 
planta for varıous lengths of time under oontinuous' light 
conditions and then transferring them to long days and 
recording the number of days from germination to head- 
ing. Fig. 1 is the hypothetical graph which may be 
expected from the foregoing postulates when plotting tame 
from germination to heading (Y axis) against length of 
time in continuous light (X axis). To achieve a graph of * 
this form there must be a number of assumptions: (1) 
that there ıs a juvenile stage whioh, for the purposes of 
the present argument lasta, say, 4 weeks: (2) that oontinu- 
ous light 1s developmentally neutral when experienced 
before complete induction; (8) that darkness alone. as 
opposed to short-days, 1s necessary for induction. 

In this hypothetical graph the time from germination 
to heading in planta which have had no exposure to 
continuous light (vertical line 4) is taken up with the 
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length of the juvenile stage, plus the time taken for the 
plant to be y induced (6 weeks), plus the time necessary 
for post-inductive development (4 weeks). After a period 
in continuous light shorter than the juvenile stage (vertical 
line B) the time taken to head is the same aa for those 
plants which had no exposure to continuous light, be- 
cause the juvenile stage is not completed while the plants 
are in continuous light and on completion of the juvenile 
stage these plante are in the inductive environment of 
long days. Thus for any period of time in continuous 
light shorter than the juvenile stage there should be no 
increase in the time taken to head. After a longer period 
in continuous light, say, 12 weeks, the time taken to head 
is longer (vertical line C). For the first four weeks in 
continuous light the planta are juvenile. On completion 
of the juvenile stage these plante cannot become induced. 
since they are still in continuous light; they are increasing 
in size but are making no progress to ing. On being 
placed in long-days they immediately respond to darkness, 
and head after induction and post-inductive development. 
Thus for every increase in to continuous light 
after the completion of the juvenile stage there should 
be a similar increase in the time taken to head, resulting 
in a slope of 1. This proportional increase in time will 
hold, provided thet exposure to oamtinuons Tight dece Hot 
inhibit later stages of development, provided also that 
there is no progress to flowering in continous Ughi Mu 
that neither i ive nor post-inductive development is 
more rapid in older plante. 

An i as outlined here was carried out using 
D. glomeraia variety 5.148. After various times in con- 
tinuous light in a warm glasshouse the plants were placed. 
in either & 17- or 14-h photoperiod. The results are seen 
in Fig. 2, each point representing the median days to 
heading of ten plants. 

The co ence between this graph and the hypo- 
thetioal graph is close and it is evident thet with increasing 
exposure to continuous light above 5 weeks there is & 
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corresponding increase in the time to heading. Exposure 
to continuous light before the plante are 5 weeks old has 

y no effect. It is also evident that heading is 
more rapid ın 17-h than in 14-h photoperiods. 

On the basis of this experiment it is suggested (1) that 
D. glomerata 3.143 has a juvenile stage which under the 
present conditions lasta about 5 weeks; (2) that there is 
no to flowering in continuous light prior to induc- 
tion; (8) that continuous light before induction does not 
inhibit induction or poet-induotive development; (4) 
that the time neceasary for induction and post-inductive 
development is not altered by the age of the plant. The 
net affect of a 17-h photoperiod compared with one of 
14 his to decrease the time to heading, but since at present 


complete, apart from observing subsequen 
ib is not poemble to say whether this effect is brought 
about by influencing the time needed for induction or 
post-inductive eir. Moni 

Such a three-stage development has not been described 
previously in grasses and it may be general for D. glomerata 
since other varieties investigated behaved in & similar 
manner. It is believed that this rather complex relation- 
ship between stage of development and photoperiod could 
account for the varying interpretations of the nature of 
induction in this species. These investigations were carried 
out on the main tiller of each plant; whether later-formed 
tillers behave in the same way and, in particular, whether 
they have a juvenile stage has yet to be determined. 

I thank Dr. J. P. Oooper for his advice, Prof. P. T. 
Thomas for providing facilities for this investigation. 
and the Agricultural Research Counoil for financial 
support. 


RADIOACTIVITY IN’ LARGE MARINE PLANKTON AS A FUNCTION 
OF SURFACE AREA 


By Prof. CHARLES OSTERBERG, LAWRENCE SMALL and LYLE HUBBARD 
7 a Department of Oceanography, Oregon State Untversity, Corvallis 


HERE are two sources of artificially produced 

radionuclides at present available to marine plankton 
in the north-east Pacific Ocean. The source of the firat 
group is the Columbia River water used for cooling the 
nuclear reactors at Hanford, Washington. Trace elements 
in the water are activated by the high neutron flux in the 
reactors and ultimately returned to the river. The 
other source is the fall-out of flasion producta from nuclear 
weapons testing. 

Two m&oroplankters, Salpa spp. and Euphausia paoctfica, 
have been shown to concentrate xino-65 (ref. 1), most of 
which originates at Hanford and reaches the ocean by way 
of the Columbia River’. Euphausiids are also known 
to concentrate fission producta’. Because the organisms 
have & large total surface area, it was thought that 
adsorption should play s vital part in the uptake of 
radionuclides. Three experiments were designed to 
investigate this effect. : 

‘The animals used in the three experiments were collected 
with a 6-ft. Isaacs-Kidd midwater trawl off the Oregon 
coast, then preserved in formaldehyde, sorted by species, 
freeze-dried, pulverized, and packed into 15-o.0. spectro- 
the low background anticoinci meter* at 
General Eleotrio's Hanford Laboratories, Richland, Wash- 


i Deta reduction was carried out with an I.B.M. 
1 computer. 

Since adsorption ia probably related to surface area, 
the first experiment was to compare two species of pelagic 
crustaceans of different size, both from the same sample. 
Euphausia pacifica, which averages almost 30 mm in 
length, was compared for radioactivity with the copepod 
Calanus oristatus, averaging about 9-10 mm. The radio- 
activity per gram dry weight was found to be greater 
in the euphausiid (Fig. 1), despite ita smaller surface area 
per unit weight, which would indicate that other factors 
are more significant than surface area. 

The second i a variation of the first, com- 
pared ee adults with small adulte and juveniles. 
Euphausii from one particularly bountiful haul were 

into the two size groupe. After fractioning, 

-samples were measured; the small euphausiide 
averaged 18-3 + 2-8 mm in length, the adults 
averaged 21:6 + 2-6 mm. Assuming that the shape of the 
shrimp-libe euphausiid approximates two cones (one 
long, one short) joined at their bases, this difference in 

means that the smaller organisms have almost 
twice as much surface area per unit volume as the 
ones. Since weight varies directly with volume, the er 
euphausiids would have twice the surface area per unit 
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weight. In general, our resulta (Fig. 2) indicated that the 
radioactivity per unit of weight was not greater in small 
euphausiids. The major exception, chromium-51, may be 
significant or it may merely be due to the particle size of 
chromium. However, not only do our techniques yield 
relatively poor data for chromium-51 (because of the 
nature of ite nuclear decay scheme), but also its form and 
behaviour in the marine environment are uncertain. Zinc- 
65 and rirconium-95-niobium-95, on the other hand, are 
most amenable to the techniques of y-ray spectrometry. 
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Pelagic tunicates, Salpa spp., were used in the third 
experiment, which compared the radioactivity of the 
internal organs with the external parts of the body. 
Salpa are transparent, barrel-shaped animals with & 
central dark ‘nucleus’ which containg the digestive tract. 
In feeding, water is passed through the cylmdrical trans- 
parent body and through a mucous filter on which parti- 
culate material is trapped and ultimately carried to tho 
stomach in the ‘nucleus’. Surface adsorption would occur 
on both the inner and outer walla of the transparent 
portion, since sea water is m contact with both. In our 
experiment, the ‘nuclei’ were removed from the trans- 
parent bodies of salpe with a dissecting needle, and the 
radioactivities of the two fractions were compared, (Fig. 
3a). Fig. 35 18 a similar comparison made of salps taken 
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- at a later date. 
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A comparison of the radioactivity in the ‘nucleus’ to 
radioactivity in the transparent outer body (on & gram 
dry-weight basis) always revealed a higher concentration 
in the 'nuoleus' (Fig. $a and b). This is undoubtedly & 
direct result of feeding. The ratio of radioactivity in 
the 'nuoleus' to radioactivity in the outer body varied, 
however, depending on the chemical species. Zirconium- 
95-niobium-85 and oerium-141, which are particulate 
m sea water’, were most strongly concentrated in the 
‘nucleus’. Zino-65 and potassium-40, which are in ionic 
form’, show much r concentration ratios. After 
entering the digestive tract, xinc-65 and potassium -40 
are probably somewhat mobile, while rzirconium-95— 
niobium-95 and cerium-141 seam to be restricted to the 
gut. Preferential washing away of the particulate radio- 
nuclides from the surface might also be suspect hero. 
However, Martin’ has shown that ing with uncon- 


' taminated sea water did not remove ra&dioelemaente 


(including sinc-65, xirconium-95-niobinm-95 and ruth- 
enium-108) from Foraminifera. 

All three experimenta lead us to the conclusion that, in 
general, surface adsorption plays e relatively insignificant 
part in the accumulation by macroplankton of these six 
radionuclides. 

We thank R. W. Perkins of the General Electric Co., 
Richland, Washington, for the use of equipment and 
technical ssaistance. 

This work was supported by the Office of Naval Research 
contract NONR 1286(02) and contracte AT(45-1)-1726 
and .AT(45-1)-1760 with the U.8. Atomic Energy 
Commission. 
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LETTERS TO THE EDITOR 


RADIO ASTRONOMY 


Occultation of the Crab Nebula by the 
* Solar Corona in June 1962 


Ir has been established that the radiation from Taurus 
(LAU 05N2A) is profoundly modified every year around 
June 15 when this radiation passes through the solar 
corona. Extensive observations have been made in the 
metre wave-length range by the Britiah, Russian, French, 
and Australian groupe!-*. It has been found that there is 
a progressive increase of the angular diameter and a reduc- 
tion of its intensity as the angular distance of the sourve 
from the Sun decreases. This has been attributed to the 
scattering by a non-uniform corona with randomly dis- 
tributed irregularities of electron density. 

The work reported here was undertaken to examine this 
effect ab much shorter wave-lengths, namely, 25 cm and 
10 cm. imi observations were first made in June 
1961 with the 84-ft. paraboloid at Sagamore Hill Radio 
Observatory, Hamilton, Massachusetts. The beam-width 
of the antenna is 85 min of arc in right ascension and 41 
min in declination at 25 om and 17-5 min of arc (approx- 
imately circular) at 10 am. The observations in 1961 


a decrease in intensity of the souree with. 


suggested. L 

decrease of ita angular distance from the Sun. As such, 
these were repeated m June 1962 with an improvement in 
the technique of observation and reduction. 

The object of these observations was to measure the 
temperature of the source and its angular diameter as a 
function of ite radial distance from the Sun. This was 
carried out by taking successive drifts of Taurus in 
right ascension through the antenna beam. It was 
realized that, with the beam-width available, the solar 
contribution has to be carefully computed at least for the 
days when the source is olose to the Sun. As such, at the 
end of the ooculting period, the antenna was successively 
placed at the same relative right ascension and declination 
with respect to the Sun for each of the 
occultmg days and a drift pattern was f 
obtained. Each of these records was then 
normalized with respect to the oorre- 
sponding solar temperature on the occult- 
ing day and the solar contribution was 
subtracted to give the antenna response Lf 
due to the source alone. Records taken 
on June 14 and June 15 at 25 cm wave- 
length were rejected as the source contri- 
bution was leas than 10 per cent of the 
total response. 

The relative position of the source and 
the Sun is shown im Fig. 1 for each of tho 
ooculting days at 1700 car. which 
to the obeervation period. 
Tho plot of the intensity and the angular 
diameter of the source in the right ascen- 
sion as & function of its radial distance 
from the centre of the Sun is shown m 
Figs. 2 and 8. This showg that there is & 
decrease of the intensity and an inorease 
of the angular diameter of the source as 
the angular distance of the source from 
the centre of the Bun decreases. The is 
difference in seattering between June 14 
and June 15 at 10 om, where the angular é 
distance of the source is approximately 
5 Bo, can be explained as we note that on 
June 14 the source was situated on the 
prolonged solar axis. If we assumed that 


a, a 


o, 


a 
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Wig. 1. Position of Taurus relative to the Ban at 1200 1.8.7. 


there are field aligned irregularities then the geometry sug- 
geste that there will be more scattermg in right ascension. 

Fejer* has made theoretical investigations on scattering 
of radio waves in a region of mean dielectric constant e€ 
aasociated with a mean square deviation (As), the scalo 
of the deviations in any direction r being defined by tho 
auto-correlation function p(r) = eR". It was shown 
that when a radiation of wave-length traverses & 
distance z through such a medium, the energy of the 
unscattered wave is: 


Q = Qe? 
where 
(Bey sn 
' Ba a 3 


In the case of single scattering B «1, and the angular 
spectram of the scattered energy is given by: 
mp? 
P(e) ox exp (- =) 
However, in the case of multiple scattering B>1, and 
the angular spectrum is expressed by the following 
relation: 


P(g) x exp (— TER! 
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Fig. 2. Variation of ihe 








THE SUN IM SOLAR RADII, 
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Hence the width (e-1) of the angular spoctrum is given by: 
sn £ (Ast 1 x 
im [> T e ] 





(1) 


Considering the limiting case of multiple scattering when 
B m 1, we get: 
(Ae) is i 


p X yw 





(3) 


Combining (1) and (2), we get: 


À 

P= a 

or, (8) 
Du 
T 

It should be noted that this value of | is the minimum 


scale of i ity consistent with B = 1. Further, it 
can be shown that: 
(À«)* oA N)? (4) 
P nma - 
where, 


(AW)? is the mean square deviation of electron density-and 
e, m, the charge and mass of an electron in E.8.U. 
Bubstituting (4) in (2), we obtain: 


ee mif 
(AN) = a (5) 
-Hewish!, assuming that s is equal to the minimum distance 
between the ray and the centre of the Sun, used equations 
(8) and (5) to arrive at the value of the mmimum scale of 


ity 1 = 0-27 km and (AN) = 70 electrons/o.c. . 


Considering June 14 data for ) = 10 am, when we obtamed 
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the maximum scattering with à = 21, calculations yield 
l = 0-52 km and AN = 1-7 x 10 eleotrons/o.c. 

We thank Dr. Jules Aarons, chief of the Radio As- 
&ronomy Branch of Air Force Cambridge Research Labora- 
tories, for his advice. We also thank Mr. O. Ferioli for 
help during observations. 
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~ RADIOPHYSICS 


Focusing Effects in Spherical Earth Radio 
Propagation 

Tum flat earth scattering theory! which lainod 
many of the observed effoote in relatively lang. distance 
propagation of short radio waves has been extended to 
cover ion around a spherical earth. The resulting 
form may be expressed as here, using a oo-ordinate 
system in which the transmitter ; located ab a pole; A is 
the oo-latitude of the receiver, 0 is the longitude of the 
receiver measured from the longitude of the direction of 


The distribution of received power in the 


. direction E measured from the great circle direction 


between the receiver and the transmitter is then of the 
form: 


P(A, 0) x exp — (L0? — MOE + NE) 


where- L = AB/D 


nls? — S&., Be 
2S, [n.S, x 8200-1] M 


2AB (8,0 — n90, 
i fas, SE. 


D-2AÀ- 





P 38,814 
ae fede stl 
D 1 Gs = 60 


n = number of equal steps (half-hops) between the 
transmitter and the receiver, each of angular length à, 


S. = Bin nh 
Oa = 0o n` 


A= i A a dd scattering factor obtained from 
a scattering ction of the form exp( — AE). 

The standard deviation of the spread of the inooming 
fan of waves may be interpreted as a measure of either 
the average power distribution or of the probability distri- 


bution of obtaining a particular bearing at any time. It is 


given by: 
1 
= VAN 


The extent of the antipodal area? can be defined for an 
omnidirectional transmitter (B = 0) as the area within 
which o > 4 (that is, the standard deviation of the spread 
is greater than 80°, interpreting c as sin(spread)). Then. 
approximately : 


Sa -J3 = gin-! 10-8? forn = 16, A = 1.000 
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This is the angular size of the radius of the antipodal 
arce which is centred on the point antipodal to the trans- 
mitter. 2 

There is another position of interest. The spread 
becomes independent of B at a distance given by: 


tan A = n tan X 


that is, at about 260° angular distance from the trans- 
mitter. There the spread is given by: 


eee 


Along this particular latitude line (measured from the 
transmitter), the deviation of the main incoming direction 
from the great circle is zero, irrespective of the beaming 
direction of the transmitter, or its beam-width or the 
ionospheric scattering coefficient. This arises since the 
deviation is given by: 





E oc sar and M becomes sero at this distance. This is 


a long path but offers significant possibilities in separat- 
ing ionospheric scattering effects from effects arising from. 
tho fact that tho average ionosphere is ecoentrically 
situated with to the centre of the Earth. It is 

roposed that the li at about 260° be called the reciprocal 
lino to the transmitter. 


H. A. WHALE 


Seagrove Radio Research Station, 
University of Auckland, 
New Zealand. 
1 Whale, H. A., J. Res. Nat. Bur. Stand., 00, D, 265 (1903). 
‘Whale, II. A., J. Atmeaph. Terr. Phys., 9, 1597 (1056). 


Effect of the U.S. Hi Ititude Nuclear 
Explosion on Radio Wave Propagation 


Tus U.S. high-altitude nuclear test at Johnston Island 
on July 9, 1962, when explosion occurred at a height of 
about 200 miles, offered a rare opportunity to observe the 
effect of the ionization caused by a nuclear explosion on 
the propagation of radio waves. ‘ 

18-6 ko/s signals of the American very-low-frequency 
transmitter N PG, located near Seattle, Washington (88? 
05’ N., 121° 85’ W.), the great circle connexion of which 
with Salisbury, South Australia (34° 48-9’ B., 138° 38-7’ E.), 
runs close to the site of the tests, have been monitored 

er with the 18 ke/s signals of NBA in the Panama 
Ganal Zone (08° 22’ N., 79° 21’ W.), the 16 ko/s signals of 
GBR (52° 2% N., 01° Tl’ W.) and the 10 Mo/s signals of 
stations WW V and WW YH (89° 00’ N., 76° 51’ W. and 
20° 46’ N., 156° 28’ W. respectively). 

The beat frequency method, by which the beat between 
the received frequency and a suitable frequency derived 
from a stable local source is recorded in order to determine 
phase variations, has been used for the very-low-frequency 
signals, while only the signal strength was monitored on 
10 Mo/s. 

Fig. 1 shows the 10-Mo/s signal strength records of 
July 8, 9 and 10. The instant of detonation, which accord- 
ing to our timing occurred at 090009 v.r.2 (183008 local 
time) on July 9, is marked by H on the appropriate record. 

The signal strength dropped suddenly but recovered 
after about 15 min, to drop again at about 1900 h. After 
that it rose to a more or leas steady value which was 
lower than that on the previous or following day and 
which would be expected here at this time of the year and 
day. - 

Fig. 2 shows the superimposed phase records of NPG 
during the three days in question. It is unfortunate that 











Pig. 1. Signal strength of FW and WW VH on 10 M 
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the explosion occurred at a time when the phase shift of 
the NPQ signal is normally decreasing rather rapidly so 
that its effect is not readily discernible. 

Fig. 3 is part of the beat signal record of NPG for 
July 9. A marked effect of the explosion on the phase is 
noticeable. This method of phase monitoring does not 
follow rapid changes of complete 360° and it is not known, 
therefore, whether a phase shift of such a magnitude has 
occurred. The receivers used for the ion of the 
very-low-frequency signals have a bend width of 0-01 o/s 
a y. 

T o effect was observed on the signals of GBR. 

Fig. 4a and b show the variation of the relative signal 
strength of the signals of NPG and NBA for the three 
days of observation. It is interesting to note that the 
strength of the NBA signals has been also affected by the 
explosion although the great cirole connecting the site of 
NBA with Salisbury is very far removed from the site of 
the tests. 
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We thank the Chief Scientist, Department of Bupply, for 
his permission to publish this communication. 
P. Rowan 
L. L. ANDERSON 
D. J. OooxxE 
Weapons Research Establishment, 
Salisbury, South Australia. 


GEOPHYSICS 


Magnetic Anomalies over the Mid-Atlantic 
Ridge 
TŒ intensity of the Earth's magnetic fleld over tho 
‘Atlantio Ocean has been measured on a number of flights 
organized by the Department of Mines and Technioal 
Surveys of Canada and also under Project Magnet (U.S. 


woo March 2, 1963 

















A hic Office). Some of these flights passed over 
-&he Mid- tic Ridge and the magnetic observations 
show that there are large anomalies aaeociated with the 
crest of the Ridge in some croesings, but not in all. 

Ewing, Heeren and Hirshman! have pointed out that 
work at sea has shown that the creet of the Ridge has & 
characteristio anomaly pattern aemociated with it, and 
Heezen, Tharp and Ewing? have published a profile of the 
total magnotic intensity aoroes the Ridge, which indicates 
a positive magnetic anomsly flanked by two negative 
anomalies. M. N. Hill® has shown that the anomalies 
measured at sea-level in the area around 46° 50’ N. 
027° 20^ W. range from about (+300) to (—500) gammas 
(one gamma is 10-5 œrsted). Further work by his group 
in 1960 showed that the anomalies m the area of the 
median valley of the Ridge at 45° 50’ N., 027° 45’ W. 
range from about (—500) to (+500) gammas. The 
magnetic measurements made on the flights of the 
“Department of Mines and Technical Surveya and under 
Project. Magnet were therefore examined to see if anom- 
alies oocurred over the Ridge. 

The flights were made at heights which varied from 
8,000—15,100 ft. above sea-level. Measurementa of all the 
magnetic elements were made but only the total intensity 
of the field is considered in this communication. Details 
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of the parte of the flights which passed over the Ridge 
are given in Table 1. The values of the intensity found 
on the Department of Mines and Technical Surveys 
flights are values averaged over five minutes of flying time, 
which represents about forty kilometres in distance. The 
probable error of a single observation is about + 50 

. The values found on the Project Magnet flighta 
have been reduced from the original continuous strip 
chart records; the relative error between observations 
is not likely to be significant. The geographical positions 
at which the observations were made are likely to be 
uncertain by several kilometres. 


890 
Table 1 
of Mines and 
Track No Surv. or Height Poattion of points 
on figs. Project Magnet No. ft.) marked by circles 
1 PM 008 11,000 60* 01' N. 0£9* 00" W. 
2 PM 89 10,000 57° 33° 0o83 oy 
8 DS 20 (B) 9,000—11,000 57* OF Gas? 08’ 
$ Dee R on See BE 
6 DS 3d) 9,000 65° 25° — 099* 25 
T PM1 16,100 47° 24" o27* 20° 
8 PM 109 7,000—9,100 39* og 030* Os” 
9 PM 76 9,000 34° 88’ 036° 20" 
10 PM 114 8,000-10,000 31° 50’ 040* 24 


Note.—Projeot Magnet lines marked PM, Departament of Mines and 
Technical Survey lines marked DS. 


The tracks of the flights are shown in Fig. 1, in relation 
to the approximate position of the central part of the 
Mid-Atlantic Ridge. This has been plotted from the map 


prepared by Heexen e£ ai.* and from the British Admiralty ' 


Chart 1904. Track 8 is to the west of the Azores and track 
7 passes over the Ridge at about 47? N. Two flighta, 4 and 
5, are close together and were made independently by 
Project Magnet and by the Department of Mines and 
Technical Surveys respectively. 

Profiles of the total field along these tracks are shown in 
Fig. 3. There is a regional trend which has not been 
removed. The observations have been plotted against 
longitude and the pointe which lie on the dotted centre 
line of Fig. 2 correspond to the circles on the tracks of 
Fig. 1. There are peaks on the profiles of tracks 1-5 
between 60° N. and 58° N., on track 8 at 89° N. and on 
track 10 at 32? N., and these vary in size from about 200 
gammas’ to 800 The peaks on the profiles of 
tracks 1 to 5 and track 10, and one of the of track 8 
lie on or close to the central part of the Ridge. A flight 
adjacent to track 8, which is not shown, aleo has more 
than one on its profi'e in the area to the west of the 
Axores. are no peaks on tracks 6 and 7 et 52° 25’ N. 
and 47° 24’ N. respectively. The peaks of tracks 4 and 5 
are separated by several kilometres. 

These resulte suggest that a magnetic anomaly is 
associated with some parte, but not all, of the central 
portion of the Mid-Atlantic Ridge, which agrees with the 
observations made by ing and others! and by Hill. 
The apparent lack of coincidence of the peaks of the pro- 
files with the exact coentre of the Ridge is unlikely to be 
significant in view of the uncertainties in navigation. 

I thank the ent of Mines and Technical Surveys 
of Canada and the U.S. Hydrographio Office for making 
' their results available to me. This work was supported by 
the National Research Council of Canada and by the 
Defence Research Board of Oanada. 

M. J. Kaen 

Institute of Oceanography, 

Dalhousie University, 
Halifax, Nova Scotia. 


1 Bring, KL, pou Hiabman, J., , Comm. No. 110, Assoc. Seismol. 
Assoc, Gen, U.G.G.I., Toronto (108 


* Hormon, D. O., Tharp, AL, and wing, ML, Speo. Paper 65, Geol. Boo. Amer. 
* Bill, M. N., Deep-Sea Res., 6, 193 (1060). i 


OCEAN OGRAPHY 


Origin of Drift-logs on the Beaches of 
Hawail 

PAGO 'ooean currente can carry objects to the 
Hawaiian Islands not only from North America, but also 
fram Western Pacific islands and perhaps from the main- 
land of Asia. This is our conclusion from a recent examina- 
tion of logs that have drifted to beaches of all the main 
Hawaiian Islands. : 

We were stimulated to pursue this investigation by the 
forester’s interest in the species and forest areas repreeen- 
ted in these logs, but we have learned that our findings 
may interest oceanographers, botanists, and others con- 
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cerned with the part that ocean currente have played in the 
development of the Islands. 

Most of the logs were from the west coast of North 
America: Douglas fir, western red cedar, and redwood 
were most frequent (Table 1). The origm of some of these 
could be pinpointed by checking brands placed on the logs 
by west coast timber companies. But some logs were of 
species native to such far-away places as the Philippines, 
Japan, and Malaya. 
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Table 1. SPBOUES, NUXENR, AND ORIGIN OF LOGS FOUND OX THE DRACHES 


or Hawalt = 
0. Ox- - 
Bpeales Common narhe amined Probable origin + 
Pseudotsupa mensiorió fir 75 W. North America * 
Thuja piiosis bn rod cedar £7 W. North America 
Mola ssmpeorvirens Redwood 25 
A 7 True fir 7 W. America 
Trupa Weatern hemlook 4 W. North America t 
leweoniana Port Orford cedar 4 W. North Amenca 
Press monsticola Western white 
pine (2 W. North Amerios ~ 
Picos niohensis Bitka spruoe 1 W. North Amenes 
Sp. Oak (red) 1 W. North America 
sp. Cotton wood. 1 W. North America 
Shores Spp. . Beveral Philp- n ` 
Parushores bagtiten Rite Lamr’ 1 
japonicm  XKadsura 1 Japan 
sp. Kapur 1 Malaya, Borneo or 
Melia sp. — 1 or B.-W. 
Agatkis ap — 1 or B.-W. 
Albina sp. — 1 or B.-W. 
Podocarpus sp. — 1 8.-W. Paoifio or Chile 
Oybistas donnall-emithti Primavera 1 Central t 


* Five logs carried brand from Gold River, Vancouver Jaland, British 
One carried brand from Ooos , Oregon. 
ITE oa of Hawaiian origin. Bay, 


It is quite certain that none of the logs listed in Table 1 
arrived other than by drifting. The only logs Hawaii 
imports are monkey-pod (Samanea saman) from Fiji, and 
her foresta grow only a few of the species listed. Pa all 
Bur esos Harl. folet oui E ods 
logs as large aa those found. Wood identification of the 
lesser known species was provided by the U.S. Forest 
Producta Laboratory, at Madison, Wisconsin. 

Since logs float very low in the water, they should be 
little influenced by wind action. The movement of drift 
logs is therefore probably due almost entirely to ocean 
currents. 

. O. O. Strona 

Hawaii Division of Forestry. 

R. Q. Sxorwxs 
U.S. Forest Bervice 
(Pacific Southwest Forest and 
Range Experiment Station, 
400 B. Beretania 8t., 
Honolulu, 18, 7 
Hawaii). 


PHYSICS 


Multiple-beam ‘Transmission-like’ Fizeau 
Fringes in the Reflexion Interference 
: System 
MurrIPLE reflexions between close, nearly parallel 
surfaces of high reflectivity give rise to the well-known 
sharpened Fizeau fringes of equal thickness’. For two 
surfaces of equal reflectivity R and equal trangmittivity T, 
neglecting absorption, the successive interfering beams in 
have intensities T", RYT, R+T.... 
= T" (1, R*, R*, .. .). For the reflected system the inten- 
sities are B, RT, RM... =R, RTI, BY, R4...). As 
shown by Tolansky, the Airy summation of the corre- 
ing amplitudes is valid for non-parallel plates pro- 
vided certain conditions are met, and we thus obtain the 
intensity distribution of the transmitted and reflected 
fringe systems. It is found that, except for the term R 
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(and neglecting tho factor R, close to unity for high- 
reflectivities), tho reflected series is identical to the trans- 
mitted sores. The term R represents the beams directly 
reflected from the upper surface. If these beams can be 
elimmated from the reflected system we aro left with 
exactly the transmitted fringe system (reduced slightly m 
intensity by the factor R). That the usual reflexion 
fringes (minima on a light field) then become ‘transmission- 
like’ (maxima on a dark field) was shown by Lummer* for 
fringes of equal inclination at infimty. Tolansky* refers 
to the effect as ‘‘a property that can be exploited in special 
cases’. 


are -like', that is, 
been reversed b interospting tho 

In tho lower part of the feld the direct 

Lonted and nirmal reflexion fringes resni 


546, 
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: A the fringes are formed. The full lines represent 
the second set of reflected beams, the lines (- — —) the [third set and 
the lines (- — —) the n'® set of beams 


It is possible to obtain this effect with Fizeau fringes of 
equal thickness. It seems remarkable that this fact has 
lain dormant until now, for ‘reversed’ Fireau reflexion 
fringes can be useful in the examination of opaque sur- 
faces. The accompanying photographs (Figs. 1 and 2) 
show topographic Fizeau fringes tn reflexion for an upper 
flat of about 90 per cent reflectivity against an opaque 
highly-reflecting flat surface. Part of the fleld has been 
allowed to remain as normal reflexion fringes (minima on 
light field). Fig. 1 was made with the mercury green line 
5461 A; Fig. 2 with the three wave-lengths 5461, 6770 
and 5791 A. 

The conditions under which reversal of the reflexion 

i was observed are outlined in Fig. 3. Collumated 
light falls nearly normally on the interferometer surfaces 
via a microscope objective. The light reflected directly 
from all pointe on the upper surface all comes to a single 
focus in or near the back focal plane of the objective. (In 
the microscope used the objective is used in conjunction 
with an auxiliary lens, Æ in Fig. 3, but this lens is not an 
essential feature in the present context.) The second and 
multiply-reflected beams all have alightly different 
directions, depending on the wedge angle, and are imaged 
at other locations in the back focal plane. 

The direotly-reflected beams are interrupted by a stop 
introduced in the back focal plane. Provided the upper 
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surface is suitably oriented, the stop can be adjusted Bo 
as to intercept neither the incident light nor any of the 
multiply-reflocted beams. If beams other than the first 
are intercepted the fringes are broadened, ghosts may 
develop and contrast may be affected. To obtain sharp 
reversed fringes over the whole field, critical adjustment 
of the stop and of the reflecting surfaces is required; it is 
not always possible to entirely avoid ghost formation or. 
fringe broadening. However, these unwelcome effecte 
may be suppressed or minimized if one is content with 
fringe reversal over only part of the field. In the inter- 
ferograms shown there is nevertheless some ghost forma- 
tion and fringe broadening. (The latter was found to be 
partly due to pressure broadening of the spectral lines of 
the source.) . 

Reversal of reflexion fringes also occurs when the upper 
flat has & metallic film of low reflectivity. This was first 
observed by Hamy* and further investigated by Holden‘. 
This effect is due to the phase defect of tho first reflected 
beams; but the fringes sre necessarily broad and for this 
reason the effect has found little application. 

The effect described here can be obtained with extremely 
sharp, narrow fringes and opens up the possibility of 
applymg to opaque surfaces various techniques hitherto 
limited to transparent substances. Among these tech- 
niques are the use of two or more wave-lengths (for 
example, for order determination) and the use of low- 
dispersion croesed-fringes*. The very sensitive inter- 
ference-contrast effect obtained with high dispersion, also 
deecribed by Tolansky, seems to be impracticable here 
because the focus of the directly-reflected light is not 
sufficiently separated from the foci of the multiply- 
reflected beams when the wedge angle is «mall (as it must 
be for high dispersion). However, even with low disper- 
sion, the reversed reflexion fringes appear to be more 
sensitive to certain surface features than either normal 
reflexion fringes or normal transmission fringea. For this 
reason some caution is necessary in the interpretation of 
details of reversed reflexion-fringe patterns. ^ 

. O. Mo.D. HABGREBA 
Philips Research Laboratories, 
N.V. Philipe' Gloeilampenfabrieken, 
Eindhoven, The Netherlands. » 
| Tolanaky, B., Mupi Boom Interferometry (Clarendon Press, Oxford, 


'Iummer, O., Sitrwngeberioht Ken, Pruesss. Abad. Wiss. Bertin, 504 (1900). 
Er B., Swrfacs Micretopegrapky, 16 (Longmans Green, London, 


GEOCHEMISTRY - 


Discrepancy in Age-determination involving 
Radiogenic Isotopes of Lead 

As is well known, the determined by the ratios 
s pp[15U, ""Pp/nsU, *™Pb/™*Pb, and **Pb/*#*Th are not 
always identical even for one and the same radioactive 
mineral Wetherill’ explained such a discrepancy as a 
result of chemical removal of radiogenic isotopes of lead 
from the mineral. 

Where ages calculated from the aforementioned ratios 
do not agree with each other, it oocurs most frequently 
that the age calculated from the ratio **Pb/**Th is the 
lowest of all. This is believed to be due to the greater 
ix dei of deficiency or loss of lead-208 than those of other 

iogenio lead isotopes lead-206 and -207. On the other 
hand, the acid-wash experiment conducted by Tilton! 
showed that there is a correlation between the isotopic 
composition of the lead removed by dilute acid and the 
mode of age discrepancy, and suggested that part of lead 
contained in the mineral existe in the loosely bound state. 
Kulp and Eckelmann’ remarked that, for a given mineral, 
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the isotopes of lead derived from decay of uranium must 
be in a different environment of lattice from the lead-208 
derived from decay of thorium. However, any probable 
interpretation in terms of a basio parameter has not been 
imocessfully presented with respect to the genesis of 
loosely bo material and the different behaviours of 
radiogenic isotopes of lead on removal from the mineral. 

Process of stepwise disintegrationB complicates matters 
as compared with a process -of single disintegration. 
Thorium-232 and uranium-235, the decays of which 
terminate in lead-208 and -207, respectively, are roughly 
similar to each other in the mode of disintegrations, while 
uranium-288 terminating in lead-206 differs somewhat 
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‘from them. However, observed facta show that the 


behaviours of lead-206 and -207 on removal from a radio- 
active mineral are approximately similar mutually. This 
fact moans that the difference in the scheme of disintegra- 
tions is not & leading factor in bringing about the differance 
in the degree of removal or loss of lead isotope. Therefore 
attention may be focused on the final stage of disintegra- 
tions and the stable lead isotopes which are the ultimate 
products of the concerned disintegrations. 

The process of radioactive decay brings atoms involved 
in & limited range into the state of excited disorder and 
causes the ruptures of chemical bonds. But as the excita- 
tion of atoms abates with lapse of time, they will tend to 
compete for re-establishment of chemical bonds. How- 
ever, the complete reveraion to the initial ordorly lattioe 
is more or leas impossible. That is, the disordor or defecte 
in lattice and the half-satisfled bands of atoms are thought 
to remain. It is reasonable to infer that at the stage of 
re-establishment of chemical bonds an important part is 

layed by the differenoe in bond of the oxide, 
because ihe coste ol re dtablum icd of bond sen o 
inferred to depend on the bond-strength. 


Table 1 


PbO UO, UO, UO, ThO, 


Heat of formation at 25° O 
524 303 808 270 203 
(koaljoquivalent) 26-2 50-3 56-1 67.6 73-0 
In this connexion the value obtained by dividing the 
heat of formation by twice the number of atoms of oxygen 
involved in molecular formula is used as a measure of 
bond-strength (Table 1). As seen in the bottom row of 
Table 1, the difference in bond betwoen Th-O and 
Pb-O is larger than between U-O and Pb-O. Accordingly, 
lead-208 in the radiation-affected zone where thorium 
oo-exists can be to be prevented to greater 
extent from re-establishing a normally stable bond with 
oxygen than lead-206 and -207 in the environment where 
uranium oo-exista. In other words, to formation of stable 
bond of lead with oxygen, the obstruction by thorium is 


expected to be than by uranium. This forms a 
greater potentiality for lead-208 to be segregated from 
phase of thorium oxide than for lead-206 and -207 to be 


segregated from phase of uranium oxide. Thus the 
structural damage caused by ejection of a-, B-, and y-rays 
and'the unstable existence of lead make ready the mobilix- 
ation or removal of this element from host mineral. For 
a similar reason, on the other hand, it is conceivable 
that’ the distributional heterogeneity between thorium 
&nd its ultimate product which are contained in a micro- 
phase of a mineral is larger than that between uranium 
and its ultimate product. This can also be the condition 
parallel with the observed discrepancy. 

Aocórding to the foregoing interpretation, the oxidation 
state of uranium beurs on the instability of radiogenic 
lead, for bond-strength of oxide depends on the oxidation 
state. . Very roughly, assuming that the relative instab- 
ility of radiogenic isotopes of lead stands in the samo ratio 
as the difference in bond-strength, the instability of lead- 
208 in thorium oxide might be 1-94 times those of lead- 
206 and -207 in UO,, 1-53 times in U,O,, and 1:18 times 
in UO, These relative instabilities were calculated 
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as follows: for example, 1:04 was derived from (78-0— 
26-2)/(50-3-26-2). 

Alle the existence: ot oihar demenis ti the redigit: 
affected rone may have bearing on the problem under 
consideration. However, attention might be attracted to 
the fact that the ratios of lost peroon of lead-208 to 
lead-206 in specimens participating in pattern 
scrutinized by Ahrens“? are about 1:5 and 2-0 (Fig. 1). 

Armana MASUDA 

Institute for Nuolear Study, 

University of Tokyo, 
Tanashi, Tokyo. 
1 Wetherill, G. W., Geookin. et Cotmockbn. Aca, 9, 200 (1056). 
*Titton, G. R., Trens. Amer. Geepkys. Union, 87, 124 (1960). 


5 Ahrens, L. H., Geookim. e Oosmocküm. Acis, 8, 1 (1965). 


Age Determination of some Yu 
and Granodiorites by the Rubi 
Method 

Tum age of four samples of granitic rooks selected by the 
Establishment for Nuclear Materials (Beograd, Yugo- 
slavia) has been measured by the rubidium/strontium 
method. All analyses were made on biotite fractions; the 
ugual techniques of isotopic dilution were used for the 
determinations of rubidium and strontium, utilizing an Atlas 
OH4 mase-apeotrometer equipped with a normal collector. 

The following resulta have been obtained: 

30025—Stora Planina. Granitic rock, coarse grained, 
with ipidiomorphio structure with a reddish coloration 
due to abundant large potassium feldspar crystals. The 
biotite frequently appears with idiomorphio crystals and 
seems rather fresh. 

38772—Biotite from a granitic rock of the same locality. 
Stara Planina granite is considered to-be one of the 
aldest Yugoslav intrusive rocks, and it seams very probable 
that this granite was formed during the Hercynian 


lav Granites 
um/Strontium 


orogeny. 

49438 —Dunye (Pelagonia—Macedonia). Biotite fram a 
rock intermediate between granite and granodiorite. 

The sample oomen from a geologically not well-known 
locality in which the rocks are characterized by a heavy 
metasomatio action and seem to form a pera-seriea 
including gneias, granitic gneisses, migmatites, eto. A 
poga aite sample was analysed in a Russian laboratory. 

age obtained on the muscovite by the potassium/argon 
method is 140 million years. 
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Table 1 


Sample Total Rb Total Sr  Hadiogenio "Er Hadiogenic "Sr Age 

Xo. (ppm) (ppm) - (ppm) Hotel "Hr (my.) 
$9015 510 + 9 9-17 t 013 0-6174 + 00160 0-50 $00 +11 
38772 642 +11 565 +008 07565 + 00190 0-05 wet + 10 
59062 413+ 7 840 t 012 00542 + 00077 0-10 37315 
40138 708 +13 2664+ 0-041 0-833875 + 0-0008 0-67 131+ 5 


59052—Jastreboc (Central Serbia). Biotite from a grano- 
diorite with ipidiomarphio structure without any mechan- 
ical deformation.  Biotite crystals, sometimes lightly 
chloritized, are very large. 

The granodiorite intruded a Paleozoio series causing a 
strong contact metamorphism. 

The results obtained for the samples 39025 and 38772 
confirm the Heroynian age postulated for the Stare 
Planina granite 

The age of 181 m.y. for the sample 49488 agrees with 
that determined by the potassium/argon method, and is 
probably related to an ultrametamorphio phase con- 
cluded at the end of the Juraaeio period. 

The sample 59052 gives an ine age which agrees 
with geological information. 

Z. OrRVEMJAK 
Zavod za Nucklearne Sirovine, 
Belgrade, Yugoslavia. 
G. FERRARA 
E. TONGIORGI 


Laboratorio di Geologia Nucleare del ONEN, 
Pisa, Italy. 


GEOLOGY 


The Precambrian Atmosphere 


Ix his recent book on The Geological Aspects of the Origin 
of Life on Earth, Prof. M. G. Rutten has adopted as hia 
central thesis the postulate that the Earth rotaincd ita 
primzval reducing atmosphere up to 1,500-2,000 million 
years ago. This conclusion is based on the premise that 
the gold-uranium ores of the Witwatersrand (South 
Africa), Blind River (Canada), and Serra de Jacobina 
(Brazil) are fossil alluvial dopoaite, in which the notionally 
detrital] uraninite and pyrite are supposed to have sur- 
vived weathering because the deposita reputedly accumu- 
lated under anoxygenic conditions. Nowhere in his work 
does Prof. Rutten mention that scores of papers have been 
written by geologists of international reputation to show 
that theee ore-bodies (‘benkets’) have been formed within 
the Earth's crust long after the mother-rock sediments 
were laid down, by the infiltration of hydrothermal metal- 
bearing solutions. A lengthy review by Prof. J. D. Bernal! 
commends this book to Nature's wide circle of readers as 
“a welcome fresh light on one of the most exciting prob- 
Jems of the day", the reviewer apparently being unaware 
that the origin of the Witwatersrand gold deposits has 
remained one of the most controversial issues of economic 
geology for more than half a century, and that since the 
discovery of commercial uranium in these ores the argu- 
ments have increased in number, vigour and acerbity. 
Most geologiste will know that both sidea of the question 
are recounted at length in the leading American, French 
and Russian text-books on uranium geology, as well as in 
the official publications of the South African, Canadian, 
and United States Geological Surveys. Other readers, 
however, should be warned that the validity of Prof. 
Rutten’s conclusions is no greater than that of his funda- 
mental premise, and that this is very debatable indeed. 

The arguments against the hypothetical alluvial origin of 
these ore-bodies are much too numerous to be summarized 
here, and it will suffice to say that the placeriat conceptions 
can only be sustained by a long series of perversions of 
chemical and physical laws*. It is relevant that in the 
Mozaan rocks of Swaziland deposited concurrently with 
the Witwatersrand strata, and in the Lorrain sandstones 
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of Ontario almost contemporary with the Blind River 
conglomerates, heavy mineral assemblages completely 
of modern aspect are widely developed, indicating that 
the mineralogy of the banket ores cannot be explained in 
terms of &bnormal atmospheric conditions. The latest 
work on the Serra de Jacobina ore-body shows clearly that 
this deposit is not alluvial, and that the mineralization was 
probably emplaced hydrothermally’. The recently dis- 
covered Russian deposits of banket-type gold—aranium 
ores‘, the locality of which has not yet been revealed, 
exhibit both sulphidic (pyrite-uraninite) and oxidic 
(magnetite-brannerite) phases in the same conglomeratic 
ore-body, demonstrating beyond & shadow of doubt that 
the mineral assemblages are of hydrotherinal origin. 
, The orthodox geological conceptions on the history of 
the atmosphere have recently been reviewed by A. P. 
Vinogradov’ in his Vernadsky Memorial Lecture, in 
which he concludes that the pri atmosphere of 
methane, hydrogen and carbon dioxide (akin to the gases 
of meteorites and of terrestrial rocks of mantle origin such 
as kimberlitee, carbonatitea and dunites) lasted only a 
relatively short time. Probably it was lost in the 1,000 
million years of the Earth’s history before the earliest 
known rocks came into being. A. A. Polkanov* has lately 
observed that even for these earliest Katarchaean rocks 
of 3,500 million years ago, Lyell’s principle of actuslism 
may not, and should not, be rejected. 
i : 0. F. DAVIDSON 
t of Geology, 
University of Bt. Andrews. 
1 Bernal, J. D., Nature, 196, 850 (1901). 


1 Devidson, O F., Foon. Geol., E2, 668 (1057); &3, 887, 1048 (1058), 
ine (1969); Mining ^ar be, aS C08); 100, 62 ); 1%, E 


? White, M. G., Geological Survey Research 1961, B, 8 (U.8. Geol. Surv., 
Washington, D.O., 1061). 

E kines Maece. Td E. Y., Voprosy Rudan Geofmh, 68 
Goageoltekhizdat 


, Moscow, 1961). 
3 Vinogradov, A. P., Kitwwohekays Evolywiriya ZomH (Akad. Nauk, 
Moscow, 1900). 


eh Veproey Geakkronologti 1 Geologi (Akad. Nank, Moscow, 


Tum origin of early Precambrian gold-uranium ore 
deposits has indeed been a contro ial iasue. But, as I 
stated explicitly in my book, I have become convinced 
that the features acquired by hydrothermal processes are 
due to younger alterations. These deposita are placers 
originally: The -hydrothermal -alterations have been 
important in enriching the original placers. They may 
even be at the origin of the money value of a given deposit, 
and consequently seen as the most important process by 
an economic geologist. 

M. G. RuTTEN 


Mineralogical-Geological Institute, - 
University of Utrecht. 


CRYSTALLOGRAPHY 


Commination of C | Nucleation by a 
- Precipitation Method 

THERE are two ways to precipitate sediments of slightly 
soluble salts, namely, by simple mixing of the reagents or 
by the homogeneous method, that is, by developing the 
reagent in siu and thus precipitating the insoluble salt 
homogeneously in the whole bulk of the solution. In both 
cases no special care is taken with regard to nucleation and 
the r of time. 

The formation of & sediment of an insoluble salt com- 
prises two basic proceases, the character of which is quite 
different: a chemical process involving the formation of a 
new compound of the ions existing in or introduced into 
the solution, and a physical process of solid phase forma- 
tion. Different kinds of this general scheme, comprising 
extreme and intermediate cases, are being examined. The 
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ionic process of chemical compound formation proceeds 
very fast. The physical process is rather alow and thus— ` 
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. depending on existing conditions—the solid phase is 


obtained as an amorphous body, that is, of poorly ordered 
crystal lattice or in the crystalline, well-ordered state. 

The principle of the new technique which I have 
developed is to perform the chemical reaction as slowly 
as is necessary to obtain a well-ordered solid phase, that is, 
a crystalline form of the sediment. Under such conditions 
many new features, unknown until now, have been ob- 
served!—. 

Now further work has revealed that: 

(1) Crystallization proceeds on nuclei of symmetrio' 
shape and a maas of only 10-!* g or gmaller. 

(2) A t, but limited, number of crystallite shapes are 
obteined. The shape depends on the nucleus acting as a 
centre of crystallization. 

(3) The different shapes are ‘obtained simultaneously, 
which shows that just the specific properties of the nuclei 
are responsible for the shape and not the properties of the 
medium, for example, the concentration, surface tension, 
pH, eto. (Fig. 1). 
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`- (4) While introducing small quantities of-foreign ions 
(the basio precipitate being barium chromate) crystallites 
of quite different shape are obtained. Because of the lack 
of separating methods it could not be established until 
now whether they were other compounds or other crystal- 
line forms. 

(5) A fractional precipitation performed with the aid of 
the new method removes the existing nuclei. On further 
precipitation the number of crystallite forme diminishes. 

(6) In spite of their very delicate structure the crystal - 
lites are very stable. It has been stated that sediments do 
not change while in contact with the mother liquor for a 

iod of even four years, showing that the solid phase has 
formed under conditions enabling the building of an 
ideal crystal lattice, that is, a lattice of lowest energy. 

(7) Observations have shown that nuclei formation 

possibly on amorphous matter of indefinite 
composition Ne Maer ieee ?, silica 1). 

I thank Mr. L. Trojanowski for assistance in performing 

the experimental work. 7 


T. ADAMEKI 
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Role of Extreme Pressure Lubricants in 
Boundary Lubrication and in Metal -Cutting 


RenINDER ef al.! have examined the effects of surface- 
active agents such as mineral oil solutions of oleic acid to 
alter the creep and fatigue character of metals. Observed 
changes are attributed to the adsorption of oleic acid by 
the metal, thereby hastening the strain-hardening of the 
rnetal's surface. 

In metal cutting, the reduction of tool foroóe is 
attributed by Rebinder e al. to the intensifloation of 
strain- in the cutting zone by these agents, 
while the contributions made to tool force reductions as a 
result of the lubricant’s action to reduce friction is regarded 
ag unimportant}. 

Little attention has been paid by these investigators to 
liquids of other types, containing labile atoms of sulphur 
or chlorine, which are commonly regarded as affective 
metal-cutting fluids and extreme pressure or boundary 
lubricants. We have examined the effect of such liquids 
Be ee ae eee 0: ntaa a a olea 
Taint Eo DEN Dapon YY que End. m DOM. 
cation and metal-cutting has emerged from these 
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p c T 
cally in Fig. 14. A metal specimen | in. x fin. x 2} in. 
. made of steel, aluminium, eto., protrudes approximately 
} in. above the surface of a split block, which clamps it 
tightly. The specimen yiolds plastically, as in a hardness 
test measurement, to form a V-shaped notch when the 
hardened tool-steel indenter, having 0-25-in.* cross-section, 
is loaded hydraulically into the centred specimen at 2 in./ 
min, Fig. LB. The mdenter’s knife-edge overhangs the 
front and back of the i 

Bheer-failure of cold-rolled steel takes place, with the 
production of & tiny chip (see Fig. 10) when the applied 


(yy 


Fig. L A, aul Caches c aaa 
formation of a specimen undor load; O, shear fur. raid 
deformation fa the presence of carbon tetrashloride 


Tig. 2. Deformation in air with no faflure of the specimen at 7,000 Ib. 
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load, which is moreased continuously, reaches 4,400 lb. 
+ 2 per cent, provided that carbon tetrachloride saturates 
the specimen-indenter zone. No such shear-faiture oocurs 
in air, however, but only further deformation, as shown in 
Fig. 2, even at loads as high as 7,000 Ib., vided that . 
proper attention is paid to the cleanliness of the tool. 

It is significant that the deformation of all specimens is 
the same, whether the deformation is conducted in air or in 
carbon tetrachloride, for loads up to at least 200 Ib. short 
of the carbon tetrachloride ghear-failure load. The deform- 
ation is judged both in terms of build-up of load compared. 
with tool advance into the specimen, and from micro- 
photographs of etched specimens that have been deformed. 

For this and other reasons it has been concluded that the 
loadmg forces required to shear metal which has been 
strained is determined largely by the interaction between 
the environment and metal at points of maximum shear- 
streas. However, the process is not due to an acceleration 
of strain-hardening, as proposed by Rebinder, and is not 
due to the formation of a low shear-strength fitm along the 
tool-chip interface, as is commonly accepted in 
reduced forces in problems of this nature which deal with 
boundary lubrication’. Rather, the source of activity 
arises from the generation of products, such as ferric 
chloride, formed during creation of freah metal surfaces in 
the presence of lubricant, which stabilize micro-cracks 
generated prior to sheer-failure in much the way liquid 


- metals function in the embrittlement of a&luminium*. 


This leads to shear at reduced stroas-levela. The same 
mechanism applies in the case of surface-active agente. 
Extreme preasure lubricants, therefore, because of their 
low-stress micro-crack stabilization factor, will reduce the 
friction, wear, and metal transfer of sliding surfaces by 
promoting the rapid sheer-failure of welded asperities, of 
the type envisaged by Greenwood and Tabor*, at reduced 
streas-levels, before build-up of the junction becomes 
extensive. Hanes, outing tide maduna tool Tara P7 
promoting the shear-failure of the work-pisce ahead of the 
tool-tip and the shear-failure of numerous welded 
ities arising during chip-flow over the tool face, ‘all at 
reduced stress-levels, with the former effect believed to be 
the more important. . 


E. M. Konn 

Sun Oil Co., 

Marcus Hook, 

Pennsylvania. 
1 Likhiman, V. L, Rebinder, P. A., and Karpenko 

a bema Paia C 
: n G.L , and Rebinder, P. A., AMechenissus 
mer a "Metals (Brutcher Transl. No. $130 


RADIATION CHEMISTRY 


eg dropeptide Production in the Radiolysis 
olid P Poptides : & iol Ac Synthesis of 
Porsche Derivatives from Cyclic Dipeptides 


AMONG the chemical observed on radiolysis of 
compounds containing the peptide bond are those attribu- 
ted!~ to the production of unsaturated linkages which 
may be represented in terms of the tautomeric structures, 
~ OON= 0(0H,R) ~ + ~ OONH—O(—OHB)-. Oom- 
pounds containing this P ARAA of chemical function have been 
designated deh such compounds are stable 
in water yet are set a te hydrolysed to yield ammonia and a 
carbonyl product on heating in dilute mineral aoid, 
~ OON = O(OH4E) ~'+ 2H,O — ~COOH+NH, + RCH,- 
CO — (ref. 4). The experimental evidence for production 
of dehydropeptides in the radiolysis of proteins and simpler 
peptide systems has recently been reviewed*. Identifica- 
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tion has been based primarily on studies of the formation of 
ammonia and carbonyl function during hydrolysis of the 
irradiated peptide system. For example, the hydrolytic 
production of ammonia and pyruvic acid from y-irradiated 
acetylalanine (solid, evacuated) has been found to parallel 
very closely the hydrolytio degradation of suthentio 
acetyldehy ine. 

The oyclic dipeptides, such as glycine anhydride and 
alanine anhydride, also show an analogous irradiation 
production of ammonia and a-keto acid during acid 
hydrolysis. We note, too, that the dehydropeptide 
derivatives of these cyclic compounds represent isomeric 
forma of the 2,6-dihydroxypyrazines. Quite recently, 
Sorkin’ has given evidence that the dehydro derivative of 
glycylalanine anhydride, that is, 8-methylene-2,5-diketo- 
piperazine (prepared by the classical chemical method of 

and Miekely*), undergoes isomerization in 
alkaline solution to give 8-methyl-2,5-dihydroxypyrazine. 
We report here ogous evidence for the formation of 
pyrazine derivatives through y-radiolysis of the amino- 
acid anhydrides followed by dissolution of the irradiated 
solids in alkaline solution. 

Glycylalanine anhydride was synthesized after the 
method of Fischer and Scheibler’. Glycine anhydride and 
alanine anhydride were obtained from the Nutritional 
Biochemicals Corporation. The anhydrides were recarystal- 
_lized-three times from water, dried, and ground to a micro- 
crystalline powder. Samples were evacuated on the 
vacuum line in ‘Pyrex’ ampoules for a minimum of 48 h. 
After irradiation (cobalt-60 y-raya, 1-7 x 104 eV/g/min), 
the ampoules were opened to the atmosphere and the 
contents were dissolved to a concentration of 0-1 M in 
0:02 N sodium hydroxide under nitrogen aeration. Oom- 
plete dissolution required 2-8 min. Changes in the 
absorption spectra of the oxygen-free solutions were 
followed differentially (against a 0-1 M solution of un- 
irradiated anhydride) over the are ete pee mu. 

Solutions of irradiated glycy ine anhydride (8- 
methyl-2,5-diketopiperaxine) show a rapid increase in 
optical density with time over the 300-400 my 
with Amax = 370 my. Tho is comp 
developed after about 3 h. Authentio 8-methylene-2,5- 
diketopi ine* was found to exhibit almost identical 
poron tometrio properties. The fully developed spectre 
obtai with irradi iated glyocylalanine anhydride and 
authentic 8-methylene-2,5-diketopiperazine in oxygen- 
free 0-02 N sodium hydroxide solution are shown in Fig. 1. 
Appearance of the absorption maximum at 370 my is 
attributed to the formation of the dihydroxypyrazme 
nupleus (IL) via the isomerization reaction : 


N^ NS f 
X X É à i 


The absorption spectrum of an suthentic dihydroxy- 
yrazine (8,6-dimethyl) prepared after Karmas and 
Rpoerrit® is included in Fig. 1 for purposes of comparison. 
It is noted that the dihydroxypyrazines in alkaline 
solution are rapidly destroyed on exposure to air. 
Isolation of 3-methylene-2,80-diketopiperarine (la, Ib) 
from irradiated he aa anhydride has been accom- 
plished. A methanolic extract of the irradiated solid waa 
transferred to filter paper and chromatographed in 
with authentic 8-methylene-2,5-diketopiperazine ; 
utanol saturated with water was used as the developing 
liquid. The authentic methylene derivative is readily 
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370 390 

: Wave-length (ma) 
rhe L Absorption spectra of irradiated cyolio 4 and authentio 
$-metitylene-4,5-diketoplperaxine E a d Nn 
detected at RF ~ 0-4 under ultra-violet illumination; the 
irradiated glycylalanine anhydride also gives a strongly 
absorbing component at this RF value. The two areas 
were separately eluted and examined spectrophoto- 
metrically in oxygen-free 0-02 N sodium hydroxide. The 
characteristic in the 300-400 mp region was 
observed in both oases and the final curves were essentially 
identical to those given in Fig. 1. The yield of 3-methylene- 
2,5-diketopiperazme from glycylalanine anhydride at the 
lowest dosage studied (5 x 10” eV/g) corresponds to a G 
value of ~ 0-55. ; 

The results obtained with alanine anhydride appear to 
be somewhat more complicated. Ta this Gass the: develop: 
ment of the absorption curve is accompanied by & gradual 
shift in Anax from 870 to 360 mu. However, the spectra 
obtained within 15 min of the time of dissolution coincide 
with that given by authentio 2,5-dihydroxy-3,6-dimethyl- 


pyrazine. 

Solutions prepared from irradiated glycine anhydride 
show the characteristic dihydroxypyrazine spectrum and 
on standing there is mo detectable shift in Amax from 370 
my. to shorter wave-lengths. However, glycine anhydride 
differs from both glycylalanine and alanine anhydrides in 
that the absorption shown in Fig. 1 is fully 
developed within the 2- to 3-min period required for 
dissolution. This behaviour may be interpreted as 
evidence for rapid isomerization of dehydroglycine anhy- 
dride, which must necessarily have only the Gd ooyalio 
form as given by struoture Ib. 

Finally, we should like to comment on tho fact that all 
three solid anhydrides develop a yellow coloration which is 
visually detectable at radiation dosages as low as ~5 x 
101 eV/g. The effect is most pronounced in the case of 
glycine anhydride. Coloration is not appreciably dimin- 
ished by exposure to oxygen and remains visible in water 
extracts of the irradiated solids. This coloration, then, 
cannot be ascribed to an optical absorption by free- 
radicals or ionic transients, It is noted that the authentic 
dihydroxypyrazines are yellow in the solid state and, 
although we have made only preliminary hoto- 
metric studies of the irradiated solid anhydrides, the 
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CHEMISTRY 


Binding of Xenon to Halogens, to Alkali Metals; 
and to Itself 


Xe(Oe), or Xe(Rb), will not exist. Be, offers a i 
analogy to Xe, and implies that the latter mo 
not be bound. , 
Tt is also i to understand XeF, in terms of 

i solutions to Sehródinger's equation, and an 
explanation based primarily on our knowledge of the 
electronic structure of isolated atoms and ions has been 

. The xenon fluoride bond is attributed to the 
atomic distortion‘ produced by electron correlation and 
the resultant opportunity for a xenon electron of one spin 
+o partially fill the outer shell of a fluorine atom to a 
slightly greater extent than its partner of opposite spin. 

However, in many quantum mechanical problems we 
find an inherett symmetry between systema possessing 
closed, shells plus one electron and those possessing ol 
shells minus one electron, and thus we must examine the 
binding of Ke(Cs), and Xe(Rb), relative to that in XeF,. 
In addition to numerous &tomio calculations there exists 
one ab initio molecular calculation which can aid our 
discussion. This is a wave function for HeH determined 
by Harris*, and we may use it as a model for the binding 
of xenon to an alkali metal atom. His wave function is 
Ls ge larly important because it was carried out by the 

permutation group method, thus allowing different 
orbitals for different spins and building in the correlation 
induced orbital distortions that have been used to explain 
bindiog in XeF, (ref. 3). 

Harris's HeH calculation shows no binding and we can 
interpret this through the properties of the constituent 
atoms. First, the noble gas atoms will have absolutely 
no electron affinity—even though there is a slight correla- 
tion induced separation of a and B spin there can be no 
stable orbit for an additional electron—so that the ease 
with which an alkali metal atom loses an electron has no 
influence on potential binding. Second, the electron 
affinity of both hydrogen and the alkali metal atame is 
considerably lees than fluorine. On the other hand, it 
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is to point out the paucity of detailed theoretical know- 
ledge available on the eleotronio structure of even small 
molecules, and short of very elaborate and extensive ab 
initio calculations (which are just now on the outer edge 
of feasibility for XeF, and XeF,) it is not possible at 
+ to give a thoroughly convincing theoretical pre- 
Fiotion of inert gas compounds. In hindsight it appears 
that the geometry of XeF, is the same as IC- and thus 
irical or semi-empirical model calculations bring out 
and tend to support the similarity in electronic structure 
of these compounds at their equilibrium separation’. 
However, there does not now exist any really adequate 
connexion between the effective Hamiltonians of the 
simple model schemes (such as the simple LOAO MO 
method) and direct solutions of Schrédinger’s equation. 
Particularly at larger atomic separations, the xenon- 
fluoride bond involves subtle correlation effecta and the 
partial breakdown of the simple idea of closed shells which 
are not directly represented in calculations with the simple 
models. Certainly a major reason for the lack of extensive 
investigations into inert gas compounds has been the 
overwhelming success of the Periodic Table based on free 
atoms along with the concept of closed shell configurations 
in organizing chemical experience. 
I thank Dr. William de W. Horrocks for helpful advice. 
LunaND C. ALLEN 
Depertment of Chemistry, 
Prinoeton University, 
New Jersey. 


* Obernisk, 0. I et al., Solence, 138, 136 (108%). Claasen, H. H., Selig, H., 
and J. G., J. Amer. Chem. Soc., 84, 3503 (1002). 
* Allen, L. O., and Horrocks, W. de W., J. Amer. Chem. Soc., 84, 4344 (1963). 


* Allon, L. C., Science, 196, 801 (1902). 
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electron correlation 
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Breeding of Nuclei 


Ix 1911 Miers! wrote: “I have many times noticed that 
when the appropriate orystel is introduced into & super- 
saturated solution, which is not strong enough to orystal- 
lixe spontaneously, it may cause crystals to grow not only 
in actual contact with itself, but at some little distance 
in its neighbourhood”. McCabe" has also discussed this 
subject: other references are rare. It is proposed to 
refer to this phenomenon as ‘breeding’ of nuclei. We have 
recently studied this question- experimentally, using 
aqueous Mg80,7H,O, and have concluded that various 
categories of breeding may be observed. 

(1) If a crystal from a stock bottle is dipped into an 
under-cooled solution, a considerable number of small 
crystals appear after only a few seconds, usually on the 
bottom or surface of the solution. The breeding in this 
case is believed to be due to detached crystallites present 


(2) If however the crystal, after removal from the bottle, 
is pretreated by growing at a low under-cooling (say 1° 0) 
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and is then transferred directly to another solution, the 
phenomenon obeerved in (1) no longer occurs. But if the 
latter solution is strongly under-cooled (>7° O) and if it 
is stirred, needles tend to grow out of the ends of the 
orystal, and these break off from time to time, and grow 
independently. This effect we call ‘true’ breeding. 

(8) At the moment the aforementioned needles break off 
there is often also produced a shower of very small 
crystallites. This we call ‘splinter’ breeding. 

(4) If the orystals growing in a stirred solution are free 
to collide with each other or with the walls fresh nuclei 
are very easily produced, even at low supersaturation, 
and with I gentle collisions. This we call 
‘attrition’ b z 

Results obtained with aqueous potassium bromide were 
generally similar to the above, but differed in some details. 
Fuller results will be published elsewhere. 


R. F. STRIOKLAND-CONBTAB 
R. E. A. Mason 
Chemical Engineering Department, 
Imperial College of Science and Technology, 
London, 8.W.7. 
1i Mien, H. A., J. Oxf. Junior Sci, Olub, 3 (June, 1911). . 


Moabe, W. L., Chemical Enginesrs Handbook, third ed., edit. Perry, 
J. H., 1066 (MoGiaw-Hill Book Company Inc., New York). hy 


Conduction in Nucleic Acid Components 


Ix a recent paper! DNA was shown to & amall 
semioonduotivity in the dry state, the apeeitis ccnduots iis 
following the equation : 

X = X, exp( — Az/2ET), Q -tom 
with Ac = 2-42 eV, log,(xy fl-icm-!) = 8:4. It was 
suggested that the conductivity was associated with the 
7-eleotron overlap of the paired bases, adenine-thymine, 
and ine. In the Crick and Watson double: 
helix for DNA structure these base pairs are arranged one 
on top of the other, with an interplane spacing of 3-4 
similar to that found in graphite’. A similar result was 
found for the electrical conductivity of RNA, which may 
now be related to ita high content of double-helix structure’. 
We have examined the solid-state electrical conductivity 
of some of the. component structures of the nucleic acid, 
using d.c. with the polycrystalline specimen compressed 
between nickel electrodes at 80 kg cm-*, in a vacuum of 
. 10*mm mercury. The bases adenine, thymine, guanine, 
low conductivities, around 10-35 N -tom- at 400° K, but 
sublimation (even in a nitrogen atmosphere) and thermal 
decomposition precluded the establishment of accurate 
As values. The nucleosides had conductivities of 10-3 — 
103 N -om~ and the nucleotides 107-108 N -31om- at 
400? K. The resulte are listed in Table 1. 


Table 1. NUCLEOSIDES AND NUCLEOTIDES 


Bubstance As, eV logis, Q-*am-1) 
Adenosine* "b 15 
Yeast adenylic erin 18 2-7 
Muscle adenylio aai 2-0 20 
Again ae ee | 30 38 
Uridine* . 52 n 
Uridyllo acidt 13 0-8 
Guanosine* 21 2-6 
Guanylie acidt 15 18 
wee 4T 174 
ad FE Et 
a : . 
Wibefavt | $4 is 
Riboftavin-5-phosphate (sodtum salt 27333 50 
*Denotes nucleoskde tDenotes nucleotide. 


We have to compare the following Ae values: (a) base 
+ ribose (nucleoside) 4-5—5.2 eV; (b) base + ribose + 
(nucleotide) 2-0-2:2 eV ; (c) RNA, DNA 2:4 eV. 

T6 been that As for DNA corresponds to 
excitation of x electrons to the first excited state n>n* 
(or n—-x*) followed by tunnelling of electrons and holes at 
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Tight angles to the planes of the bases down the axis of the 
double helix’. This mechanism is made possible by the 
overlap of x-orbitala between the perallel-stacked bases, 
which stacking does not occur apparently in the nuoleo- 
sides or nucleotides. It is suggested that to obtain 
electron tunnelling between the widely bases in the 
nucleosides excitation of r electrons to second excited 
state is necessary, n—r**, In nucleotides, in the i 
case of aytidilig acid, the bases are connected by hydrogen 
bridges via phosphate groupe’. If generally true for 
nucleotides, this may explain the As of 2 eV, since again 
the x—* excitation would be adequate for electron 
tunnelling. Olearly, there may be other possible mechan- 
isms for ing of ierg since guanosine has 
As = 2-1 eV, and riboflavin 2-4 eV, and an explanation of 
these low values, similar to the nucleotides, must await 
On band theory x, ~ where y. is the average mobility 
of electrons and holes. this basis the observed values 
of u are comparable for DNA and nucleotides, but the 
values for nucleosides, aa for small aromatic molecules’, are 
much too high to be interpreted in this fashion, and an 
alternative to band theory must be sought in such cases. 
These substances obeyed Ohm's law accurately up to 
3,000 V/cm, deviations at this voltage being adenine 5 per 
cent, uridme 7 per cent, thymidine 2 per cent, riboflavin- 
5-phosphate 5 cent. This is a clear indication that 
we are not dealing with space-charge limited currenta™*, 
This interesting fact, which also holds for the proteins, 
also of very high resistivity’, is not explicable on band 


theory. 
D. D. Ersay 
R. B. Lxzsrrm 
Department of Chemistry, 
University of Nottingham 
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Hellx-coll Transmission and Electronic 

Conductivity of the Amylose- lodine Complex 

Tsu first linear polymer of biological origin which was 
shown to exist in a helical configuration was amylose, 
the linear polymer of glucose. This polymer has long 
been known to exist in & helical form in ite familiar blue 
complex with iodine!—. Subsequent discoveries of the 
helical structure of other biological polymers such as 
polypeptides‘ and polynucleotides' have created great 
excitement and stimulated many detailed studies into 
the properties of these polymers. However, possibly 
because amylose fulfils a rather mundane biological 
function and is derived solely from plant origin, equivalent 
studies on this material have not been carried out. 

One of the most interesting properties which has been 
intensively studied in the aforementioned polymers is 
their -ability to undergo rather tfansitions from a 
highly ordered helical rod to a rdered randomly 
kinked struoture*;. Furthermore, electronic conductivity 
has recently been reported for polypeptides and proteing''*, 
In this communication I present results of experimenta 
which show iodme—amylose helical complex exhibits 
similar i 


Fig. 1 shows the on temperature of the 
adsorption maximum of the helical amylose—iodine cóm- , 

lex in & mixed solvent of five water and one 
fimethyl sulphoxide. No ions are present. 
molecular weight of the fractionated amylose sample was 
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SPECIFIC RESISTIVITY (OHM-CM) 
AS A FUNCTION OF RECIPROCAL 
TEMPERATURE 


£0 3-0 $1 +2 33 34 3-5 3-6 
1,000/T i 
Fig. 2. Hiectric resistivity of a pressed sample of the lose-iodme 
complex as a function of temperature ix 


1-6 x 10* and the concentration of iodine and amylose 
was 3-5 x 10“ g/ml. foreach. This figure is in qualitative 
t with the statistical mechanical theory of such 
transitiong!*-* and shows the characteristic sigmoidal 
shape of such curves*. (A more quantitative evaluation 
is under way.) 5 
Fig. 2 shows the resistivity, ¢, of a powder sample 
of amylose-iodine complex prepared in the following 
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manner. Purifled amylose and iodine were dissolved in 
dimethyl sulphoxide and then dialysed exhaustively 
against deionized water. The blue amiyloee-iodine com- 
plex will not form im dimethyl sulphoxide but forms 
sharply when the concentration of water reaches & critical 
value. The complex was dried by lyophilization and com- 
into pellets for d.c. conductivity measurements 
by standard 4-pole methods. That electronic conductivity 
is involved seems assured by my experimente which 
show that the conductivity not change with current 
flow. For any ionic mechaniam one would expect an 
incroase in resistivity due to polarization effecte at the 
electrode. 
My original observation led me to believe that this 


' oonductivity was evidence of the metallic behaviour of 


the iodine in this complex, which has been suggested 
theoretically by a number of in igators'*-1'. However, 
I afterwards found that this ine powder possesses 
a conductivity strongly dependent on the adsorbed water. 
In this it strongly resembles conductivity measure- 
on hæmoglobin’, who has shown that 
electronic conductivity increases in hæmoglobin with 
increasing moisture content. 

Consequently, it is apparent that amylose—iodine helical 
complex possesses a number of the thermodynamic and 
electronic properties equivalent to those of other polymers 
of biological origin. 

WARNER L.PETIOOLAB 
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BIOCHEMISTRY 


Capsular Polysaccharide of Klebsiella pneumoniae 
Type A (Strain 1265) 

Previous investigations! have shown that the capeular 
polysaccharides of Klebsiella pneumoniae types A and B 
are glucose-contaming ides. Eriksen and 
Henriksen* have tentatively identifled glucose, fucose and 
a uronic acid as components of type A capsular poly- 
saccharide. Hitherto, little work has been directed 
towards elucidation of the structure of these polyBaochar- 
ides and we now report briefly on the structure of the 
acidic polysaccharide of Klebstella pneumoniae type A 
(strain 1985). 

The bacterium was grown on a 2 per cent lactose-agar 
medium at 37° for 24 h, and the crude polysaccharide 
fraction precipitated from aqueous solution containing 
sodium acetate by 3 volumes of ethanol. After de- 
proteiniration, the polysaccharide fraction bad [a]? = 
—89°, N,,0-3 per cent, and was shown by hydrolysis to 
contain glucose, fucose, galactose, and a uronio acid. 
Earlier work‘ indicated that the galactose may result 
from contamination of the acidic polysaccharide with an 
intrecellular galactan. The acidic ysaocharide was 
further purified by precipitation cetyl pyridinium 
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chloride’ to yield a fraction, [a]? — 102-5? (as sodium 
galt), containing uronio acid, glucose and fucose. A 
similar fraction, [a]? — 107-8°, could be obtained by 
fractional precipitation. with ethanol. : 

Hydrolysis of the acidic polysaccharide (700 mg) with 
2 N sulphuric acid at 100? for 8 h yielded a uronic acid, 
glucose, fucose, and an oligosaccharide fraction containing 
uronic acid. The acidic sugars were absorbed on *Deaoi- 
dite FF’ (CO,*-) and the neutral sugars (880 mg) chromato- 
graphed on a cellulose column to give D-glucose (180 mg), 
characterized as the p-nitroanilide dihydrate, m.p. and 
mixed m.p. 183-184? (ref. 6) and 1-fuooee (182 mg), [a]8-— 
62-5°, characterized as the 2,5-dichlorophenylhydrazone, 
m.p. and mixed m.p. 206° (ref. 7). The acidic sugars (412 
` mg), after elution from the resin with N ammonium carbon- 
ate and conversion to the free acid forms, were chromato- 

on cellulose to give a uronic acid fraction (254 mg), 

[a] + 12°, and a uronic acid-containing oligosac- 
charide(s) fraction (48 mg). The uronic acid was charac- 
terized as glucuronic acid by glycosidation and esterifica- 
tion with methanolic h chloride, reduction with 
lithium aluminium hydride, and hydrolysis. Chromato- 
grams of the neutralized hydrolysate revealed a single 
component with mobility indistinguishable from that of 
D-glucose, and which was not detected after pretreatment . 
of the hydrolysate with glucose oxidase. On hydrolysis 
the uronio acid-containing oligosaccharide(s) gave gluc- 
uronic acid, glucose and a sugar with the paper chromato- 
graphic and ionophoretic properties of lyxoee. The 
reduced methyl ester methylglycoside of the oligoeao- 
charide(s) fraction gave only p-glucoee and lyxose on 
hydrolysis. The in of the lyxose has stil to be 
determined. 


The polysaccharide rapidly lost the capacity to precipi- 
tate with antiserum after 
room tem: Approximately 45 per cent degrada- 
tion resulted after to 0-04 N calcium hydroxide 
solution under nitrogen for 96 h. Degradation was 
accompanied by the formation of saccharinic acids, 
including saocharinio acids derived from glucuronic acid 
and fucose. It has been established! that alkaline 
degradation of 1,8- and 1,4- linked glucans, and partially 
subetituted reducing sugars, results ih the formation of 
saccharinio acids. However, the formation of saccharinic 
acids is most rapid with 3-0- substituted derivatives’. 
The relatively rapid formation of saccharinic acids in this 
case suggesta the presence of 1,3-lmkages in the poly- 
saccharide. This contention is supported by the fact 
that no uptake of oxidant was observed after prolanged 
treatment with periodate. The polysaccharide reisolated 
after treatment with periodate still precipitated with ite 
antiserum using the gel precipitation technique. 

The resulta of methylation studies aleo implied that 
1,3-lmkages predominated in the acidic po 


Reduction of the reducing end group with buffered sodium ' 


borohydride was necessary prior to methylation to avoid 
ion of the po ide under the alkaline 
conditions of methylation!*. 
pletely methylated 
92-5? m water) com: 
i i le from 2,4-di-O-methyl-r-fucoee ; 2,3,4,6- 
tetra-O-methyl-p-giucose (trace); 2,4,6-tri-O-methyl-p- 
glucose; and 4,6-di-O-methyl-p-glucose. The latter 
component probebly arises from incomplete methylation of 
the polysaccharide as did two components i 
monomethylated giuooee and 2-O-methylHfucose in their 
ohromatographio properties. However, the possibility of 
some b ing in the polysaccharide cannot be excluded. 
A component showing rallar mobility to gusuronlo soki 
in acetate buffer at pH 5 indicated that it was a methylated 
glucuronic acid. The presence of 2,3,4,6-tetra-O-methyl- 
D-glucose in the hydrolysate implies that glucose comprises 
the non-reducing end unit of the polysaccharide. It is 
noteworthy that glucose is preferentially released, er 
acid, on treatment of the poly- 
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saccharide with 0-01 N sulphuric acid at 80° for 
80 min. 

~ One of us (J.L. E.) thanks the Norwegian Research 
Council for Science and Humanity for a scholarship. 
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Sulphydry! Groups Essentlal for the Penicillinase 
Activity of Aerobacter cloacae 


ALTHOUGH many enzymes possess sulphydryl groupe 
essential for enzymatic activity there have been, so far as is 
known, no reporte of these or indeed of any other types of 
essential group necessary for the enzymatic activity of a 
penicillinase. Evidence is given here to show that sulphyd- 
Tyl groups are esential for the penicillinase activity of a 
strain of Aerobacter cloacas. 
` Cells from an overnight broth culture of Aerobaoter 
oloacae (laboratory reference No. 53) were collected by 
centrifugation, resuspended in 1/80 of their original volume 
with 0-025 M Serensen’s sodium phosphate buffer (pH 7-4) 
and disrupted, as desaribed by Smith’, in a liquid extrusion 
press. This suspension was centrifuged at 33,000g for 90 
min to remove coll wall and other débris and the olear 
supernatant fluid stored at 4? O. This crude penicillinase 
pr paraoa was diluted 1/100 with 0-025 M phosphate 

and assayed against benxylpenicillin (2 ) as 
described by Knox and Smith*. Penicillinase activity ab 


different pH values was determined 


maine 0-025 M p 

phate buffer and } strength Mollvaine's* buffer. The pH 
optimum was found to lie between 5-2 and 6-2. Subsequent - 
studies of penicillinase activity were made, using 0-025 M 
phosphate buffer, at pH 6-0, and as some penicillinases 
from other Gram-negative bacteria have been studied at 
pH 1-4 (ref. 4) the latter pH value was also used in order 


penicillinase preparation was used which, in the absence 
of inhibitor, would hydrolyse about 20 ug/ml./min of 


-benzylpenicillm. This was incubated with each inhibitor 


(2 mM) for 10 min at 87° O; an equal volume of benzyl- 
penicillin solution was added and the enzyme assayed. 
The results (Table 1) show that, under these conditions, 
p-chlormercuribenroate, which forms mercaptides with 
gulphydryl groupe’, was the only t whioh completely 
inhibited the penicillinase activity. erefore the effect of 
p-ohlormercuribenzoete was investigated more closely ; and 
in addition N-ethylmaleimide, which forme, by addition, 
& thio-ether with sulphydryl e, and iodoecet- 
&mide*:1*, which alkylates sulphydry! groupe, were tested. 
N-ethylmaleimide and iodoacetamide reacted much more 
slowly than p-chlormercuribenzoate at concentrations 
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Table 1, BEER EN ARIE HRS ERD Teens (2 MM) ON POULIE other hand, sae thi sks perd or Tasubetion (80 min) 
necessary to complete the inhibitory process no reaotiv&- 


AGES utes oo tion occurred when any of the thiol compounds was 

EC Dintirophehol -> -2 0 added afterwards; though some reactivation did oocur 
Hirn ylaming % " when the enzyme was incubated with thee inhibitors for 
OE MEM kdo D f only 10 min at 37° C then for 90 min with the thiol com- 
Ethylenedlaminetetraaoetate 0 0 pound before the addition of benzylpenicillin. Thus the 
MINI da 4 5 inhibition caused by p-chlormercuribenroate was more 
0 0 easily reversed than the inhibition caused by the other 

Podi md. R ? reagents. It is known that in general alkylating agenta, in 
Phenylhydrasine hytrochloride is 2 contrast to mercaptide-forming agente, combine irrever- 


Bibly with the hydryl groupe of enzymes". 
. The activity of this penicillinase preparation was found 

Tem Erreot oy Seu eer. CUPERT te; be little affeoted by the oxidising agents potassium 

Concentration anon required ferricyanide and o-iodosobenzoate. It has 

Inhibitor — AV RE > toa pentes by PET EET E E ot tne E tl 


100 
s-Ohlormereuribensoate T4 1 AM en oxidized only when two cf them are sufficiently close for 
aiima $0 14 aM CO ahd disulphide linkages to be formed. The resistance to 
nd a 1 i x M oxidation shown by the penicillinase preparation may 
Iodosostamide i4 CN 30 mM indicate that ite sulphydryl groupe occur singly or are not 
o sufficiently close to allow oxidation. In any event, the 

* $0 mM todoacotamide camsed 10 t Inhibition at pH 6-0; higher 

concentrations could not be tested under the conditions used. ° . finding that the penicillinase activity of this strain of 


Aerobacter cloacas can be inhibited by reagents which 
producing equivalent inhibition and these inhibitors , inactivate sulphydryl groupe and that this inhibition can 
were therefore incubated with the penicilinase prepar- be reversed by thiol compounds suggests that sulphydryl 
ation for 90 min. The resulta (Table 3) show that groups are essential for activity. In this respect it seems 
p-chlormercuribenzoete was the most efficient inhibitor, to be unique among penicillinases so far described. Ib 
N-ethyhmaleimide had leas effect and iodoacetamide would be interesting to know if any other strains of 
had the least effect. Similar results showing that bacteria, particularly of Aerobacter cloacae, possess a 
p-chlormercuribenzoate was more effective than iodo- aes cage dc cl ah a S - E oie acd 
acetamide in inhibiting other enzymes containing sulphyd- thank Beecham Resoarc ratories for gi 
ryl groups have been reported!!, All inhibitors were more penicillins. I also thank Prof. R. Knox, Dr. A. N. Davison 
effective at pH 7-4 than at pH 6-0; similar findings have and Mr. J. M. T. Hamilton-Miller for criticism and advice. 


bean made’?:# in the titration of the gulphydryl groups of J. T. SurrH 
albumin. Department of Bacteriology, 
the inhibition described here was caused by reagents Guy’s Hospital Medical School, 
which react with sulphydryl groups, various thiol com- London, 8.4.1. 


pounds were tested to see if they caused reactivation. 1 Bmith, J. T., J. Gen. Mtorediol., 80, 200 (1063). 
The resulta are shown in Table 8. With p-chlormercuri- Knox, B, end uut 7. T., J. Gen. Aftorediol., 88, 471 (1902). 
benzoate, when the enzyme preparation was incubated at *Molivaine, T. O., J. Biol Chm., 49, 188 (1921). 
37° C with this inhibitor for 10 min then for 10 min with ‘Smith, J. T., eod Haikon Mr, 3. AL T., Nature, 197, 700 (1083). 
the thiol compound before benzylpenicillin was added, * Helleraan, Ü.. Ohinard, F. P., and Ramedal, P. A., J. Amer. Chem, Sec.. 
some reactivation oocurred with all the thiol compounds ‘Morgan, M. J., and Friedmann, B., Bioohem. J., 88, 733 (1088). 
tested. With N-ethylmaleimide or iodoacetamide, on the gs a AR, aia iE Ed 
Table 3. REYHEMIL, BY ONRTAIN THIOL COMPOUNDS, OF INHIBITION OF ne ao eae T 87, 1141 (1033). ARE E SS 

. Pas AOHIEY Perentags or  ™ Bapkine, L., O.R. See. Biol, 11%, 790, 1294 (1938). 


Percentage of in 1 Rosner, L., J. Biel. Chem., 114, 001 (1936). 
Concentration penialllinase pH " Thiol ence inhibitor u Anson, M. L., J. Gen, Phystel., 83, 331 (1040) 
of inhibitor activity in + 5 times iis 
presence of conoen- M^ Diron, W, and Webb, E. O., in Jxrymes, 379 (Longmans, 1968). 
Inhibitor - ation of thiol Fraenkel-Conrat, HL, in Makes im Busymelogy, odit. by Colowiok, B. P., 
compound and Kaplan, W. O., 4, 247 (Academic Press, 1967). 
4 
pine us du deem m 
benroate othyiamine 44 
89 Occurrence of y-Hydroxyarginine In Plants 
10 4M Pe 06 Aw examination of free amino-acids and related com- 
bontania diii cc 96 pounds in the genus Vicia revealed the presence of an 
96 unidentifled ninhydrin-reecting guanidino oompound in 
?70 Thtogiycollate 78 tho seeds of 17 i (V. alba, V. calcarata, V. oor- 
3M Eade- 25 T4 — f-Meroapto- as nigera, V.cordata, V. dumsitorum, V. ferrugsnea, V. 
ial onan 80 flora, V. ludoviciana, V. monantha, V. nichauxti, V. ono- 
amú 2 e brycMoides, V. peregrina, V. pyrenaica, V. sativa, V. 
¥-Behytmale- 61 eo — p-Meroapto- sepium, V. unijuga, and V. varia). 
imide ethylamine n This compound could be separated from arginine and 
Taree bomoarginine on paper in 1 h using methylethylketone/ 
— Parere ate 76 propionic acid/water (2 : 1 : 2 by vol.)? as solvent or in 
Todoacetamide 41 T4 ethylamtne * h using buon Tol /esetió acid/water (12:3: 5 by 
L-Cysteine t vol)? as solvent. It gave a scarlet reaction with 


oc Unie those conditions p-mereaptocthylamine caused further inhibition Sakaguchi’s reagent*, unlike the orange-red given by 
Tuner Minna, Gon tii Leysietne destroyed benzy!pentefilin. arginine and homoarginine, and behaved as an a-mono- 
10 que en was bated p-ehlormerouribenszoate for amino carboxylic acid when treated successively on paper 
v er prr E I requie E i 
and incubation continoed for a further 00 min before penicillinase After with water from seeds of V. satwa, 


was estimated, &nd partially itying by ion exchange chromatography, 


802 


an attempt was made to isolate the compound as the mono- 
hydrochloride by acidifying the crude material (concen- 
trated to a syrup under reduced pressure) with concen- 
trated hydrochloric acid, removing excess. acid with 
aniline and recrystallizing ropeatedly from hot aqueous 
ethanol. During recrystallization the compound under- 
went transformation and the salt of a more basic compound 
(as indicated by its ionic mobility) was isolated in long 
colourless: needles, m.p. 158° (uncorrected). This 
artefact resembled the original compound in giving a 
scarlet reaction with Sakaguchi’s reagent but differed 
from it in giving a yellow and not a purple with nin- 


hydrin. On standing in 0-1 N sodium p guns at room. 


temperature the artefact reverted to the original oom- 
pound in lees than 17 h. These “suggested the 
formation and subsequent hydrolysis of a lactone ring. 
The elamentary analysis of the isolated salt was in agree- 
ment with it being the monohydrated dihydrochloride of 
a h e lactone (found: O, 27-72; H, 6-17; 
N, 20-40; Ol, 20-40; calc. for O,H4,N,0,. $HOLH,O: 
C, 27-38: H, 6-08; N, 21-29; OL 27-00 per cent). 
Although hydroxy derivatives of arginine have not 
been „found previously in plant material, y-hydroxy- 
the derivative most likely to form a lactone, 


has been isolated from the sea-cucumber Polychewa i 


rufescens! and the seg-anemone Anthophopleura ‘japonica 
Verrill*. 

Using authentic y-hydroxyarginine and y-hydroxy- 
ornithine (kindly supplied by Dr. Y. Fujita) as markers, 
the original compound from V. sativa and the product 
obtained by refluxing it in 0-1 sodium hydroxide for 3 bh 
were chromatographed on paper in six solvent systems and 
subjected to high-voltage ionophoresis on paper at pH 
1-9 and pH 3-6. The Rr values and mobilities of the plant 
amino-acid and the product of its alkaline hydrolysis were, 
in each solvent system and at each value of pH, identical 
with thoee of y-hydroxyarginine and y-hydroxyornithine 
respectively. The plant amino-acid and +y-hydroxy- 
arginine gave identica] reactions with Sakaguchi’s hin due 
as did the hydrolysis product and y hydroxyorni 
with periodic acid, and acetylacetone’. 

We thank Prof. H. Harris for his interest in this work 
and Mr. W. G. Mackenzie for his help in obtaining seed. 
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the major proportion of PPO substrates in many plant 
tissues, as stated here’. 

The enzyme O-methyltransferase is capable of methyl- 
ating the 3-position of 3,4dihydroxy aromatic oom- 
pounds!’ and O-methylation would be an irreversible 
modification of the type described. The substrates 
reported for rat-liver O-methyltransferase are such aa to 
suggest & broad specificity, possibly including many of 
the plant -dihydroxy sromatio acids. What would be 
the effect on PPO reactions after interaction of O-methyl- 
transferase with PPO substrates? Methyl transfer was 
tested on two plant constituents, caffeic acid and 
OGA, after which their participation in PPO reactions 
was evaluated. 

Bynthetio caffeic &cid!* (3,4-dihydroxycinnamic acid) 
was used as & model compound because ib was known to be 
methylated by the animal transferase* and the methylated 
product could be easily identifed. The methylating 
enzyme was prepared according to Axelrod’, taken through 
the ammonium sulphate precipitation step, dialysed 
against 0-001 M pH 7-0 potassium phosphate, and frozen. 


Table 1. e Pe nem tear ec a 
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h) Rr 02 R Er 0 mot Tak $, oe epot 
, Qao dr F P r 
(Boled neon: prem ry 
0170 0112 Pss 0 O65 
i oM 1 - 0-074 +0000 
5 orar proia was 
Q-Methylirariafarase on, (rof. 
added to reden beri MV gen 
$75; magnesium chloride DR Me ror 
, 15. Resultant : aic Ta arhe mire wai 
at 38° 0O. 201 aliquots were ta UEM 
ipod wero eluted by Thed in T 5 solvent merry (em terri), Need 
determined peat 325 A control sample 


alata Dal Gases Sea cut in Hi Bars CUN 


Aliquots from a reaction mixture comparable with that 
shown in Table 1, except that sodium caffeate was used as 
substrate, were withdrawn periodically, spotted on paper, 
and chroma phed in chloroform artio acid/water, 
2:1: 1, lower layer’. During the incubation, caffeic acid 
decreased (Rr 0-1, detected by its ultra-violet fluores- 
cence). A new fluorescent product, which increased in 
quantity with time, appeared at Ry 0:9. Its tested proper- 
ties (Rr and absorption spectrum) coincided with those 
of ferulio acid (4-hydroxy-3-methoxycinnamic acid) as 
reported’. " 

Chlorogenic acid (3-caffeoylquinio acid) isolated from 
green coffee beans’? was subjected to the'methylating 
system described in Table 1, and aliquote were chromato- 
graphed in several solvents, ‘including a mixture of 7 parta ; 
ohloroform-aoetio &cid—water (see above) and 3 parte 
methyloelloeolve/aoetio acid/water, 112 : 1 : 12 (ref. 13). 
This mixture was the only solvent system of many tried 
that distinctly separates OGA from ite product substance. 
A. fluorescent product appeared on the chromatograms; 
it increased in amount with time in proportion to the 
chlorogenic acid decrease (Table 1), suggesting ther 


~ precursor—product relationship. The cce properties 


* Fujita, Y., Bw. Chem. Soo. Japan, 38, 430 (1050). 
* Makizumi, 8., J. Dioohem, (Tokyo), 49, 284 (1901). 
* Schwarts, D. P., Anal. Chem., 80,1855 (1958). " 
En e Reactions with Phenolic Compounds !: 
Effect of O-Methyltransferase on a Natural - 


Substrate of Fruit Polyphenol Oxidase? 


PauxNoLIO compounds constitute the natural substrates 
of the enxyme polyphenol oxidase (PPO). Of these, the 
major substrates of the enzyme in fruita are reported to 
be o-diphenols (catechols), for example, chlorogenic acid? 
(CGA), Lepicatechin‘, and’ e& If it were possible 
to modify irreversibly one of the catechol hydroxyl groups 
in any manner, this would have the following effecte of ' 
preventing participation in PPO reactions by constituent 
phenolic compounds: (1) The modified catechols would 
themselves no longer be substrates of PPO‘, (2) the 
absence of catechols as primera of monophenolase oxida- 
tions could, in turn, eliminate the oxidation of constituent 
monophenols’. Even the first effect alone would eliminate 


were used to tentatively identify the product compound 
as 3-feruloylquinic acid, recently isolated from coffee bean 
and obtained through the kindness of Dr. J. Corse: ite 
Ry’s in several solvents (for example, Rr 0-6 in the 7: 3 
mixture described here and Rr 0-7 in n-butanol/acetic 
acid/water, 4 : 1 : 2-2; as against Rr’s 0-2 and 0-6, respec- 
tively, for chlorogenic acid), the bright blue-fluorescent 


_ colour of ita spot on paper, and its 290-350 mu absorption 


spectrum after elution from a paper chrómatogram (pro- 
cedure, Table 1). 

In order to test the effect of PPO on the reaction 
producta, caffeic acid and CGA reaction mixtures were 
chromatographed, and the chromatograms were sprayed 
with crude PPO prepared from peach or apple fruit 
according to the procedure of Siegelman‘. When the 
sprayed papers were incubated at room temperature in a 
moist chamber, brown St soon appeared where 
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Ry posttiona of the compounds at the right 
and by eizeling of the feruloyiquinio acsi control spd, visibhe ten ete 
ultra-violet t. (Note. o migration ot Ja retarded 


oxidizable substrates were present. Only caffeic acid, not 
methylated product, reacted to give a dark oolour. 
Parallel effects, illustrated in Fig. 1, were obtained with 
OGA (Er 0-2) and its methylation product (Rr 0-6). In 
each case, the methylated compound was no longer a PPO 
substrato. Similar resulta might be * with the 
enzymatically $-methylated products of dopamine* and 
other o-diphenolio plant constituents. 

Since enzymatic methylation of substrates of PPO 
pere their oxidative reaction, the methylation would 

of obvious interest with regard to the oxidative darken- 
ing of plant tissues. Interaction of O-methyltransferaso 
with fruit tissues has given the expected effect on their 
PPO reaction, which will be reported elsewhere. 


B. J. FrsxrE 
, R. F. Nzgrsox* 
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Agricultural Reeearch Service, 
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Tryptophan-Nicotinic Acid Metabolism in 
Subjects pss Aid long since recovered 


from Viral Hepatitis 


Iw previous work we have shown that metabolio 
alterations in the chain of reactions leading from trypto- 
phan to nicotinic acid are present in both i tal 
hepatitis by mouse hepatitis virus (MHV-8 virus)! and 
i homan viral hepatitis in the acute Bianor 
- We have now investigated the persistance of the afore- 
mentioned alterations in subjecta clinically recovered from 
the latter disease. 

The pattern of urmary metabolites involved in the 
tryptophan-niootinic acid interrelation was examined in 
urine samples collected over a 24 h period from normal 
subjects and from 34 subjects who recovered from 
viral hepatitis: 10 recovered for 2 months-l year (group 
I); 12 for 1-5 years (group II); 12 for 5-15 years 


(group TT), . . 

For the chromatographic analysis of the aforementioned 
metabolites Dalgliesh’s technique? was used. Identifica- 
tion of the compounds was carried out by examination of 
the fluorescence by ultra-violet light (8680 Å) and by the 
characteristic colour reactions. Several chro hio 
analyses were carried out on different days for each subject. 

Furthermore, in the same subjecta the electrophoretic 
protein pattern, the flocculation or turbidity tests (Takate- 
Ara test and thymol-turbidity test), the activity of serum 
transaminases and the determination of serum bilirubin 
were carried out in order to discover whether the liver 
function of these subjecta was altered or not. 

Of the 10 cases of group I, we found kynurenine in 4, 
kynurenine and 3-hydroxykynurenine in 2 (only one of 
these a slight increase of y-globulin and a 
fecnub dye Takata-Ara and thymol-turbidity testa). 

Of the 12 cases of group II, we found kynurenine in 4, 
kynurenine and 3-hydroxykynurenine in 3 (the other teste 
were normal in all 12). , 

Of the 12 cases of group III, we found kynurenine in 5, 
&nd kynurenine and 3-h xykynurenine in 8 (only one of 
these presented a slight increase of y-globulin and a 
partially positive Takate-Ara and thymol-turbidity tests). 

The results obtained show that in & high percentage 
(about 60 per cent) of the completely recovered subjecta 
examined (on the basis of clinical examination and of 
many tests for liver functions) a certain alteration of the 
teyptophan-niootinio acid metabolism was still present. 
It seams that this lesion is connected chiefly with kynure- 
nine oxidase activity. 

M. Prana 
F. TawcgEDI 


Institute of Infectious Diseases, 
“Gesù e Maria", 
University of Naples, 
and Institute of Biochemistry, 
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Bacterial Transformation: an Antigen 
Specific for ‘Competent’ Pneumococci 


Tuan ability of a strain of pneumoooocus to be trans- 
formed by deoxyribonucleic acid (DNA) isolated from 
another strain is termed ‘competence’. Tho basis for 
‘competence’ is not yet fully understood, but evidence has 
been obtained! that it may depend on the capacity of a 
cell to incorporate DNA. The finding by Hotchkiss* that 
non-transforming DNA inhibits transformation Indicated 
that specific receptors for DNA are present in ‘competent’ 
oells. Schacffer*, after extensive investigation of this 
phenomenon, concluded that the receptor is on the surface 
of ‘competent’ bacteria. 
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The probability that the receptor on ‘competent’ 
pneumococci may be a protein‘! suggested that it might 
be antigenic. Immunization with ‘competent’ pneumo- 
cocci accordingly should stimulate the production of 
antibodies which mhibit transformation, whereas anti- 
bodies to ‘non-competent’ cells should not inhibit trans- 
formation. The resulta of experiments designed to test 
this possibility are reported hare. 

All expermments were performed with DNA prepared 
from a strain of pneumoooocus resistant to streptomycin, 
microooooin, and erythromycin. The DNA was isolated 
from oells lysed with deoxycholate, deproteinized by 
shaking with chloroform and isoemyl alcohol, and pre- 
cipitated with ethanol*. The procedures for transforma- 
tion and the method of quantitation using anti-R serum 
were those described by Hotchkise**. 

To prepare ‘competent’ cells for immunization, pneumo- 
cocci were grown under conditions identical to those used 
for preparing a culture for transformation’. When 
‘competent’ cells were presumably present, an aliquot was 
removed to test for transformability. Formaldehyde in a 
final concentration of 0-2 per cent was added to the 
remainder of the culture, and the pneumococci were kept at 
room temperature overnight. The cells were then separ- 


ated by centrifugation and concentrated fifty-fold for 


immunization. 

‘Non-competent’ oells were prepared in an identical 
fashion, except that bovine serum albumin was eliminated 
from the growth medium. It was usually necessary to 
transfer the culture several times in a medium lacking 
bovine serum albumin before a culture which gave no 
evidence of transformability could be obtained. 

It had been found, in connexion with other investiga- 
tions, that sera from presumably normal rabBite ooca- 
sionally inhibit transformation. Consequently globulin 
fractions prepared by sodium sulphate precipitation’ were 
used in these investigations. Such fractions do not inhibit 
transformation non-specifically. 

The resulta of i ts in which three globulin 
fractions from the sera of rabbits immunized with ‘com- 
par cells were with three corresponding 
ions from rabbits immunized with ‘non-competent’ 


V EE are recorded in Table 1. All the globulin 
ions obtained from the rabbits immunized with 
transformable pneumococci inhibited transformation for 
all three markers studied, whereas no inhibition was noted 
with the obulin fractions obtained from the animals 
imm with ‘non-competent’ cells. In fact, the Jatter, 
for reasons not apparent, actually increased the yield of 
ee i a IER 
which only the orming DNA was added. The 
difference between the activities of the two sete of globulin 
preparations was not due to a difference in fitra, boo 
all six fractions had identical titres as determined by 
agglutination of either formalinized ‘competent’ or ‘non- 
competent’ pneumococci. 

To eliminate the possibility that the results might be 
due to fortuitous variations among rabbit sera, globulin 
fractions prepared from pre- and post-immunization sera 
were compared (Table 2). Here, again, the inhibitory 
effect of fractions obtained from immunized rabbits is 
apparent, in contrast to the usual enhancement observed. 


Table 1. Erreor or GLOBULIN FRACTIONS From BERA OF RABBITS 
COMUFIZED WITH ‘COMPETENT’ (C) AND ARD NOF OONTETERE (NO) PRUXOO000E 
Ox 


Globulin 
fraction 


Btreptomyein 9 Hrythranyon Microocoodn 

Et-1 ( 680 - $90 10 x 10* 
6-36 (NO) 19 x 10° 14 x 10° 22 x 10° 
Oon! 55 x 10t 10 x 10° 17 x 106 
Et-2 AA B4 x 10° 42 x 10* 16 x 10* 
Ft-27 (NO) 1:8 x 105 35 x 10* 18 x 10* 
trol 8-8 x 10* 3-7 x 10* 18 x 10° 
p^ 14 x 10! 65 x 10 £7 x 10 
Fe-22 (WO) 12 x 10° 45x 10° 19 x 10 
6:2 x 104 $2 x10 20 x 10- 
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Table 2.  OOMPAKEISOK OF GLOBULIN FRACTIONS FROM PRE AND Post- 
IMMUNIATIONE SIr OF RABBITS  IMMUNJEMD WITH ‘OOMPETERT’ 

@lobuln No. of cells transformed/ml. 

fraction Bireptomyein Maeroeooctn 

Ft-85 0 0 

Eoss 8-8 x 1” 2-7 x 10* 

Fe% 1:5 x 10* 1:5 x 10* 

Etta 4 x 10 - #8 x 10* 

E040 30 130 

E0403 22x 10 2:1 x 10* 

Control 24x 10 2-2 x 10 

s denotes pre-tmmunixzaiion sera. 


with globulin fractions obtained from the same rabbits 
before immunization. 

The results provide direct evidenoe for the presence of 
an antigen associated with ‘competence’ in pneumococci. 
It is reasonable to assume that this antigen is the receptor 
that has been postulated to occur on the surface of trans- 
formable oells. This antigen must be lost or altered in the 
‘non-competent’ cell, for if it were merely ‘masked’, that 
is, covered so that 1t was no longer on the surface, it 
should still be capable of acting as an antigen to stimulate 
the formation of inhibiting antibodies. Whether or not 
this antigen is responsible for the cyclical appearance of 
transformability in synchronously cultured pneumoooooi* 
remains to be determined. Obviously such variations in 
transformability could also result from changes in the 
ability of the cells to integrate DNA into their genomes, 
and bear no relation to e surface receptor or antigen. 

The 'competent! pneumooooci were grown in the 
presence of bovine serum albumin. As an additional 
control, therefore, globulin fractions prepared from the 
sera of rabbits immunized with bovine serum albumin were 
tested in the transforming system and were found to be 
without effect. 

The sera, whether obtained from rabbits immunized 


with ‘competent’ or ‘non-competent’ cella, exhibited 
identical at sean titres with both of oells. They 
undou y contain a number of different antibodies, 


Wet GF which eco peasent ta ell the Seta: It is not possible, 
therefore, to measure the ifie antibody responsible for 
inhibiting transformation, but it has been found that only 
globulin fractions with relatively high titres (> 10,000) 
were active in this regard. Dilution by as little as ten-fold 
eliminated their capacity to inhibit transformation, 
indicating that the specific inhibitory antibody probably is 
present in small concentrations in comparison with anti- 
bodies directed against other cell components. Deapite 
this complication, it is hoped to use such antisera as a 
guide to the isolation of the ‘competent’ antigen by frac- 
tionating transformable pneumococci and determining 
which fractions absorb the inhibiting activity. 

This work was supported by contract No. Nonr 266(40) 
between the Office of Naval Research and Columbia 
University. 

Grawm-CABLO Nava * 
ANNA GALIB 
Bau M. BEENR 


Department of Microbiology, 
College of Physicians dnd Surgeons, 
Columbia University, 
New York, 82. 


Ct DE tho. Damon Runyan Womortal er eRe or tee Foundation. 
lem t address: Istututo dı Impens e Miorobiologia, Università à! Pavia, 


1 Lerman, L. 8., and Tolmaoh, L. J., Biookün. Biophys. Acta, £8, 68 (1967). 

Scam a Prec. U.S. Net. Aosd. Soi., 40, 49 (1984). 

* Bchaeffer, Symp. See, Bop. Io, Dolori Replication of Maco- 
aus, 18, 00 958). 

“Fox, M. B., d neam Nature, 179, 1322 (1957). 

$ Ephrusi-Taylor, H., O.R. Soe. Piot., 14, 1051 (10060). 

* Hotchkis, R. D., in Mathods in Fusymology, edit. i and 
Kaplan, N. O., 8 (Academio Prem, New York, 

"Strauss, A.J., Beegai, B. D. K. 0., Burkholder, P. Nastuk, W, L., 
and Omerman, K. Ed. Map. Phol. Med., 1 Mir (1960). 


no.4s70 March 2, 1963 
PHYSIOLOGY 


Rate of Restitution and Self-regulation of 
Contractility in Mammalian Heart Muscle 


Iw & suitable environment a heart muscle preparation 
stimulated at a fired rate maintains a steady-state 
strength of contractions for long periods. The muscle 
thus completely recovers between two succeasive beets. 
However, the recovery does not oocur immediately with 

ion of the membrane. The recovery or restitu- 
tion of contractility lags behind that of excitability’ and 
it is not instantaneous but , a8 revealed by the 
premature and delayed beats (Fig. 1): if the mterval is 
shorter, the amplitude of contraction is smaller, that is, 
the restitution of contractility is not complete. If, on 
the other hand, the interval is longer than the regular one, 
the contraction is higher, the restitution of contractility 
being even more complete. 


100 





o 60 p.min. 
2-27'* PDBR-1'5 see, 


40 p.min. 
40 
20 
OS 10 15 2-0 
Bee 
airium at 32-2° O and 
be nr od "S eod 130 par taf aa ruonio revealed by the of 
and delayed can ordinate), Abscissa 
Preceding dn measured fervere steady state for 
each of 3 frequencies ts marked by a black colmmn. P. post- 
X a Gee o 
a 
prema i 


Geral seo). Ord Ordinato, amplrtude ; abscissa, erences 

the two (180 per min and PPBE) and two lower (PDBE 

and 40 per min) curves intisete tie effecta due to cumulation ( 
and repeated intervals of 0-5 and 1:5 

Moreover, besides this change in the amplitude of the 
irregular contraction, the change of a single interval causes 
an augmentation of the next beat, even when it follows 
after a regular interval, that is, without a compensatory 
pause (post-extrasystolie potentiation)’. In our experi- 
ments it was possible to show that within certain limits— 
at medium rates—tho velocity of contractility restitution, 
which follows the premature beat, is increased (Fig. 1, 
PPBR). On the other hand, a longer interval causes a 
decrease in the rate of restitution. It looks as if the speed 
of contractility recovery were set according to the length 
panei itp interval. A shorter interval between 

ons accelerates the restitution of contractility so 
that the amplitude of the following beat reaches a higher 
level than previously during the same time period (Fig. 1, 
PPBHR);& interval causes just the contrary (Fig.1, 
PDBR). 

If not only one but all intervals are shortened, that is 
if frequency is increased, the speed of the restitution 
process gradually increases and this change results in 
gradtal augmentation of the contractile force or shorten- 
ing (staircase phenomenon). The speed of restitution of 
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unchanged, but but tts maintenance on the 
two pieca -of resHiation. | 


: an intial 
slow The restitution almost 
Lai phase, The hanis icu faro o entirety 


contractility is thus seb to a higher level 
to the final steady-state of the new fre- 
quency. The change of in the opposite sense, 


its slowing within the limits of medium rates, results in & 
progressive decrease of restitution velocity to & new lower 
steady-state level (negative staircase). 

This cumulation of the individual motropic effocta of 

ture or delayed beats seems due to & certain inertia 
in the return of the restitution, deviated from its steady 
rate. Ti tnay be obpaarvon on svc! bee En 
mature or delayed contraction: the initial change is 
abrupt, but the return only gradual. 

Potentiation thus seems to be essentially a change 
which accelerates or facilitates the process of restitution 
of contractility. The immediate effect due to a premature 
contraction, and the cumulative effect brought about by 
an increase of frequency, are closely related; but they 

are not identical. The difference between them is well 
Soin itn ela an pre el 
acetate, Ee eee ae 
tion, leaving the immediate effect 
(Fig. 2). It is affected only later, quibue 

metabolic lesion, the mechanical response of 

the heart muscle is greatly altered. Thus the immediate 
effect is largely independent of energy-yielding metabolic 
reactions, while cumulation requires integrity of the whole 
system of. oxidative reactions. 

It is to be noted that the change which resulta in 
potentiation may be elicited by very premature stimuli 
which are not followed by any mechanical response and 
is therefore connected rather with the membrane pheno- 
mens and with the of activation than with some 
mechanical event eontraction*, and may therefore be 
called inotropic effect of activation‘. 

Some special problems arise from the behaviour of the 
heart muscle at very low and high frequencies, at various 
lamparatiten, andl there pre MD on epocii rene 
in the form of the frequency-strength relationship, most 


ee RS a Their implications 
be discussed elsewhere 


The nature of the restitution of contractility and of the 
mechanism of its ‘setting’ is so far not clear. We know, 
however, that these phenomena are closely connected with 
the membrane depolarixation and with the process of 
other with the processes of transformation and conversion 
of the stored energy into an available form and ita utiliza- 
tion for the mechanical process of contraction. Recent 
evidence shows that many variations of contractility are 
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related rather to changes in the efficiency of the utilization 
of chemical energy and ita conversion to mechanical energy 
than to changes in the actual amount of the chemical 
energy used per beat’. This conception does not seem 
inconsistent with our interpretation of preeant remilts. 
Further research is needed, however, to elucidate the 
underlying processes. 

The fact that the activation, besides triggering the 
contractile mechanism, modifies at the same time the rate 
of contractility restitution, and with it the strength of 
contraction according to the length of the preceding 
interval, may be of definite physiological significance in 
a muscle adapted to rhythmical activity. It leads to the 
idee of self-regulation in the heart muscle, of an efficacious 
mechanism—and perhaps the only possible one—allowing 
for a gradation of mechanical response in rhythmical 


V. KauTA 
P. Baavuwf 
Department of Physiology, 
Faculty of Medicine, 
University of Brno, 
Cxechoslovakia, 


1 fnebens, A. A., Hoffman, B. F , P. F., and Broocia, 0. MoO., 
Newt. J: Pide ion ri Oeo 


* Braveny, P., and Kruta, V., Arch, Intern. Physiol., 66, 683 (1958). 
* Kruta, V., and Braveny, P., Arok. Intern. Pkyriol., 60, 645 (1961). 
lier d BH. and Kooh-Woser, J., J. Phorm. end Exp. Ther., 184, 373 


* Furebgot, R. F., and Lee, K. S., Otrowletion, $4, 416 (1061). 


Effect of Estradiol on Spinal Cord 
Convulsions In Developing Rats 


BrrsAL cord convulsions oen be elicited by direct spinal 
cord stimulation in 1-day-old rats’. In contrast, the tonic— 
clonio seizure pattern of adult rate produced by electro- 
shook stimulation of the brain? usually docs not appear 
until the 21st day of age. Thus, the spinal cord matures 
more rapidly, functionally, than do higher centres of the 
nervous 

Previous investigations in this laboratory have demon- 
strated that œstradiol in adult rate increases brain excit- 
ability, as measured by a decrease in electroshock seizure 
threahold and by facilitation of the tonio phase of the 
maximal electroshock seixure*. In view of the pert that 
spinal reflex systems play in determining the seixure 
pattern‘, the question arises whether or not œstradiol 
exerts a significant action on these systems. 

In a preliminary investigation, Heim and Tiras’ have 
found that in rate treated with œstradiol from the 8th to 
the 11th days after birth, the time of appearance of the 
ability to exhibit a tonic-clonic seizure was hastened by 
two days over that of the controls. These authors have 
suggested that astradiol induces precocious maturation in 
the bram. However, the role of spinal reflex systems 
should be considered. 

The following experiments were performed to examine 
the effect of estradiol on spinal cord convulsion patterns 
in rate during maturation. 

Œstradiol dipropionate in a dose of 1 mg/kg (in 0-01 ml. 
‘Marola’ solution/g body-weight) was administered to rata 
daily from the 8th to the 11th days after birth. Control 
animals received 0-01 ml./g body-weight of ‘Mazola’ for 
the same period. Spinal cord convulsions were elicited in 
both control and cestradiol-treated rata on the 12th and 
21st days of age. The technique for direct spinal oord 
stimulation was that described by Esplin and Freston‘ and. 
modified by Vernadakist. The animals were decapitated 
at the cervical region and the stimulating electrode 
(oathode) was mserted 4-5 mm into the cord. The anode 
was attached to exposed tissue of the neck. Square-wave 
stimuli 1 msec in duration and of 100 pulses/seo frequency 
were delivered by a Grass stimulator at a stimulus m- 
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tensity of 80 V. Spinal cord stimulation of 10-sec duration 
was applied 15 seo after decapitation. The end pointe of 
hind-lunb flexion and extension wero by an 
electronic timer. The duration of flexion is utilized as a 
standard index of seixure- intensity; the shorter the dura- 
tion of flexion the more severe is the convulsion®. 

The duration of flexion in control and wstradiol-treated 
rate 12 and 21 days of age are presented in Table 1. In 
both ages the duration of flexion in the cestradiol-treated 
animale is significantly decreased; tho decrease in 12-day- 
old cestradiol-treated rate is more marked than that in tho 
21-day-old. These resulta illustrate that œstradiol admin- 
istration increases the reflex excitability of the spinal cord 
and that this increase in excitability persisted during the 
experimental period; they are in agreement with previous 
studies": ahowing thet oestradiol has long-lasting effecte 
on developing rata. 
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Table 1. HrFFBOT OF OE*TRADIOL* om SPINAL OORD OCONVULAIONS IN RATS 
DURING DEYNLOPKENT 


: Duration of hind-limb flexion (sea) 
days ax birth Oontrol 
12 1-58 + 018t 090 + O04 
goon) 
21 1:32 + 018 0 + 0 
(0-06—0-03) 
* GEatradiol was Injected subontansously from the 8th to the 11th days 
after birth. 8-16 rats were used in each age period. 
T t S.B. 


1 Number in parentheses is P value for comparison to control. 


It has been suggested in previous investigations’ that 
œstradiol, given at a oritical iod of development, 
enhances the appearance of the tonio hind-limb exten- 
Bor seizure by inducing precocious maturation of tho 
higher centres of the nervous system. In the present 
investigation œstradiol given at a critical period of the 
development of higher centres increases the level of 
activity of spinal reflex system. Thus, it may be suggested 
that the enhanced appearance of a full tonic-clonic seizure 
in osetradiol-treated developing rate can be attributed in 
part to an increased level of spinal reflex excitability. 

This work waa supported by U.8. Publio Health Service 
grant RG-0207. 
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, Permeability of Dermal Connective Tissue 
in Normal and Scorbutic Guinea Pigs 


RmaomNT work has shown that the permeability of 
capillary blood vessel walls does not seem to bo affected by 
scurvy! despite the presence of hmmorrhages. However. 
capillary resistance was shown to decrease** and the 
corresponding capillary fragility inoroased*^'. No investi- 

tions of the influence of scurvy an the permeability of | 
dermal and connective tiaeue have been made. 

To examine the effect of scurvy on dermal and sub- 
cutaneous tissue, we used young guinee pigs weighing 250— 
400 g, fed ad lib. on Wayne guinea pig diet containing 420 
mg of vitamin C (added) per 100 g of diet. To induce 
scurvy, the gui pigs were placed for 15-17 days on 
Wayne ‘Lab Blox’ (mice and rate), which contained practi- 
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Table 1. Rrvact or L-ASOORBIO ACID (1 MG/ML. IX SALINE) OK THE BATE OT DIFTOSIOX oF Evans BLUR DYA IK NOXXAL amp BOORNUTIO GUDEA Pras 





No. o bad 


— irp value Gale end Tomales) —— 
pr rp oa 











Dye alons (per oent) 
Normal animals 3 350111 1fit14 ltt 
smie NE LE | iab | QE w | a 
p 
o$ 203 +15 16117 170432 19 187433 164133 = 
cally no ascorbic acid. On this diet, they lost an average These results that the permeability of dermal 


of 22 per cent of their body-weight and at autopsy showed 
severe hemorrhages of limb jointe, chondrocostal junctions 
and of the intestines. The adrenals had imoreased in 
ight. 
Modifications of Duran-Reynals’s spreading test and of 
the constant infusion test of Hechter e£ al. 
were used for 


After the first 5 min, 0-5 ml. of ascorbic 
) in saline was injected into the bleb. The 


flow-rates of the saline during the first- and third 5-min : 


period divided by the volume infused during 
first 5-min period. , two tests (on left and right 
calves) were made on each animal. The control ratios 
were obtained by injecting 0-5 ml. of saline into the bleb. 
(Details of these techniques will be described elsewhere.) 


sodium nembutal (‘Pentobarbital sodium’, Abbott) (60 
mg/ml), diluted 1 : 4 with saline; 0-4 ml. of this dilution 
was injected intradermally per 100 g of body-wei 
The results of the application of the dermal diffusion 
method using Evans e with or without ascorbic acid 
is shown in Table 1 for male and female guinea pigs. 
Aak S wold carissd an usées inl che eprentiing of tis 
dye. However, both normal and scorbutic animals showed 
about the same increase. The size of the spota for dye 
alone was also similar for the normal and seorbutio enimals. 
Female animals had somewhat larger spots than males, 
an observation found in our earlier work for both rata 
and guinea A similar sex difference for rabbits 
ion ecu and hemoglobin as the test substances 
haa reported by Lurie and Za&ppasodi!*. 
Table 2. EFFECT OF L-ASOOKBIO ACD (1 XG/M1.) oF SALOS OX THE Rare 
OF IXFUSIOK FOR NORMAL AMD SoOKBSUTIO GUINEA Pras 


Norma) animals Ue 
one ae "i BS + 18) os + 13t = 
Tame ip mig wee hoe Hj 
pn $$ MER Bipper — Q9 


* Antmals of 250-350 g. 
T The same values wero also used as controls for scorbutic antmals. 
t Average. s 


As shown in Table 2, the increase in rate of infusion of 
salino was enhanced by ascorbic acid to about the same 
extent for normal and scorbutic animals. 


and subcutaneous tissues is not altered in scurvy when 
measured by these methods. 

The work was supported by the U.S. National Institute 
for Arthritic and Metabolic Disease, grant 44619. 
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Diet and Histamine in the Ruminant 
THa presence of histamine in normal rumen liquor has 
not been proved. deoisively, and the part played by this 
substance in acute indigestion in rummanta has not been 
well establiahed. 
Dein ei al.! were unable to detect histamine in normal 


the pH, due to fermentation of great amounts of carbo- 
hydrates, and severity of indigestion. Tyramine was also 


present. 

It has been established that intravenous injection of 
histamine in sheep will cause rumen paralysis'** and 
ceasation of eructation'. On the other hand, orally 
administered histamine does not influence the physio- 
logical condition of the rumen’. This bas been attributed 
to poor absorption of histamine through the rumen 
epithelium. The consensus of opinion has been that the 
histamine in the rumen is of endogenous origin. 

In our experiments histamine was extracted from the 
rumen liquor of sheep by pessage through an ‘Amberlite 
IRO-50' column according to Bergstrem and Hansson’. 
After elution with hydrochloric acid, histamme was 
assayed conventionally on isolated atropinized guinea pi 
ileum. The acetyl-conjugated histamine was rnad 
as the increase in free histamine whioh occurred on acid 
hydrolysis. All histamine values refer to the diphosphate. 

Fig. 1 shows the diurnal variation of histamine conocen- 
tration in the rumen liquor when the morning ration 
consisted of hay and concentrates and the afternoon ration 
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mg histamine per ml. rumen Uquor 
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2pm. Apm. 10pm $am. 6am 10am 3pm 
Fig. 1. Variation in the ooneenirsiion of histamine in rumen Hquor. 
— —, In wo; ~--, in witre; ihe ia miro mampie of rumen contents 
was provided after Fed at hoars indicated by arrows: 


ingestion 
1, silage; 3, concentrates; 3, hay ^ 


of formic acid grass silage (460, 500, and 270 g, respec- 
tively). A increase occurred after ingestion of silage. 
When the feeding schedule was altered, similar increments 
always occurred subsequent to silage feeding, independent 
of the hour of the day. The increase waa of short duration, 
as in 3-5 h the histamine concentration in rumen reached 
pre-feeding levels. A moderate but distinct increase also 
ocourred after feeding with hay or concentrates. 

The quantities of preformed histamine were determined 
in gilage, hay, fresh grass, and concentrates using the ether 
extraction method of Block’. The histamine was after- 
wards extracted twice from the ether with equal volumes 
of distilled water. By this procedure approximately 99 
per cent was transferred to the water phase. When large 
amounts of histamine were the assay could be 
performed directly, since amall amounts of ether did not 
interfere.. When small amounts were expected, however, 
the ion-exchange method was used, serving both the 
purpose of removing the ether and concentrating the 
solution. 


Table 1, OomrENT or HIFTAMINE IN THE FELDA VERD 


G 
Unfraotionated Jules He Consentrates Fresh 
Gwe dry (ama) (ja (egi dry (uir 
[5] i weght) weight) $) 
1,110-8,909 $201,230 02-08 4-16 05-09 


. Bilage was found to contain large amounts of histamine, 

while the quantities present in the other feeds were 
minimal (Table 1). In samples of grass, silage from 7 
other farms (preserved with either HCOOH or H,80,- 
HOCl) the histamine concentration varied between 26 and 
900 ug per ml. press juice. 

To identify the tested substance we first showed that ita 
affect on guinea pig ileum was completely counteracted by 
smal amounts of antihistamine. Secondly, the ether 
extracta were subjected to paper chromatography (What- 
man No. 1, diethyl-ether/ethanol/water/cons. ammonium 
z5:4:1:0-1). The active compound had the same 
By value as histamine standards, and reacted positively 
on the Pauly reaction’. The chromatograms also revealed 
that tyramine was a component of these feeds (unpub- 
lished resulta). 

Fig. 1 demonstrates a pronounced discrepancy between 
the in vivo and the $n viiro disappearance of histamine in 
rumen contenta after ingestion of silage. This indicates 
that micro-organisms of the rumen are not responsible for 
any substantial part of the metebolixation. The rate of 
fluid transport from the rumen to more distal parte of the 
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alimentary tract? does not seem to be sufficiently rapid to 
account for the fast disappearance from the rumen. This 

that a considerable proportion of the histamine 
is absorbed. Furthermore, analysis of fæces revealed that 
neither free nor acetyl-conjugated histamine ever reached 
high levels after ingestion of silage. In urine, on the other 
hand, a large increase in the exoretion of acetylhistamine 
occurred, whereas the increment of free histamine was 
minimal. 
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Table 2. KOTABOLIEX OF HINTAMIXB (xG HINTAWINE/G War WRIGET/H) 
fa miro BY Liver Biome, BUMAN HPPPHELIUK AND MOND HUN MUBOLE 


Liver tdesue Rumen epithelium Rumen muscle 
Mo. of observations 28 21 8 
Moan and SD. 115 + 23-4 31407 52+ 117 
064-158 1045 84-67 


It is evident from Table 2 that moderate quantities of 
histamine can be metabolized in the rumen wall How- 
ever, after ingestion of silage ite metabolic capacity will 
be far exceeded. Table 2 demonstrates that liver tissue 
posseases an activity sufficiently high to metabolize even 
these excessive amounte of histamine. Thus it seems 
likely that the absence of symptoms of intoxication and 
the minimal incrementa in freo histamine in urine can to a 
great extent be attributed to detoxication in the liver. 
Further studies of these problems are in progress. 


Ø. V. SJAASTAD 
H. SrTORMORKHN 


Department of Physiology, 
Veterinary Oollege of Norway, 
Oslo. 
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Effect of Tetraethy! Ammonium lon on the 
Electrical Activity of Smooth Muscle Cell 


'TTwrRAETHYL AMMONIUM (TEA) ion is known to be one 
of the most effective ions for maintaining the electrical 
activity of excitable tissues in sodium-free media’, It ie 
also known that TEA is capable of lengthening the aqtion 
potentials in crustacean musole’, crustacean nervet, 
vertebrate striated musole* and in certain nerve fibres and 
oells*". The work reported here was planned to elucidate 
the effect of TEA on the smooth muscle cell, which is 
assumed to be different in membrane properties from 
many other excitable tissues. ; 

Action potentials were recorded from the tænia coli of 
the guinea pig by means of intracellular microelectrode. 
TRA-Krebe solution, similar to the normal Krebs solution 
except that various amounta of sodium chloride in solution 
were replaced by equimolar amounts of THA, was used. 

At small concentrations of TEA (6 mM), the rate of 
spike discharge increased slightly but the ahape of spike 

tential was not different from that obtained in normal 
roba Bolution. At relatively high concentrations of 
TEA (15 mM or more), ita action is diphaaio, causing an 
initial increase in spike frequency followed by the decrease 
in ite , and in the latter phase the marked 
prolongation of action potential was observed (Fig. 1). 
That is, the action potentials had shapes similar to those | 
characteristically obtained from the cardiac muscle’. 
However, when the preparation was immersed in TEA- 
Krebs solution for a longer period, the resting potential 
tended to fall &nd the action potential magnitude 
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The effect of THA (38 substituted for equimolar sodium in 
us LC B and O obtained after 
jection potesl m ; 
30 min 


decreased. In such a depolarized condition, action poten- 

tial still showed delayed repolarization. Those effecta of 

TEA became more prominent when the amount substi- 

tated for sodium increased, but there was a variation 

in the degree of among individual cells of each 

preparation. The effect of TEA was usually reversed by 
ing in normal Krebs solution. 

Recently, Burnstock and Prosser? and Barr’® reported 
that barium chlorjde prolongs the action potential of 
intestinal smooth muscle. But there is not sufficient 
evidence to decide whether those two prolongations of 
action potential caused by THA and barium chloride are 
similar in mechanism or not. PM 

This work was supported by a grant of the Population 
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Effect of Dilution of the Diet with an Indigestible 
Filler on Feed Intake in the Mouse 


Adolph! and Warkentin e£ al." showed that dilution of 
tat dieta with varying proportions of indigestible filler, 
including cellulose, brought about an adjustment of feed 
intake by the animal, so that intake of digestible feed 
energy per day was the same on concentrated and bulky 
diete. 

In experiments with mice at Leeds, different levels of 
food intake have been achieved by diluting a standard 
mouse food with varying amounts of cellulose meal. AN 
diets were pelleted and fed to appetite. 
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Table 1 MRAX LrrTER WEIGHT (g) AT Waawine (25 Dars OLD) 
Generation Normal diet 15% Diluted 30% Diluted 
0 BOAO + 3-64 (34) 82-65 + 3-04 (26) 00-87 + 3-29 (40 
1 66-85 + 441 68-44 + 3-905 40-78 + 3:25 
2 84:58 + 2-01 88-06 + 3:97 55-14 + 3-08 (84 


Figures tn parentheses denote the number of observations for each mean. 


The performance of the stook (Table 1) maintained on a 
normal undiluted diet and on diets diluted with 15 and 
30 per cent of cellulose for 3 generations showed that, at 
low levels of dilution (15 per cent), performance measured 
by litter weight at weaning had not been impaired. 

None of the differences between the means was statistic- 
ally i tat P=0-05. It appeared that 15 per cent 
dilution of the diet with cellulose was equally as effective 
as the normal diet. 

Digestibility studies carried out showed that digeeti- 
bility did not differ in the main dietary constituents 
between the diets, and there were limited results to show 
that mice on the diluted diete consumed more feed. 

Recently this aspect has been ed further in feed 
intake trials over a wider range of dietary dilutions using 
cellulose meal (Table 2). 

Table 2 ANALYAIS OF DINTS USED IX FOOD Intaxs TRIALS 


Dry Orude Orude 
matter(%) protem(%) fibre (%) 


Dies 
Normal (undiluted) 91:1 162 5'3 
15% Diluted 914 142 141 
30 91:6 11:6 243 
93:6 T 38:4 


In these trials, mean feed and water consumption per 
head per day were measured using 3 mice per cage. Feed 
wastage was recorded by sieving of waste feed and feces. 
No bedding was provided in the cages. Results from male 
and female mice were recorded separately, but as the 
differences in feed consumption between sexes were amall 
and not consistent, the values quoted refer to means of 
both sexes. 

Trial 1. Mice were fed, some on & normal diet and 
others on the same diet diluted with 30 per cent cellulose 
meal by weight, for three continuous periods each of 
7 days, commencing at 8-9 weeks of age (8 mioe per cage). 
Feed and water consumption was expressed per gram 
of body-weight per day. The mice on each diet were from 
stocks that had been maintained on each diet throughout a 
long-term experiment for 20 generations. The resulta are 
expressed as the percentage extra food and water con- 
sumed by the mice on the diluted diet compared with the 
normal undiluted diet (Table 8). 


Table 3. PEROEWTAGB RXTRA FOOD AND WATER BY MICB ON 4 


OOXEUXED 
20% DILUTED DIET COMPARED WITH A NORMAL DONT (PEN G BODY-WEIGHT 


PER DAY) 
30% Dics—Normal 
Period No. moo x 100 
(7 daya) pec dict Normal 
Food (g) Water (6.0.) 
1 18 27.6 +220 
2 18 +178 +170 
3 18 +28-1 +134 
Mean 18 +228 T178 


The animals attempted to compensate against dilution 
of the diet and ate 22-8 per cent more food than those on 
the normal diet. This compensation, however, resulted in 
an intake of only 86-0 per cent of the undiluted ration as 
eaten by the mice fed on the normal diet. 

Trial 2. In this trial, mice of 8-9 weeks of age (3 per 
cage) were fed on diete diluted with 15, 30 and 50 per cent 
by weight of cellulose, and their intakes were compared 
with mice fed on a normal diet (Table 4). 

The mice were all from stocks previously maintained on 
a normal diet for 20 generations and the trial extended over 
85 days divided into 5 periods each of 7 days. 

The intake of the animals on the 30-per cent diluted diet 
in Trial 1 was greater than that in Trial 2. This could be 
due to the different source of the animals for each trial. 
Adaptation of the stock to the diet for 20 generations 
prior to Trial 1 could have brought about & change in 
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"Table 4. 


Dor (PIR 
15% Dies—Tormal 
Period Mo. Food (g) Water (6.0) 
1 12 +151 +272 
2 12 — 24 + 
3 12 - «8^ — $7 
4 12 + 46 + 28 
5 11 + «8 +175 
Mean 12 + 35 +140 
intake mse, compared with the animals on the same 


dist in Trial 2 which had not had a similar adaptation 
period on the diet. Further work is required on this aspect. 
The extent to which the animals on the diluted diets 
were successful in their attempts to compensate against 
lowered nutrient content of the feed is ted in Table 
5. This shows, the percentage intake of undiluted feed as 
fed qn the normal diet, after the mouse had attempted to 
compensate. 
Table 5, PEROEWTAGNE OF UNDILUTED FEED OONSUMED BY MION IN TRIAL 2 
AFTUE ÀTTENPTS AT ÜONPENRATIOK 
Normal diet 15% Duluted 30% Diluted 50% Dilnted 


Effective nutrient 
mtako 100 884 TBA 63-5 
Deficiency — 119 11-0 36-5 
No definite conclusions could be drawn from water 
consumption except that it was directly related to food 


1n! . 

Dilution of the diet of the mouse with an. indigestible 
filler, for example cellulose, is an effective means of 
lowering nutrient intake despite attempts by the animal 
to te for the lowered nutrient content of the diet 
by increased food oo ion. 

Yr thank Prof. T. L. Bywater for his interest in this work. 
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Ham obin and Transferrin Types in the 
oe American Buffalo 


Wan O. Smithie published his first resulta obtained 
by starch-gel electrophoresis of human sera, an additional 
fleld was opened for investigations of genetic polymor- 
phiam. Consequently, & large number of investigations 
dealing with genetic variation in the serum proteins of 

animal species have since then been 
Smithies’s technique can also be used with advantage for 
IBS HEUS oE Ses Semen bee at 
obins 


In fiis communication we describe resulta obtained by 
starch-gel electrophoresis of blood samples from 118 
American buffalo (Bison bison). Sixty-five of these came 
from Wichita Mountains Wildlife Refuge, Cache, Okla- 
homa. The remaining 48 came from the U.S. Fish and 
Wildlife Service, National Bison Range, Moise, Montana. 
Blood samples were collected into tubes containmg sodium 
citrate solution. On arrival at the l&boratory, plasma 
samples were taken off after centrifugation and afterwards 
frozen. The red blood cells were washed three times in 
saline and then lysed by adding distilled water. The 
ratio of red cells to distilled water was 1 to 40. 

The samples were subjected to electrophoresis in gels 
made from Connaught's potato starch. the electrode 
vessels the iris buffer described by Gehne et al.’ was used 
(20-2 g Sigma 7-9, 2 g EDTA and 1-5 g borio acid per 
litre). For preparing the gels a iris buffer similar to that 
described by Poulik* was used (Sigma 7-0, 9-196 g, citrio 
acid 1-050 per litre). (The resulta showing the various 


types of hzmoglobins in Fig. 1 were, however, obtained” 
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30% Diot-Normal 


x 100 = x 100 
Food (g) Water (0.0.) Food (g) Water (0.0.) 
+ 56 + 20 +166 + 38-7 
+ 16-6 + 268 +273 + 90-3 
+ 85 + 16-5 + 26-3 +419 
+129 + 78 + 321 + 35-6 
+164 + 23-1 + 344 + 40-0 
+120 +140 + 26-9 +901 
by using the technique described by Gehne et al.*.) The 
per and run horizontally 


samples were inserted on filter 

for approximately: 3- ER RAE gradient of 7—8 V /om. 
In Fig. 1 is shown a photograph of the results obtained 

when running hæmoglobins from two bison. For oom- 

parison, the three types of cebtle obins first re- 


ported by Cabannes and Serain‘ in 1955 for hill 
cattle are also shown and by them called Hbg, and 
Hba + Hbg. These three samples here shown were from 


Jerseys. All the other 111 bison showed the same type 
of hæmoglobin as the two shown in Fig. l; , two 
components which migrate at slightly different speeds. 
The slower-moving component corresponds to the hæmo- 
globin type of cattle now usually called 44. The faster- 
moving component moves with Ppp aray two-thirds 
of "ne pee of hæmoglobin BB 
hotograph of results obteined on sterch-gel 
eek oo tee ie ee ee o 
o e As may be seen, all six bison 
samples produced the same pattern. The ining 107 
samples gave this same pattern. One of the three cattle 
samples was fram a DE animal; the other two were from 
an AA animal (nomenclature of Smithies and Hickman* 
and Ashton‘). It can be seen that the cattle albumin and 
B-globulin bands are somewhat thicker than the bison 
bands. The reason for this is that the samples from cattle 
were serum samples and as such were not diluted, in 
contrast with the plasma samples which were diluted with 
the sodium citrate solution. 

As indicated in Fig. 2 there was no difference between. 
ee ee en eee Md onana 
pattern of Therefore, it is concluded that these 
protein bands of bison are transferrins and that they are 

le from the 4A transferrin bands of cattle. 

That these 113 samples of bison blood showed no poly- 
morphism of B-globulin is in contrast with resulte obtained 
in studies of domestic animals where genetic variation in 
serum proteins has been the rule. Another wild 


^in which no genetic variation in B-giobulins has so far 


beeh detected is Alces aloes", but only 27 individuals were 
examined. 


Comparison between electrophoretic mobilities of bison and 


1. 
Ke cattle bemogiohins 
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Fig. 2. Comparison between transferrin patterns tn bison and m cattle 


There are several explanations why we failed to deteot 
hiam in bison transferrms and hemoglobins. 
One is that the sample was too small and was not repre- 
sentative of all American buffalo. Another is that 
genetic variation in these traits was lost during the drastic 
reduction of the bison tions in the nineteenth 
century. For example ei al. proposed such an 
Sx nt on in there tie uic ion of the reasons for the amall 
amount of variation in bison blood groupe es detected in 
testa with cattle blood-typing reagents. But the poei- 
bility that bison evolved with little or no io variation 
in such traits cannot be excluded. Perhaps under natural 
selection mutants at the loci controlling blood groupe, 
tranaferrins and hexnoglobins are not i to accum- 
ulate as rapidly as they do under artificial selection. 
We thank Mr. Julian A. Howard, refuge manager of the 
Wichita Mountains Wildlife Refuge, Cache, Oklahama, 
and Mr. O. J. Henry, refuge manager of the National 
Bison Range, Moise, Montana, for their co-operation m 
securing the blood samples. 
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Qualitative Differences in the Mechanism 
of Complement Fixation 


Taa sensitization of human red cells by complement- 
fixing antibodies can be demonstrated with specific anti- 
human complement serum. By immunizing rabbita with 
egg albumen/anti-egg albumen precipifate with. bound 
human QO’, an anti-complament serum was obtained, 
which contains at least two antibodies against human 
complement componente, that is, O's, and O’, (ref. 1). 

When tested in immuno-electrophoresis this antiserum 
forms two precipitation lines with human serum, called 
B,-O(U',4) and B,-E (0'4) (ref. 2). 

Anti-complement serum reacta, for example, with 
sensitized Lewis cells, red cella sensitized with naturally 
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Table 1 
Anti- Anti-O” Ani-C 
Anti-C" x x x 
HA-e.a. * Eat E-La.t 
HA-es.* + c ae = 
Beoa.t + + E T 
E-La.f + + + - 


Meythrocytes senattired with naturally occurring Incomplete cold anti- 


t Benafüred Lewis red cells, which behave as sensitized sheep calls (EA) 
with bound C7 11,.08 
occurring incomplete cold antibodies, and red cells 
obtained from patienta with cold type hmmolytic ansmia. 
"We performed cross-absorptions of the anti-complement. 
serum with these different types of sensitized cells. 

The resulta of the cross-abeorption procedures are given 
in Table 1. 

Fig. 1 shows the immuno-electrophoretie pattern 
obtained by the reaction between human serum and the 
non-&bsorbed and absorbed. anti-complement serum. 
Sensitired Lewis cells ramove both anti-O',, and anti-C', 
antibodies; after abearption with red cella sensitized with 
naturally ocourring incomplete cold antibodies anti-C", is 
exhausted only, whereas the sensitized HA-c.a. cells 
&beorb neither anti-O’, nor &a&nti-O/,. The resulte 
of the immuno-electrophoretic investigation perfectly 
correlate with those obtained in the serological cross- 
absorption experiments. One outetanding feature 
is that O's. appears not to be bound to those systems. 
which usually do not show hemolysis. 





Fu. 1. Irmnno-deétroparets pattern oou ned with non-absorbed 

Wo have excluded thé possibility that the agglutination 
of the HA-c.a. cells -by the anti-O’ serum was due to 
anti-B,-M (195 y-globulin) antibodies. , However, several 
rabbit sera, even those of some non-immunired animals, 
possess tho ability to agglutinate thèse HA-oc.a. cells, 
sometimes in titres up to 32. This type of reaction, which 
is not caused by heterophile red cell antibodies, is under 
investigation. 

Further experiments are needed to establish whether 
the reaction of anti-O’ serum with HA-c.a. cells described 
here occurs on account of possibly t anti-O’;, or 
is dus to the as yet unexplained. utinating-ability of 
certain rabbit sera. 

This work was supported in part by a grant (H—0609) 
from the U.S. Public Health Service. 
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Hemagglutination Induced by Nuclelc Acids 

Pruorrration of some protein particles, induced by 
nucleic acids due to the interaction phenomenon between 
these two components in certain conditions, has attracted 
the attention of numerous workers, especially of callular 
biochemists. However, little is known concerning 
. the interaction between nucleic acids and biological cor- 
pusclea, such as blood ocells and bacteria, except for the 
serological reporte! of hmmagglutination of tanned erythro- 
cytes coated with DNA by reacting with some antibody in 
sera of systemic lupus erythematodes. Experiments 
were therefore carried out to elucidate the general affecte 
of nucleic acids—yeast RNA and sperm DNA, regardless 
of their species speoifloity—on . : 

The buffered salines (0-147 M sodium chloride containing 
0:02 M citric acid-sodium citrate buffer solution in the 
range of 6-0—4-0) are used as the diluents of this experi- 
ment. The pH of each nuoleio acid solution (0-1 per 
cent) is adjusted with 0-2 N sodium hydroxide and 
diluted with stock solution of buffered ium chloride, 
80 as to bring its final ionio concentrations the same as the 
diluents. To nucleic acid solutions with two-fold serial 
dilution, tho same volume of 2-5 per cent human erythro- 
cytes solution, washed and in diluent, is 
added in the test-tube and incubated for 15 min at 35° C. 


The results, that is, the degree of ination reac- 
tions, are read maoro- and mi ically, which are 
shown in Table 1. Erythrocytes, ch are pretreated 


with trypem, exhibit the conspicuous rise of nucleic acid- 
induced agglutination avidity, but not any change of 
agglutination titres of nucleic acids. The remarkable 
changes of agglutination titres of nucleic acid by ap 
different Individual human erythrocytes are not found. 
Agglutination activity of nucleic acid solution oan be 
absorbed with the . For example, 1 ml. of 
diluted RNA (dilution 1 : 8, that is, 25 v ml.) is completely 
absorbed with the same volume of 2-6 per cent erythro- 
cytes solution (b x 10*/mL), showing that RNA molecules 
over 1-8 x 10* can be n e tue uon TH 
, assuming that the molecular weight of yeast RNA 
pet x 10° and Avogadro’s number 6 x 10**. 


Table 1. HUNAGGLUTIKATION INDUGED BY NUCOLEIO ACIDS 


»H* Over 5 48 46 44 41 40 
Aggutination 

rot RNAT»1:1 1:4 1:512 1:512 1:519 1: 512 
nuoleio acid 

solution DNAT»1:1 1:4 1:128 1:128 1:1?8 1:118 


: 1) is 20 mg pec Sont: WR 

Addition of sera (pH. 4-5) of human, rabbit, sheep and 
guinea pig inhibits this nuoleio acid-induced utina- 
tion. As for the proteins; ao fir Laer. Poman umin 
shows this inhibitory action, while a-globulin, which is 
precipitated at pH. 4:5, has no effect on this u- 
tination. Erythrocytes of sheep, guinea pig and rabbit 
are agglutinated by nucleic acids also. (Both protems were 
fractionated by Oohn’s fractionation technique of human 
plasms proteins.) 

From these results it is not so difficult to-suppose that 
there are some receptors on the surface of erythrocytes, 
more generally on the protoplasmic membrane of erythro- 
cytes, which can combine with nuoleic acids to agglutinate 
them. The phenomenon that some proteins, such as ovo-** 
and human-albumim, can interact with nucleic acids in 
pH below isoelectric pomt of the former ones is attractive 
im the analysis of this reaction mode. It is reasonable to 

that certain proteins, which possess the isoelectric 
point at about H 4-6, are determining receptors in this 
agglutination. the same way, inhibition of this agglu- 
tination dus to the presence of human blood albumin can 
be elucidated by the affinity of albumin for nuoleio acids, 
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so that it may deprive nucleic aoid-erythrooytea complex 
of nucleic acid as & competitor. It is also possible that 
hemagglutination induced by some viruses may be 


attributed to their main components, that is, their nucleic” 


acids or nuoleoproteing. Further studies on the nature of 
receptors of erythrocytes are now in progress. 
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PATHOLOGY 


Pathology of the Effect of the Laser Beam on 
the Skin 


Tum effect of the laser on the eye has been known since 
the work of Zaret)*. The effect on the akin is not well 
known**. Previously, some physicista have reported 
subjectively no effects at all or only a slight pricking 
sensation of the skin". - 

The laser used for these preliminary i te was a 
solid type with ruby crystal. The haa a diameter 
of ] in. and a length of 2 in. with a crystal optio axis of 90°. 
The emission is 6943 A with a minimum energy input of 
100 joules (2:0 kV). Reflectivity is 99+ to 90 per cent. 
Output at 400 joules input equals 0-84 joule. (Maser 
Optios, Ino., Boston, Massachusetts.) The laser head was 
mounted on an optical bench with an external lens system. 
Lenses used chiefly were & single convex lens with a focal 
length of 10-2 am, & double convex with a focal of 
6-0 cm and a double convex with a fooal length of 1-2 om. 
A centring disk and also a special mount were used on the 
optical bench to hold the area to be exposed. A red light 
was attached to the head to aid in centring the beam. 
Protective glasses were used by ing personnel. 

The skin specimens examined included white skin of 


rabbits and man, ooloured skin of animals and man, pig- 


mented baso-squamous papillomas (so-called seborrhasic 
keratoses), ial hæmatomas in the akin of man, white 
skin of man covered with lamp black, indian ink, tara, and 
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Skin sections were fixed in formaldehyde, 
stained by hsematoxylin-eosin and with 
sulphydryl stains. The interval time 
between exposure of the skin and the 
time of excision biopsy was recorded. 

With the light-weight laser, the lesions 
in man were superficial even in heavily ' 
i skin. As a rule, the deeper 

the pigmentetion, the deeper the involve- 

ment of the epidermis. This is due to the 
absorption of energy of the laser beams in 
black substances. On white skin no 
pathology could be observed. Even 
. application of lamp black or indian ink 
to the surface of white skin produced no 
evident lesions of keratin after exposure 
to the laser. The impact area of the 
laser was represented by a whitenod rone, 
1:0-1:5 mm im diameter, in the covering 
material. This, we believe, was caused by 
vaporization of the black covering. An 
effort was made to get black particles 
deeper mto the epidermis by means of 
partial stripping of the akin with ‘Scotch’ 
tape. Then lamp black was rubbed in 


Fig. 2. Coloured alon after exposure to laser six marked epidermal changes (hema well and the surface cleaned off. Again, 
T is white area of impact of the laser beam 
e vetet as was limited only to the dark particles. 





.$. from basal cell Tissue ts 
MUR peas p E ea p ey 
Grünwald Giemsa. White area represents area o£ impact (x o. 33) 


coloured by dihydroxyacetone. Ourretted material from 
a pigmented basal carcinoma and from calcinosis cutis 
were also used. Studies of tattoo marks are not included 
in this series. > 

In addition to the akin the following biological materials 
were also to the laser beam: black widow spider, 
cockroaches, caterpillars, fresh human cytological prepara- 
tions from buccal and vaginal mucosa, pigmented and 
non-pigmented basal cell carcinomas, melanomas, baso- 
squamous acanthomas, molluscum contagiosum, wart, 
tissue cultures of HeLa cells, cultures of human chromo- 
somes, cultures of bacteria and fungi. In this communica- 
tion only skm pathology will be described. 

The exposed area of skin was examined grossly and 
examined also with stereobinocular akin microscope at 
x-20 and x 40 and photographed in colour at x 1 and 
x 40. In a number of experimenta the im area Was 
photographed in colour at the instant of impact of the 
beam. 





Later, with the formation of a blackish- 
| brown crust, exposure to the laser beam 
|! produced a whitish area limited only to 
' the crust and the laser beam was without 
any apparent effect on the smooth red 

In the coloured skin, the laser produced 
superficial lesions with fragmentation and 
splitting of the stratum corneum. Bulphy- 
dryl stains showed no changes of keratm 
adjacent to the impact aree. In more 
severe lesions of coloured akin, cells of the 
upper spinous layer were eosinophilic and 
pycnotic; basal cells showed hydropic 
degeneration with cellular contraction, 
eosinophilia and pyonoms. In some areas 
the changes in basal cell varied in severity. 
Œdema was found in epithelial cells adja- 


in a biopsy taken 4 h after exposure. 
Finely granular, golden-brown pigmented 
areas were found in the dermis ooncen- 
trated most heavily within the zones of 
dilated with the endothelial cells cedematous. In the 
lower dermis no changes were found in the eoorine glands. 
The intensity of the inflammatory infiltrate varied with 
the time-interval after biopsy. 

On akin and hair of albino rabbits no lesions were evi- 
dent. Inthe black pigmented akin of rabbit ear through 
and through tissue destruction was produced. Sections of 
the ear taken 1 h after exposure to the laser beam showed 
deep fissured area through epidermis. dermis and into 
cartilage. The dermis showed compression and increased 
density of oo with & moderately thick border of 
neutrophilic infiltration about the areas. The adjacent 
dermis showed an oedema and a diffuse infiltration of 
lymphocytes and histiocytes. This biopsy was taken 1 h 
after exposure. The epidermis adjacent to the impact 
area showed cedema and loss of melanin pigment. 

An urticating caterpillar, identified as a Nygmia 
phaeorrhea, had a black head, mostly black body with 
brown mid-zone and brownish-black sete. Exposure to 


2^ 


' 014 x 


laser beam produced a deep reddish discoloured zone of 
the head area. After fixation in Davidson's formaldehyde 
fixative, hmmatoxylin—cosin stained sections were exam- 
ined. These showed sharply demarcated areas of brown- 
coloured coagulation necrosis. Blackish-brown sete 
exposed io the laser beam developed a golden-yellow 
colour. 

An examination of leaions produced by higher powered 
lasers with the akin of man, with animals and with 
arthropods is still in progress. 

Preliminary investigations, then, with a light-weight 
type solid laser with a ruby orystal showed that superficial 
destructive lesions may be produced in the skin of man. 
The more intense the colouring of the akin the deeper the 


reaction. Deep necrotic lesions were produced in pigmen- 


ted areas of the rabbit ear. 
This work was sponsored by the U.S. National Institutes 

of Health, Division of Research, grant OH—00118—01. 
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RADIOBIOLOGY 


Chemical Protection for the Incorporation 
of Phosphorus-32 Into Nucleic Acids of 
Lymphatic Cells against y-Irradiation 


Hongo et al. found that the lowered viability of Ehrlich 
ascites tumour cells due to continuóus f-irrediation with 
yttrium-91 could be effectively protected by repeated 
additions of reduced glutathione during irradiation. This 
may be ascribed at least partly if not wholly to the pro- 
tection for the synthesis of nucleic acids. Thus, we are 
interested in whether or not the Incorporation of precursors 
into nucleic acids can be chemically protected against 
lonizing radiation. Henke e£ al.* observed the protective 
affect of oystein given intraperitoneally for the inoorpora- 
tion of phosphorus-82 into intestinal deoxyribonuoleio 
acid of X-irradiated rats. In in vivo experiments, how- 
evor, uncontrollable factors can scarcely be excluded; for 
example, migration of certain cells into, or out of, the 
organ concerned may ooour after irradiation. Therefore, 
we carried out the in vitro experiment with the lymphatic 
oells, which are known to be more radiosensitive than 
Ehrlich ascites tumour cells in terms of nucleic acid 
synthesis? 4, 

Lymphatio cella, which had been obtained from oppen- 
dices and Peyer’s patches of rabbits and suspen in 
calcium-free Tyrode ion (pH 7-8), were irradiated 
with cobalt-60 y-rays at room temperature either immed- 
iately before or 5-10 min after the addition of protectors in 
various concentrations and thereafter were shaken with 
phosphorus-33 at 87° O for 4 h. Deoryribonuoleio acid, 
ribonucleic acid and organic acid-soluble hate 
were isolated’, and the specific activity of each fraction 
was determined as counts/minjug phosphorus. Each 
value of specific activity is the mean from the duplicate 
samples. Chemical protectors used were oysteamine 
and S,2-aminoethylisothiuronium-BrHBr (AET) (Nippon 
Shinyaku Oo., Kyoto). 

The inhibitions of incorporation referred to various 
y-doses are shown in Fig. 1. If two curves representing 
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the inhibitions for deoxyribonucleic acid and ribonucleic 
acid are extrapolated, both of tham intersect the ordinate 
at 0 per cent of inhibition, corresponding to 10 r. on the 
&becima. This may mean that the threahold for the 
response of the lymphatic oelle to y-Tadiation, measured 
by the incorporation of phoephorus-82 into nucleic acids, 
is about 10 r. - 

The incorporations into nucleic acids were not signifi- 
cantly impaired by cysteamine alone, up to the concentra- 
tion of 0-2 mgjml., but they were severely affected 
with 2 mg/ml. (inhibition for deoxyribonucleic acid : 86-4 
per cent). AET proved to be much more noxious to 
these cells. Thè incorporation into deoxyribonucleic acid 
was inhibited by about 50 per cent at 0-2 mg/ml., being 
equivalent to 0-055 mg/ml. of cysteamine on molar basis, 
Since AET is converted to 2-mercaptoethylguanidine- HBr 
at neutral pH (ref. 5), the inhibition may be owing to the 
latter agent. Of interest is the fact that the incorporation 
into organic acid-soluble phosphate was either thoroughly 
unaffected or somewhat enhanoed by oysteamine, at least 
up to 2 mg/ml, while the incorporation was inhibited 
by more than 90 per cent by AET in this concentration. 

The impairments for the incorporation were not remark- 
ably effaced even if the chemical agents were removed by 
washing the cells before the incubation. 

Same protective effect could be observed when tho 
I hatic cells were irradiated after addition of oysteamine 
(Table 1). The effect became much more distinct in 
higher concentrations, though the incorporation activity 
was affected remarkably by cysteamine alone as stated 
before. As ahown in Table 1, cysteamine seams to be 
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effective, when present ab the time of irradiation. On the 
contrary, AET failed in exertion of proteotive aotion in the 
concentration so far as examined, irrespective of whether 
it was added before or after the irradiation. 
The discrepancy between our result and others 
pecie the effectiveness of AET in vivo has remained 
Tt may be probable that cysteamine and AET 
do not necesearily play the same part in protection 9n vivo. 
In this connexion, the marked difference between cyste- 
amine and AET in their noxious effect on the incorporation 
into organic acid-soluble phosphate is worthy of note. 
This work was supported by the Synthetic Research 
Fund of the Ministry of Education (Übemical Protection 
against Radiatian). 
Iouurgo Honso 
Yvoma-ToggL Tonos 
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Changes in the Excretion of Sodium by Saliva 

after Whole-body Irradiation in Rats 

We have investigated the excretion of sodium in the 
saliva of irradiated rate by means of the radioisotope of 
godium-22. The following method was used. White male 
rata of the laboratory strain weighing 150-200 g were 
divided into three groupe: the first group containing 10 
rats formed controls, the second and third groups oon- 
sisted of 20 rate each. The animals were fed by a standard 
diet and accepted water ad libitum. 

All the rata were administered intraperitoneelly 25 uc. 
of sodium-22 in 1 om* of physiological solution per kg 
of the live-weight. After 24 h, the second and third groupe 
of rate wore irradiated with a dove of 1,000 r. by an X-ray 
Macrophos & tus at 200 kV., 15 m.amp, focus distance 
of 120 om. e time exposure amounted to 105 min; 
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0-5 mm aluminium and 0-5 mm copper were used as filter. 
The dose was controlled by moans of a Mecapion dose- 
meter. After the exposure 3 animals survived 2 days, and 
6 animals 3 days. Ten animals in the last group were used 
as controls. 
of saliva were taken from the first and third 
ups 96 h after exposure and from the second group 
72 h after exposure. Just before saliva was taken, the 
whole-body radioactivity was meesured by means of a 
whole-body counter with 6 Geiger-Müller tubes which was 
designed in our Institute’. Saliva was taken for 20 min 
according to Benarde e£ al.* under thiopental ansethesisa. 
after the administration of ‘Pilooarpin’. Thiopentel was 
applied at a dose, of 45 mg/kg intraperitoneally, ‘Pilo- 
carpin’ at a dose of 10 mg/kg of the live-weight, sub- 
cutaneously. The sam obtained were weighed and 
using & standard the ioactivity was determined by an 
end-window tube for measuring B-radi ivity. 
As the rats excrete the administered radiosodium 
in urine and fæces at differing rates, it was necessary to 
correct the resulta of radiosodium concentration in saliva 
i . If the initial activity administered to one 
rat amounted to A,(go.), the activity of the same rat, 
when saliva was taken, measured by the whole-body 
, was A(uo.), the concentration of radiosodium 
obtained in saliva o(uo./g), then the oorrected value of 
concentration Coor. (uc./g) was computed from the follow- 
ing equation : 
Coorr. =o fe 
7 A 


The results are plotted in Fig. 1. 

The corrected concentration of radiosodium in po./g of 
saliva is plotted on the abeciasa. The height of column A 

is the average value of the concentration in 
controls. The individual points describe the individual 
values of radiosodium concentrations in saliva. Similarly 
column B represents the average value and individual 
values of concentration in rats 72 h after exposure, and 
column O in rata 96 h after exposure. 

There is a significent increase of radiogodium oonoen- 
tration in galiva of rate exposed to a dose of 1,000 r. after 
72 and 96 h as compared with controls. The probability 
of the insignificance of differences of both experimental 
groupe in comparison with controls is leas than 0-5 per 
cent 


It has been shown? that the 24-h period between the 
administration of sodium-22 and the first action in the 
organism (exposure) is sufficient time to produce equili- 
brium between the administered radioisotope and the 
exchangeable sodium in bodies of rate. Therefore the 
observed relative changes of the radiojsotope concentra- 
tion may be evaluated similarly as changes in the total 
sodium concentration in saliva. According to the results 
in the literature, on about the 8rd and 4th day, changes 
of concentration of sodium in blood** are not so great as 
to cause the in saliva which we observed. Jt may 
lead to the conclusion that the values obtained are caused 
directly by & disturbed mechaniam of saliva excretion. 

We might find the explanation in a disturbance of the 
active sodium transport in the cells of chicks in the colum- 
nar epithelium of ducts. 

J. OnpeAGKOVA 

M. Raxovz6 
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~ BIOLOGY 


Synthesis of Enzymes during the Germina- 
tion of Fungus Spores 

THE h is that the development of an organism is 
isted by alterations in ite enzyme systems ig generally 
accepted. Illustrative data, however, are scarce, though 
some changes in rat liver enzymes have been reported!:*, In 
the fungi, the development from the resting spore to an 
active growing mycelium is a very dramatic phenomenon. 
Usually, under proper conditions, the spore swells, pro- 
duces a germ tube which elongates, branches, and forms a 
mature mycelium. Tf any marked changes in the enzyme 


alterations at some period during germination, before the 
germ tube was fully formed. A change of this kind waa 
thought to oocur during the activation of ascospores of 
Nourospora orassa by heat?, but this effect could not later 
be confirmed‘. Indirect evidence that the enzymes of a 
spore can be different from those of mature mycelium can 
be deduced from the cataboliam by Tea caries of 
glucose variously labelled with carbon-14. The 
spores utilized glucose through the Entner Douderoff 
pathway, while the mycelium catabolized tho suger 
through the Embden, Meyerhof, Parnas system and hexose 
monophosphate shunt’. Results presented here show that 
in one fungus, Ustilago zeae, specific qualitative and quanti- 
tative changes in enxymes content occur during the 
germination of & spore. 

Smut spores were obtained from diseased fleld corn and 


in 100 ml. of 5 per cent molasses in a 500-ml. Erlenmeyer 
flask on a reciprocal shaker for various periods. 


enzymes were very difficult to detect even in growing 
mycelia and-therefore the resulta have not been included. 
Oxygen ion was measured on whole spores in the 
presence of 50 umoles glucose in Warburg respirometers. 
Protein synthesis was studied by ining the amount 
of incorporation of phenylalanine-1-“O into the smut 
spores. The spores were incubated with the amino-acid 
in molasses medium, then treated with sulphuric acid to 
hydrolyse protein. Phenylalanine was separated by 
paper chromatography, eluted, and the 0.p.m. measured. 

Results in Table l show that in i some 


ination, the period when 
the germ tubes were first beginning to form. All enzymes 
of the Hmbden, Meyerhof, Parnas pathway for glucose 
cataboliam were present even in the resting spores. 
During the germination process, not only were hitherto 
undetected enzymes synthesized but the specific activities 
of those enzymes originally present in resting spores were 
' also increased. The examples in Table 1 show increases 
within 6 h, and further increases at 12h. 
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Table 1. COMPANION OF BPBOLFIO ACTIVErins OF HNIYMIS DN 
OF U. mayd aT DIFFERT PRASBE OF GHRNIXATIOM 
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Hinxyme Specific activities unita/mg protein 
Triose te dehydrogenase * oon oG ren 
0 
Tsoattric i 0 009 0-014 
Malio x 0 046 0-061 0 241 
Triose PO, isomerase * 0-8? 0-83 13 
Ribose-$-70, tsomerase t : $0 170 32-0 
a-Giyeerol- dehydrogenase 0-009 
Giuoose-0-PO, dehydrogenase * 0 0 0-006 
bel Lira IDCM dehydrogenase * 0014 — 0-027 
i 0 0 128 
Transaldolese 0 0 66 
C NN S p m) 
Buselnio bd 0 0 0-005 
One unit equals one «mole substrate per 


Weak respiratory activity of resting spores, even in the 
presence of glucose, is shown by their low oxygen con- 
sumption: Qo, is 1. With increasing periods of incubation 
the spores consumed oxygen at a greater rate until just at 
germ tube formation the Qo, is 20 (Fig. 1). If one accepts 
the incorporation of phenylalanine-1-'40 into the spore as 
indicative of protein synthesis, then there is a concomi- 
tant inorease in enzyme protein (Fig. 1). 


25 


/ 
/ 
d ae Phenylalanine 
Incorporation 





Germination (h) 
L Ineorporaiion of phenylalantne-1-“0 tnio protein and 
M REIN n during the formation of Ustilago maydis inliosporea 
Oomparing the three criteria on & time-scale reveals a 
strong ooinoidenoe among them. Before 6 h, the increase 
in protein and oxygen consumption is relatively small, and 
none of tHe missing enxymes had been synthesized. After 


made to allow the metabolism of glucose, the oxygen. 
utilization rose sharply and continued at that rate at least 
until the appearance of the germ tubes at 12 h. Protein 
synthesis, as measured by phenylalanine incorporation, 
follows the increase 1n oxygen consumption very closely. 
Thus, in U. zeas the development of the organism can be 
linked with the formation of enzymes that are needed in 
carbohydrate metabolism. 

The oxygen consumption by resting spores of U. reas 
is very low, as might be expected in the absence of 
enzymes of the hexose monophosphate shunt and citric 
acid cycle; complete oxidation of carbohydrates or fata 
would not be possible. The presence of all components of 
the Embden, Meyerhof, Parnas RW should have 
allowed the functioning of the glycolytic aystem, yet there 
was no evidence of carbon dioxide production under 
anaerobic conditions. + 

From theee investigations it is also evident that spore 
germination cannot be conceived simply as germ tube 
formation. The morphological manifestation of develop- 
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ment appears long after physiological mechaniams begin to 
operate. The synthesis of needed enzymes and the 
oxidation of carbon provide the energy and intermediates 
that are necessary for germ tube formation. 


Davin GOTTLIEB 
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Effect of Pseudomonas tabaci on the 
Metabolism of Starch in Tobacco Leaves 





A B 


Yig. 1. Parts of a tobacco leaf after needie-inooulation with Psexdo- 
menas iabaci, A, Untreated; B, stained with iodine 


The decrease in starch content could also be induced by 

the injection of bacteria-free culture filtrate (Table 1). 

—Dox nutrient medium incubated with Ps. iabact 

for 48 h was used. Treatments were carried out on intact 

plante by injecting one half of the leaves with the culture 

filtrate and the other with Ozapek—Dox nutrient as control. 
Meesuremente were made 8 days aftor injection. 


Tablo 1. Xrrrct OF Peewdomomas isbeci OX THE STARCH OONTEYT AKD 
PHOSFRORYLASH ACTIVETY OF TOBACCO LXAYES 


Jase activity * 
Btareh content* Synthesl amylose PO,’ lfberated 


Treatment of (mg/g fresh fresh 
loaves weight) San h) M1 h) 
+ 2-0 +5 18 
Keedle tnoculated 1:5 14 06 
51 44 14 
Jn. with 
filtrate 23 23 09 
* Values from tative 


reprseen 
Unaffected areas of the same 
Half-leaf injected with Ozapek-Dox nutrient. 


To elucidate the possible mechanism responsible for 
decrease in starch content the activity of the two major 
enxyme involved in starch metaboliam was 
meesured. A negligible and equal amylase activity was 
found in the extracta from control and culture filtrate 
treated leaves. The activity of phosphorylase, however, 
exhibited striking differences. The extent of amylose 
synthesis from glucose-l-phoephate was measured as 
follows: 500 mg tissue was extracted in the cold in 2:5 ml. 
acetate buffer pH 6-0. The reaction mixture contained 
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1 mL crude extract (without centrifugation), 107 M 
sodium fluoride, 0-2 ml. 1 per cent dextrin as primer, and 
1-7 x 10- M gluooee-1-phoephate in 2-8 ml. final volume. 
After incubation at 30°. for 90 mm the Ded Wag 
by adding equal amounts of 10 per cen ro- 
Medis acid (Gontrols were treated with trichloroacetic 
acid at zero time). The starch (amylose) content was 
determined colorimetrically in centrifuged samples by 
adding 0-2 mL of an iodine solution containing 60 mg 
iodine/100 mL A standard curve was prepared from 
soluble starch. Alternatively the orthophosphate set 
free during starch synthesis was measured’. . 
As shown in Table 1 phosphorylase activity, as oom- 
with the controls, was markedly leas both in the 
halo areas of the infected leaves and in the tissues treated 
with culture filtrates. 

The Ps. tabaos strain used in these i ts does not 
hydrolyse starch. The culture filtrate added to phosphoryl- 
ase-containing plant extracta in vitro did not 
the activity of phosphorylase. Therefore, it can be 
stated that the decrease in phosphorylase activity is due to 
an indirect effect of Ps. tabact on the metabolism of the 
host. This effect is specific because the activity of same 
other enzymes, for example, glucose-6-phosphate dehydro- 
genase, increases in the tissues surrounding the infection 
area. The paralleliam between the decrease in starch 
content and inhibition of phosphorylase activity sugpests 
a causal relationship. 

L. LovREXOVIOH 
Z. KrHMENT 
G. L. FARKAS 
Research Institute for Plant Protection, 
Budapest. 
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Optimum Leaf Area Index In the Potato 
Crop 


Ix his review of the effect of competition for light on 
crop growth Donald! notes the existence of but two pub- 
lished accounts presenting evidence to support the 

adopted conception of an ‘optimum leaf area 
index’ as the ratio of leaf aree to ground covered at which 
the balance of photosynthesis over respiration is at a 
maximum value. For kale crops in southern England the 
figure lies between 3 and 5-4 (ref. 2). In Australia, sub- 
tarranean clover was found to reach ita highest net assimi- 
lation rate when the leaf srea index lay between 4 and 
5 (ref. 3). More recently, Stern and Donald‘ have shown 
that the optimum leaf area index for clover in Australia 
varios with the amount of light present, partioularly the 
amount which penetrates to the lower leaves, rising from 
3-5 at a radiation-level of 50 g cal/om*/day to a nearly 
constant 5 above 150 g/cal/om*/day. Donald! cals for 
more evidence for other crops and different regions. 

In an experiment on the effect of applying four levels 
of a 12 per cant N : 12 per cont P,O; : 18 per cont K,0 
fertilizer to a crop of Majestic potatoes at Bo Mid- 
Jothian, in 1961, measurements were made of leaf area 
and the dry matter of leaves, stems, roots and tubers at 
four dates each approximately three weeks apart. The 
pian which received 2-5 and 5 owt. per acre rates of 
‘artilizer (Fig. 1) show steady rise in leaf area index to 
4-4 and 5:3 respectively at the third sampling date, deolin- 
ing thereafter to 3-9 and 4-9. The plants given the 7.5 and 
10 owt. per acre treatments rose swiftly through the level 
of leaf area index 5 to reach maxima of 7-0 and 8-8, after- 
wards declining to 5:5. 


918 





75cm 5 cet 

Tg. L Tent aoe Index at four dates of Majestio potatoes treated with 

four levels of fertilizer. Treatments: 10 owt., 7-5 owt., 5 owt., 2-5 owt, 
Control. Sampling dates: 11.7.01; 2861; 228.61; 


The maximum net assimilation rate (Table 1) achieved 
by the high fertility-leve] plante occurs between samplings 
I and II when the leaf area index is below 5. On the low 
fertility-level plots maximum net assimilation rate occurs 
between samplings II and III at leaf area index values 
between 3-5 and 5:8. Between sampling dates ITI and IV 
the net assimilation rate of plants receiving the highest 
level, 10 cwt., decreased below zero because the loas of 
lower leaves, which had turned yellow, withered and 
dropped off, was greater than the increase in tubers. This 
process of leaf shedding was observed on all plota and is 
confirmed by the drop in leaf area index values (Fig. 1). 
The values found at this stage in crop development do not 
therefore give a true net sasimilation rate and no way can 
be found to collect the lost leaf material in the fleld in 
order to make a correction. To overcome this diffioulty 
it was decided to consider only that part of assimilation 
devoted to tuber formation by substituting dry weight of 


45 


16 cwt 
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. 2. Ourve of economie assimilation rete on mean jeeaf area mdex 
Fa be&woen sampimg dates 
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Table 1. NET ABMHILATION RATES of G/W WEEK OF MAJESTIO PoTATOm 
TREATED WITH DIFFERENT LEVELS OF FEXTILIXBR 
Sampling Control 2-5 owt. 5 owt. 7-5 owt. 10 owt. 
I-II 87.68 32-30 30-04 53 904 4913 
IL-ni 9 65 35-60 50-80 40 68 88-30 
II-IV 17-96 1179 10-46 072 -657 


Sampling Control 1-5 owt. 5 owt. T5 owt. 10 cwt 
LI 27-64 23-28 28-71 25-56 1947 
ILI 074 33-01 41-08 83-19 24-70 
IH-IV 18 67 12-01 11 $8 478 231 


tuber per square metre of leaf area for total dry weight of 
plant material per square metre in the calculation. It is 
proposed to call this quantity the economic assimilation 
Tate. In general, economic assimilation rate (Table 2) is, 
in the later stages af crop development, highest in the low 
fertility level plota and lowest in the high fertility levol 
plots. Curves for economic assimilation rates against 
mean leaf area index between the sampling dates ig. 2) 
show that optimum leaf aree index for tuber production 
lies around 2-6 in the early stages of development and 
around 4-3 later in the season. The drop in tuber yield on 
plote to which high levels of fertilizer have been applied! 
may be explained by the production of exceas foliage 
which so shades the lower leaves that they cannot produce 
sufficient carbohydrate to meet their own requirements 


for respiration. 
Paras Harpur 
Botany Department, 
Edinburgh School of Agriculture, 
West Mains Road, 
Edinburgh, 9. 


, 8$, 87 (1968). 
Donald, O. M., Awxral. J. Agric. Rss., 9, 58 (1058). 
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Prevalence and Importance of Viable Spores 
of Septoria spp. in Samples of Commercial 
Celery Seed 

Iw a recent communication Mukhath and Wood! suggest 
that celery seedlings more frequently become infested by 
mycelium carried within the seed than by spores from 
pycnidia on the seed. 

Viable spores have been found in an appreciable propor- 
tion of infected samples during recent surveys of celery 
seed received for testing for purivy and germination at the 
Official Seed Testing Station. 

Marshall (ref. 2 and unpublished work) successfully 
germinated spores from 6 of 30 samples examined during 
1957-58 and from 7 of 53 samples examined during 
1958-59. During 1960-61 pyonidia on three samples 
were observed to exude spores during the standard visual 
blotter test for their presence, and for two of these samplea 
the presence of viable spores was demonstrated by several 
techniques, including & seedling inoculation test*?. In 
1961—62 tho seedling inoculation test, being developed as a 
means of checking declarations of efficient hot-water 
treatment‘, confirmed the presence of viable spores in 9 of 
19 samples tested from & total of 34 showing visual 
infection. , 

During storage there 1s a fairly rapid decline in the 
number of pycnidia which contain viable spores (even so 
several samples have given infective washings in the 
August following the presumed year of harvest). Sanie of 
the samples tested were of over-yeared seed, and therefore 
the resulta are an underestimate of the viable infection 
present in the seed of any one harvest year. 

Diseased seedlings have been grown from infected seed 
placed on blotters’, but were not produced from all the 
viable seeds with oozing pycnidia. Diseased seedlings are 
rarely obtained from infected seeds grown under glass- 
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house conditions; perhaps disease initiation by spores 
depends on the existence of very humid conditions, or 
even free water. 

The low viable infections normally encountered make ıt 
difficult to test the efficiency of seed treatments and to 
obtain confirmation or otherwise of hypotheses concerning 
infection. But it is evident that viable spores are common 
enough to be an important potential source of disease 
outbreaks. 

P. D. Hewert - 


Official Seed. Testing Station, 


Heterothallism in Ustilago cynodontis (Pass.) 
Henn. 


DIwxnonEBOHNCOm smut, Ustilago oynodonits (Pass.) 
Henn., is a common parasite of ial Bermuda grass, 
disease is manifosted 


on 8 per cent potato—dextrose agar, prod 
promyoelia (basidia) and lateral sporidia (basidiospores). 

idial cultures were obtamed with the sid of a 
Chambers micro-manipulator by isolating individual 
eporidia from very young colonies arising from single 
germinated teliospores. Each monosporidial line thus 
origmated from a te teliospore. Eighteen mono- 
sporidial lines were isolated in this manner and after- 
wards were mated on potato-dextrose agar in all possible 
combinations with each other. The matings were 
examined after 24 h incubation at 25? O. Two types of 
compatibility reactions were noted: positive or + re- 
actions denoting sporidial fusions and negative or — re- 
actions indicating inoompatibility. 

Compatibility relations between pairs of monosporidial 
lines of U. is were determined by use of the 
Bauch test. Bauch? found that, in Ustilago violaceas (Pers.) 
Roussel, mating types could be determined from the 
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1. A healthy inflorescence of Bermuda (left), and an fn- 
Yu ce arene inferri (Ustüego apsodomta) In the spikes (right) 


general appearance of the paired cultures. When the 
i were different, considerable white aerial 





patible matings were demonstrated to be pathogenic by 
inocula&ing seed of Bermuda grass and afterwards observ- 
ing the emergence of smutted inflorescences. 

The resulta of a diallel croes of 18 monosporidial lines 
(162 matings) of U. oynodontis aro shown in Table 1. 
Based on the premise that sporidia of the same oom- 
patibility type do not anastomose, the resulta clearly 
indicate two intra-sterile, cross-fertile compatibility 
groups. Thus monosporidial lines 2, 4, 6, 7, 9, 10, 12 and 
16 aro placed in group I, whereas lines 1, 3, 5, 8, 11, 18, 
14, 15, 17 and 18 are placed in group lI. The presence 
of these two compatibility or mating groups is evidence 
of the existence of heterothallism in U. oynodontis. When. 
only two mating types are observed among pedigreed 
sporidia of smut fungi the heterothallism is described 


Table 1. COMPATIBILITY PATTERN OBTAINED BY MATING 18 MONORPORIDIAL Lines OY Usklago cynodontis IE ALL POSSIBLE OOMHIMATIONS 


Monagas No; 
2 4 6 7 9 10 12 16 3 5 8 11 13 14 16 17 18 
Group I 2 - - - - - - - - + + + + + + + + + + 
4 - - - - - - - - + + + + + + + + + + 
6 - - - - - - - - + + + + + + + + + + 
7 - - - - - - - - + + + + + + + + + + 
9 - - - - - - - - + + + + + + + + + + 
10 - - - - - - - - + + + + + + + + + + 
1$ - - - - - - - - t + + + + + + + + + 
16 - - - - - - - - + + + + + + + + + + 
Group 1 + + + + + + + + - - - - - - - - - - 
3 + + + + + + + + - - - - - - - - - - 
5 + + + + + + + + - - - - - - - - - - 
8 + + + + + + + + - - - - - - - - - - 
1 oc + + + + + + + - - - - - - - - - - 
13 + + + + + + + + - - - - - - - - - - 
14 + + + + + + + + - - - - - - - - - - 
15 + + + + + + + + - - - - - - - - - - 
17 + + + + + + + + - - - - - - - - - - 
18 + + + + + + + + - - - - - - - - - - 
Positive le matings as evidenced by sporidial fusions and the production of serial byphes are indicated as + reactions; incompatible 


matings as — 
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) mated 
Posible. combinations: (M lirger. outer- colonies), Colones 4 ORC) 
(1 x €), D (3 x 2), and N (8 x 4) are covered by white 
compatibility, whereas 


8 x C esaet Reis eain eerie e Gx t) dit 
evidence suggested more than two compatibility groups 
in this fungus. According to Whitehouse’‘, the ex- 
pression of multiple compatibility groupe in smuts is 
predicated on the existence of ‘sterility factors’. There- 
fore, what may appear to be multipolar sexuality in 
U. oynodontis could be relegated to simple bipolar sexuality 
on the basis of the effect of these factors. 
P. M. Hark 
R. K. WEBSTHE 
Department of Plant Pathology, 
University of California, 
Davis, California. 
* Mehta, K. O., J. Ind. Bot. Soo., 3, 243 (1023). 
* Whitehouse, E. L. K., Trens. Brit. Afyool. Soc., 34, 340 (1951). 
3 Banoh, R., hol. SO., 4$, 9 (1022). 
‘Whitehouse, H. L. K., Rapp. Eighth Cong. Intern. Dot , 188 (1054). 


Inhibition of Flowering in Poinsettia by 
Gibberellic Acid 
Tua formation of flowers and decorative bracte in 


poinsettia (Kuphorbia pulcherrima Willd.) 18 induoed by 
short photoperiods!, the planta remaining vegetative in 
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long day-lengths. Among short-day planta the perennial 
Fragaria spp.* and Kalanchoe blossfeldiana? are inhibited 
from flowering by gibberellin. This 1s in contrast to the 
short-day annuals typified by Perilla nankinensist.', 
Xanthium pennsyleontoum*, Chenopodium amaraniicolor* 
and Nicotiana spp.*, where flower induction seems usually 
to be unaffected by this chemical’. The strawberry also 
differs from the short-day annuals in that flower induction 
seems to be promoted by lowering the temperature during 
induotion*. As poinsettia exhibits the same negative 
temperature response!*, 16 seemed interesting to test the 
affect of gibberellic acid on flower induction in this species. 

In the preliminary experment poinsettia plante were 
transferred on January 1, from long day-lengths to short 
day-lengths for flower induction. Gibberellio acid was 
then sprayed in aqueous solutions at either 20, 10 or 5 
p.p-m. twice weekly. After five applications the concen- 
trations were reduced to half in each case. Control 
plants were unsprayed. After a further eight applications, 
treatment was stopped and all plants were returned to 
long day-lengths to check further photoperiodic induction. 
Coloured bracts were forming in control plante (unsprayed) 
by this time, and the planta were in full flower by early 
April. Flowenng was much delayed in the planta which 
had been sprayed with gibberellic acid. Those which had 
received sprays of 20 (later 10 p.p.m.) did not flower 
until late summer and then only produced a few cyathia 
and poor coloration of bracts. With lower rates an inter- 
mediate response was obtained. All rates of application 
increased stem length. j 

In the second experiment planta were sprayed weekly 
with gibberellio acid in aqueous solution at 40, 20, 10, 5 or 
2-5 p.p.m. during an induction period of 6 weeks’ duration, 
commencing on October 25. Two seta of control planta, 
one subjected to short-day induction and the other 
retained in long day-lengths, were unsprayed. On 
November 28 the experimental plants were returned to 
long day-lengths as before. : By this time differences 
between plants treated with gibberellic acid and the 
induced control planta were already obvious. 

The plants were retained in the glasshouse over winter 
and inspected for flowering from time to time. Again, as 
in the first experiment, flower induction was not oom- 
pletely mhibited but all rates of application of gibberellio 
acid delayed flowering, reduced the number of cyathia 
which developed and reduced the density of coloration of 
bracts as well as promoting stem elongation. By the end 
of February the induced control planta and those sprayed 
with 10 p.p.m. or leas were in flower, but not those sprayed 
with 20 or 40 p.p.m. Counts made at this time showed 
that the numbers of developing cyathia were reduced from 
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Fig.l. Photographed on Maroh 6, 1942, the plant on the left was induced to flower during a five-week Induction period of short pho 
on October was kl. E 


commencing 25, 1961 
pane five-week period 
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a mean of 18:5 in control plants to 5:3, and these greatly 
retarded, in plants treated with 40 p.p.m. solution. By 
mid-May a proportion of the plante treated with 40 p.p.m. 
were not in flower and it was obvious that the stimulus 
to flowering in these plants was extremely small. The 
second eet of control plants, which had been retained in 
long day-lengths throughout the experiment, remained 


bs ob: (Fig. 1). 

slow development of cyathia can also be obteined by 
partial induction, that is, subjecting the plante to induc- 
tive day-lengths for only one or two weeks. The aide 
effecta of gibberellic acid on tissue elongation, however, 
tend to mask cial resemblances between partially 
mduoed plants and plants retarded by gibberellic acid. 

Ib is possible that complete inhibition rather than 
retardation could be obtained by building up the level of 
gibberellic acid in the plant before exposure to short 
day-lengths. . f 

Fragaria spp., Kalanchoe blossfeldiana and Euphorbia 
pulcherrima thus seem to differ from the aforementioned 
short-day annuals in their flowering response to gibberellic 
acid, and by inference, differ in some way in the bio- 
chemical processes by which photoperiodic perception is 
transformed into ing responses, 

The gibberellio acid used in these experimente (Y F 4901 
formulation) was kindly supplied by Plant Proteotion, Ltd. 

.O. Q. Gurraines 

Scottish Horticultural Research Institute, 

Mylnefield, Invergowrie, 
^ Dundee. E 
! Gamer, W. W., and Allard, H. A, J. Agric, Res., 88, 871 (1912). 
Thompson, P. A., and Gutiridgs, O. G., Natwre, 184, B.A. 72 (1059). 
Harder, B., and Bunsow, R., Plami, &l, 201 (1088). 
Gutirkige, O. G., Seventh Ann. Rep. Scot. Hori. Ree. Inst., 38 (1900). 
Üalahjan, M. HL, Dekledy Abed. Nauk, 5.8.5.R., 117, 1077 (1057). 
Greulach, V. A., and Haesloop, J. G., Soíemos, 187, 646 (1058). 
Brian, P. W., Grove, J. F., and Macmillan, J., Prog. Chem. Organic Natural 
is, (1860) 
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* Dem , and Waldo, G. H., U.S. Dept. Agric. Tech. Bwl., 453 
* Hartmann, H. T., Proc. Ameer. Soo, Hert. Soi., 60, 248 (1047). 
inr: E, W., and Miller, E. O., Prec. Amer. Sec. Hort. Sci., 76, 753 
(1660). 


Neuraminidase in Mammalian Brain 


CONTAMINATION of serum with neuraminidase-producing 
bacterial cells p y produces changes in the electro- 
phoretio pattern. e mobility (surface charge) of the 
a,-globuline (orosomucoid and a,-antitrypsm), of some 
a,-globulins (for example, haptoglobin) and of the 8,- 

in, transferrin, decreases on release of sialic acid from 
the molecular surface!. Vulpé* has published eleotro- 
Sac lend iia ano ere bit sera before and duri 
pment of Fa nop encephalomyelitis in 
by injeotions of & brain suspension in combination with 
Freund's adjuvant. The changes in serum presented are 
similar to those ced by neuraminidase. Further- 
more, the errin of human oerebroepinal fluid is 
ically heterogeneous’, indicating that part of 
transferrin type of Caucasians. These two observations 
prompted the present investigation of mammalian brain 
for neuraminidase. This enzyme is common among mioro- 
and has been found in chick-embryo chorio- 
allantois but not in mammalian tissue‘. 

Freshly obtained guinee pig, bovine and human brains 
were freed from their meninges. Weighed samples of the 
cerebral hemispheres were then i with twice 
their weight of physiological saline. It was presumed that 
the sialic acid-rich muoolipids of the brain suspension 
would serve as substrate for the postulated brain enzyme. 
To detect the presence of neuraminidase, samples of 

i brain were incubated at 87° O for variable 
time- ; but usually 1 h, with three times their 
volume of 0-1 M buffer of varying pH. 
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The samples were afterwards centrifuged for 3 min and 
sialic acid measured in the supernatant solution by the 
thiobarbituric acid method of Warren’, appropriate 
correction being made for the presence of 2-deoxyribose in 
the solutions. is method measures free, but not bound, 
sialic acid. For each test a blank sample, treated in the 
same way as the test but centrifuged without previous 
incubation, was also assayed for sialic acid. The total 
sialic acid content of the brain homogenates was determ- 
ined by heating the homogenates with 0-1 N sulphuric 
acid for ] h at 80° O, centrifuging and measuring sialic 
acid in the supernatant by Warren’s method. 

The release of sialic acid depended markedly on the 
pH of the incubating solution (Fig. 1). In the three 
species the optimal pH was 3-5-4-0. Little or no sialic 
acid was released when the pH was below 2-0 or above 5:5. 
When the brain homogenates were incubated at pH 4:0 
for varying time-periods progressive release of sialic acid 
occurred. This release was almost linear during the first 
2 h, by which time, in bovine brain, 15 per cent of the 
total sialio acid present had been released, but after 2 h 
the rate of release decreased and after 24 and 48 h 85 and 
47 per cent, i , had been released. 

Heating the brain homogenates from the three species 
in a boiling water bath for 8 min completely ted the 
release of sialic acid during subsequent incubation at pH 
4-0 and 87° O. After such heating, however, partially 
purifled neuraminidase released sialic acid 
just as quickly from the brain as from unheated brain 

te 


In order to check that the material released during 
incubation &nd being meesured by the thiobarbituric 
acid assay procedure really was sialic acid, bovine brain 
homogenate was incubated at 87° O with acetate buffer. 
pH 40, for 48 h. Penicillin and streptomycin had been 
added to prevent bacterial growth. The time-conoentra- 
tion curve for sialic release followed the same principal 
course as in the short period experiments. The homo- 
genate was then dialysed against several batches of dis- 
tiled water. The dialysates were concentrated and 
by the method of Bvennerholm*. The final 

crystallization three times from ethanol, 
ether, and petroleum ether was found to give the colour 
reactions typical of sialic acid with thiobarbiturio acid, 
orcinal, Khrlich's reagent and diphenylamine, and on paper 
chromatography in 4 solvent systems and high-voltage 
electrophoresis to have the same Ry value and electro- 
phoretio mobility as authentic N-acetyl-neuraminic acid 
(NANA). In addition the infra-red spectrum was identical 
with that of NANA™®. 

These resulta show that NANA is released from guinea 
pig, bovine and human brain when they are homogenized 
and incubated at 37? O. The fact that the release oocurs 
much more quickly at pH 3-5—4&0 than at more acid or 
alkaline pH and that it is prevented by prior heating of 
the brain to 100° O is strong evidence that the release of 
NANA is enzymatically catalysed. Whether this enzyme 
is a ‘neuraminidase’ as defined by Gottachalk’, in that it 
catalyses ‘‘the hydrolytic cleavage of the glycosidic bond 
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of D-galactoeamine and possibly to other sugars’, is not 


`~ known. The pH optimum, 3-5-4-0, is different from that 


found for bacterial neuraminidase (pH 5-8) and from that 
found by. Warren and Spearing!* for the enzyme present in 
plasma glycoprotein preparations (pH 5-5), which 
resembled the ial enzyme in this respect. The pH 
optimum was, however, closer to that of the 
present in chick embryo ohorioallantois* (pH. 4-5). 

We thank Dr. R. Institute of 5 
University of Lund, for performing the infra-red spectro- 


scopic examination. 
E. H. Moraan 


O.-B. LAUEMLL 
Department of Olinical Chemistry, 
Malmö General Hospital, 
University of Lund, Malmo, Sweden. 


W. O., and Boarn, A. G., J. Kap. Med., 115, 83 (1002). 
Ada, G. L., and Lind, P. B., Nature, 190, 1160 (1961). 
L., J. Biol. Ohom., 834, 1971 (1959). 
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Growth of Juvenile Red-eared Turtles as 
influenced by Gravitational Field Intensity 


PREVIOUS investigations have shown that, although 
sufficiently high gravity as simulated by continuous 
centrifugation can retard growth of certain organisme, a 
moderate increase in the gravitational fleld intensity can 
sometimes slightly enhance growth’. A similar pattern 
is reported here for juvenile red-eared turtles (P 
soripia elegans). However, & more dramatic growth 
enhancement was obtained during moderate centrifugation 
than had been obtained with other forms. 

Accelerated growth of other forms under the influence of 
continual centrifugation has been noted. Gray and 
Edwards! found that growth of wheat (Triticum vulgare) 
ooleoptiles during the firsb 24 h of exposure to 10g was 
accelerated. "Wunder! noted accelerated growth of fruit- 
fly (Drosophila melanogaster) larve at 500g. Tho femur 
bones of white mice display aocelerated growth and 
rounder croes-sections at 4g, despite the fact that their 
total body-mass decreasog'. imi results in this 
laboratory indicate that accelerated growth of mice may 
occur at 1-5g. These findings would lend credence to the 
hypothesis that for any given organism there may be a 
specific gravitational field intensity most conducive to 
growth. The fastest growth would oocur at the fleld in 
which the growth-stimulating effects of gravity are 
greatest in comparison with the other gravitational 
effects which normally retard growth. 

Turtles were chosen for these investigations because they 
have a unique structure and because they are &quatio. 
The shell of the turtle would tend to serve as a natural 
‘anti-g suit’. An aquatic enviranment would offer buoyant 
support which would partially counteract the influence of 
high gravity. 

These turtles, which at the beginning oo Taa 
measured approximately 34 mm in length and 9 g in 
weight, were exposed to centrifugal fields ranging fedi 
5 to 28g for periods of 5-9 weeks. out the 
experiment, continual 24 h a day lighting and tempera- 
tures of approximately 27° O were maintained. Turtles 
were removed each day for a 20-min period for feedi 
and cleaning of cages. They were removed for a 6- 
period each week for growth measurements. In this way, 
it was possible to keep the animals active throughout the 
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were oom ble with changes in body-length. 

Ax oan bo sean in Fig 1, exparmamital antis 
to 5g grew approximately twice as fast in length as their 
controls during five weeks of exposure. Growth at 6g did 
not differ significantly from that of the controls. With 
further increases in field, there occurred a progressive 
growth decrement of the type reported with other forms. 

With some experimental animals, there was both an 
absolutely and a relatively ter abell maas in turtles 
exposed to 5g as compared with the 1g controls. Such an 
accelerated growth in shell mass would be 
according to Wolff’s Law‘, which proposes that mechan- 
ical force acting on a skeletal structure will enhance 
growth of the streased portion. In the case of turtles, 
the shell constitutes the primary, functional skeleton. 
It is interesting to note that there has not to be 
any enhancement of growth in the femurs of centrifuged 
turtles, such as occurred in mice’. 

A well-documented explanation for the accelerated 
growth is not available at this time. One should not 
overlook the fact that other secondary factors resulting 
from centrifugation, such as rotation and vibration, may 
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be of significance in the accelerated growth of turtles. 
These turtles withstand maintained centrifugation much 
better than do mice of comparable size. Perhaps such 
factors as buoyancy, shell, and lower body temperature 
pe the turtle from the deleterious resulte which have 
demonstrated for mioe and certain other warm- 

blooded animals. If this were so, the net developmental 
acceleration would accordingly be more pronounced. 

This work was supported in part with National Insti- 
tutes of Health grants Noe. GM-K3-4756 and EG-8728. 

CunistorHEe H. Donam 
De t of Physiology, CumagnLmg O. WUNDER 
State University of Iowa, 
Iowa City, Iowa. 


* Ce asad Ro F., J. Oel. and Comp. Physiol., 48, 97 
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* Wunder O. O., Briney, B. B., Kral, M., and Ekaugstad, O., Nature, 188, 
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Long-Distance Migration of Salmon 

Ir was reported recently! that a salmon tagged as & 
smolt in the estuary of the River Usk in Monmouthshire 
was caught some eighteen months later near Sukkertoppen 
on the west coast of Greenland. 

Information has now been received that in October, 
1962, another English salmon was caught in the same area. 
This fish was tagged as a smolt in the River Wye at 
Brockhampton, near Hereford, on April 5, 1061. 


Freshwater Fisheries Laboratory, A. BWAT 
Ministry of Agriculture, Fisheries and Food, 
Whitehall Place, London, 8.W.1. 
1 8wain, A., Hartley, W. G., and Davies, R. B., Nature, 196, 1122 (1901). 
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Insects attacking Striga in Kenya 


Wurms and Caswell! have reported Smicronyo gp. 
(Curculionidae ; Coleoptera) attacking Striga sp. in Nigeria. 
Murthy’ has given an account of the attack of Smtoronyz 
albovariegatus Faust. on Striga in India and hes listed 
other insect pests of Striga in that country. 

Striga hermonthica Benth. (Scrophularisceae) is an 
important root parasite of sorghum, the principal cereal 
crop of the low-lying areas near Lake Victoria in Nyanza 


eggs inserted 
singly into the soft epidermis in the axils of leaves 1-1-5 in. 
above soil-level. Tho larva makes a narrow mine, stained 
purpliah-black, just underneath the epidermis. The mme 
goes almost straight downwards to below soil-level, where it 
then pursues & more tortuous course under the epidermis 
of the root to a depth of 34 in. The mature larva returns 
up the mine and pupates et soil-level where the site of the 
puparium oan be detected as a small blister of the epider- 
mis. Up to 10 pupsria have been found in a single plant; 
the mean number found in August 1908 was 2 puparia per 
lant. The maximum interval which has been observed 
between the caging of infested SWiga material and the 
emergence of adult flies is 25 days. Attack causes the 
root epidermis to rot and peel off, and reduces the number 
of lateral roota, but no debilitation of the aerial parte of 
the plant, or reduction of numbers of flowers or fruita has 
been observed. 
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O. eirigalis ia attacked by a number of hymenopterous 

i In 1960 a collection of infested Siriga material 
yielded 22 O. strigakis, 36 Huooiidea ee (Cynipoidea), 
1 Szepl. (Braconidae) and 3 Herberia sp. 

idae). In 1962 the incidence of these parasites 
was lower. Some O. sinigalis eggs have been found to 


sp. (Cera 

Gall-bearing plants had fewer mature fruit than non- 
infested plants, but it could not be determined whether 
this was an effect of attack or whether only late-maturing 
planta were attacked. Only one galled plant has been 
found in 1962. 

Le Pelley* records Platyptilia taprobanes Fidr. and 
Stenopislia zophodactyla Dup. (Pterophoridae; Lepidop- 
tera) from Striga in Tanganyika. No Smicronyx sp. have 
been found on Striga in Kenya. 

I thank the Director, Commonwealth Institute of 
Entomology, for identifying the insect species concerned, 
and the Director of Agriculture, Kenya, for permission 


A. DAVIDBON 
Department of Agriculture, 
Cotton cag Siena t Station, 
P.O. Kibos, 
Kenya. 
1 Williams, O. N., and Caswell, G. H., Nature, 184, 1668 (1959). 
2 Anrthy, D. V., Netwre, 187, 060 (1900). 


* Spencer, K A., J. Entomol, Soc. South Afr. (in the prees). 
* Le Pelley, B. EL, Agriowtural Insects of East Africa (Nairobi, 1960). 


Effect of Synthetic ‘Queen Substance’ 

(9-oxodec-trans-2-enoic acid) on Ovary 

Development of the House-fly, Musca 
domestica L. 

Reor investigations: have shown that when 'queen 
substance’ (9-oxodeo-irans-2-enoio acid) is distributed 
throughout the colony of honey bees, it partially inhibits 
the development of ovaries in workers and influences 
their behaviour by inhibiting queen-cell construction. 
Similar affects of crude extracts of queen honey bees have 
been demonstrated on other groups of social insects, for 
example, Formica fusca L.* and Kalotermes flavicollis F.* 
This non-specificity for orders of social insects suggests 
that ‘queen substance’ might have similar inhibitory 
-affecta on ovary development even of non-sooial insects. 
This hypothesis was tested by examining the effect of 
synthetic ‘queen subetance’ on ovary opment in the 
house-fly, Musca domestica L. 

In the house-fly the ovaries of newly emerged virgin 
females are undeveloped (Table 1) and female flies require 
8 in diet such as milk for egg development. When 
newly emerged female flies were 6-8 h old, samples of 
twenty fies each wero injected in the thorax with 5 ul. per 
fly of a 2 mg/ml. of dilate ethanolio solution of synthetic 
‘queen substance’ with a 50 ul. Hamilton micro-syringe, 
and injections were repeated at the time-intervals shown 
in Table 1. Higher concentrations of synthetic ‘queen 
substance’ were found to be toxic and lower concentrations 
did not show any appreciable effect on the inhibition of 
ovary development in the house-fly. The treated and 
control flies were allowed to feed on a 1 : 1 (v/v) mixture 
of condensed milk and water, i daily, for a 
total period of 96 h. Then the flies were dissected and 
their ovaries measured. 
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Table 1. Erracr ON OYARY DEYANLOPMUENT AND MORTALITY oF THE HOUSE- 
ELY, Musca wise Do sve cbe pd OY SYNTHETIC ‘QUAM SUBSTANOR’ 
2-EXNO10 ACID) 


Treatment of 
Material Prjooted aom = 
* Times of of ovario t 
Lengin after 06 
1 Now — OT 04 100 
2 substance’ 0 1-7 11 & 
3 water 0 3-1 20 0 
4 = 'Qnean substance’ 0, £4 14 0-0 5 
5 Daule water 0, 24 3-1 21 5 
6 ‘Queen substanee' 0,48 . 12 0-8 10 
7 Destilled water 0, 48 $1 2-0 10 
8 ‘Queen substance’ 0, $4, 48 19 07 10 
9 Dæ water 0, 24, 48 *1 21 0 
.5 ELE or a sotiin CEN of ‘queen 
f-enake acid) fn & per cent ethanolic solrtion was 
In files in testy 2, 4, 6 and 8. of distilled water 
was injected in testa 8, 5, 7 and 9. AD ED test I moro eee 
mirture of and water (1: 1, v/v) fore period of 06 h. 
+ Means are based oo of ten files randomly selected from 
each of five rephoated tests Involving files. 


The effect of synthetic ‘queen substance’ on the ovary 


These resulta show that the continuous presence of a 
certain amount of synthetic ‘queen substance’ in the 
insect body is necessary for complete inhibition of ovary 
development in the house-fly. Synthetic ‘queen sub- 
stance’ appears to be metabolised or excreted by the 
house-fly rather rapidly, and thus it must be mupplied at 
regular intervels or its inhibitory effect on ovary develop- 
ment wears off. This effect of synthotio ‘queen substance’ 
appears to be similar to that on honey bees where worker 
bees must receive a continuous supply of ‘queen substance’ 
from the queen honey bee, to inhibit their ovary develop- 
ment. Failure to demonstrate any inhibitory effect of 
‘queen substance’ on ovary development in the house-ffy 
in the work of Mitlin and Baroody‘ can also be explained 
from these obeervations. They washed ‘queen substance’ 
from the bodies of honey bee queens and injected the 
material obtained into house-flies or fed ib to them in 
milk. It seams likely that the concentrations of ‘queen 
substance’ presant in their preparations were too low to 
show any appreciable inhibitory effect on ovary develop- 
ment of the house-fly. 

Further investigations on the effecta of synthetic ‘queen 
substance’, by both feeding and by injections, on the 
sexual prooehses in the house-fly, the German. cockroach, 
BlatieHa germanica L., and other insecta, are being con- 
dusted. 

Theseo resulte and some unpublished data suggest the 
pacers of investigating the potentiality of synthetic 

substance’ (9-oxodec-irans-2-anoic acid) as a 
ferusle: insect. óberiosterilant^ 

I thank Dr. R. K Oellow, National Institute for 
Medical Research, London, for a gift of synthetio ‘queen 
substance’ (9-oxodeo-irans-2-enoio acid) {synthesized by 
Glaxo Laboratories, Ltd., for tal use only) and 
Prof. A. J. Thorsteinson and Dr. B. C. Jay of the Depart- 
ment of Hntomology, University of Manitoba, for many 


J. K. NAYAB 
ge arici of Entomology, 
niversity of Manitoba, 

1 Butler, C. G., Trans. Rey. Entomol, Sec. Lond. 185, 11 Proc. Boy. 
Enl. Lond., A ; if feet 057); Insect 
Booiene, 4 ATT tight); TF fase ret. T 35s Ciel). dans 0. G., 
Gen gta a aa an 
258, £516 (1961). Pula o lec, M Bopdanovaky, De and Loderer, 
WL, Comp, Diechém. Piysiol., 8, £83 (1903). 

Cartisle, D. B., and Butler, O. G., Nature, 177, $76 (1966). 
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CYTOLOGY 


Aneuplolds in Oat Varietal Populations 


Tum cultivated oat Avena sativa (25542) normally 
forms 21 bivalents at meiosis, but on rare oocasions a 
ent due either to asynapeis or desynapeis. The 
irregular transmission of the univalenta may lead 
to the formation of gametes deficient for a chromosome, 
or with an extre chromosome. Tf such aneuploid gametes 
aro fertilized by euploid gametes, monosomic or trisomic 
offspring will arise. 

As Avena sativa ia a hexaploid, there is considerable 
duplication of genetic material and, in 
relatively high levela of aneuploidy are tolerated. Mono- 
somics and nullisomics have been reported to be viable 
and, to some extent, fertile. Thus once an oid 
has arisen in a population, its progeny will add to the 
a sae of aneuploids in succeeding generations. 

owever, & proportion of the progenies of monoeomios 
and trisomice will also revert to euploid. The 
of these two effects, together with the origin of aneuploids 
from euploids, will lead to the maintenance in a population 
of & low, but constant, level of aneuploidy. 

The objecta of the present investigation were to confirm 
the report of Riley and Kimber? that aneuploids could be 
extracted from populations within a variety,.and to 
assemble a collection of monosomics in an attempt to 
obtain & complete series deficient in turn for each chromo- 
some of the haploid complement. Seed of the variety 
Sun II was obtained fram the National Institute of 
Agricultural Botany, Cambridge (N.I.A.B.), from the 
Swedish Seed Association, Svalöf (B.8.A.), where the 
variety was bred, and from a commercial seed merchant. 
The three stocks were screened for aneuploids by checking 
the somatic chromosome numbers of young seedlings. 
Chromosome counta were made on 
of root-tips stained by the Feulgen ique. Planta 
giving aneuploid counts were grown to maturity, and 
their chromosome canstitutions were confirmed either at 
meiosis or by obeoking the chromosome numbers of 
ee 

percentage of aneuploids obtained varied from 1-2— 
1:9 in the samples of the three populations studied 
(Table 1). Monosomics occurred with a greater frequency 
than other classes of aneuploid, but nullisamice, trisomios 
and plants with one or two telocentric chromosomes were 
also recorded. A supposed 44-chromoeame plant failed to 
survive to maturity, and consequently oould not be 
confirmed as an aneuploid. 
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Table 1. AXNUPLOID FREQUENCY IN THREES POPULATIONS OF Amena sativa 
vik. BUK I 


Per 
Stoak at 40 41 4.4 404 43 omni 

telo Ziel anecplold 
N.LAB. LAE 4 17 1 1 3 14 
BBA. 1,005 1 17 - 1 1 19 
Seed merobant 615 - 6 - = - 12 
Total 3,453 6 1 2 4 1:5 


It is apparent that a proportion of the variety ia in fact 
aneuploid. In addition it should be emphasized that the 
recorded percentage is. minimal, since inevitably, in a 
study of this kind, some aneuploids would have been 


out of the populations in the immediately preceding 
generations. Consequently the frequencies of aneuploids 
Tecorded are not necessarily those to be expected in 
stabilized populations. 

The observed frequency of aneuploids may be of im- 
portance for two reasons. First, ib demonstrates that the 
occurrence of a ion of aberrant forms 
is probably a feature of oat varietal populations, due to 
the origin and maintenance of cytological abnormalities. 
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A A denas iron mls 
and iological purity demanded of oet varieties 
depends on the phenotypic expression fcn purs con- 
ditions. The limited evidence so far obtai suggests 
that the euploid may be considerably modified 
by aneuploidy. this is so it is not reasonable to expect 
the frequency of off types to be leas than the aneuploid 


of the variety. 
soundly, the frequency of monosomics in Bun II 
suggests is a possibility that a complete series of 
monosomios can be assembled by screening varietal popu- 
lations. At present there is no reason for supposing that 
certain monosorics occur at & greater frequency than do 
others. The usefulness of the mass screening technique 
i monoeomio series in oata oan only 


(J. B. H.). 


J. B. HACKER 
RarnrrH RILEY 
Plant Breeding Institute, 
Cambridge. 
` Conte Rodrigues, L., Agron. Luri 16 49 (1064). MoGtnnts, B. O., and 
Taylor, D. K., Oen. J. Genet. 436 cioe. MeGtnnis, R. O., and 
Antonin Gr Gen, Oma, Opty 1 des ou .J. 


* Riley, R., and Kimber, G., Heredity, 16, 275 (1061). 


VIROLOGY 


Increase of Plant Virus Infection by Mag- 
nesium In the Presence of Phosphate 

Tz increase of tobacco mosaic virus (TMY) infection 
induced by 0-1 M solutions of ammonium, potassium or 
sodium mono-hydrogen orthophosphate salta already has 
been. discussed , This phenomenon was defined as the 

effect and has been interpreted as an effect on 

host’. The action of the ‘phosphate effect’ is here 

considered to be both an effect on the virus and on the 
host‘. 

The enhancing action of magnesium on infection has 
been observed with 
mutants of bacteriophage T4 (ref. 0). in 
combination with glycine bas been reported to stabilize 
potato yelow-dwarf virus’, but not barley stripe mosaic 
virus’. ium has also been shown to stabilize the 
helical regions of the ribonucleic acid of TMV’. Phos- 
phate buffer (0-01 M) without magnesium was found to 
cause dissociation of yeast ribonucleoprotein into two 
components whereas no such dissociation occurred in the 
presence of magnesium?*. Bo 

Investigations were made to determine whether magne- 
sium could increase infection of several plant viruses. The 
principal viruses used were the following: & strain of 
alfalfa mosaic virus (AMV) maintained in Nicotiana 
tabacum L. var. canthi, n.c.; & strain of cucumber mosaic 
virus (OMY) maintained in young cucumber cotyledons as 
local leeions (used at 6 days after inoculation) (Ououmss 
satious L. var. National Pickling); & strain of tobacco 
necrosis virus (TNV) maintained as local lesions on the 
primary leaves of blackeye cowpea (Vigna sinensis 
(Tomer) Savi); and a strain of tobacco rattle virus 
(TRY) maintained in N. tabacum var. canth. 

The primary leaves of blackeye cowpea were used 

incipally for local lesion assay of the foregoi viruses. 
Primary leaves of pinto beans (Phaseolus is L.) 
were used to a lesser extent for assay of purified TMV. 
Inooulations were made by rubbing the upper surface of 
‘Oarborundum’-dusted leaves of the assay host with a 
poster brush dipped in inoculum. The inoculum in most 
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poliovirus* and with the yield of rII- 
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cases (axoept for TM V) consisted of crude virus suspension 
in water, magnesium, hate or phosphate 


magnesium. Altho water was 
infection", all leaves were quickly washed under water 
after inoculation in order to protect the inoculated leaves 


from salt injury. 
Equivalent samples (usually 1 ml.) of freshly ground and 
appropriately diluted (with distilled water) infected-tiseue 
ions were to &qual volumes of water, 0-01 M 
MOL, 0-1 M KH,PO,-K,HPO, buffer (pH. 8.0), and to a 


(pH. 8-0). 
chloride was added to 9 ml. of 0-1 M phosphate buffer con- 


24 cowpea leaves. The lesions were counted 8—4 days after 
inoculation. 


Table 1. INORXÀASED INFECTION BY MAGNESIUM CHLORIDE IN THN PRESIN oa 
d OF PHOSPHATA 


Supplement to incealum * R 
Virus Control Phosphate mp p ohloride 
(water) (0 01 M) (0-1 M, PH 8 0) 1M, pH 80) 

AMY 8-0 37 80-5 53:3 
OMY 18-3 10-4 161-4 279-7 
TRY 10-6 10-9 T9-8 102-7 
TMV 33 13-5 120-1 123-3 
TNV 91 [2] 106-0 107-0 

* Numbers represent average of lesions from leaves from 
four separate experiments except for TMV and TRV wore assayed 


Molar concentration Average, number 
Inoculum (mM) ot lesions 
E40 E 57 
CaCl, 10-0 3-0 
Phosphate 00-0 1291 
Phosphate + Cadi, O1* 108 9 
» 1-0 72:8 
n 10-0 2077 
” 100-0 eT 


The results (Table 1) indicate that there is a decrease in 
infection from inoculum containing only 0-01 M mag- 
nesium chloride. It was noted, however, that the ‘phos- 
phate effect’ was found to be enhanced in the resence of 

ium chloride. The average increase of the ‘phos- 
phate effect’ by magnesium chloride for AMV, , and 
TRV was about 53 per cent. In one experiment using 
OMY, I increased the ‘phosphate effect’ to 
about 140 per cent. A lesot peor of ene TELT 
phosphate complex was obeerved when relatively stable 
viruses such as TMV and TNV were used. 

The effect of other cations was tested in the presence of 
HPO,” by using 0-05 M tris(hydroxymethyl)&mino- 
methane adjusted with 0-05 M. phosphoric acid to pH. 8:0. 
Monovalent cations such as poteasium and sodium in the 
presence of this buffer ten to decrease TMV lesion 
numbers whereas magnesium chloride gave an increase. 
Divalent cations such as calcium could not be substituted 
in place of magnesium without the formation of calcium 
phosphate precipitates at such concentrations. With 
ini ing concentrations of calcium chloride in phosphate 
buffer (calcium chloride to buffer, v/v, 1 : 10), the concen- 
tration of OMV in the tant decreased and there 
was no increase of the ‘phosphate effect’ (Table 2). Since 
it has been reported that sour cherry necrotic ringspot 
virus and barley stripe mosaio virus are adsorbed on the 
calcium phosphate precipitate only at low phosphate buffer 
concentrations".14, it is believed that in our case the OMV is 
trapped in the intermioellos during the in situ formation of 
the calcium phosphate precipitate at these higher con- 
centrations. 

It is likely that the action of magnesium is on the virus 
since inorease of the ‘phosphate effect’ is observed 
with lees-steble viruses than with more stable ones. In 
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good trials using identical assay hoste, OMY showed 
_ 2 greater infection by the magneaium-phosphate complex 
"than did TNV. Other preliminary evidence indicates that 
AMY in tho presence of tho complex is found to remain 
active longer than virus in phosphate. Therefore, mag- 
noeium may aot by stabilixing the virus. 

The purified preparation of TMV obtained from R. 
Reichle is gratefully acknowledged. This work was sup- 
porie by grant G9820 from the U.S. National Science 

‘oundation. 


O. I. Kano 


Department of Plant Pathology, 
University of California, 
Berkeley. " 
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Loss of the Hamagglutinating Capacity of 
Fowl-plague Virus after Culture on HeLa Celis 
CaETADN viruses eer Soe in their hæmagglut- 
inating capacity, when in certain cultures. 
Green ei al! and Mogabgab = al.* discovered, by 


Recently, Moscovici e dal described the fact that 
some strains of ECHO virus lose their hamagglutinating 
capacity when cultivated on HeLa cells, whereas they 
retain such capacity if cultivated on monkey kidney 
cells. Moreover, the virus which has Ibet ite h;magglut- 
inating capacity does not regain it when cultivated again 
on cells of monkey kidney. 

More recently, Johnson e al showed that loes of 
hemagglutinating capacity occurs when Coxsackie A-21 
virus is cultivated on cells of cancerous origin (HeLa 
and KB strains), whereas the capacity is mamtained 
when cultivating the virus on primary human embryonic 
epithelial oells and semi-contmuous diploid human 
embryonic fibroblastic cells. 

It has been also demonstrated by Cassel e£ ai.* that on 
serial passage in the Ehrlich ascites tumour loes of 
hemaggiutinating power occurs in three vaccinia virus 
strains. ‘Tumorous ascitic fluid was removed fram mice, 
and a cell-free tumour fluid with hæmagglutinin-inhibition 
power obtained. 

We have observed the loes of the utinating 
capacity of fowl-plague virus cultivated on HeLa cells, 
whereas it retains itg capacity when oultivated on chick 
embryo cells. 

The maintenance medium used is the same for both 
types of ocells. It consists of: Hanks’s balanced salt 
solution, 85 per cent; lactalbumin hydrolysate (5 
cent), 10 per cent; 
100 v/ml. ; ; 
U/ml. ; phenol red (0-2 per cant), 1 per cent ; pH = 732. 
The oells are cultivated in flasks of ‘Pyrex’ 
with & total capacity of 225 mL, containing 10 of 
culture medium. 

Starting from virus cultivated on chick embryo, 20 
passages were performed with fowl-plague virus through 
chick embryo cells; the hemagglutinating titre and egg 
lethal dose 50 per cent of each passage were determined. 

It is possible to observe a rapid tation of the virus 
-to the cellular culture, with stabilization of the evolution 
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period of the infection, and appearance of cytopathic 
effects 24-48 h after inoculation of the virus. 

The bhsmagglutinating titre decreases from the first 
passage to the fourth, increasing afterwards up to & oon- 
siderable value which is stable with small oscillations. 
The 50 per cent egg lethal dose undergoes a slight variation 
Toring the experiment, with an evolution apparently 


BEE EREA 14 passages were made of fowl-plague 
virus on HeLa cells. For each one, samples were taken 
from the culture medium during the time of the passage ; 
the hemagglutinating titre and egg lethal dose 50 per cent 
were fixed. The tation of the virus is slower than in 
the preceding case ; it becomes stable, but the evolution 
period of the infection is longer and the cytopathological 
effects appear later. The hemagglutinating titre decreases 
rapidly, disappearing at about the third passage. How- 
ever, the ological effects continue to appear 
during all the folowing passages. 

The existence of virus in the culture medium of infected 
HeLa cels was detected by electron microscopy; its 
morphological aspect is similar to that of the virus 
cultivated on chick embryo cells. Moreover, testa of 
complement fixation with antigen obtamed from virus 
propagated on HeLa cells and with sera obtained from the 
same virus present & positive reaction reciprocally and in 
the presence of antigens obtained from virus propagated 
on chick embryo and chick embryo oella. 

It has been shown that virus cultivated on chick embryo 
cells inates to a different extent from human 

O, sheep and chicken erythrocytes, whereas virus 
tivated on HeLa cells utinates none of them. 

Moscovici and La Placa‘ conclude that this phenomenon 
is due to an unknown virus-modifying factor, present in 
the human tumour cell and released at the time of infec- 
tion, which causes a permanent modification of the surface 
of the virus. ee ee ee 
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- this is not an uncommon phenomenon among human 


enteroviruses, and that the loes of 
capacity is due to two types of infectious virus Pise. 
positive and negative hemagglutinating. When culti- 
vated on malignant cells, they undergo a selection which 
favours the propagation of negative praca ata 
particles, whereas on non-malignant cells the se. is on 
the contrary. 
Our experiments were ormed in order to determine 
the pee existence of a hemagglutination-inhibitory 
t inside HeLa cels. Having disniaied the possibility 
ae influence by the serum constituent of the culture 
medium (8 cent calf serum)—sinoe this is the same 
medium for both types of HeLa and chick embryo 
oella—we now believe that we have discovered & new 
factor and are mg to determine ite characteristics. 
This factor, o from free culture medium oell 
diania, (ich? pomibly ect iniide Steli on the eycih- 
sis of virus hzmagglutinins, preventing their formation 
or otherwise neutralixmg them afterwards. 
This work was su by research grant No. FG—Sp-— 
122 from the U.S. Department of Agriculture. 


E. RONDA 
A. GARGOIA-GANONDO 
M. ArossSO 
P. Vinas 
E. GALLARDO 
Sección de Virus, 
Instituto ‘Jaime Ferrin’ de Microbiologia, 
Madrid. 
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* Maisel, J., Moscoviol, O., and La Placa, M., Arokis. gos. Virus, 11, 209 (1981). 
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FORTHCOMING EVENTS 


(Mestings marked with an asterisk are open to the pubho) 


Monday, March 4 


UmrvXagrrr oF LONDON (at Medie] Bohool of London, 


the Postgraduate 
Duane Road, dubio, Wain), af 4 bn Dr A. Morgan Jones: “The 
Coronary Oolleteral Otrouksiaon”. 
ROYAL GmOGRATHIOAL BOGUETY (Ai 1 Ke 1 Kensington Gore, Tonin, BW), 
at & p.m.—Mr. Peter ‘Deforestation’ in m. 


INSTITUTION OF None, Ruane Dreamon -G 3 
(at B& Place, at 6.80 p.m.—Dtseusaion on “The Mvalus- 
o erdt for Fe 6.90 pm- Dinala on, Dr, J. R. 
Te renclondng HF. Tranaistan oponas PY 


( the Geological Society, Burlington {fase 
| Lenton, Web, 880 pan iir Gomway end, Mr. M 
“Engineering LA s eami Me&rio 


Vxmyxstrrr CF OXDOX (at the of Pharmacy, 29-89 Brunswick 
Bquare, London, W.O-1y at 8-89 pax opu. Dr P, W Belas, ‘Two Biologioally 
Aio Tae Linea po 


Medus quid is Erno re 
ax EE Gl | Birdoage Walk, Westminster Be Ae WA), at 6 .m.— 
Diss. on “Row Ma Materials whioh whieh Could Play an Important in 
y Mngineering". 


arida Boonerr oF Axrs (ai John Adam Strest, Adelphi, London. 7.0%); 
at 6 p.m.—Dr. B. K. Blount: ''Belenoe tn Latin Ameria”. (Last of 
Cantor Lectures on “Lalla Amie Wert of Tomaro.) 


soonmry oF OHENIOAL INDUNTRY, , Lorn oe dall "nont, 14 A ha 
B.W.1) 2t 6.30 
. Dudley Sully: 


fomery”; Dr. H 


IuerrrUTION O: 
Bavoy Place 


F MLEOTRICAL 
E uem 


Procase HNGINEERIEG, 
VENTILATION AXD VACUUM PLAWT GROUP (at 1 Birdoage 
alk, Westminster, London, B.W.1), VOU pane Disoun on on “Mechanical 


Kees of Mixing of of Bolids". 
TusrrUTA OF OF Puassros (at the Welloome , Buston Road, London, 
N.W.1), ab 6.80 p.m.—Mir. T. O. Moorshead: tio Nüiectrieity". 


Wednesday, March 6 


UxivmAgrTY or LOXDOX (at the the Institute of Diseases of the Chest, 
Brompton Hospttal, B.W.7), at 5 p.m.—Dr. B. W. Riddell: “The 
Bacteriological of Hospital-aoquired Infections”. * 


ImwrrrUTR OF PETROLEUM (at 61 Now Cavendish Btreot Street, London, W.1), at 
5.80 pm—Mr. A. W. Orook: ‘Developments in Klasto- ‘Hydrodynamic 
‘Labrisation”. 

Powar Divuiox P.G.P8 (at 
as 5.50 EBBO pun iir T; Rolie “Testing of 


Boansry (ai 49 EU WALL ROME: London, 8.W.7), 
. Boorer’ 


Tema London, W O3). 
Mechanical Jointa i Insulated 


» or RADIO ÉNGINENRS 


t the London Bohool 
GE the Lod on Bobol aI ers and Tropie] m Maton, Hoppa Nit 
Amplifiers", 


Wave dna! 


INETTTUTION O birar Uollegs MNCHAN- 
IUL HAXDLING MAGHINERY GROUP at the of Technology, Chester: 
field), at 0.50 —hMr. H. W. B. Mr. B. A. H and Mr. 
W. S. W ot for Mieokrie P. 

ROTAL 


0 
of rwr Bojenoe and Technology, London, 
A- MENT "Recent Advances in the Mass 


Hall, Royal 
W.0.2), at 
Bqutp- 


1), af 5.30 p.m.—Prof. G. 
and Possibilraes". 


oy MLAEOTRIOAL Krans (Joint meeting with the IxmrrrU- 
Hx aithe 
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Hall, Senate House, London, 
Uxryxa&wY or LoWDON (in the Beveridge TAN, om 


"W.0.1), ab 6 p.m.—8Btr 

WOT Pare). 

INETITUTE OF MENTALS ai 17 Belgrave Bguaro, Landon, SW 3), st T pam- 
—hr. T. Wiliams: Ne ee Apacs aro, Tandon, S Waa 


Hoge badiiy, A Wil), ab rur pat Sr Puta Nonio 
2.45 p.m.—Dr. A. J. Amos: “The Boclety Y: Today and š 


ROYAL Inercrytioy (at Z1 Albemarie Street, Landon, W.1), at 9 p.m.— 
Dr. A. W. Amdt: “Automation In the Laboratory”. 


IxwrrrUTION OY MEOHANICAL MANIPULATE AND 
UL HAWDIXNG MACMINERY GROUP (at mans, eS eset, 
London, 8-W.1), at € p.m.—Symposiam on "Nolo tn Weertig Machinery”. 
Univurnsery oF LONDOX the Posigrednate Medioa! School of 
Du Cane ERES at 4 pun, —Dr. B E rp 
Reactions to 


(tn the La WO), à 


inus eee o» DIIS P.0:96 
(ai Baroy Place, fond, W O3). pm rmt Um ‘Kioo 
Green Fingers 
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A new addition! 


A RECORDING SPECTROPHOTOMETER 
at a price you can afford 


*k Compact and Transistorised k Grating Monochromator k New Automatic Facilities 


The Model ‘R’ double-beam recording spectrophotometer is a new addition 
to the ica range of instruments for the ultra-violet, visible and near infra-red 
regions. Standard Model ‘R’ incorporates the well-known Optica Grating 
















Monochromator and has e range of 186-760 mp Built-in reflectance 
spheres make this instrument parti y useful for measurements on both turbid 
and samples. The flat-bed recorder, operated by push-buttons, has four 


speeds and allows eny spectral region of , 100 or 200 my: to be selected. 
The instrument is completely mains operated the circuitry is partially trans- 
isrocised; consequently che electronic units are very compact and neatly housed at 
the rear of the monochromator. 


In addition to the standard instrument, a model with automatic controls is available. 
This revolutionary model will scan four samples automatically and will also record 
automatically either at a fixed wavelength or over a preselected range and, if required, 
at pre-set time intervals. 

Full details of the Model ‘R? and other Optica 
Spectrophotometers are available upon request. 
Price £1,650 for Standard Model ‘R’. 


OPTICA UNITED KINGDOM LTD 


A1, Kingsway, Team Valley, Gateshead, 11 ^ 
Tel: Low Fell 76002, London: Holborn 2513 (IPAE) 
Manchester: Central 0917 UK 


A MEMBER OF THE BAIRD & TATLOCK GROUP OF COMPANIES 





{omar — OXLEY 
| DEVELOPMENTS 
£10,000 c0., LTD. 


E LIFE COVER 
| FOR THOSE UNDER 35 COSTS 
LESS THAN £8 QUARTERLY 
This policy gives you full life assurance now, 
yet keeps your outgoings to a minimum for 
five ycars. Then you can change, at the appro- 
priate premium, to the policy which suits your 
: 
^a 


purpose. SOLDERLESS 
WRAPPED 


JOINTS 


The Equitable offers attractive terms because 
it has no shareholders to take any part of the 
profits and pays no commission for the intro- 
duction of business. CHARACTERISTICS 
Chasels thickness, 16-18 SWG-—048/064"—1.2/1.6 mm. 


Capacity, [.5 pF 
THE EQUITABLE plenos inc NA 
a speedily assembled lead-through of . mg 
a 
B 
E 
E 
m 
E 
"n 
A 
u 
H 


The spill Is nickel flashed and soldar dipped and spun 
. - Insert the 


The EqurrABLE Life Assurance Society, 
19, Coleman Street, London, E.C.2. 
Piae send me full details of the Reduced Proamnrum Policy 


the barbed spill firmly but slowty through the bush; 
the latter expands, particularly on the far side of the 
chams, and results In the insulator becoming an 
integral part of it. In addition co its excellent qualities, 
a considerable saving of time ls effected in assembly. 
Supplied In sealed packets of 100 and 1000. 
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z zer N/R ! 
T"DUCnk-cudnrmm"uprntunwsmBiimamubkbN 


OXLEY DEVELOPMENTS CO. LTD., ULVERSTON, LANC$ 
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OLASSIFIED ADVERTISEMENTS 


are charged at 12s. for the fire ime and 
6a. per bime thereafter, 


TISEMENTS SH 
foe TO: T. G. 
Limited, Clement's Inn, London, 
W.C.2 Telephone. HOLborn 4743. Tee- 
sam è Tevinalmt, Estrand, Loodon 


— a a L 
APPOINTMENTS VACANT 
INE 2 


UNIVERSITY COLLEGE OF WALES 
ABERYSTWYTH 


DEPARTMENT OF BOTANY 
are invited for the following 


Posts: 
(1) Lecturer or Asmstant Lecturer from Octo- 
ber, 1963. A sboukd havo special in- 














HAWKER 
p "== SD) ea ge = m m 
AVIATION 


WHITWORTH GLOSTER AIRCRAFT LIMITED 


ARMAMENTS DIVISION 
Ths Research Department of Whiworth Gioster Aircraft Limited invite appii- 
cations for the following postions for work on the guided mimmie Scasing and 
other advanced proscots, 


RESEAROH OFFIOER ON ASSESSMENT AND PERFORMANCE 
RESEAROH OFFIOER ON SYSTEM STUDY WORK 
RESEARCH OFFIOER ON AERONAUTIOAL ENGINEERING 
RESEAROH OFFICER ON AEROELASTIO INVESTIGATIONS 


The Department is responmble for the asesmen and appraisal of complete 
manie sysicme and has extenso computing faciles, both analogue and 
owca] 5 a good Degree m ether Mathematics, Physics, 
Electrical, or Mechanical Engineerrg and a dese to keam how to 
engmecring 


Aeronauncal, 
integrato. compiex syxcmE 
Previous experience is not essential but wouid be a distinct advantage and will 
be reflected fn the salary offered 
Replies shoukl be addressed to : 
Saf Persoune! Officer, WHITWORTH GLOSTER 
Beginton, Coventry, quotbag reference ARM/AL/MCT. 


WHITWORTH GLOSTER . | 
EM GNE EAM NEN E DENN NEM NEM GN 
“AIRCRAFT LIMITED 


VICTORIA GENERAL HOSPITAL 
Halifax, Nova Scotia, Canada 
Requires the Services of 


ISOTOPE TECHNICIAN 


QUALIFICATIONS: Technician required for Clinical Isotope 
Department of large referring hospital. 
Equipment modern and wide range of inves- 
tigative procedures carried out routinely. 


' 


LIMITED, 


"-——————— I — "Uu - al 


gem — eee 


Applicants should be qualified in Medical 
Technology and should have experience in 
handling radioactive materials and will be 
expected to assist in the students training 
programme. Good working conditions, 


$3,000-$4,650 commensurate with qualifica- 
tions and experience. 
Full Civil Service benefits. 


Application Forms may be obtained from the Nova Scotia Civil 
Service Commission, P.O. Box 943, Provincial Administration Build- 
ing, Hollis Street, Halifax, Nove Scotia. 





NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 


analys of experiments, 

the research saf of the Institute in the statistical 
aspects of the work. Appomtment m Scientic 
Officer (£768 to £1,271) or Senior Sclenufic Officer 
1,396 to £1,720) grade, according to ago and 
expenence. 


Appiicanons. age pe ela aod MERCY, 
NLR D, Shinficid, Reading. Quote ref 63/6. 


SCOTTISH MARINE BIOLOGICAL 


ASSOCIATION 
OCEANOGRAPHIC LABORATORY 
EDINBURGH 
Scientific Officer or Semor Scientific Officer for 
research on plankton, and 
fithenes. to derelop statistical 
techniques in ecology. Fifteen years data and 

avaflable. Salary, depending 
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AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


BIVISION OF RADIOPHYSICS 


EXPERIMENTAL OFFICER- 
DATA ANALYST 


Applications are invited for appointment to & position of Data wih the Organtra- 
ton's Dreision of Radiophyscs located fn the grounds of the U; of Sydney, N.8.W. 


The duties will involve the analysis of and assistance in the interpretation. of the results 
experiments and participation in the statistical design and 


Applicants should posscas chher a degree or a diploma in Physics and Mathematics and 
karo some interen in sarhtics, or similar qoabfiouions iu Staustics and have dome Imera 


SALARY : Dependent upon qualificattoms and experience within the ranges : 


£41,376 per amım to £42,731 or £42,331 to £42,631 per annum. 


Fares paid for the appointee and his dependent fknoty. Further particutars of comdirtons, 
eto., supplied on application to: 


Mr. P. F. Butler, Chief Scientific Liatson Officer, Australian Scenic Liaison Office, Africa 


So iriti: applicators. (Eating. Appuintaens Na. TOIT. See De addressed. by Marci 


THE INTERNATIONAL NICKEL COMPANY (MOND) LIMITED 
requires 


SENIOR ASSISTANT 
in the 


TECHNICAL INFORMATION SECTION 
DEVELOPMENT AND RESEARCH DEPARTMENT, LONDON 


Duties will include abstracting, indexing, translation and literature 
searches. Candidates, who should preferably not be older than 35, 


must offer a degree (or equivalent) in metallurgy, the pou sciences 


or en and have a sound knowledge of 
Spanish or T would also be useful. : 
Pension and assurance schemes are in operation and, in appropriate 
cases, assistance can be given with housing. 
Apply giving full particulars of qualifications, experience, age, 
salary required etc., to: 
The Technical Information Officer, 
Derelopmeut and ent, 
The International Nickel Company Limited, 
Thames House, Millbank, London S.W.1. 
Mark envelope “ Confidential M. 13.” 


rench. Some 


MARQUETTE UNIVERSITY 


SCHOOL OF MEDICINE 
MILWAUKEE 3, WISCONSIN 


ment i avafiabie in ot Chil 

DEPARTMENT OF MICROBIOLOGY AND : Mc 5 
IMMUNOLOGY interests in ihe broad ficid of 

Invites application of Lecturer Medical 


to participate m teaching medical students during 

Ooa ME dig esami TORT IE eo oP dent research. Teaching load Intial 
Department. remaining ay Or Eee in dent e Mg i 

tune of tbe year can be devoted to research. 000 to $9,000 ptus bonefirs, to be made Sep- 
research facththes. Anmoal | tember 1 

salary £3,200, or higher, depending on rank and 


Inquiries to Profesor J. O. MoCurcheon, 
Chairman, Departmem of CivB Engineering 


wil be commenmur&to and ex- | great opportunky to a scienti of tbe oght 
Offices, The ai but close Ne 
London. 
Dx EE Ire. Eum 
reference R D.2. Inn London, W.C.2. 
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QUEEN'S UNIVERSITY 
KINGSTON, ONTARIO, CANADA 


One mepese of the appointment m to strengthen 
postgradrate work. Thr ms an excellent oppor- 
tunity for a research physics) wath a good publi- 


DEPARTMENT OF SCIENCE 


di 
SER 


| 
H 
ii 
i 
a 


AND TECHNOLOGY 
GLASGOW 


Applications are invited for (a) Senior Lecture- 
Lectureship in Pathology. 


ship or (D > 
from medical, with appro- 
piate traming and experionce. Salary scales: 
ay etry o i eee pr Mg um (by 
£2,200 by £100 to £2,600 per annum, 


ing bonorary to 

ke Hospital  Pzssases pax! for appointee, wife 

CERpa p ets 

thon where Children’s and car alow- 

ences, — F.S.3.U. 

at rent not exceeding 7 per cens of salary | ec 

pr iy Geren 31. 1955. to Secrets, en 
on in Speca! Ree- 

doa, University Senate Home, 

London, A from whom 

may be obtuned, 
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BACK ROOM BOYS NEED NOT APPLY— 


for we have no back room tn which to accommodate you. 


an integral part of our business in the food industry and has contributed very 
growth. The work of our Research Solentrsts brings them into contact with all Departments 
markoting of our woll market 


the Laboratory (which I atonigst ttie best ere In thè ey) his mflnanos od the 
aoan far beta Ue aly vo condit Sacco rosea De. he rs» a member of our management organisation and 
in contributmg to the overall Sewclopiert of a project ax by Lie capaci aia 


asc gn oie ae of examples o mest who have Joined ont as Rescaroh Scsantsts and have 
fabacquentiy boon Dracnotd isto otber Divisione of the Company, c.g. brand management. could well develop along manlar Ln, 
in thrs direction fine i 1 GETHDDIE de is 

more 


Dor expansion has orveted the vacancy for an additional Research 

hear from you. You should have a good honours degreo in pure scsance and a degree 

TE to have Dad experienco of research work, preferably in industry and you should be in ago range 25—33. 
in the rango 


£2 000—22,500 p.a. 


Cone ens uum ature toe tae hfe assurance scheme In the ovont of a move of house being necessary, the 
mesh aor I cane sano I2 e evont s 


Phease address your application in confidence to Personnel Manager, Box 693, T. G. Scott and Son, Ltd , 1 Clemens Inn, London, W.C.2 





AUSTRALIA Appohcatons are invited for the recently 


msti- 
COMMONWEALTH SCIENTIFIC AND INDUSTRIAL Oceanography. The Char 
RESEARCH ORGANIZATION ^de apgiceion of the physical 
sanciaclod wh tho 

“of Marine B , of 
DIVISION OF ANIMAL BEALTH Se depen Gt “Marie, Blog of an 
caine Hon Mice A ake, bets Kawa of 
RESEARCH BIOCHEMIST ore rpg uds cR oy 
y PONE. 
Appbcations arc invited for appointment to a position of Research Biochem: with the . The salary wil 
Organization's McMaster Anmnal Heatth Laboratory, situated in the grounds of the annum, and ín 
Univerity of Sydney, wnh which a close association is maintained U. benefits and 
The appointee will sey ES AGT tk CHE Te dn Mame Aspects: oL eee be obtamed from the 
Applicants should possess an Honours degree In scence or a degreo m Veterinary Science, whom -tweive copies 
with postgraduate traming and research experience m Mammaimn Biochemistry sent not later than 


SALARY : Dependent upon qualificationg and experience within the range : 

£A1,341 to £A2,296 per annum. 
Salary for a woman will be £A188 per annum Jess then corresponding rates for men. 
Promotion whhin C.S.LR O. h by mem and may ultimately go beyond the upper lmr 
of the scale withm which tho omgmal appominent m made 
Fares paxi for tbe appomtee and hh dependent family Further parnculars suppbed 
on application to: 
Mr. P. F Buker, Chief Scientific Lianon Officer, Anstralian Scientific Lason Office, Africa 


House, Kingsway, London, W.C.2, to whom applications (quoting Appomtment No : 202/ 
214), should be addressed by March 30, 1963. . 





Gas Chromatographers 


SWISS subsximry of tbc keadimg U.S. Gas Chromatography 


sales or Management experencee B desirable but not essentzlL 
The mnal salary, which will be commensurate whh qualifications, will be in tbe 
region of £2,000 


Detailed application indicating present salary to Box 692, T G Scott and Son, Lid, 
1 Clements’ Inn. London, W C2 
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DEVELOPMENT AND EXPLOITATION OF SCIENCE IN THE 
l PUBLIC INTEREST 


N view of the attention which has been given in Parlia- 

ment and elsewhere in the past year or so to the use 
of the development contract, it is scarcely surprising that 
the latest annual report of the National Resoarch 
Development Corporation* should give some space to 
discussing the Corporation's activities generally and the 
extent to which the Corporation is achieving Its purposes. 
Quite apart from the emphasis placed on the work of the 
Corporation in recent reports from the Council for Scientific 
and Industrial Research and the co-operation now estab- 
lished between the Corporation and that Department, the 
Minister for Science has on several occasions recognized 
the value of the Corporation's work and indicated a 
readiness to reconsider whethor the Corporation is appro- 
pristely placed under the Board of Trade. This is being 
examined by the Trend Committee; but in the meantime 
the functions of the Corporation received some oom- 
ment in the report, Science in Industry, published last 
November by the Conservative Political Centre (see 
Nature, 197, 620; 19638). 

The Corporation, which was set up in 1949 under the 
Development of Inventions Act, 1048, was „broadly in- 
tended, first, to provide a single public body to exploit 
commercially those patent rights derived from inventions 
made in the research establishments of Government 
Departments and the Research Councils. Secondly, it 
was hold that the liaison between centres of research such 
as the universities and the colleges of technology, on one 
hand, and industry, on the other, should be strengthened 
by a public body which could assume the responsibility 
for undertaking the work of patenting and exploiting 
inventions. Thirdly, it was believed that a public body 
should be formed to ensure the full explortation of the 
inventive talent of the nation, which, it was sometimes 
alleged, was frequently frustrated by lack of support for 
the individual inventor without industrial connexions. 

The original Act gave the- Corporation the permissive 
function of securing ‘“‘where the public interest so requires” 
the development and exploitation of mventions from 
publicly supported research and also of inventions from 
other sources which lack a sponsor. These functions wero 
extended under the 1954 Act, which empowered the Cor- 
poration to sponsor research likely to lead to inventions 
of practical importance. This exploitation activity has 
beer carried out on a considerable scale, and more than 
1,000 licence agreements have already been made with 
industry, of which more than 900 were -with United 
Kingdom firms. The resulting revenue totals about £1-5 
million, and payments to individual inventors from theese 
receipts total nearly £300,000; but the Corporation has 
found no trustworthy evidence to support the belief that 
mventions are being suppressed because of their effect on 
the position of established producta. The latest report is 
particularly encouraged by the increase in the number 
of approaches made by university inventors, and although 
ib is disappointed at a decrease m these coming from 

* Xational tari and Statement 


dieron Dovelopment Corpas non: 
of Aœomts for the year 1st July, 1061, to JOth June, 1902. Pp. I 
(London: ILM.S.O., , 1063.) 25. 3d. nei. See also p. U69 of this Isuo Pha 


Government Departments and Reesarch Councils, one 
important consequence of the formation of the Corpora- 

tion is that the medical profeesion's tradition of reframing 
from patenting medical discoveries has been reversed and 
the Corporation is now developing and exploiting in the 
public interest a number of discoveries in the medical 
field. 

While for Henane much technological developmont 
the United Kmgdom relies, and must continue to rely, 
on industry, the Corporation has helped industry with a 
number of projecta which appeared worth while from a 
national point of view. Invariably, such projects requirod 
a long development poriod or resources beyond those 
available to the firm concerned, or the invention was 
applicable to no existing industry or seamed unlikely 
to offer sufficient return to the developer. In those 
activities the Corporation has gamed a unique experience 
in making the specialized arrangements required with 
industry and inventors and has evolved its own methods 
of handling individual projects based on a commercial 
approach. It is believed that the experience gained will 
be of much value in handling future projecte, but funda- 
mentally the Corporation’s obligation to try to pay its 
way is not readily reconcilable with the obligation to act 
in the public interest. 

The main difficulty is the prolonged period usually 

required before returns come in on any substantial scale. 
As much as fifteen or twenty years may elapse between 
the financing of a project and any substantial return, and 
in addition the risks are greater than normal. At the end 
of June 1962, the Corporation’s indebtedness to the Board 
of Trade was almost £6 million, of which just more than‘ 
£5 million was represented by advances and £920,000 by 
accrued interest. Its borrowing powers from the Board 
of Trade at Treasury rates of interest is limited to £10 
million and the power to mako advances up to this ceiling 
expires in June 1969. 
. The report recapitulates five cammorcial disabilities 
under which the Corporation at present operates. Overall, 
the sponsorship of inventions is notoriously spoculative, 
and especially when the Corporation is concerned with 
inventions which mdustry itself is not prepared to sponsor 
on its own account. While, however, the development of 
an invention is essentially a risk-taking activity, the 
Corporation is not provided with risk capital. It operates 
on loans which cannot be written off and on which intoreet 
acoumulates, notwithstandmg that the money may 
become locked up m long-term development projects, 
which if successful will produce no income until industry 
has taken over, or if unsuccessful will be irrecoverable. 
Thirdly, while industry normally pays for development 
out of the trading profits it earns, the Corporation is not 
permitted, excep’ in spocial circumstances, to enter into 
trading. It has thus no bread-and-butter business or 
trading profits to use'for financing new projecta, estab- 
lishing reserves, or paying for unsuccessful ventures. 

Fourthly, much work and money are involved in assess- 
ing the 1,000 inventions submitted every year. Costs are 
heavy in terms of overheads. staff salaries, payment for 
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independent experta’ reports, experimentel work, eto.,' 


but although & high proportion of each year’s submissions 
is discarded, the asseasment activity is very important if 
inventors are to have a fair deal and no invention of 
importance to the community is to remam neglected. 
Finally, in the nature of the business heavy costs are 
incurred in patenting inventions at home and overseds, 
to protect the export trade of United Kingdom manu- 
facturers. The statutory requirement to accept and 
exploit all inventions offered to the Corporation by 
Government Departments calls for large outlays on patent 
costs, and while much of this expenditure bears fruit, a 
considerable part proves to be abortive. 

The Corporation is particularly disturbed that most of 
ite present income is derived from & small number of the 
inventions in its portfolio. Although it might happen in 
the future that a single invention would yield a revenue 
safflcient to transform the whole of the Corporstion's 
financing, in the absence of any such windfall the prospects 
of the Corporation being able to balance ita accounts on 
the basis of interest-bearing capital with no power to 
write off are remote. Since the Corporation operates 
solely on interest-bearing loans without any risk or equity 
capital in tho notoriously hazardous fleld of invention, 
its members are forced to conclude that, with its existing 
capital struoture,- the prospects of the Corporation 
achieving ita statutory objective of paying its way must 
be remote. 

Nevertheless, tie abano ibi Capon are i ma 
doubt that the continued existence of the Corporation is 
justifled. Bearing in mind the vast Government expendi- 
ture on research and development in other spheres of 
activity, they consider the publio receives exceptional 
value for money from the activities of the Corporation. 
It has played & major pert in establishing industries of 
great potential importance, and in introducing important 
products or processes in others, for relatively small outlay 
by the community. Much of this outlay of £6 million, 
including ‘interest charges, will prove to be recoverable. 

"Moreover, and this is of special importance, the Cor- 
poration's methods of operation enoourage the eeteblish- 
ment of industries and processes capable of standing on 
their own feet rather than relying on continuing Govern- 
ment subsidies. 

Specifically, the Corporation obtams substantial 
revenue, much of it from abroad, from mventions arising 
in the United Kingdom; it provides unique facilities for 
inventors who seem, by and large, to consider that they 
are fairly treated; it bridges the gap between research 
carried on in public research establishmenta, the univer- 
sities, eto., and the practical application of the results of 
guch research; it works in increasingly close co-operation 
with industry's own rescarch establishments and seems to 
be gaining steadily the confidence of industry itself; it 
has taken tho initiative -in providing oo-ordinating 
machinery for investigating and sponsoring projocta of 
common interest to more than one fleld of industry or to 
different firms within the same fleld, frequently projects 
which otherwise would never have been started. It has 
also helped to develop inventions in the surgical and 
pharmaceutical fleld primarily for their humanitaman 


rather than profit-earning value; it fosters projecta cal- ' 


culated basically to be of valuo tó the nation where the 
prospects of return to the Corporation are slender or 
non-existent; and it has acted in'a catalytic role in intro- 
ducing research results to industry again with no-resulting 
financial reward. 
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These judgments are substantiated from the present 
report and from earlier annual reporte, and the conclusion 
that, with ite strict control of expenditure and ite small, 
loyal and now uniquely experienced staff, the Corporation 
has a part of increasing practical value to play in the 
nation’s affairs that cannot be dismissed or discounted as 
e» parte. Ib is fully supported by comments in reporte 
from the Advisory Council on Scientific Policy, the 
Council for Scientific and Industrial Research and by the 
observations in the report Sotence and Industry from the 
Carr Committee of the Conservative Party, -zhich on 
political grounds at least might be expected to be oritical 
of an institution created by a Labour Government. That 
Committee, however, fully recognised the value of the 
Corporation’s work and that ite main difficulty has been 
to meet ita statutory obligation to pay its way. While 
it considers that the commercial slant should be retained, 
both for its value in maintaming the morale of the Cor- 
poration’s staff and in ensuring that the projects are 
assessed and, reviewed, it suggesta that extra support 
should be given, possibly by some form of direct grant, 
to those projects to which a special degree of risk is 
attached. 

This proposal could well mvolve difficulties in view of 
the exceptionally long time that is likely to elapse before 
any substantial returns are received on advances for 
projecta of this character; reconsideration of the place of 
the Corporation in the Government organization for civil 
research and development as well as of the basis of ite 
finance may be advisable. The latter could well fall out- 
side the terms of reference of the Trend Committee, but 
the Oerr report also recommends further consideration of 
& recommendation of the Radoliffe Committee on the 
Working of the Monetary System. ‘This was for an 
Industrial Guarantee Corporation which would “guarantee 
for a commission, an agreed proportion of loans made by 
existing financial institutions to borrowers wishing to 
finance novel processes or the manufacture of new types 
of product”. Implementation of this proposal might 
enable the National Research Development Corporation 
to obtain the extra support needed by insuring ita more 
risky projects with this body. 

The Carr Committee urges that this recommendation 
of the Radcliffe Committee should be adopted. However, 
although it considers that the National Research Develop- 
ment Corporation has not so large a part to play in finanoing 
certam kinds of invention as was thought when it was 
first established, it does not discuss the question how far 
the Corporation could be used for other purposes, such as 
placing of development contracts. It was in this context 
that the Minister for Science indicated that he had asked 
the Trend Committee to look specifleally at the functions 
of the Corporation and ite position under the Board of 
Trade. Both the Carr report and the Corporation’s own 
annual report demonstrate that the Corporation has a 
real part to play in fln&noing invention and they should 
stimulate farther thought as to the most appropriate 
means by which the necessary finance should be pro- 
vided. Such consideration should now be proceeding as 
it is unlikely that the Trend Committee will feel free to 
make recommendations on that aspect of the Corporation'a 
work. 

What might equally receive attention, however, is the 
more positive function opened up for the Corporation» 
under the 1954 Act, through which it is continually sur 
veying the needs of industry for new techniques andl 
products, for improving existing onea, and for developing 


March 9, 1963 


new.knowledge resulting from present-day research. The 
report-sites ibs Investigations in the aryogenics field which 
have led to the sponsorship of the aryogenio engineering 
project and its efforts to encourage in the United Kingdom 
the establishment of adequate industrial facilities m this 
fleld. Ita mvestigations in relation to the mechanical 
properties of solids are also noted. A conference sponsored 
at the University of Cambridge in July 1961 to formulate 
proposals for research and development in this relatively 
new field aroused considerable interest. The tempo of 
work generally was increased and programmes have been 
expanded to take note of the recommendations of this 
conference, and steps are boing taken to co-ordinate the 
work being carried out in the public research establish- 
ments. 

It may be for consideration how far the National 
Research Development Corporation should function in 
this way and whother it is not here entering on activities 
which the Council for Scientific and Industrial Research 
should be fostering. If the Corporation through its 
experience has & vital contribution to make, activities of 
this kind provide one strong reason for placing it in closer 
relation to the Department of Scientific and Industrial 
Research and within the survey and responsibility of the 
Minister for Science rather than the Board of Trade. 
Some clear thinking on these and related issues is impera- 
tive when the whole structure of Government organization 
for civil research and development comes under review. 
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RADIOBIOLOGY’S EXPANDING 
FUNDAMENTALS 


Fundamentals of Radjoplelsey 
By Z: M. Baoq and Peter . Complete revised 
second, edition. ‘(International Series of Monographs 
on Pure and Applied Biology. Division: Modern Trends 
in Physiological Sciences, Vol. 5.) Pp. xii-- 655. (London 
and New York: Pergamon Press, 1961.) 70s. net. 
the preface of the first edition of this book, the authors 

remarked on the diversity of disciplines involved in 
radiobiologioal work, and radiobiologists do indeed need 
to have an acquaintance, at least, with a wide variety of 
subjecta. The difficulties for beginners in this fleld can 
easily be imagined, and & brief but adequate survey of 
the basic facts and present working hypotheses is very 
necessary for them. The $50 pages of the first edition 
proved to be & very useful text for this purpose, but the 
second edition runs to more then 500 larger pages and the 
tiro’s task has thus increased. Much new material has 
been incorporated and the increase in size is in many 
ways an indication of the enormous number of radio- 
biological publications during the six years between the 
editions. An increase in the amount of data available, 
however, should not necessanly mean an increase in the 
‘fundamentals’ of a subject. As the authors have resisted 
the temptation to change their title when they changed 
publishers, it is hoped that they will resist the temptation 
of turning their volume into a large text-book. Perhaps 
of adolescence, in which case we can look forward to the 
third and fourth editions regaming the slimnees of the 
youthful Fundamentals. 2 

The book is, however, still unique in its general useful- 
ness and no other covers the soientiflo aspects of the sub- 
ject so well. Although primarily intended for beginners, 
more experienced workers will, no doubt, refer to ib for 
guidance in those aspects of the subjects outaide their 
own field. These latter users will find & good deal of extra 
information and some shifts of emphasis in the new 
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edition. The nature of the initial chemical lesion is stressed, 
the chapter on radiation effects on macromolecules has 
almost doubled in size and the section ori "alteration of 
permeability in cells” is replaced by one on “the enzyme- 
release h; is”. The chapters on the processes of 
restoration and the physiopathology of radiation sickness 
are greatly expanded and there are new chapters on 
delayed effects and the interaction between cells and tissues 
following irradiation. As one would expect from these 
authors the chapter on chemical protection is parti ly 
useful. Gonetic effecta of radiation are only very briefly 
described. 

This is not an impersonal book, and it is pleasant to note 
how the authors are ready to become expansive when they 
reach their own interests and how, after marshalling a 
number of theories, they are ready to offer summaries 
and conclusions. There is sometimes a lack of clarity in 
the writing and in some parte peculiar phraseology is 
used; for example, “profound trouble in cholesterol 
synthesis” (p. 399). Misprinta, even when acknowledging 
illustrations (for example, Figs. 20-2 end. 20-8), and errors 
such as ‘“polynucleated” instead of ‘‘polymorpho- 
nucleated” and “picnotic’’ instead of '"pyknotic" are not 
uncommon. Numerous references follow each chapter, 
but occasionally they are not mentioned in the text, and 
in one instance experiments are attributed to an author 
which he did not do and a conclusion which he did not 
draw. . E. V. HvLsE 


CLASSICAL PROBLEMS IN PHYSICS 


Cavendish Problems In Classical Physics 

Edited by Prof. A. B. Pippard. Compiled by the Staff 
of the Cavendish Laboratory, Cambridge. Pp. x+51. 
(Cambridge : At the University Press, 1962.) 5s. 6d. net ; 
1 dollar. 


the preface to this excellent collection of problems, 

Prof. Pippard mentions the situation that faces univer- 
sity teachers of physica. It is necessary to move with the 
times, and to spare no efforts to make physics, and a career 
in physics, attractive to students. ‘No amount of exciting 
new presentations of the basio ideas is going to make it 
easy for tho student to acquire professional competence 
If be cannot make a good showing at these classical 
problems all his expertise in the realm of ideas is so much 
vanity; for they are examples of what will continually 
confront him in the practice of his art." What he is really 
saying was said long ago, that there is no royal road; and 
as improved teaching takes the drudgery out of learning, 
the discipline must still remain. The observations in the 
preface are wise, and relevant to physics teaching at all 
levels nowadays; though one feels that Prof. Pippard is 
inconsistent in saying that the conversion of electrical 
unite is responsible for more error than anything else in 
physics, and also chiding as folly the views of those who 
settle for -avoiding conversions. 

The probleme are varied and challenging. Some are 
straightforward calculations, a few are standard theorems, 
many involve the two- or three-stage application of 
elementary principles and would be within the scope of a 
scholarship candidate ; others, not too difficult in principle, 
require à mature mathematical approach. They find tho 
chinks in the armour, too ; of two equally innocent-look- 
ing examples, I did one in my head and spent a fruitless 
hour on the other. In general, the forty or so questions 
on thermodynamics seem to be more exacting than the 
rest—perhaps because they offer the inquisitor moro 
scope, or it may be that one meets this type of question 
lees regularly and is lees able to judge. 

A selection of classical problems naturally includes 
examples gross as Earth ; and besides satellites and rockets 
there is one about the building of the Great Pyramid. 
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one on the interantipodeal tunnel, and one about the 
Eiffel Tower. It also covers the classical physics of the 
microscopic world—free electrons, a-particles, protons 
and electrons in atoms. The correspondence principle, 
the Schrodinger equation, and Planck’s constant appear; 
theee are properly olassical too. (There ought to be 
alternative answers to the problem about engraving the 
Lord's Prayer on & pin-head, mnce it comes in two lengths, 
differing by about 8 per cent.) 

. Many of the problems originated as questions in Part 1 
of the Natural Sciences Tripos. Behind them lies an 
inventive genius that can design examples to exercise 
specific techniques, and build in both standard difficulties 

- and unusual subtleties; with an occasional sparkle of 

wit. J have not sampled all the problems myself; but I 

am sure that they will develop the competence of studente 

at this level, while maintaining their interest and enthu- 

Biaam. G. R. NoAXES 


TECHNOLOGY AND SCIENCE OF 
CERAMICS 


Progress In Ceramic Sclence 
Vol. 2. By Dr. J. E. Burke. 
New York: Pergamon Press, 1 


Sclence ef Ceramics 

Vol. 1: Proceedings of a Conference held at Oxford, 
26-30 June 1961, under the auspices of the British Ceramic 
Bociety and the Nederlandse Keramische Verefiiging. 
Edited by G. H. Steward. Pp. 884. (New York and London: 
ee Preas for the British Oeramio Society, 1962.) 
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. vii--245. (London and 
62.) 80s. net. 


“EN yours ago anyone wanting a book on either tho 
ogy or science of ceramics would have had a 
She: find pae field from which to choose, but so rapid 
has been the development of interest in non-metallio 
inorganio materials in the past few yeers that the supply 
of substantial literature can barely meet the demand. 
Technological pressure in the field of materials research 
has opened up new horizons both for the applied scientist 
and for the fundamentalist in solid state physics, and 
the two books reviewed here illustrate both aspects of 
this. 

The book Progress in Ceramic Sotence is the second of 
a series put out by the publishers to provide a continuing 
review under the editorship of Dr. J. E. Burke 
of the General io Co. Research Laboratory, 
Schenectady, and contains just four major contributions 
from American authors. The first, on dislocation etoh-pite 
ee ee ee 
and techniques which should offer some encouragement 
to workers who are apt to complain that their materials 
are so full of holes anyway that crystal defects oan scarcely 
matter! The second article deals with the catalysed 
crystallization of glass, and comes from the laboratory 
(Corning) in which the 200-year-old observation of 
Réaumur has been turned into a brilliant practical reality. 
The theory of crystallization in glasses is outlined, and 
nucleation by the use of oxide and metal catalysts and 
by the action of ultra-violet light or X-rays on photo- 
sensitive glasses is discussed. Next comes a chapter on 
radiation damage, an important question in view of the 
increasing interest in the use of oxides and carbides, 
rather than elemental metals, in nuclear engineering. 
The last chapter is an examination of the problem of 
thermal conductivity in ceramic dieleotrios and provides 
a wealth of new experimental information on a wide 

of oxide materials and glasses. 
Ti book Sotenco af Corumios in quiis differen Ta iei? 
ter and is in effect a supplementary volume to the Trans- 
actions of the British Oeramic Society. It is the outcome of 
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8 joint effort between the British and Netherlands Ceramic 
Societies to co-operate in providing a European forum 
for the exchange of papers on the "basio' science of oera- 
mice, and it is a record of the of & conference 
held in Oxford in the summer of 1961—the first, ono 
understands, of a series of such conferences. Apart from 
the very useful and authoritative review of sintering by 
Prof. J. White with which the book opens, the other 
twenty-two papers are accounts of various researches in 
progress, ranging from studies on clays themselves to 
the properties and performance of end-products as 
diverse as building ceramics, high-permittivity dielectrics 
and fluoride- ceramics. 

Both books are very well produced and contain some 
fascinating optical and electron micrographs. With such 
a rapidly expanding subject, it would be pointlees to 
comment on the probable permanent value of either 
volume, but there is no doubt of their timeliness and 
immediate value. N. F. ABTBURY 
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ORGANIC SEMICONDUCTORS 


Organlc Semlconductors 
Proceedings of an Inter-Indusury Conference. Editors: 
James J. Brophy and John W. Buttrey. Pp. xi+ 248. 
(New York and London: The Macmillan Company, a 
Division of the Crowell-Colliexr Publishing Company, 
1962.) 68s., 9.00 dollars. 


HE recognition that conjugated organic substances 
can behave as intrinsic semiconductors by virtue of 
thermally excited r-electrons only dates from 1948. 
Over the ensuing years a few papers appeared every yoar, 
until around 1958 oontributions started to in 
various scattered conferences. By this time main 
types of oompound, phthalocyanines, polyaromatics, 
charge-transfer complexes, eto., had been recognized, and 
in 1959 there appeared reports of semiconductivity m 
polyacrylonitrile. This activity had developed in such 
widely scattered countries as England, the U.S.S.R. and 
Japan, and around 1959 several large American industrial 
firms decided to proceed on from literature surveys to 
active experimental work. The reeult has been an evor- 
Increasing volume of papers which have given considerable 
stimulus to the subject. The present volume is entirely 
concerned with these American contributions. Tho 
first three papers, by R. G. Kepler. O. H. LeBlanc, jun, 
and M. Silver, are concerned with the experimental and 
theoretical of determination of charge carrier 
mobility in highly purifled single crystals of anthracene. 
The pulse techniques advocated by these authors may bo 
ee ee 
and form a contribution of t importance. 
Further papers deal with transfer complexes in 
n Gada He ees a ed 


dealing with d.c. measurements on compressed pow 
of which the two papers by H. A. Pohl on semiconduction 


in polymers are worth special mention. There is a very 
substantial contribution by C. A. Klem on the electrical 
sis neige of pyrolytic graphites, and the volume oon- 
udes with a not too illuminating “management ap- 
ae Those academic scientists interested in tho 
purely scientific of organic semiconductors will 
be able to find a good deal of the present work availablo 
in fairly acceasible journals. But industrial scientists 
requiring a fairly up-to-date collection of papers prepared 
with industrial research in mind will find this volume very 
useful. I myself have l held the opinion that indus- 
trial developments in this field have been held up by tho 
need to secure collaboration between electrical and 
chemical industries. Conferences such as the present one 
should help to break down the dividing barriers, and 
deserve every enoouragement. D. D. Evry 
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FINGER-PRINTS, PALMS AND CHROMOSOMES* 


By Pror. L. S. PENROSE, F.RS. 
Galton Laboratory, University College, London 


: Historical Notes i 

HE analys of finger-printa from the point of view 

of personal identification is well known. Early 
examples can be taken from Chinese documents. In 
modern times the method is used by police and immigra- 
tion officials. The prmciple mvolved is that the ridges 
formed by the raised apertures of sweat glands have 
umque detailed formations which have arisen almost by 
pure chance. The large-scale pattern of ridges, however, 
ig much leas fortuitous in origin. There are anatomical 
regularities!. There are also normal variations, which 
represent hereditary differances between members of 
seperate populations, members of the same population or 
members of the same family. 

The contrast between goneral pattern and detail is 
made fairly clear by the study of identical twins. The 
general configurations of ridges agree, as hereditary traits 
should, on the hands of such pairs, and there are usually 
only slight differences in arrangement; but thé details 
do not agree and are individually speoiflo. 

All configurations are laid down permanently at a very 
early period of development, during the third month of 
fotel hfe. Best known are those on the finger-tips. 


Description of Triradil, Main Lines and Creases 

The systematic classification of ridge patterns, which 
oan be used as a preliminary in personal identification, 
was first proposed by Galton’. It depended on the reoog- 
nition of ‘deltas’, now known as ‘triradii’. These are 
natural centres, and the radiant ridges form the main lines 
of the patterns or configurations. 

A triradius can be defined as the meeting point of three 
spokes which demarcate three regions, each containing & 
system of almost parallel ridges. One triradius on a 
finger-tip always accompanies & loop pattern (Fig. 1) 
and two produce a whorl. In the absence of any triradius, 
the pattern is known as an open field, aro or arch. 

On the palm there are normally four triradii, one at the 
base of each finger, called a, b, c and d, and another, known 
as t, near the base of the fourth metacarpal bone or at 
some point on ite axis. 

By starting at the triradii, the configurations of the main 
ines of the dermal ridges can be marked out (Fig. 2). 
The patterns produced on different hands fall into natural 
zroups and the most prominent lines are named, for 
sxample, Ad and D. - ! 

At this point it may be well to emphasize that the dermal 
ridge main lines are of an entirely different character from 
the flexion creases which have such an attraction for 
fortune-tellers. The flexion lines on the palm, tradition- 
aly named after the head, the heart and life, and the 
sreases on fingers certainly show interesting variations, 
but the ancient interpretations have to be revised. 


Physlological Varlations 


These large-scale patterns of lmes and creases are all 
strongly, but not exclusively, influenced by heredity. On 
the corresponding hands of identical twins, dissimilarities 
san be attributed to environmental modifications; they 
liffer about as much from one another as do normally 
the left and right hands of & single person. 7 

Just as the sexes differ in stature and other physical 
traits, Bo also are there characteristic peculiarities of dermal 

* Substances of a lecture delivered at University Collage, London, on 
January 15. 


ridges to be found in males and females by careful analysis. 
All these variations can be considered to be physiological. 
like the fact that female stature 18 leas than male stature; 
their presence sometimes obscures pathological changes in 
pattern. 


Tests of Inheritance of Dermatoglyphic Tra'ts 
Analytical investigations of hereditary influence can 
best be made by quantitative methods which involvo 
counting ridges between specifled pointe or measuring 
angles. One well-established result is that obtained by 
measuring the size or ‘intensity’ of the finger-tip patterns. 
The measurement is mado by counting the ridges crossed 






q 
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Dermatoglyphics on palms and finger-tips showing nomenclature 
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VLISUFA) La hand, VI 13 FA) Rigat bead 
Fi 3 Dermatogtyphio distortion cansed by a single gene for ectro- 
dactyly i 


by a straight line drawn from the triradius to the core of 
the pastern?. An arch soores zero and a loop 12, on the 
average: usually whorls soore still higher, about 19 (only 
tho larger of the two numbers obtained m a whorl is 
recorded). The total score for all ten fingers averages 
about 145 in males and 127 in females. It is a trait which, 
like stature, is determined by many genes with a combined 
additive action. This is demonstrated by analysis of 
famihes, in tho traditional manner, using correlation 
coefficients to measure hereditary likeness. The charac- 
teristic value. in a random population, for parents and 
their children and for sib pairs is 05; and this is very 
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ulnar loops on digits |, ll, lll, V 
radial loop on 
digit IV 
digital loop 
between digits 
IIl and IV 
triradius t 
near centre 


Fig. 4. Stereotype pattern found in mongolian 


closely approached by observations on the total finger- 
ridge count‘. Equality of inheritance from father and 
mother to sons and daughters excludes sex-chromosomal 
influence. 

Other traits, such as the position of D-lme exit, the 
third interdigital pattern’, the number of ridges between. 
a and b, the presence or absence of thenar* patterns and 
the maxmnal atd angle’, can all be shown to havo strong 
genetical determination; but these featurea are moro 
oe than the total finger pattern quantity and more 
influenced’ by early fatal environment. Some of them, 


like angular measurements, can alter with age. 


Pig. 5. Main lines on prints of palms and soles from a mosaio mongol female child whose cells are about 1/3 trisomie and 2/3 normal. Note the 
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Distortions caused by Growth Abnormalities 


vith an extra triradius. Conversely, , or 
oes of digits, and also syndactyly, fusion of digita, leads 
o loes of triradii or alterations of arrangements which 
nay be very extensive (Fig. 3). These distortions can be 
orreotly said to be caused by abnormal genes, 
ste secondary effects; the underlying developmental 
listurbances are the more direct resulta of abnormal gene 
ction. Some distortions are quite obscure in origin, 
uch as the very rare vertical alignment found m some 
alms and usually connected with digital deformity. 


Distortions caused by Chromosoma! Aberrations 
Many curious and unexpected distortions of pattern on 
alms and soles occur in connexion with chrémosomal 
-berrations. The common types indeed present highly 
baracteristic peculiarities. I will describe them in turn. 
(1) Mongolism. This condition, m which there is & 
aultiplicity of anomalies, was first recognized nbarly a 
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sees & loop pattern rather than a whorl or an arch ig. 4). 
Moreover, the distribution of radial loops on digite 
V in mongoliim is unusual as i 
hands. The total finger-ridge count is lesa variable than 
among normal people. Very characteristic is the central 
position, on the palm, of the triradius t which sub-tends 
an angle of about 80° with the points a and d (and 
in this position it is called £^) instead of the normal 45". 
Hypothenar patterns are common and thenar patterns 
rare. A distal loop is nearly always present between 
b and c (the third interdigital region). The ridges them- 
selves-are often poorly formed. f 

On the hallucal aree of the sole, patterns are infrequent 


One of the recent important discoveries in human 
oytology is that more than ono genetical oell type oan 
take part in the formation of the same individual. A 

in whom this oocurs is called a mosaic. — 


cells are abnormal. 
distributed fairly evenly over the whole body and 
thoroughly in i : 
observed that some people exist who have a few character- 
istios of mongolism but that they are otherwise perfectly 
normal. There are also mentally sub-normal patients 
who are moomplete mongols. Some of these people are in 
fact mongol-normal mosaics in varying degrees. Their 
dermatoglyphs are interesting in that they show same of 
the features of4he mongol stereotype (Fig. 5)!*. The degree 


Pairs of bands in cases of trisomy 13 (seale doubled) 


936 NATURE March 9, 1963 vor 197 


have any triradu on them and nearly all the patterns are 
arches. In contrast to the mongols and trisomios No. 13. 
the palms show no obvious abnormality. The hallucal 
areas of the soles, however, have somewhat unusual 
configurations with fairly wide open fields and there 
are arches on the toes. 

(4) Turner and Klinefelter types. When we oome to 
sex chromosomes there is a wealth of material for study, 
and some surprising resulte have been derived. First of 
all, Turner’s syndrome, in which there are only 45 chromo- 
somes in each cell nucleus because there is one X and no 
Y present, shows various peculiarities. The patiente are 
females with short stature and are liable to have webbing 
of the neck and alight limb deformities. There is no very 
stereotyped dermatoglyphic pattern but a general tendancy 
to certam types of arrangement (Fig. 9). The pattern 
intensity on the finger-tipa is high, large whorla are 
1 common and the total ridge number is, on the average, 

t greater than normal. On the palms, the axial triradius 12 
Fig 8. Pattern stereotype found In trisomy 17 or 18 found nearer the centre than is usual in controls: on the 
average it ia in the position } (Fig. 10). Thenar patternr 
are not uncommon. The upper region of the palm is 








Fig. 9. Typical decmatogtyphics in Purner’s syndroms 






of distortion is not closely related to the proportion of 
abnormal cells, as demonstrated in cultures, nor to the 
level of mental development attained. 

(2) Trisomy 18. An entirely different group of peculiar- 
ities characterizes other trisomic conditions. Those 
connected with trisomy of chromosome No. 18 (it may be 
No. 14 or No. 15—we are not quite sure) are striking. 
Deformities of the eyes, lips, palate and ears are part of 
the clinical picture. Polydactyly may be present and this 
itself is likely to upset the dermatoglyphio pattern. 
The stereotype includes a very distal axial triradiua, the 
position of which, as measured by the angle atd, is dis- 
torted more than it is in mongolism and could sometimes FS 10- Mean position of most distal irhadius ¢ In children wp to 
be called ¢’’’ (Fig. 6). The extra patterns, 
however, tend to be in the thenar, not the 
hypothenar, region. Unlike the mongols, 
their fingers show both arches and whorls 
as well as loope (Fig. 7). On the soles of 
the feet there are few triradii and peculiar 
loops or open fields are the rule“. These 
observations are obtained with considerable 
difficulty since most of these cases fail to 
survive more than a few weeks and the 
hand-printing even of normal new-born 
infante is far from easy. 

(3) Trisomy 17 or 18. The third kind of 
well-established autosomal aberration con- 
cerns trisomy of either chromosome No. 17 
or No. 18, it is uncertain which. The head 
is long, ears are ‘low set’ and the chin is small. 
Again there is a stereotyped distortion of 
dermal ridge patterns along with & group 
of physical peculiarities (Fig. 8). The 
hands are specially diffioult to examine 
because the fingers are hold permanently 
flexed but with the distel joint extended. 
There is absence of the distal flexion creases ^ 
on most fingers and the tipe only rarely Fou. 11. Hxample of dermatoglypinos In a male mth XXX IT sex chromosomos 


Trisomy Bt” 
Mongolism t” 


Turner t* 


Normal t 








Standard Mongol 
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Fig. 12. Palms and soles in a famfly with mosaico mongol mother and standard mongol daughters 
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often peculiar in that triradius b tends to move towards 
the ulnar side of the hand. ingly, the distance 
between a and b and the mean humber of ridges between 
them is increased. i 

Mosaics composed of Turner and normal cells show the 
same features as in Turner's syndrome and, also, other 
conditions, where one of the X chromosomes in a female is 
grossly aberrant morphologically as, for example, when it 
forms a ring and has suffered deletion. 

One might suppose that a person who has too many X 
chromosomes, instead of two few, would show the opposito 
characteristics of the Turner’s syndrome. The triple-X 
females, however, show very little deviation from the 
normal hs. The tendency for bigh ee 
scores to occur on -tipe in a Turner is rep by 
enteral anc panes ADEM Demo count. Males, 
with additional X chromosomes giving rise to the syndrome 
of Klinefelter, are tall rather than dwarfed and they havo, 
in association, rather long hands and feet. Finger-prints 
show a alight general tendency towards patterns with low 
counts and arches are quite frequently observed. The 
axial triradius, on the average, is low down in the palm, 
probably a little lower than in normal hands, especially 
when there are more than two X chromosomes", as 
oocasionally happens (Fig. 11); there is, however, no 
obvious stereotype connected with the possession of too 

y X chromosomes. There is insufficient information 
io say what effect is produced by having too many Y 
chromosomes. 2 

(5) Miscellaneous anomalies. Many miscellaneo 

examples are known where chromosomal sberrations have 


been found and where enthusiasts have printed the 
hands and feet in the hope of finding characteristic varia- 
tions. Sometimes obeervers are lucky and sometimes not. 
The key factor seems to be to what extent the chromo- 
somal change induces a disorder of limb growth for, as 
we have seen, any such change is likely to distort the 
normal patterns. Since many of the aberrations observed 
are unique, the evaluation of the findings is difficult. 
Usually the most useful information obtained is that the 
patient’s dermal ridge patterns do, or do not, resemble a 
observation may then be used to aid the cytologist m 
sorting out which chromosome is involved in & particular 
aberration. For example, if the hands of a patient trisomio 
for & small chromosome do not show any traits of mon- 
golism, there is & strong likelihood that the chromosome 
concerned is not the usual ono, for example, No. 22, not 
No. 21. 


Genetical Studies on Distortions 


Somewhat moro definite results can be obtained when 
groups of close relatives are studied. The correspondsnce 
between a chromosomal aberration and a dermatoglyphio 
eai followed through more than one generation. 

ere are some examples. 

(1) Mongoliem with mosaicism. It was possible, over 
a period of years, to examine the inheritance of the 
position of the axial triradius in relation to mongolism 
before anything could be known about its chromosomal 
origin. It became clear that mothers of mongol, especi- 
ally if they had more than one affected child, were more 
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likely than oontrol females to have centrally placed axial 
triradii’. No explanation then seemed satisfactory. 
However, if the mother should, as is now known to 
happen, suffer from an aberration involving chromosome 
No. 21, this could both tend to cause mongolism in her 
children and produce some features of the mongol stereo- 
type on her own hands and feet (Fig. 12). The beet 
example of this occurs when the mother is herself a mongol 
or & mosaic mongol!*. 

(2) Mongolism with translocation. Another type of 
situation oocurs when the mother transmita what is called 
& translocated chromosome, caused by breakage followed 
by the rejoining of the wrong ends. In one section of a 
certain family, every individual who carried an abnormal 
chromosome after it had arisen by translocation also 
had & central axial triradius like the two mongols who 
occurred among its membersg!', 

Equally 


(8) Other : 
striking are some cases of abnormal children with aberra- 
tions of unusual kmds affecting the larger chromosomes 
and whose hands showed remarkable dermatoglyphio 
pares which included strong thenar configurations’. 

nbalanced in chromosomal complement they showed, as 
in mongolism, evidence of growth disturbances and 
mental retardation. In two families the father, though 
physically and mentally normal, carried the same trans- 
location as the abnormal children in & ted form; 
in each case, his palms exhibited lees marked but similar 
pecullarities to those of his offspring. 


Information about Location of Genes 
from Dermatoglyphs 


It would be natural to infer, from observations like 
those on the families just described, that the gene for 
this or that dermatoglyphio pattern was located on the 
aberrant chromosome concerned. One must, however, 
be wary of all such inferences unless supported by family 
investigation. Some people have rashly supposed that, 
because Turner patients are short and Klinefelters are tall, 
the genes for stature must occupy looi on the X chromo- 
some. Previous observations on the inheritance of 
stature, however, have shown it to be autosomal, not sex- 


Conclusion : 
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linked, Exactly the same reasoning precludes us from 
attributing the observed changes in finger-ridge and a—b 
ridge counts in Turner’s syndrome to the X chromosome 
genes. Similarly, the stereotypio peculiarities in triso- 
mios, like triple-21 (mongolism) and trıple-13, must not 
be attributed perfunctorily to genes located on No. 21 
or No. 18, respectively. Tho problem of gene location 
involves extensive long-term investigations. In the mean- 
time let us take pleasure inthe fact that even the obscure 
study of dermatoglyphic patterns is, in spite of its inherent 
difficulties, at last beginning to play a significant part 
in tho ever-widening fleld of human genetioe. 

I thank a greet number of colleagues who have helped 
me to obtain material for dermatoglyphio studies. In 
particular I thank Prof. P. E. Polani, Dr. J. Lindsten - 
and Dr. M. Fracoaro for many hand-prints from cases 
of Turner’s syndrome, Dr. J. H. Edwards, Dr. O. E. 
Blank, Dr. W. J. Mellman, Dr. O. J. Miller and Dr. A. 
Shapiro for obtaining 'printa from patients with other 
chromosomal aberrations, Dr. Sarah B. Holt for making 
,available to me the results of her measurements, and 
Mr. A. J. Lee for his drawings. 
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AUTOMATIC COMPARISON OF FINGER-RIDGE PATTERNS 


4 


By MITCHELL TRAURING 
Hughes Research Laboratories, Hughes Aircraft Co., Malibu, California 


HE usefulness of finger-ridge patterns in personal 

identification was established by the investigations 
of Galton! , after earlier work by Herschel‘ and Faulds'. 
Among many other results, Galton demonstrated that 
uniquely characterized by the occurrence and arrangement 
within them of certain common local details or *minutise' 
(Fig. 1). This result led to world-wide adoption of the 
practice of comparing identified and unidentified finger- 
ridge patterns with regard to the types, orientation and 
locations of their minutis, as an ultimate test of personal 
identity. The difficulties of automating such comparisons 
are apparent in the demands they now make on human 
abilities, not only in detecting and typing the minutia 
in varied ridge-lme backgrounds, but also in comparmg 
their locations, for the latter are considered in relation 
to overall ridge-lme topology in order that their oom- 
parison be valid as between a finger-ridge pattern recorded 
at one time and the same pattern, scaled and distorted by 
poyin logicat and environmental changes, observed at & 
ter time. 


accomplished through automstio com of the 
minutis in -ridge patterns. The novelties in the 
method are ite use of: (1) photosensitive minutia detectors, 
which act automatically; (2) ‘relative’ co-ordinates of 
minutia location, which are unaffected by affine pattern 
transformations, supplantmg much topological oom- 
plexity; (8) a tolerance on the agreement required of 
minutia locations, which allows for detector inaccuracies 
and for slight departures of actual pattern transformations 
from strict affneness. For concreteness, the method will 
be presented in the form of an operational description of 
an identity verification system. Throughout, patterns 
will:be assumed plane, as when pressed i a flat 
surface, and the only minutia types 
ridge end. and valley end. 

The prospective user of the identity verification system 
must initially undergo a non-sutomatic registration 
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process wherein data on certain of his minutis are taken 
and stored against the times when claims shall be made on 
his identity. In this registration a set of three 
non-collmear minutim, W, X and Y, designated as 
'roforonoo minutie', and & number of others, P., deaig- 


nated as ‘test minutim', are selected in one of the regis- . 


trant's patterns. The registrant places his finger in 
position in a simple mechanical guide, where the oo- 
ordinates and orientations of W, X, Y and the P, are 
measured relative to rectangular co-ordinate axes tho 
origin of which is denoted by O, fixed in the guide. The 
data stored by the system for each of the three reference 
minutis, W, X and Y, are: its type, ita rectangular 
co-ordinates, its orientation, and its situation relative 
,to one or two mumediately neighbouring minutim. The 
data stored for each of the test minutim P; are: ite type, 
ite orientation and, not ita rectangular co-ordinates, but 
its ‘relative’ co-ordinates E., ni in & system based on the 
reference minutis, which are computed from its rectangu- 
lar co-ordinates and those of the reference minutie by 
— 
means of the pair of simultaneous equations OP; = 
OW + & WX + mu WY. \ 

When, at a later time and possibly a distant place, & 
claimant appears and requests that his identity be verified 
as that of a certain registrant, the system automatically 
retrieves ita above-described stored date on that regis- 
tranb, for comparison with date to be obteined by auto- 
matic observation of the claimant’s minutis.^ The 
claimant places his finger in a guide ideritical to that used 
in registration, and having identically fixed regs deers o0- 
ordinate axes the origin of which is denoted by O°, where- 
upon automatic minutia detectors such as that of Fig. 2 
scan his pattern, detect his minutis and observe their 
types, their rectangular co-ordinates and their orientations. 

‘As & ridge end detector, each ray and the central disk 
can distinguish between fully light and not-fully light 
states. The rays and the disk are connected to circuitry 
which signals the occurrence of a target illumination state 
wherein, simultaneously, (a) the central disk is fully light, 
two unbroken sequences of fully 


a8 in Fig. 2B. Tho point marked with 
ciroumferentially midway in one sequence of fully light 
inner rays and radially midway in an outer ray, is taken 
to ba the Gbear red. location of the detected ridge end. The 
greatly enlarged image of the whole finger ridge pattern 
is systematically scanned over the target to detect all ita 
ridge ends. Operation as a valley end detector is entirely 


Now, if the claimant is bona fide, the automatically 
observed rectangular oo-ordinates of his reference minutis 
and. orientations of his reference and test minutis will 
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i pattern 
detector accuracies. 

ap I on may be a crude one, inadequate to the 
full task of identity verification, it can be depended on 
to preserve the approximate orientations of all the minu- 
tise (a feature used further on) and, of intereat here, enable 
the system to identify correctly the three reference 
minutis, which were at W, X and Y in the rogistrant’s 
pattern, in their transformed observed locations W’, 
and Y’ in the claimant’s pattern. 

Having identifled the reference minutis in their trans- 
formed observed locations W’, X’ and Y’ in the claimant’s 
pattern (correctly for a bona fide claimant or falsely by 
coincidence for an occasional impostor) the system pro- 
ceeds to te for each of the registrant’s test minutis 

ich ‘relative’ oo-ordinates Ei, ni have bean 

rectangular co-ordinates of its predicted 

transformed location Q; in the olaimant’s pattern, 

using the pair of simultaneous equations O'Q« =O We + 

Ec WX’ + m W’Y’, tho retrieved Ei, įm and the observed 
co-ordinates of the reference minutia. 

Tt can be shown that if the claimant is bona fide, if the 
transformation his pattern has undergone since registra- 
tion is perfectly affine (that is, is a translation plus a linear 
transformation, which latter includes differential scalings 
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along different directions), and if the olaimant’s minutis 
are located by the detectors with perfect precision, the 
locations Qi’ in the claimant's pattern predicted as 
described will be perfectly correct, and the system will, 
in fact, observe the transformed test minutim to be at 
the computed rectangular co-ordinates, and observe their 
types and approximate orientations to agree with retrieved 
The situation is only slightly altered in the more 

ical case of a near-affine pattern transformation and 

irly precise minutus detection. It can be shown that 

if the claimant is bona fide, if his pattern transformation 
nowhere deviates by more than a from perfect affineness, 
if the detectors’ errors im locating minutis are no 
greater than e, and if all the registrant’s tesb minutis 
have been chosen within the triangle WXY of reference 
minutiw, the system will observe the transformed test 
minutie in the olaimant's pattern at locations within a 
distance 2e + a of those predicted as here for them and, 
as before, the observed minutia types and approximate 
orientations will agree with retrioved test minutia data. 
This result provides the desired ical 
comperison of the registrant’s 


claimant’s pattern the observed location of which matches, 
to within 26 + a, the transformed location Qi’ predicted 
for P;, and whose observed type and approximate orienta- 
tion match those retrieved for P. 

Such a system will not reject bona fide claimants, as 
demonstrated. Only by rare chance will an impostor's 
pattern agree so well with that stored for the claimed 
identity that his claim will be falsely verifled. To estimate 
this chance, the reasonable-appearing assumptions are 
made that: (a) approximately, the locations of minutia 
. ine pattern aro random, the two minutia types are equally 

likely, the two utilized approximate minutis orientations 
('elookwise' and ‘oounterclockwise’) are equally likely, 
and the location, type and approximate orientation of a 
ie md pond o! One ope nd Nf ather 
minutis; (b) the ve-length' (width of one ridge plus 
adjacent valley) varies by at moet 2:1 over any individual 
pettern; (c) the local ratio of ridge-to-valley width is 
never outside the range 1;3-3:1; (d) normal pattern 
variations are so nearly affine that a of the foregoing 
discussion is never greater than half the average 
pattern wave-length; (e) detectors such as those described 
are feasible, for which the errors e of the foregoing discus- 
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sion are no greater than half the local ridge or valloy 
width. On these assumptions, it can be shown that, for 
registrant's patterns wherein N test minutia have been 
chosen for data storage and comparison purposes, and 
false claimants whose pattern areas display s minutis 
per square mean wave-length and who are free 
to use the ‘best’ of their ten patterns, the probability of 
false identity verification 1s about 10r(9ns/16)¥, where r 
is the probability that satisfactory reference minutis 
appear in the false claimant’s pattern. 

To obtain numerical values for s and N in the foregoing 
expression, observations were made on a series of twenty 
finger-ridge patterns, all.adult male, mid-finger right hand, 
uhar loop. First, considering these as false claimant’s . 
patterns, the aroa of msc minutia, density Weg deleted 

each. The largest observed value for s in a remaining 
area was found to be 0-11 minutis per square average 
wave-length. Next, oonsidering them as registrant’s 
patterns, a quadrilateral was drawn in eaoh pettern 
with vertices at prospective reference minutis (ie ro: 
sumes the separate use of two threo-reference-minutis 
"relative! co-ordinate systems). The least number of 
test minutis found in such a quadrilateral was 16; this, 
reduced to allow for the small sample of patterns and for 
possible malformed minutis, that N may oon- 
servatively be taken as 12. The constant, r, can at 
present only be guessed at; the value 1/100 is falt to be 
conservative. On substitution of the cited values for s, 
N end r, the expression given here yields, as_a rough 
estimate of the false verification probability for a oombina- 
tion of ‘weak’ registrant and ‘strong’ impostor, 4 x 10-15, 
or 1 chance in 2,500,000,000. In a simpler mode of 
operation in which it makes use only of valley ends, and 
hence has no need for auxiliary means of eliminating the 
false ridge end pairs oocasionally created by breaks and 
creases in the pattern, the system's false verification 
probability, si estimated, becomes no greater 
than 10-', or 1 ohanoe in 10,000,000. 

There have also been examined the demands that a 
system. of the kind herein described will make on ite. 
users and on its internal data storage, computation and 
communication facilities, with resulta which indicate its 
technical feasibility, speed (a few seconds per claim), and 
convenience of use. 


1 Galton, Sir F , Nature, 38, 201 (1888). 
* Galton, Bir F., Finger Prints (Maomillen and Co., 190%). 
* Galton, Rir F., Netvre, 66, 606 (1002). 
t Herschel, W. J., Nature, 88, 76 (1880). 
* Fankds, Henry, Nature, $8, 606 (1890). 


MODIFICATION OF THE DESIGN OF THE PROPOSED BENELUX 
i RADIO TELESCOPE 


By Dr. W. N. CHRISTIANSEN*, Da. W. C. ERICKSON and Dx. J. A. HOGBOM 
Sterrewacht, Leyden, The Netherlands z 


RSS E the design of the Benelux radio telescope 
which was described by Christiansen and Higbom 


in Nature! has 
design involved several cylindrical parabolic reflectors 
with of 5 km. It appeared to be entirely 
feasible technically, but several considerations have led 
us to adopt an even more ambitious pro The first 
of these was on the basis of operating . The 
previous design was for a 400-Mo/s instrument. We have 
not yet obtained satisfactory protection of this frequen 
from terrestrial interference. Smoe the 1,400—1,425 Mo/s 
is now well protected, it appeared wise to utilize this 
higher frequency, if poesible. The available funds 
* Present address: School of Hieotrjca! Mngtneering, Universtiy of Bydney. 


drastio revision. The previous 


appeared sufficient to consider seriously an instrument 

isfying the origmal goal of 1-min resolution m spite of 
the closer tolerances and hi cost per unit receiving 

The growing recognition of the importance of polariza- 
tion and spectral studies has equally influenced our 
plans. The stretched-wire -reflectors of the previous 
design would have been intrinsically polarized, and any 
change of polarization would be impossible. A of 
operating frequency for spectral studies would: have 
required modifloation of approximately 20 km of line 
feed. This would have been practically impossible, and 
we have been led to adopt a design involving parabolic diah- 
type reflectors with point feeds. Although approximately 
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Wig. 1. A model of ons of the 30-m reflectors 


100 reflectors will be required, modification of their feed 
systems might be accomplished in a matter of weeks. There- 
fore, polarization and spectral studies become feasible. 

In addition, the examination of the 21-cm line has been 


stressed in the Netherlands during the past decade. The 
1,420 Mo/s operating frequency will allow these studies 
to continue with unequalled resolving power. 
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, Previous studies were limited to Mills 
cross-type configurations utilizing receiving 
elementa of various types. The foregoing 
considerations have now dictated the use 
of parabolic dish-type elements, but various 
configurations other than the Mills cross 
deaign have been considered. However, it 
appeared that a cross-type design would 
be the most suitable system also at 
the new design frequency of 1,420 Mojs. 
A full concerning the present 
plans is to be published’. 

The new proposal involves approximately 
100 equatorially mounted reflectors, eech 
of 30 m diameter. A model of one of the 
reflectors is shown in Fig. 1. Sky coverage 
will be from the north celestial pole to + 5° 
declination. The total collecting area will 
be much lees than that of the ious 
design, but the telescope will be able to 
follow an object for abont 4 h in right 
ascension, and this longer integration 
time gives the instrument a sufficiently 
high sensitivity. The Benelux Cross 
will therefore not be basically a survey 
instrument; it will be used mainly for 
high-resolution studies of limited regions 
of the sky. 

A rather curious arrangement of the reflectors has 
been developed. It is an extension of the method of 
suppressing the unwanted grating responses of the 
north-south arm proposed im the previous design’. 
The situation is more complicated in the new proposal, 
since grating responses must be suppressed in both 
directions, east—west as well as north-south, and ıt must 
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r ` Fig. 2. The proposed arrangement of the reflectors 
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Pig. 3. An impression of the completed radio telescope 


be posmble to steer the reflectors without having them 
- ‘shadow’ each other. The arrangement shown in Fig. 2 
fulfils these requirements. 

A new method will be used to overcome the geometrical 
difficulties in tho central region of the croses where the 
two arms overlap. As shown m Fig. 2, three reflectors 
belongmg to the north-south arm are placed at each end 
of the east-west arm. These gather most of the informa- 
tion which is lost by the omission of two north-south 
arm reflectors which would conflict wrth the east-west 
arm at the centre. Some information is still missing, but 
this will be gathered by a single, large reflector of about 
70 m diameter. Therefore, the design involves a singlo 
large reflector as well as the cross of 30-m reflectors. No 
correlated components are needed between the large 
reflector and the cross. It could be located at a different 
site and run at different times. In fact, it can gather the 
information required for restoration of the components 
missing from the oros in a fraction of the cross's o i 
time. Therefore, this large reflector will be available most 
of the time for independent investigations as well as for 
operation as a ‘finding instrument’ for the delineation of 
interesting regions which will be subjected to detailed 
study by the cross. Fig. 8 gives an impression of the 
appearance of the antenna when completed. 


methods of een 
rather than physically connecting the outputs from all 
the reflectors in a number of differently phased combina- 


tivity of the instrument comparable with that of the 
corresponding filled aperture antenna. 

Funds for the design studios were provided by the 
Organization for Co-operation and Develop- 
ment Committee on Soientiflc and Techniéal Person- 
nel, the Netherlands Organization for Pure Scientific 
Research, and the Belgian Ministère de I’ Instruction 
Publique. 
ee W. N., and Hogbom, 7. A., 

tanen , W. an e T. ., and Hbgbom, J. A., Prec. Inet. Red. 

i „M, 359 (1961). 
Mon. Not. Hog. Asire. Soc., 190, 120 (1960). 


Nature, 191, 215 (1961). 
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HISTORY, SAND WAVES AND NEAR-BED CURRENTS 
OF LA CHAPELLE BANK 


By Da. J. N. CARRUTHERS 
National! Institute of Oceanography, Wormley, Godalming, Surrey 


T has rightly been urged that those who study the shifting 

sands beneath shallow near-shore waters should make 
direct observations of water movements virtually on the 
sea-bed. This can easily be done. . 

Now that the presence of sand ripples beneath very 
great depths of water has been revealed by submarine 
photography, it is of considerable interest to discover 
what speeds of water movement can occur very close 
down. to the deep ocean floor at such places. One way of 


Measuring such deep near-bed currents from an un- 
anchored ship with little trouble and at small cost has 
recently been described’. Though the single observations 
provided by that simple method are easily repeatable, 
they cannot yet be carried out hourly beneath great depths 
of water. 

Particular interest is attached, therefore, to places where 
much is known about convolutions of the sea-bed thanks 
to detailed operations with echo-sounding seta of high 
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quality and modern echo-ranging technique, and where 
depth is small enough for it to be possible to repeat 
i bottom current measurements at hourly 

a possibility moans, of course, that 
continuance of the observing ‘round the clock’ takes 
acoount of changing tidal streams. , 
Bank is eminently 


wide extent in the Bay of Biscay. The declivity towards 
south-west is such that the isobeths for 200 and 4,000 


beths drawn at 200-m intervals shows 
in a direction about 210° true from the 


all slope of 1 in 9 over that distance measured down 
what is in effect quite a marked canyon. A bathymetric 
chart of the shelf edge west of Ushant prepared by my 
colleague Miss L. Hadley shows that over a distance of 
23 miles along & course trending south-west from the 
shoalest of La Chapelle Bank, the depth moreases 
to 2,000 oms—which mmplies an overall slope of about 
l in 12 over that greater distance in a more westerly 
direction. When Commandant L. Beaugé surveyed the 
bank in summer 1935 he moored a buoy at the shoalest 
point sounding 150 m and ran lines of soundings in all 
directions from it. .He recorded that the bottom fell 
away to more than 1,000 m in leas than two miles towards 
south; it did so in fact towards all directions between 
east-south-cast and west-north-west. Thus, near to 
the bank, he found bottom deolivities of the order of one 
in four. 

There has recently become available an underwater 
relief model of the North Atlantic Basin on the scale of 
1:051 M with an exaggeration of 20:1. This, prepared 
by the U.S. Naval Interpretation Center in December 
1960 and marked NPIO 910/60-U, shows La Chapelle 
Bank located very near the edge of a virtually vertical 
‘cardboard oliff' the foot of which is marked for the depth 
of 2,500 fathoms. 

So far, because of its olose ‘bearing on what follows, we 
have been concerned to, discuss the bed macrotopography 
of the region in same detail. 

It is relevant now to mention that the region has quite 
a considerable history in terms of vigias. This Spanish 
word. literally eignifymg ‘watch’ or ‘look-out’ was custom- 
arily placed on charts to convey a navigational warning 
in respect of possible pinnacles, rocks or shoals of uncertain 
position, and ib is on record that Le Sieur La Chapelle 
Richard claims to have seen there, ab 4 p.m. on the Shrove 
Tuesday of 1695, a rook standing 16 ft. proud of the water 
at pistol shot distance from his ship. It is recorded that 
he had & nearby sounding made without finding bottom 
at ‘180 brasses”, that is, at some 180 fathoms. On a 
chart of 1766 the rock was marked because of an alleged 
re-sighting of it in 1764, and the repetition was made on & 
later chart. The detailed surveys made by Beaugé in 
our times have revealed no trace of any rock at the stated 

ition. He found merely an ‘a&ninence légère’ carrying 
151 m of water with surrounding depths of 160-170 m. 


at the position, and a 


depth of 4 ft. was reported in 1842 and one of 2 or 3 ft. 


in 1857. 
I mention these vigias here as likely evidence of the 
occurrence at times of surface turbulence at the position 


4 
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of the bank notable enough to have made old-time mariners 
report the existence of shoals. 

E. Le Danois has written much about the Chapelle 
Bank area in his two books Les Profondeurs de la Mer 


Sea. The ancient débouchure of the Beine is shown lying 
between the positions of the Castor and Parson banks. 
Because of the existence of other banks of insular nature 
to the west of La Chapelle, Le Danois sees in this assem- 


‘plage of such shoal areas the former islands of the Cas- 


giterides. He points out that a north/south lino drawn on 
the chart between the richest tin-yielding areas of Wales 
and I passes through the region, and he discusses 
the i to be held accountable for the drowning 
of the former islands beneath their present 
water cover of the order of 150 m and less. 

The mattera so far discussed aro all of relevance when 
an explanation for the oonvolutions of the sea-bed which 
will be described has to be advanced. Le Danois makes a 
statement which beara on one aspect of sediment move- 
ment when he writes: "Entre le bano du Castor et le 
bano Parson et sur le bano de La Chappelle s'effectue 
en effet du printempe jusqu'en &ofrb un véritable déverse- 
ment d’eaux continentales provenant du Canal de Bristol 
et de la Manche. Au delà du plateau cea eaux froides et 
peu salées continuent leur course et s'enfonoent jusqu'au 
dela de 800 mètres”. This process would nowadays go 
under the label ‘cascading’. 

Turning now to the sand formations on La Chapelle 
Bank and its immediate environs where the tidal range at 
springs is 8 m, the first referance must be to a short paper 
by Cartwright and Stride about five years ago". 

An echo-sounding survey over the bank revealed to 
them the presence of a patch of aand waves about 12 miles 
long which ended abruptly at the edge of the continental 
shelf but which had a rather ill-bdeflned eastern limit. 
The patch had a láteral extension of at least 5 miles, and 
the sand wave oreste were on the average 25 ft. high with 
a maximum height of 40 ft. Though they found consider- 
able variation in the distance between cresta, the average 
seperation was about 2,800 ft. The crest trend was from 
290? to 110? true, which put their direction parallel to the 
general line of the shalf edge. On sampling the bottom 
both on a ridge and in a trough sand was found with some 
shell gravel, the median gram size being of 0-5 mm 
diameter. In a paper by Berthois to which reference 
will later be made, additional information is given regard- 
ing the nature of the bottom im the area. 


to 

which they had found there. A ali 
metry of the ridge profiles was taken to indicate the 
existence of a net westwards transport ‘of sediment, and 
the abrupt western limit of the sand ridges at the edge 
of the shelf showed that once the material reached there 


miles away to the north-east and so well behind the 
shelf edge. ^ Others of similar wave-length have been 
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These latter had profiles indicating Monet move- 
ment but the lines of their arests were not straight but 
convex towards the Channel. It seems that there may 
be something unusual about the height of the very large 
sand ridges on Le Chapelle Bank, and, seeking to produce 
an adequate explanation for their formation, Cartwright? 
worked out a theory by which they could be considered 
generated as a result of stationary internal waves in the 
layer of sharp temperature gradient seasonally found 
between the -warm surface water and colder water near 
the bottom. Such internal waves can be due to the 
tidal currents being disturbed as they travel land- 
wards over the edge of the shelf. On Oartwright’s 
theory, the sand waves built in summer would not be 
altered in height during the winter and spring when 
the thermocline is absent. A harmonie analysis of the 
pond wore: Ermiled Agreed fairly: well with the: proposed 

eory 

Independently, Dr. O. 8. Cox of the Scripps Institution 
of Oceanography (Oalifornia) had found some indications 
that internal waves of tidal periods are closely coupled 
with irregularities of the sea floor. The stationary 
internal waves adduced by Cartwright in explanation 
of the large sand waves on La Chapelle Bank would be 
equivalent to lee-waves found on the down-wind side of 
a mountain. Internal waves (not necessarily stationary) 
which develop in the thermocline as the tidal ‘currents 
moving landwards feel the oo: influence of the 
shelf are the only possible explanation of the abnormal 
oscillation of a scattering layer later reported on by 
Stride and Tuckert. These observers were using this 
Instrtute’s narrow-beam fish-fnding transducer on La 

e Bank from R.R.8. Discovery II at the end of 
July 1960 while proceeding on a course approximately 
normal to the known crest direction of the large sand 
waves, when, at a distance same 8 miles within the 
oceanwards flank of the bank, they observed undulations 
in the scattering layer of length and height about the 
same as those of the stationary internal waves predicted 
by Cartwright from his theoretical studies. 

This new mformation which seemed to support Cart- 
wright’s theory has since been followed by another line 
of supporting evidence. My colleague, Mr. R. Bowers, 
has singe made runs over La Chapelle Bank while towing 
from R.R.S. Discovery II a thermistor chain ha 
six sensing elementa which reached 0, 15, 23, 31, 46 and 
62 fathoms depth respectively at a steaming speed of 
3 knots. Every 5 sec a temperature plot at each of these 
depths was made on a ‘Mufax’ recorder, and 48 h of 
continuous reoord were obtained over the bank. The 
records revealed undulations of the isothermal ‘surfaces’ 
having a wave-length such as to afford further support 
to Cartwright’s theory, although it is still not known for 
certam how far tho latter waves may be regarded as 
stationary. 

An obvious requirement was to know everything 
possible about the tidal currents over the bank. Prior 
to 1961 all that was known was the mformation printed 
én the French chart No. 4785 to which reference has 
already been made. This mformation, which is in the 
form of the usual table of hourly speeds and directions 
for both i and neaps, relates to the position 47° 
ie 10’ W The tidal currents at springs are shown 

as running fastest over La Chapelle Bank (at 1 knot) 
during 4 h straddling the time of high water at Brest. 
They are then directed towards between 50? and 180° 
true. During 6 h straddling low water Brest they are 
shown running towards between 228° and 340? true. The 
surfaoe tidal date in question, which would not 
be claimed to be of the high quality produced by modern 
tidal stream surveys, came from observations made as 
long ago as 1891 when a French surveyor repeatedly 
measured the ‘direction and speed of the drift away of his 
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ship from an anchored buoy. Allowances for windage had 
necessarily to be made. 

The cited table does, however, show that the surface 
tidal currents over the bank often head m a direction 
more or leas normal to the shelf edge. The other long 
and curved sand waves mapped by Stmde nearer to the 
English Channel lie beneath tidal currents which attain 
their fastest speeds at surface in the north-cast/south- 
west directions. 

In November 1961 Messrs. Cartwright and Woods 
(A. J.) made current observations over La Chapelle Bank 
working from R.R.8. Discovery II (unanchored) with a 
couple of Kelvin-Hughee direct-reading current meters. 
The work occupied almost three days, and the operation 
details will be reported elsewhere. Ther. observing depths 
were 40 ft. below surface and 80 ft. above bottom, but 
not enough observations were made at the deeper level. 

From the results obtained, Cartwright produced a 
smoothed M 2 ellipse which shows the mam directions 
of- surface current flow to have been 80? and 210° true. 
These are more or leas normal to the above-stated direction 
of the sand wave cresis as would be expected if they 
reflect the water movements near bottom. 

Picking out the fastest speeds actually measured at 
the nommal depth of 40 ft. one finds: 1:8 knots towards 
N. 17° E. true and 2-1 knots towards B. 17? W. true. 

Thus, the latest information on noar-surface water 
Movements shows that the fastest rates were normal to 
the sand wave trend—with the greater speed in favour of 
direction towards the depths, that is, off the shelf. Cart- 
wright's current measurements were made when the tides 
were about half-way between average and that is, 
at a time when the coefficient was 80 to Bore oe the 
French tide tables. It is, of course, very Taal to have 
the tidal current information gathered by Cartwright 
in order to know at what speeds the uppermost water can 
flow over the lme of the shelf edge, but an urgent need 
had remained for actual measurements of the near-bed 
currents on the bank. These would be expected to be of 
major unportance even if not powerful enough actually 
to erode the bed themselves. Their function would be to 
transport the sand from the places where the internal 
waves exert their major excavatmg power and deposit ıt 
along linea beneath tho crests of the internal waves where 
these cause least movement of the bottom water. 

Measurements of the currente close to bottom were 
made on La Chapelle Bank on November 7 and 8, 1902, 
from the research vessel Sarsia belonging to the Marine 
Biological Association of the United Kmgdom. I had 
the assistance of my colleagues Mors. L. A. Baxter and 
C. L. Guliver in making seventeen single observations 
t h ey with ead leaning-tube bottom current indicator 

observations, which absorbed the 

Eu am ene ne as a e Des 
possible to the position 47° 40’ N.—7? 14’ W. under depths 
of water varying little from 155 m, and it can be taken 
that they relate on the average to & distance of about 
10 m. above the sea-bed. The ship’s officers were able 
always to move the veasel suitably between observations 
Toda ae he eee ee a In respect of 
the operations were as already described? 

fet the ae unit used in the ‘Pisa’ tube was not 
ihe areaal Taone rE. Dun das Instead, the 
orignal ‘Pyrex’ bottle filled half with jelly and half 
with coloured castor oil was used. This, conteining the 
usual compass disk suspended on a terylene thread 
from the bottom tip of an axial rod within the bottle, 
differed but slightly from the form first used’. Though 
this initial version of the ‘Pisa’ cannot be used down to 
depths much in excess of 1,400 m, ite use has advantages 
at leaser depths which permit hourly repetitions. One 
merit is that the bottle indicator can give evidence of the 
presence of turbulence because, when the bottom current 
is not laminar, a clear-cut interface between the set 
jelly and the oil will not result even though the ‘frozen- 
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in’ compass may give an acceptable overall direction as 
proved by experiments conducted m turbulent mill 
streams. 


The results obtained were first plotted against clock 
hours in the form of two curves drawn for the north- 
south and east-west components respectively. These 
curves were then gmoothed somewhat and supplied with 
new ordinates relating to Brest high water and hours 
from that time. . 

The components were then read off and re-compounded 
to relate to the tide times at Brest. Table 1 ta the 
rosults which start at about 1400 h g.u.T. on November 7 
and end at about 0600 h the next day. Speeds are given 
in hundredths of knots and the directions are magnetic 
(declination 10° W.). The plos and minus figures denote 
hours after and before Brest high-water respectively. 


Table 1 
+2 + "E 5 
42 B. 21° W, 33 8. 16° W. 42 8.13* W 85 8. 20° W. 
44. I 5 —4 
50 B. B0* W. 40 B. 81* W. 30 X. 78° W. 29 N. 18* W. 
-3 -1 -1 RW. 
30 N. 18° R. - 43 N. 377 H. 25 dus H. 30 B. 53* N. 
41 +2 +3 ^ud 
418. 10* W. 37 8, 45° W 46 N. 63* W 49 Wor W. 
+5 i z i 
26 8. 16° W. 


No explanation is attempted why the directions for 
the second values at +8 and +4 have veered a dozen 
pointa. x 

The directional spread of the near-bottom current 
vectors 18 best seen from the accompanying plot wherein 
the single plus and minus signs have the same meaning 
as in Table 1. The four double plus signs mark the 
second -observations made at the concerned tidal hours, 
and the circles measure tenth-knote successively from 
two to six proceedmg outwards. 





We were working at & time when the tides were about 
Mialf-way between neaps and average—at & time when the 
»oefficient was about 65 to quote again from the French 
mide tables. Thus, the upper water obeer'vations made 
Woy Cartwright were carried out when the tide had a range 
bout one-quarter greater than at the time of our measuro- 
ments made just off bottom. . _ 

The briskest neer-bed water movement measured was 
‘towards 190° true at 0-55 knot and the fastest about 6 h 
ater was towards almost a reciprocal point at the rate of 
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0-42 knot. ‘Thus, the fastest current was normal to tho 
known direction of the crest lino of the sand waves. 
Several other features of the results are noteworthy. 
Tho most remarkable thing about them is the absence of 
any current weaker than about 0-25 knot. The overall 
iine gaius e M rd a aient 
spread of direction with a good deal of near-bed water 
movement into the north-west quadrant, flow towards 
south and weet much outweighs that towards the two 
all oocaaions save one the interface between the set 
jelly and the oil was clear-cut. The odd occasion was 
when the current was heading north-west, that is, in a 
direction parallel to the shelf edge. Perhape the e of 
water flowing at the time out of the deep funnel of the 
inner Bay of Biscay was pressed against the steep sholf 
by Coriolis effect sufficiently to thrust up the canyon of 
which we wrote earlier and cause an overspill of turbulence 
reaching somewhat landwards of the shelf edge. Cooper 
has called such a happening a submarme eagre and much 
of what he, has written about '"eagre spurte” of canyon 
water into shelf water is suggestive in this connexion‘. 
The satisfaction of having been able to make actual 
measurements of near-bottom currente on La Chapelle 
Bank is all the greater when one considers the difficulties 
experienced by L. Berthois' in attempting to explain 
the large sand waves there. Agreeing with Cartwright 


` and Stride? as to their size and crest orientation Bertho 


concluded that the big sand waves cannot have been 
produced by present-day currents but must be fosail 
features produced by much more powerful water move- 
ments existmg in times long past. This conclusion ho 
founded on some rather extraordinary decisions that tho 
near-bottom tidal current probably does not reach one- 


‘fifth of the speed of that at the surface, and went on to 


argue that when it is in the “most favourable" direction. 
that is, normal to the ridge orientation, ite speed will not - 
exceed 0-16 knot. He came to this conclusion after 
applying some surprising ratios to the surface speeds as 
he knew them. This latter knowledge was restricted to 
the table on French chart No. 4785 already mentioned. 
yet Berthois declares that ion of the said table 
amounts to knowing the surface tidal streams over tho 
region of the sand waves with precision. In spite of the 
fact that the speeds in knota which the table gives for the 
surface streams must be very imprecise, Berthois converts 
them into m/sec speeds expressed to three places of 
decimals. 

All in all, the subject of the La Chapelle sand waves 
and their causation is of such interest aa to prompt the 
desire for future expeditions there. One of these should 
be at the time of spring tides in September and tho other 
similarly in February. That would provide for observa- 
tions when the stetionary internal waves invoked by 

i would be respectively at their greatest and 
least development for vertical density gradient reasons; 
but difficulty is naturally seen in arranging for the observ- 
ing to be at exactly the same place both times. On both 
occasions the sand waves should be carefully measured 
and observations to reveal any undulations m scattermg 
layers carried on. Besides measuring the near-bottom 
currents hourly, the towed thermistor chain should be 
used for reason already shown. What is also advocated 
is that, along courses normal to the ridges, sand traps 
should be used as frequently as le just above bottom 
in order to learn somethmg a the amount of sand 
actually in movement above different parts of the sand 


assessed by other means than the use of sand trepe. 

I thank Dr. F. 8. Russell for the use of the research 
vessel Sarsia; Captain C. A. Hoodless and his ship's 
company for help; my colleagues Moemrs. L. A. Baxter 
and O. L. Gulliver for sharing the work at sea; and Mesers. 
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D. Cartwright and A. H. Stride for helpful discussions 
during the writing of this artiole. 
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DIFFERENTIAL RESPONSES OF PARAMECIUM AURELIA TO 
CIGARETTE COMPONENTS 


By Pro. HARRY WANG 
Department of Anatomy, Stritch School of Medicine, Loyola University, 
Chicago 


A the use of Paramecium in cigarette 
research is not readily conceivable, the idea is never- 
theless encouraged by two findings that the organism is 
highly sensitive to traces of metallic ions! and it reacts 
specifically to proteolytic enzymes of diverse origina. 
A programme was thus started with its initial phase 
aimed primarily at ining whether Paramsoium 
fo ae eb one U Ay do polad CURA cont 
ponents. ig article presents observations concerning 
the protozoon’s responses to cigarette toxins with special 
emphasis on the specificity of manifestation patterns this 
organism is capable of eliciting under the present experi- 
mental conditions. 


A kappaleas strain of Paramecium aurelia (stock No. 
51, courtesy of Dr. T. M. Sanneborn) was used. Pure-lme 
clone cultures of this organiam were raised in sterilized 
Petri dishes, using 10 raw grains of rice for each culture. 
A culture was considered ‘ripe’ when the population in a 
smgle micropipette drop (1/40 ml.) oonsisted of several 
hundred isms. Water used for all purposes waa 
obtained from a Stokes distiller, model 171-8. 

From six domestic and one imported brands of non- 
fitter cigarettes, four components were separated for 
experimental analyses: tobacco, mainstream smoke, ash 
of whole cigarette, and ash of ita paper alone. Cigarettes 
were smoked by moans of a simple device—a suction- 
fitter flask attached to a tap. ydraulic was 
adjusted so that & cigarette was in 34 min, 
during which time the mainstream smoke was directed to 
bubble through 20 ml. water in a test-tube placed inside 
the flask. It was estimated on the basis of cigarette smoke 
solubility in water and the present method of getting 
it dissolved that leas than 10 per cent of the smoke so 
produced actually went into solution. The resulting ash 
was collected in 20 ml. water, filtered after 1 h with 
occasional shaking. A second cigarette was separated into 
tobacco and paper. The former was placed n 20 ml. 
water, filtered after 1 h. The cigarette paper was burned 
on a Bunsen flame for 1 min, the resulting ash (white) 
made into a 20-ml. solution in like manner. I designated 
these test solutions, each in 20 ml., as having an arbitrary 
concentration 1:0, which was found to be the most suitable 
as well as critical (see below) for our experimenta. 

For each experiment l-ml. test solution was transferred 
to a depression slide (8 in. x 12 in. with a central 1}-m. 
concavity) into which two drops of a culture were intro- 
duced with the micropipette. Continuous observation 
was made on these organisms from this point until their 
death. The concentration of the test solutions was 
regarded. as critical because only at that concentration 
(1:0) could meaningful quantitative and qualitative data 
be obtained. The former represents an overall toxicity 
Se ne Ee ae oun ee a 
time required to kill a whole population. To estima 
the percentage of the population killed at spaced intervals 
was almost impoesible. The latter are manifest in motility 
and morphological changes undergone by the organiam 


before death occurred. In general, as might be expected, 
higher concentrations shortened survival time. For 
example, when the concentration of a test solution’ was 
be ae ADEL BE t death to the organisms resulted, 
and the differentials in survival time of the four com- 
ponents normally obtained at concentration 1-0 (Fig. 1) 
became nullifled. Conversely, at concentration 0-3 or 
lower, the componente were no longer lethal. 

Another important factor was temperature. Our 
experiments were carried out at a range of 239-819 C 
within which tobacco and smoke were each completely 
lethal to Paramecia as contrasted to cigarette aah, whole 
or of the paper alone, which was incompletely lethal, 
that is, always leaving survivors behind. The latter may 
amount to 10-20 per cant of a population. Again, it is 
to be noted that this differential betwoen tobacco and 
smoke, on one hand, and ash on the other, disappeared 
at higher temperatures, that is, 38° O and upwards. This. 

henomenon of survival is interpreted as probably denot- 
mg & low toxicity; but a from this, it has raised a 
very interesting question. Is the resistibility exhibited by 
these individuals the result of somatic superiority of 
some kind over the others, which succumb, or is it the 
result of a germinal variation ? i are now 
being conducted to resolve this problem. The data show- 
ing the effect of temperature at concentration 1:0 are 
presented in & graph (Fig. 1). It was ascertained that 
pH was not a factor. The pH of the four 
ranged from 6-0 (tobacco) to 8-1 (whole ash), which is well 
within the range of tolerance by Paramecsun, 





No. 4871 March 9, 1963 


The ming observations deal with 
changes in motility and morphology of 
Paramecium. All photomicrographical 
illustrations used in this article were from 
fresh pre tions neither fired nor stained 
(Figs. 2-9). It should be emphasized that 
these changes constitute patterns which 
are component-specific under our experi- 
mental conditions and that they are 


most 


relation between the nature of responses 
and the overall toxicity of the solution 
on the basis of survival time. In other 
words, the events leading to death appear 
to bear no direct influence on the time 
remped it evident eager Ar 

obaoco. The action of this component 


in the ‘solution within a few minutes 
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Fig- 2. Dest Parameeis showing 
at 23° O, 25 min after 
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Fig 8. Paremecia killed tn 1-0 concentration smoke solution at 23° O, £5 min after timmer- 
sion, revealing flattened swollen but intact tractile vacuoles 


(Fig. 2). They appeared to have suffered bodies. Two con wero clearly 
vx. $ it, of any i Fig. 4. Dead and M rre epar MS tto ash (whole) solu- 
apart from 4 alight shrinkage, and the thon at 23° O 10 mm immersion. Note end endo- 
dead organisms remained intact, little plasmic grannies (dark), and slightly deformed Potnt of marking 
disintegrated if at all. A unique pheno- the beginning of post-mortem was 
menon, however, oocurred to most of Fig. 5. Paramsota in 1-0 concentration : paper solution at 3^ O, 12 min ane 
them. The protrusi single ecto- pent order to show greater rarities o ait bod ormadon, The 
"plasmio blister iunii iet one pole the insert at = a t bitstertng end body deformation. The orao 
the animal is noteworthy that earlier. These erecti manifestation evoked 
of eae y by the four reel ts. ray mo ee at Uus marne magaifination (X o 110) 


this happened in no other components 
studied. 


Moinsiream smoke. Smoke solution also forcefully 
tranquillixed .Parameota and quickly halted motility. 
No blistering’ was evident, but instead a considerable 
degree of body swelling coupled with some endoplasmio 
clumping took place (Fig. 8). The contrast in size of 
animals shown in Figs. 2 and 8 (samo magnification) is 
evidence for the opposite effect of tobacco and amoke on 
plasma membrane permeability. Post-mortem disintegra- 
tion, if any, was also mild. Thus, the death of Parameca 
in both tobacco and smoke solutions was quiet and 
uneventful. 3 

Ash of whole cigarette. Unlike tobacco and smoke, it 
stimulated the organisms to greater activity. The effect 
began almost from the moment of contact. Several 
motility patterns, all deviating far from the normal, fol- 
lowed in this order: first, an accelerated ‘avoidmg reac- 
tion' changing to & spiral forward motion with either 
end of the animal whirling a circle, ending up with station- 
ary circling of the body as if the latter were firmly anchored 
at its centre. After a while they settled down and died 
with à characteristic translocation and aggregation of 
endoplasmic granules (Fig. 4). The latter phenomenon. 80 
noticeable from Fig. 4 is believed le for the death 
of the animal. Moderate disintegration followed, which, 
however, was not preceded by any deformation or blister- 
ing such as invariably occurred following the action of 

Ash of cigaretie paper. The effect it has on the motility 
of Paramsoia is closely comparable with that exerted by 
the ash of whole cigarette. But the morphological mani- 
fostations evoked by it are most fascinating to watch under 


the microscope. Attendant to active motility, blistering 
and bixarre types of deformation set in (Figs. 5, 8 and 9). 
The most severe cases, for example, sausage- or banana- 
shaped bodies with additional irregular protrusions 
involving both ecto- and endo-plasm, together with one or 
mare blisters, were frequently observed (Figs. 8 and 9). 
Sooner or later, they slowed down and succumbed with 
an exploding type of disintegration (Figs. 6 and 7). 
Charaoteristically, the body burst at one point, 

in colla of the blisters and reduction of the cell to a 
made be debris (arrows, Fig. 5). In fact, most of the 
scattered dots and i geen in this photomicrograph 
represent this debris from completely disintegrated 
(oytolysed) Paramecia. The physiology of body deforma- 
tion and blistering will be treated elsewhere; it probably 
involves changes of sol-gel relationships of the oell surface 
(cortex of Paramecia) brought about by specific chemical 
action. 

The reason for the difference in effect between whole ash 
and that of cigarette paper alone may be sought in terms 
of combustion temperature’*. In our experiments the 
cigarette was burned at a temperature much 
higher than that of smoking the cigarette on the artificial 
device, or naturally. In line with this, we found that when 
E AEn FOU 
of white) ash, its solution was scaroely toxio to Paramecia. 
It is further assumed that certain combustion products, 
which are responsible for the toxicity phenomenon charac- 
teristic of the peper ash, may be masked or inhibited by 
certain organic . The amount of the latter, of 
course, would decrease with increasing combustion tem- 
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peratures. Another obeervation in this 
. id a ; the paper 
solubion, even after filtering, was slightly 
: suspension of a fine 
particulate matter. On standing, the latter 
slowly settled out as a precipitate, which 
became partly afloat and partly smudgmg 
the wall of the contamer. Coincident with 
this precipitation, the solution lost toxicity 
appreciably. These observations strongly 
suggest that the active causative agents 
here involved may be polycyclic aromatic 
hydrocarbons®'‘, 

In conclusion, this work has shown main- 
stream smoke to be the most toxic of the 
cigarette componente. This is true of all 
the brands tested. (80 are all other findings 
of this work, with a variability among 


organism. The ultimate realization of the 
significance of this fact comes from the 
consideration that mainstream smoke is 
what should directly concern the amoker. 
Within the past decade or 80, evidence for 
deleterious affects of cigarette smoke on 
the pete cells of the respiratory tract 
has fast aooumulating from both 
tn vico and in vitro exporiments'’-*, Para- 
mecitum is a oiliated unicellular animal, 
and as such it is likely to bear oertain 
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Fig. 6. A deformed Paremeoium 
in 1-0 concentration cigarette paper solution at 25° O 15 mm after 


Fig. 7. Ts contents Puri Fig. B mun. later showing the buster 
some 


Ing its contents following « break-through 


Fig, 8. A as deformed Peremeoium with a typical sausage shaped body with a round 
protrusion near one ond; ihe latter 1 not a since i$ was filled with endoplaam 
the start. Later, however, blisters 
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i9. ? se 


bearing an endoplasmic blister almost 


"s 


the mrze of body . 
immersion 

and releas- 
aboro (arrow) 


may be formed anywhere 


This organism 10 rei rai rete, Mb etaan. 
was in canon 
at O, 11 min after Immersion 


physiological resemblance to human respira- " afficted by 1 0 concen paper solution 
tory epithelium!€:*, On this ground alono Shon sto a oombmaton yall tio ae a ope es ET 
the use of this organism in future research was just about to be converted Into an blister. (x o. 890) 


may be viewed as a desirable new approach 
to cigarette toxicity problems. 

This work was supported by a National Science Founda- 
tion grant (G-10110), and in also from funds from tho 
Albert L. Cantrell Memorial Grant of the American 
Cancer Society. - 
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CORAL GROWTH AND GEOCHRONOMETRY 


By Pror. JOHN W. WELLS 
Department of Geology, Cornell Unlversity, Ithaca, New York 


BSOLUTE age determinations of pointe on the 
geological time-scale, based on radioactivity, are 
&ooepted as the best approximations now 
known, even though they reet on a series of assumptions, 
any one of which may be upset at any time. At present 
there is no means of confirming or denying the accuracy 
of these determinations by independent methods. Can 
paleontology provide anything by way of verifying the 
pronouncements now emanating, at very considerable 
expense, from the black boxes? Can palmontology givo 
any support to the shaky chronometrio creation of the 
geophysicists and astronomers ? 

Except for providing a relative geochronology, palson- 
tology has thus far offered no data on absolute geo- 
chronometry. Several geochronologists have noted that 
there is no fossil evidence con ing variations in the 
length of the day’, the rotation of the Earth, or diurnal 
variations, in the geological past—variations that are, 


linked to the passage of time, whereas the changes of the 
seasons have left indelible records in such things as tree 
rings, fish scales, stalactites, anhydrite bands, and other 
kinds of varves, all of which have little or no bearing on 
the problem of age or position in geological time. Organic 
evolutionary rates provide no evidence for they are wholly 
dependent for their values in isotopic age estimates. 

It seems not unlikely, however, that if we lower our 
sights on suitable units of time for expreesion of age from 
the generally used year to the humbler day, we might 
find data in palmontological material for estimates of 
absolute age. How nice it would be if instead of paying a 
large sum for an isotopic analysis we could examino a 
fossil and estimate directly, with luck, not only ita relative, 
but also ita absolute age—every palmontologist a geo- 
chronometrist; every fossil a geochronometer | 

The two chief approaches to geochronometry are based 
on radioactive isotopes and on astronomical data. The 
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most recent estimates! of geological time based on the 
120 rates of radioactive deoay give the Cenozoic & length of 
65 million years, the Mesozoic 165 million years, and 

2 Paleozoic 370 million years, and so on. The beginning 
“e n d ' of the Cambrian is placed about 600 million years ago. 
Hd 402 To accept theee figures is an act of faith that few would 
40 A have the temerity to refuse to make. The other approach, 
6 radically different, involves the astronomical record. 
Astronomers seam to be generally agreed that while the 























present 24 h, has not been constant throughout Earth's 
history, and that there has been a deceleration attribut- 
able to the dissipation of rotational energy by tidal forces 
on the surface and in the interior, a slow-down of about 
250 250 Hd 405 2 seo per 100,000 years according to the most recent 
: F estimates. It thus appears that the length of the day has 
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been increasing throughout geological time and that the 
number of days in the year has been deoreamng. At tho 
beginning of the Cambrian the length of the day would 
have been 21 h (ref. 1). After the first, a second act of 
faith is casy, and we can develop a simple relation between 

&me millions of years (Kulp, 1901) the geological time-scale and the number of days per year 


Fig. 1. Relation between each and geological time - 
(radioactive soe date trom Eulp, 1061) (Fig. 1). 


Cono/o1w 
Jurasao 9 
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. Accepting this relation, in the absence 
of evidence to the contrary, it now follows 
that if we can find some means of determin- 
ing the number of days per year for the 
different geological periods, we have & 
ligation between the reeulte of geophysical 
and astronomical deductions. If we could 
determine, for example, that the number of 
days in the Cambrian year was of the order 
of 420, it would seem to confirm an indicated 
age of 600 million years based on tidal 
friction and in turn that since isotopic 
methods give the same result they too sre 
in harmony. Is it possible to obtain estim- 
ates of the number of days per year from 
data proserved in recent and fossil organ- 
isms ? I would like to think so. 

Among the several groups of organisms 
which have an additive mode of skeletal 
formation, the corala—tabulatee, rugosans 
and scleractinians—are fairly well known, 
and there is a good deal of empirical informa- 
tion on rates of growth of recent forms, and. 
& very little on the factors governing 


The earliest notice of annual fluctuations 
m coral growth is fairly recent. In 1898, 
R. P. Whitfleld? described a large colony 
of the reef coral Acropora palmata from the 
Bahamas that showed regular undulations 
on the upper surface of the flat, spreadmg 
branches and suggested that these repre- 
sented annual growth increments which he 
ascribed to seasonal temperature changes. 
Tho late T. Wayland Vaughan’s experiments* 
a few yoars later with the same species in 
the Bahamas gave virtually the same result: 
40-100 mm per year compared with 50-100 
mm one gets from measurements of the un- 
dulations shown m Whitfleld’s specimen. 

Tt has since been speculated that the 
growth annuletions 80 common on many 
Paleozoic corals (Fig. 2) were the result of 
yearly fluctuations in growth produced by 
seasonal temperature change, variations m 
supplies of nutrients, or periodic repro- 
ductive activity. Beginning in 1934, T. Y. H. 
Ma! undertook investigations of varis- 
tion of annual growth increments m. rocent 
and fossil corals as a means of determ- 
ining the temperatures and latitudes of 
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the ancient -seas, and assembled an appalling mass of 
very raw data on which he has leaped, with the agility of 
Raphael Pumpolly’s mouflon, from assumption to assump- 
tion to heights of speculation where few would care to 
follow. But Ma’s basic idea that annual growth-rates 
a determined for many fossil corals appears to be 
sound. 


tive activity have little or no affect on the overall growth- 
rate of corals. s p : 

We must now make an aot of faith and assume that the 
major annulations on corals represent annual growth 
increments or varves. This, however, is of no direct 
value in , even though it can thereby 
be shown that some large foeml ooral ooloniea endured 
for a oo le of hundred years, and that some living 
colonies reef corals have been growing for the past 
thousand years or so. There is nothmg in these values to 
orient them in time. A closer look at certain coral struo- 
tures is necessary. : 

A number of people have noticed the fine Tidgee (Figs. 
3 and 4) on the surface of the coral epitheoa, a funda- 
mental skeletal structure in tabulates, rugosans, and 
scleractinians, the basic material not only of the exterior 
of the oorallum but in various guises as septa and dis- 
sepiments. Whenever epitheca is present and unmodified 
these ridges are Rent although ın many fossil speci- 
mens they are lobliterated by post-mortem wear. The 
ridges are parallel to the growing edge of the corallum and 
are tacitly accepted as i 


secretion, but what is the relation of these to the passage 
of time ? Hourly, daily, circadian, weekly, lunar monthly, 
periodic reproductive activity, yearly ? i 

I submit that they indicate daily or circadian variation 
in skeletal deposition, and there is some slender evidence 
in this direction. Physiological studies on calcium 
carbonate secretion in recent corals, first made some 
years ago by Kawaguti and Sakumoto', and recently and 
more elegantly by Goreau’, who used the isotope caloium- 
45, show that in reef corals the rate of calcium carbonate 
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uptake in coral tiasues falla at night or in darkness and 
rises during the day, but the reflexion of this in the skele- 
ton has not yet been investigated. A much leas-sophisti - 
cated approach would be to compare the number of ridges 
with the annual growth-rate; but this has not been directly 
tried on living corals in the fleld. I have tested it indirectly 
on one or two recent corals the annual linear growth-rate 
of which is fairly well known, and to my gratification 
found that the number of ridges on tho epitheoa of the 
livmg West Indian soleraotinian Maniosna areolata 
(Fig. 5) hovers around 860 in the space of a year’s growth. 
This strongly suggests, subject to experimental confirma- 
tion, that the growth-lines are diurnal or circadian in 
nature. It may be noted in passing that they may 
provide & much moro sensitive caliper for measurement of 
annual growth-rates than the larger yearly annulations. 

The next step, of course, is an attempt to determine 
the number of growth-lines per annum in fossil corals. 
Here, as is usually the case, hypothesis is easier than 
practice. Few fosail corals are sufficiently well preeeryed 
to show clearly the supposed diurnal growth-lines, and it 
is not easy to determine the annual rate. In epithecate 
recent corals the growth-lines are commonly abraded or 
corroded even before death of the polyp. The best of the 
limited fossil material I have examined so far is from the 
Middle Devonian of New York and Ontario, especially 
specimens of Heliophylum, Eridophyllum (Fig. 6) and 
Favosites. Diurnal and annual growth-rates vary in the 
same individual, adding to the complexity, but in every 
instanoe there are more than 365 growth-lnes per annum, 
usually about 400, ranging between extremea of 385 and 
410. It is probably too much, considering the crudity 
of these data, to expect & narrower range of values for the 
number of days in & year in the Middle Devonian; many 
more measurements will be necessary to refine them. 

A few more date may be mentioned: Lophophyllidium 
from the Pennsylvanian (Conemaugh) of western Pennsyl- 
vania gave 890 lines per annum, and Oansnia from the 
Pennsylvanian of Texas, 885. These results imply that the 
number of days a year has decreased with the passage of 
time smoe the Devonian, as postulated by astronomers, 
and hence that values of the isotopio dates of the geo- 
physicists agree well with the astronomical estimates of 
the age of the Earth. It is not claimed that ooral growth 
proves that either is right; but it is suggested that paleon- 
tology may well be able to supply a third stabilizing, 
and much cheaper, clue to the problem of geoohrono- 
metry, and that further search for diurnal or circadian 
records in groups other than corals may result in strength- 
ening this weak anthozoan prop. 

Ma imprig Univ. Prem, 1080). ^ "0 Ratetion of the arth, 150 
"Kulp, J. L., Soience, 133, 1106 (1061). 
* Whitfleld, R. P., Bull. Amer. Mus. Nai. Hist., 10, 463, PL 24 (1808). 
t Vaughan, T. W., J. Washington Acad Sei., 5, 507 (1015). 
‘Ma, T. Y. IL, Proc. Imp. Aosd. Tokyo, 10, 353 (1084). 
* Kawaguti, B., and Sakumoto, D., Bwl. Oceenogr. Inst. Tensen, 4, 05 (1048), 
7 Goreau, T. F., Bl. Bwl., 118, 69; 117, 280 (1059). 


VoL. 197 


OBITUARIES 


Prof. H. Graham Cannon, F.R.S. 


HxnnungT GnaHaw Oannon, Boyer professor of zoology 
in the University of Manchester, died in 8t. Bartholomew's 
Hospital on January 6 at tho age of sixty-five. He had 
been in poor health for some time. 

Born in London, Graham Cannon was educated at 
Wilson's Grammar School, Camberwell, and Ohrist’s 
College, Cambridge. Having suffered compound fractures 
of his wrists during a fall in his youth, he was declared 
unfit for military service, and on graduation in 1918 
became biologist to the then Board of Fisheries. A brief 


period of research at Oambridge soon followed, and in 
1920 he was appointed demonstrator, and later lecturer, 
in zoology in the Imperial College of Science and Tech- 
nology. In 1926 he became profeasor of zoology in the 
University of Sheffield, and in 1981 Beyer professor of 
zoology in the University of Manchester. He was elected 
a Fellow of the Royal Society in 1935. 

Graham Cannon’s early zoological work, influenced by 
Doncaster, concerned the spermatogenesis of lice and the 
nature of the centrosomal force, but he scon turned to an 
active interest in the Orustacea, which waa to last for the 
greater part of hia life. At first his work consisted of 
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embryological and anatomical studies on Cladocera and 

Conchostraca, but in 1926 he published a paper on the 
feeding of an ostracod, Ptonooypris, which was the first 
of a long series of detailed investigations into the complex 
filtratory feeding mechanisms found in a wide range of 
Crustacea. He recognized clearly the essential functional 
components of these mechanisma, describing current pro- 
‘ducing, filtering, scraping, and transporting limbe, and 
illustrated them with minute accuracy. The small gixe of 
many of these animals, and the difficulty of direct observa- 
tion of feeding currente, compelled him to rely in large 
measure on deduction based on the details of structure. 
Hie strong interest.in functional morphology generally 
clearly arises from these researches. boa oar feeding 
mechanisms were followed by a return to internal anatomy, 
and outstanding pepers were those on the ostracods 
Doloria and Giganiooypris and tho oirripede Lithotrya. In 
spite of the injuries to his wrista, Cannon showed great 
skill in fine dissection, and became a zoological artist of 
distinction. His early papers show the steady develop- 
ment of his technique, and by 1930 his illustrations could 
truly be described as unequalled. Furthermore, he had 
the ability. to communicate his skill to others, and zoo- 
logista generally profited greatly by his publication of & 
book on methods of drawing and illustration. 

In 1048 Graham Oannon was president of Section D 
(Zoology) of the British Association for the Advancement 
of Science, and his preaidential addrees on undergraduate 
roology marked the beginning of a new interest. From 
this time on he frequently wrote and spoke on educational 
matters, and rebelled against increasing specialization in 
teaching in schools and universities. He turned this 
interest to practical account by serving on the Northern 
Universities Joint Matriculation Board, and played an 
active part in the development of the University of Keele. 

Towards the end of hia life Cannon became increasingly 
occupied. with thinking and writing on the relationship 
between Lamarckian and Mendelian inheritance, an 
interest which alearly had its ori in his work on 
crustacean feeding mechanisms. came to hold the 
view that the fundamental property "of protoplaem is ite 
ability to adjust iteelf to changes in the environment 
always in the manner optimum to its survival, and that 
inheritance by the mechanism of the Mendelian gene 

was to be regarded as a later addition to this 
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fundamental p 
In additian to is reseerch and teaching, Graham Cannon 
played a fall in University administration. He under- 


took in periods of office as dean of the Faculty 
of Science and as pro-vice-chancellor, and was for many 
years chairman of the Manchester Museum: He served 
on the Oouncil of the Marine Biological Association, and 
was well known as an examiner in the University of 
London. His range of interests was wide, and embraced 
Be eee Sees ae ey DE 
cookery, and ing. But his overriding. 
passion was his of Japanese di fta of rh perticularly 
Bwords and their . He was always ready to 
More dn topio, unie or privately, with enthusiasm 
un 
As a man, G: Cannon was direct in speech and 
expressed his views forcibly. He did not easily accept 
ise. But thoee who knew him well saw a genial 
and kindly scholar who took s real interest in his studente 
and staff. They will remember him with gratitude and 
affection. Thoir sympathy and that of his friands will go 
out to his wife and sons and daughters. 


Mr. A. D. Cotton, O.B.E. 


AzxrHUA DrmsRown.COorrow, who for nearly sixty years 
was closaly connected with the affairs of the Royal 
Botenio Gardens, Kew, died, after a long spell of ailing 
health, at Hertford, on December 27, 1962, at the age of 
eighty-three. Hoe was born in London on January 15, 
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1879, and received his early education at King's College 
School, London. During his schoolboy days he developed 
& strong interest in the British flora, and he built up 4 
considerable collection of pressed plante. His first botani- 
cal tuition was received from lectures arranged at Chelsea 
Physic Garden by J. B. Farmer, and these may well have 
fostered his likmg for gardens and garden plants, an 
attachment which remained and indeed moreased through- 
out his career. At one time Cotton seams to have determ- 
ined on & career in horticulture, and he undertook three 
years’ practical which led to a first-class certificate 
in the Royal Horticultural Society’s general examination. 
Later, he decided to follow botany as & vocation, and 
to this end he spent three years at the Royal College of 
Science, London, where, under the influence of J. B. 
Farmer, he in the study of the lower plante. 
In 1902 he obtained. his first post at Owens College, Man- 
chester, where he became an assistant lecturer and, under 
the influence of O. V. Darbyshire, became interested in 
fungi and did some research on orchid mycorrhiza. Two 
years later he entered Government service as an assistant 
in the Herbarium at Kew under George Massee, the 
distinguished mycologist. His general duties and research 
were mainly concerned with the algae, but he also worked 
with the fungi and lichens, and during this period he 
published several papers on these groups including his 
very important contribution to algal ecology in tho 
Olaso Talan Narvey. In 1915, Cotton was placed in oharge 
of advisory services and research on plant diseases in a 
now laboratory installed at Kew, and indeed he was the 
first plant pathologist to be appointed in Government 
service in Great Britain. The laboratory which he initi- 
ated was later transferred to Harpenden and has become 
the Plant Pathology Laboratory of the Ministry of 
Agriculture, Fisheries and Food. Cotton’s continuing 


interest in myoolc is reflected in his sixty years’ member- 
ship of the Mycological Society of which he was 
president in 1918. 


Cotton returned to Kew in 1922 when he succeeded 
Otto Stapf as the keeper of the Herbarium and Library, 
a post he held until his retirement in 1946. This was a 
ada of active development in the Herbarium with an 

flow of material to be identifled, moorpor- 
bled and and about a million specimens were 
added to the collections durmg Cotton’s keepership. 
While he retained his interest in the algae and fungi, he 
turned more to the study of flowering plante. Ho became 
an expert on tho cultivated lilies, published a number of 
wrote the 
botanical text of the to Hlwes’ Monograph of 
the Genus Lilium of which latterly he was joint author. 
For a short time he was editor of Curtis's Botanical 
Magazine, and for this and other services to horticulture 
he was awarded the Victoria Medal of Honour by the 
Royal Horticultural Society. Cotton attended the 
meeting of the British Association in South Africa in 1929 
and during his return journey visited Kilimanjaro. Tho 
extraordinarily bizarre vegetation of the alpine slopes fired 
& new interest and he undertook a critical study of the 
arborescent species of Seneoto of the East African moun- 
tains. One species which he collected on Kilimanjaro 
bears his name. 

He became & Fellow of the Linnean Society in 1902, 
served for several periods on the Council and was preaident 
during 1948-46. In 1984 he was awarded an O.B.E. 
Cotton was a man of unassuming manner who will 
be remembered gratefully by all who had the pleasure of 
his friendship as a genial, kind and obliging man. 


Gnmonam TAYLOR 
Prof. Karel Hruby 
Pror. Karat HRUBÝ, professor of genetics in the 
Charles University in Prague, died in a motor-oar 
accident in Jihlava on December 10. 1962. He waa one 
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of the few outstanding Mendelian geneticists in eastern 
Europe. 

Karel Hruby was born m Prague on Beptember 30, 1910. 
He reoeived all his education m that orty, studying genetics 
at the Charles University under Prof. B. Námeo and Prof. 


A. Brožek. In order io -broaden his genetical: outlook, - 


he worked for months as a Rockefeller Fellow at 
the John Innes icultural Institution in London in 
1938; -this greatly influenced all his later work and 
strengthened his regard for classical genetios when the 
L wind became most severe. After the Second 
he un on apes Britain, this time on invitation 

British Council, to etudy the of genetics 
in the Western World during the War. To participated 
in the genetios congresses in Stockholm (1948) and 
Montreal (1958), and was at his death member of the 
Genotioal Section of the International Union of Biological 

Prof. Hruby lectured in genetics at the Charles Univer- 
sity, at which he succeeded Prof. Brožek, first as docent, in 
1987, and later as professor, in 1945. He also lectured in 
his subject for some time after the War at Brno and 
Bratislava, but otherwise all his active academio life was 
spent at his own Alma Mater. 

Prof. Hruby was an ardent worker in different flelds of 
genetics, in animals and plante and even humans, but he 
also made signifloant contributions to the taxonomy of 
certain plant groupe. He was the author of about 170 
papers. In addition, he published four books which were 
widely distributed in his own country. The last of these, 
Genetika, published in 1961, is a masterly treatment of 
classical and modern Mendelian cytogenetics, the only 
recent publication of ita kind m the Soviet part of the 
world. Naturally, it is widely used in academio teaching 
in Czechoslovakia and neighbouring countries, and it is 
being translated mto Russian. 

Though very active in.scientiflo research and academic 
teaching, Prof. Hruby also found time to take part in 
many outside activities. At his death he was a member 
of scientific committees of several academio and practical 
institutions, on the editorial staff of several journals and 
the editor of the horticultural publications of the Czecho- 
slovak Academy of Sciences. He was also president of 
the large Czechoslovak Botanical Society and the chief 
organizer of its very successful symposium on experimental 
taxonomy held at ite fiftieth anniversary jubilee meeting 
in July 1962, with several hundred participants from home 
and abroad. 

Prof. Hruby is survived by his wife, Anna, a son and 
four daughters. He is remembered as an energetic 
supporter of scientific during times of bureau- 
cratic suppression of Mendelian ideas. as a scientist of 
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unusual ability, but above all for his character and 


personality and untiring helpfulness to others. 
ÁSKELL LOVE 
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zb Dr. Thomas Bedford, O.B.E. 


Ds. THoxas BEDFORD died on January 24 in his 
sixty-ninth year. His sudden passing will have come as 
a great shock to a wide circle of friends and colleagues. 

Dr. Bedford had been engaged on problems of oocupe- 
tional hygiene for the past 44 years, and he will rank as 
one of the pioneers in this important fleld. He was 
appointed to the staff of the then Industrial Fatigue 
Research Board in January 1919. A year later he joined 
forces with the late Dr. H. M. Vernon, and their conjoint 
working continued until the latter's retirement in 1938. 
During this period a wide range of mvestigations were 
concerned with problems relating to rest pauses and 
accident rates in many industries, and the influence of 
atmospheric conditions on the working capacity and the 
comfort of. workers was also studied. 

From 1938 Dr. Bedford began to specialize in the field 
of thermal studies. His researches mto the physiological 
reactions of the human being to thermal stresses estab- 
lished basio principles and methods of measurement and 
evaluation which became accepted as standard practice 
internationally. As director of the Environmental 
Hygiene Research Unit of the Medical Research Council 
he attained great eminence and became an outstanding 
authority in his particular field. In 1958, by which time 
Dr. Bedford had long felt that a society should exist in 
Great Britain to represent those engaged in the field of 
occupational hygiene, his personal effort and enthusiasm 
were responsible for the founding of the British Occupa- 
continue to be a fitting tribute to his memory. Although 
he retired from the service of the Medical Research 
Council in 1959, when he was awarded an O.B.E., Dr. 
Bedford mainteined his many contacts on Government 
and other official committees. Personally, Tom Bedford 
was of & quiet and unassuming nature. His dedication 
to work was always blended with qualities of marked 
benevolence and kmdnees that endeared him to all who 
had the good fortune to be associated with him, privately 
and professionally. Many will remember with gratitude 
the help that he gave them so generously in dealing with 
their problems. wae 

So has ended a full life of distinguished contribution to 
the science of oocupetional hygiene, in which Tom Bed- 
ford’s guiding principle was always service before self. 

C. G. WAENHB 


NEWS and VIEWS 


Deputy Principal at the University of Birmingham: 
Dr. T. Alty 


Dr. THOMAS ArTr, retiring vice-chancellor of Rhodes 
University, South Africa, has been appointed deputy 
principal of the University of Birmingham as from 
May 8. Dr. Alty was appointed master of Rhodes Univer- 
sity College in 1948 and became first principal and vice- 
chancellor of Rhodes University on ite establishment in 
1951. Dr. Alty was educated at the University of Liver- 
pool, where he was Oliver Lodge Fellow m 1921, and at 
the University of Oambridge. He was a lecturer in 
physics at the University of Durham from 1924 until 1925, 
and in 1925 was appointed to the ohair of physios at the 
University of Saskatchewan, Ganada. He held this chair 
until 1932 when he was appointed research professor of 


physios in the same University. In 1935 he returned to 
Britain when he was appointed to the Cargill chair of 
applied physics at the University of Glasgow. This he 
held until 1945 and thereafter the Cargill Ohair of Natural 
Philosophy in the same University until 1948. From 


1958 until 1960 Dr. Alty was chairman of the Association 


of Universities of the British Commonwealth. From the 
date of Dr. Alty’s appointment as deputy principal the 
office of vice-principal will be known as the office of 
pro-vioe-ahanoellor and vice-principal. 


Electronic Engineering at Leeds: 
! Prof. P. J. B. Clarricoats 


Dez. P. J. B. CragARIOOATS has been appointed professor 
of electronic engineermg m the University of Leeds. He 


^ 
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was educated at the College of Science and 
Technology, where he obtained the degree of B.Bo.(Eng.) 
in 1958 and five years later was awarded the degree of 
Ph.D. Following graduation, Dr. Clarricoats was em- 
ployed by the General Electric Company at Stanmore 
until 1958, when he was appointed lecturer in the Depart- 
ment of Light Hlectrical Engineering in the Queen's 
University of Belfast. There he created & microwave 
research group and contracts with the Depart- 
nent of Scientific and Industrial Research and tbe 
Ministry of- Aviation, which provided apparatus and 
grants. In 1962, he was appointed lecturer in the 
Department of Electrical Engineering at the University 
of Sheffield. He was awarded two premiums by the 
Institution of Electrical Engineers for his work on 
microwave ferrites. Hoe has been a consultant with 
Messrs. Short Bros. and Harland since March 1961. He 
was awarded a senior visiting fellowship of the Organiz- 
ation for European Co-operation and Development by the 
Swedish Natural Science Research Council in December 
1902. 


Director of Dounreay: Mr. R. R. Matthews 


Ma. Roy R. MaTrHEWB, formerly deputy director, 
reactor design in the Reactor Group of the United King- 
dom Atomic Energy Authority, has been appointed to 
suooeed Dr. R. Hurst as director of the Dounreay Experi- 
mental Reactor Establishment. Dr. Hurst is leaving the 
Authority to become director of research of the British 
Ship Research Association. Mr. Matthews was educated 
ab Lindisfarne College, Wostoliff-onfea. A scholar of 
Queen's College, Cambridge (1940-42), he graduated with 
honours in mechanical sciences. In 1942 he joined the 
Royal Navy and served on H.M:8. Indefatigable in the 
Atlantio and the Paoiflo until 1046 as a temporary 
lieutenant (H.) R.N. In 1947, after a short period with 
E. B. and A. Robinson, Ltd., Bristol he joined the 
London Office of the Anglo-Iranian Oil Oo. Ltd. In 1948 
he went to Abadan, Iran, for three years, holding various 
poste in the maintenanoe and development engineering 
departments. Returning to England in 1951, he joined 
Monsanto Chemicals design t as a senior project 
engineer. He joined the Atomic Energy Authority in 
1955 as assistant chief engineer in the Fast Reactor 
Design Offloe, becoming deputy chief engineer in 1056 
and chief engineer in 1957. In 1961 he was appointed 
deputy director of the Reactor Design Branch. His 
qualifications include Associate Membership of the 
Institutions of Mechanical, Ohemical and Electrical 
Engineers. 


Marine Nuclear Propulsion 


Ina in the House of Commons on the Brussels 
ons on the Economic Community on 
February 11, the Prime i said that Britain had 
always been anxious not merely to build & nuclear engine 
which could propel a merchant ship but to get & nuclear 
reactor which is economically attractive. This point was 
now near at hand and the Minister of Transport would 
arrangements for the construction, ownership and oper- 
ation. of such & veesel. In a written answer on February 
18, Mr. E. Marples stated that those talks had now begun, 
but it was too soon to say what type and size of vessel 
would be selected if the Government decided that one 
should be built, nor was it possible at this stage to say 
how the order would be placed. If suitable financial and 
other arrangements could be agreed with industry, Mr. 
Marples hoped that a firm decision whether a ship should 
be built would be taken before the end of the year. 

In a: further written answer (in the House of 
Commons) on February 15, the Minister of Transport 
stated that since December 20 research had progressed to 
a point where it became clear that i$ would be possible to 
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decide before the end of the year whether a prototype 
nuclear ship would be built. In theee circumstances, the 
Government had decided that the time had come to have 
discussions with the shipping and shipbuilding industries 
about the for such a ship. It was expected 
that it would be possible to decide before the end of the 
year which reactor system should be installed in & proto- 


type ucles ahipa Te oat The Civil Lord of the 


, Mr. O. Ian Orr-Ewing, added that the 
Admiralty had no present plans for building & nuclear- 
powered surface vessel, but was ing in close touch 
with the latest developments and applying the knowledge 
gained from them to studies of possible future warships. 


Teaching Machines and Programme Learning 

Ix an adjournment debate in the House of Commons 
on February 12, Mr. R. Greaham Cooke and Mr. G. M. 
Thomson raised the question of teaching machines and 
urged the support of further research into programmed 
learning and the use of such machines. “In replying for 


of practising teachers. Research was still 
the efficiency of the linear type of 
and of the multiple choice variety, and so far the resulte 


Britam was in the Psychology 
Universities of Aberdeen and err cioe by 
granta from the t of Scienti ustrial 
Research, and sen eel: mainly to the industrial appli- 
cation of programmed learning. However, within the 
past few months research into educational of the 
subject had commenced in the t of Education 
at the University of Sheffield. Work had also commenced 
at Sheffield in October 1962, on methods of using pro- 
grammed learning in secondary school mathematics up to 
the Ordinary Level of the General Certificate of Education, 
with the view ultimately of Advanced Level. This waa 
made by & grant from the Ministry of Education 
of £12,000 over three yeara. The Ministry had also offered 
a grant of £1,000 & year for three years to support research 
under the Department of Education, University of 
Leicester, with simple linear machines and programmes 
suitable for use by primary school children, especially in 
arithmetic and reading. Replies to an inquiry of all local 
education authorities, colleges of advanced technology 
and institutes of education m October indicated that 
only 20 authorities out of 146 had anything positive to 
report. Three colleges of advanced technology and the 
College of Aeronautios at Cranfield were i ting 
with machines, and in several institutes of education 
programmed learning was beginning to play & part in 
teacher traming. 


River Authorities and Land of ‘Special Interest’ 


Ar the report stage of the Water Resources Bill in the 
House of Lords on February 14, the Government acospted 
an amendment moved by Lord Hureomb which inserted 
a new clause. Under this clause the Nature Conservancy, 
when of the opinion that any area of land not managed 
as a nature reserve but which is of ‘special interest’, and 
which may at any time be affected by schemes, activitios 
or operations of a river authority, has the duty of notifying 
the river authority that the land is of special interest by 
reason of its flora, fauna, geological or physiographical 
features, eto. It is already the duty of the Nature Con- 
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servancy to notify the local planning authority of any area 
which in rts opmion 18 of scientific interest, and, 
for the Government, Earl Jellicoe agreed that such early 
information should help to avoid possible clashes of 
interest between the river authorities and the Conservancy. 
Ho wished to consider further, without prejudice, whether 
it would be reasonable for the Minister to give a directive 
to the river authorities requiring them to consult tho 
Conservancy at the earliest possible stage about any 
scheme, operations or activities likely to affect the areas 
of which they have been notified. An amendment moved 
by Lord Conesford and proposing to insert speafic refer- 
. ence to the use of sea-water and extracting the salt as a 
means of augmenting water resources was, by leave, 
withdrawn on Earl Jellicoe pointing out that the matter 
was covered more comprehensively elsewhere in the Bill 
under a clause which made the Water Resources Board 
responsible for considering desalination along with other 
means of augmenting water supplies. 


Emperor Tandem Van de Graaff Accelerators. 


An Emperor tandem Van de Graaff accelerator, costing 
3 million dollars, for the University of Rochester has been 
financed by the largest aingle grant ever made by the 
U.S. National Science Foundation. The accelerator is 
being made by the High Voltage Engineering Corporation, 
Burlington, Mass. This is the fourth Emperor recently 
built by the Corporation. All the machines will be used 
to conduct research on the structure of the atomic 
nucleus. The moet precise, poworful and versatile instru- 
ment yet developed for the study of nuclear structure, 
the Emperor tandem accelerates protons and heavy 
atomic nuclei to energies of 20 million eV and velocities 
close to the speed of light. The highly stabilized and 
homogeneous accelerated ion beams, at currente rated up 
to 25 amp, will permit many experiments to be carried 
on mmultaneously. Two of the 187-ton accelerators were 
recently purchased by the U.S. Atomio Energy Com- 
mission to be installed at Yale Univermty and the 
University of Minnesota. A third will go to the Ohalk 
River Nuclear Laboratory of Atomic Energy of Canada, 
Ltd., in Ontario. Other large radiation machines for 
physics research have been supplied by the Corporation 
to West Berlin, the Laboratoire Joliot-Curie de Physique 
Nucléaire, Orsay, France, and the Universities of Wash- 
ington, Pittsburgh, Virginia and Kentucky. 


Sclence and the Welfare of Mankind 


In a lecture, ‘Science, State and Society", delivered at 
Dynevor School, Swansea, on October 18, 1962, Prof. 
B. H. Flowers dealt with the potentialities of science for 
good and ill on lines that are strikingly reflected in Dr. 
O. P. Haskins’s subsequent presidential report to the 
Carnegie Institution of Washington (see Nature, 197, 729; 
1968). Beyond the possibilities which the development of 
nuclear energy, of synthetic materials, of satellites, of 
biotechnology have put in our reach, science has pro- 
foundly affected the political and sociological atmosphere 
of the world through radio and television, as well as 
through the use of electronic computers. Many of the 
technical problems of world government aro 
and the time-interval between soientiflo discovery an 
full-scale use is now so short that the scientist himself 
can be mvolved from the moment of discovery to the 
final application. Further, scientiflo endeavour now 
absorbs a very large proportion of the intellectual and 
industrial akill of the State, 80 that it is a matter of public 
importance whether one venture is undertaken rather 
than another. Endorsing Sir John Cookoroft's comment 
to the British Association about wrong priorities in the 
context of space research, defence and the under- 
developed countries, Prof. ees urged that it is not 
enough for universities simply to provide the scientists 
and technologists needed and to carry out the fundamental 
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research on which progreas in technology depends; they 
must also prepare & far larger fraction of the population 
for intelligent participation m the democratic way of life 
and must foster the study of man himself. Copies of the 
lecture (Pp. 16) are obtamable from Dynevor School, 
Swansea, price ls. 6d. 


VoL, 197 


The Southern Reglonal Council for Further Education 


Tue fifteenth annual report of the Southam Regional 
Council for Further Education expresses concern at tho 
additional accommodation problems which may beset 
colleges where more workshop ‘Space 18 required to implo- 
ment some of the new engineering courses, and has 
already recommended to the National Advisory Council 
that some financial help should be given by the Ministry 
to local education authorities oe an additional 
minor projects allocation specifically 
workshop accommodation (Pp. 38. Roading. Pontes 
Regional Council for Further Education, 1962). 
ference of teachers and representatives of the engineermg 
industry was organized in July to discuss the organization 
of the new courses. Full-time studente in the 1961-62 
seasion numbered. 8,034 compared wrth 7,487 in 1960-61; 
for part-time day studente the correspondmg figures are 
46,996 and 37,829, and for part-time evening students 
41,214 and 33,857. Notes are included on progreas and 
developments in the colleges in the area, and the Regional 
Academic Board has expressed to the Ministry of Educa- 
tion the view that some new agency is needed to give 
financial assistance in the development of research in 
technical colleges. The report includes also the accounts 
for the year ended March 31, 1962, lista of chairmen and 
changes in membership of the Council, the Regional 
Academic Board, Executive Committee and Advisory 
Committees as at September 80, 1962, evidence submitted 
to the Robbins Committee and a list of 42 research pro- 
jects notified by colleges in the region during the session 
1961-82. 


Fellowship Programme In Nuclear Science 


THe Fellowship Programme of the International 
Atomic Energy Agency has, since the inception of the 
fellowship activities of the Agency in April 1958, pro- 
vided with the Exchange Programme a variety of training 
oes relating to the peaceful uses and gence 
of nuclear energy and ite technology. The Fellowship 
Programme operates through the award of several types 
of fellowship to qualified applicants and is financed from 
three different sources: (a) member States making con- 
tributions to the Agency’s General Fund, allocations of 
which are made every year to the Fellowship Programme 
by the General Conference; (6) direct from the member 
States which make fellowships available to the Agency 
for training at their national institutions and universities; 
(o) the Expanded Programme of Technical Assistance of 
Unesco according to the usual procedure of country pro- 
gramming. Btipends and other allowances are determined 
mainly by the scale of monthly stipends agreed on by 
Unesco in consultation with ite specialized agencies. 
Travel expenses of the candidates are expected to bo 
borne by the nominating Government. A brochure 
entitled The F Programme in Nuclear Sotence 
deals with the following aspects of the Programme: types 
and periods of training; training opportunities; applica- 
tion and nomination of candidates; documents required 
for submission to the Agency; selection of candidates and 
award of fellowships; financial considerations; insurance ; 
reports and control; vacation leaves; extensions; 
obligations of Governments; statistics; general list of 
institutions; opportunities at the International Atomic 
Energy Agency Laboratories. Copies of the brochuro and 
further information can be obtained from the Interna- 
tional Atomic Energy Agency, Karntner Ring, Vienna 1, 
Austria. 
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New Research Project for Mental Health 

Tw 1962 Mrs. Rees-Thomas donated £50,000 to the 
National Association for Mentel Health. It has now been 
decided to use the income from this donation in the first 
instanoe to finance a research project concerning the 
adequacy of present training methods for teachers working 
in traming centres for the mentally handicapped. The 
Association at present runs courses of training for these 
workers and ite diploma is so far the only recognized 

ifloate of competence for these workers. The Scott 
these ini and ita report is at present before the 
Minister of Health. No validation of present teaching 
methods has so far been undertaken and research is 
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the suitability of 
moet suitable 

various stages of their development. 
enables the National Association to appoint research 
workers in this important fleld. It is hoped that a univer- 


etry. departinta De preparen 10 or Tee WE DE 
inquiry. The su applicant will pe gua to 
work at 


aang hg d did Further information can be obtained 
the National Association for Mental Health, Maurice 
Craig House, 39 Queen Anne Street, London, W.1. 


Fellowships for Sclentific Research 


Taa , of Scientific and Industrial Research 
awarded a total of 92 postdoctoral research fellowships 
during the year 1962-68, almost twice as many as in the 
previous year. The awards enable scientists and tech- 
nologista to study abroad, either through their own 
achame of awards or through the science studentahip and 
fellowahip scheme of Nato, including 48 D.8.1.R. fellow- 
ships, and 44 awarded by the + under the 
Nato soheme. Twenty-five of this year's Nato fellowships 
wore for study abroad and 19 to enable British scientists 
who had been studying in North America to return to 
Great Britain. Thirty-four te studentships 


were by the Department of Scientific and Indus- 
trial under the Nato scheme, these being held in 
nine different countries, the United States and 


Cansada. The awards, which are tenable for two to three 
years at universities, colleges and other approved institu- 
tions m any part of the world, can be either at post- 
graduate studentahip or level. Details of 
these awards and methods of application are given in & 
new edition of the booklet, D.S.I.R. Studeniships ond 
Fellowships, 1968, published by H.M.8.0. (price 3s.), 
which also gives the particulars of such awards tenable 
in Great Britain. 

Endeavour Prizes . 

Prims totalling 100 guineas are offered by Imperial 
Ohemical Industries, Ltd., publishers of the International 
scientific review Endeavour, for essays submitted on 
Boientiflo subjecta. In addition to the cash prizes, the 
prixewinners will receive invitations to attend the whole 
of the British Association mecting at Aberdeen during 
August ber 4. Accommodation will be provided 
in Aberdeen, and travelling expenses within the United 
Kingdom will be paid. As the primary of these 
awards are to stimulate scientists to take an 
interest in the work of the British Association and to 
raise the literary standard of scientific writing, the com- 
petition is restricted to those whose twenty-fifth birthday 
falla on or after June 1, 1963. Five prizes will be awarded, 
namely: a first prize of 50 guineas; & second prize of 
25 guineas; a third prize of 15 guineas; two special prizes 
of 5 guineas each for competitors who have not passed 
their eighteenth birthday on June 1, 1968. The subjects 
for the essays are as follows: (1) Space research: its 
scientific significance. (2) Response to viral infeotion. 
(8) Photosynthesis. (4) The mechanism of muscular oon- 


NATURE 


4,000 words in length, and only one entry is 
from each competitor. Al entries should be 


Announcements 


Prof. W. H. Pearsall and Dr. Sidnie Manton have been 
awarded Linnean Gold Medals as an expression of the 
Society's estimate of their services to science. Mr. J. E. 
Lousley has been awarded the Society's Bloomer Award 
in recognition of important contributions to biological 
knowledge made by an amateur naturalist. 

Moxsraua P. M. J. Arimenr, deputy director-general 
of Electrioitó de France, has been awarded the Faraday 
Medal of the Institution of Electrical Engineers for his 
contributions to the techniques of the high-voltage long- 
distance transmission of electric power and the economic 
integration of national and international electricity supply 
networks. The Rt. Hon. Lord Fleok, formerly chairman 
of Imperial Chemical Industries, Ltd., has been elected 
an honorary member of the Institution. 


Dr. K. P. Oaxrmy, of the British Museum (Natural 
History) has been awarded the Prestwich Medal of the 
Geological Society of London, for his researches on fossil 
man and the development of physical and chemucal 
methods for the dating of fossil mammalian bone. 


A OOKYERNNOB on “Inert Gas Compounds” will be held 
at Argonne National Laboratory during ri 22-28. 
Further information can be obtained from bert H. 
Hyman, Argonne National Laboratory, 9700 Bouth Cass 
Avenue, Argonne, Illinois. 


College of Advanced Technology, Birmi 
19. Further information can be obtained from Dr. W. G. 
Parker, Department of Chemistry, Colloge of Advanoed 
Technology, Gosta Green, Birmingham 4. 


"Usus the ip of NATO & summer schoo! will 
be organized at the University of Ghent during July 29- 
August 9. The topics to be treated will be concerned. with 
the surface p ies of semi-conduotors. Further in- 
formation can obtained from Prof. W. Dekeyser, 
Laboratorium voor Kristellogreflie en Studie van Vaste 
Stoffen, Roxier, 6, Ghent, Belgium. 

Tua College of Advanced Technology, Birmingham, is 
arranging the following courses in metrology and quality 
control: metrology and quality control (April 29-May 
10); advanced metrology (May 20-24); statistical quality 
control and acceptance sampling (September 9-27). 
Further information oan be obtained from the Secretary, 
College of Advanced Technology, Gosta Green, Birming- 
ham. 

THa second bionios symposium on “Information Pro- 
cessing by Living and Machines”, sponsored 
jomtly by the Aeronautical Systems Division and the 
‘Aerospace Medical Division, United States Air Force 

Command, will be held in Dayton, Ohio, during 
March 19-21. Further information can be obtained from 
the Information Office, Aeronautical Systams Division, 
Wright-Patterson AFB, Ohio. 
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DUCATIONAL Services Incorporated of Watertown, 
Mas., a non-profit educational research organization 
which originated as the Physical Science Study Committee 
under the auspices of the Massachusetts Institute of 
Technology in 1956, has been awarded a grant of 1,000,000 
dollars by the Ford Foundation. 

Responding to the need for improving curricula m 
American schools, Educational Services Incorporated has 
Initiated the improvement of projects in many disciples; 
it also participates in various educational programmes 
overseas, including the new Indian Institute of Tech- 
nology, at Kanpur, and m emergent countries in tropical 
Africa. 


Curriculum reform es are now bemg oon- 
ducted in the teaching of science in the elementery grades 
and in developing & social studies and humanities curri- 
culum abpliseble at all grade levels. In addition to these 
and other In the primary and secondary 
schools, Educsbional Services Incorporated is assistmg in 
the development of now techniques and methods of 
teaching science and engineering in the universities. The 
organization also offers administrative support to the 
National Commission on Engineering Education. 

Educational Services Incorporated was founded in 1958 
to handle the expanding Physical Science Study Com- 
mittee programme and to provide administrative guidance 
and support for other course content improvement pro- 
jects. The Committee course, formed in 1956 by Prof. 
Terrel R. Zacharias, profeasor of physics in the Masa- 
chusetts Institute of Technology, and the late Prof. 
Francis L. Friedman, also a profeasor of physica in the 
Institute, has revolutionized the teaching of high-school 
physics. The course is now being taught to about 135,000 
studente in the United States, or approximately 30 per 
cent of those taking high-school physics. 

Physicists and educators at many universities con- 
tributed to this course, including groups from the 
University of Illinois, Cornell University, Bryn Mawr 
College, Educational Testing Service of Princeton, New 
Jersey, Harvard University, the Massachusetts Institute 
of Technology, and other schools. Material supplied by 
the course has been translated into Swedish, Norwegian, 
Italian, Japanese. Hebrew, Spanish and Portuguese. It 
has also been translated into French for use in Canada. 
Further translations are being prepared in Danish and 
Turlash. 

The Physical Science Study Committee course is notable 
not just for the text-book which streases basic concepts 
of physica and carries high-school studente mto modern 
physics, but also because of the coherence and variety of 
the accompanying teaching aids, moluding films, exam- 
mations, laboratory apparatus and laboratory - 
ments. So far, fifty-three films made by the course have 
been produced by Educational Services Incorporated with 
many of the nation’s leading physicists serving in principal 
roles in demonstrating some of the basic concepts of 
physics. Some of the films are now being adapted for 
college use. 

The Science Study Series, published by Doubleday 
Anchor Books with the editorial counsel of Educational 
Services Incorporated, provides collateral reading for 
science studenté. This series of paperbacks includes bio- 
graphies of famous scientista and their roles in the 
development of fundamental physical concepts. Teacher- 
training institutes for high-school physics teachers in the 
United States and in many nations overseas have also 


been organized. 
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In addition to the Physical Science Study Commrttee, 
Educational Services Incorporated is now developing 
programmes in the following areas. 

Science Siudy. Physicista, ohemiste, bio- 
logista, mathematicians and scientists from other dis- 
ciplmes are participating m the preparation of material 
for the elementary grades. This material includes text, 
films, the development of experiments for classroom use, 
and tbe insuguration of teacher-traiming programmes to 
introduce a study of science in the elementary school 
curriculum. Some of the topics being studied this year 
in experimental classes at selected schools in New Jersey, 
Pennsylvania, Delaware, Oregon, New York and the 
District of Columbia, include micro-ecology, plant growth, 
elementary physics, and laboratory science. More than 
one hundred scientists and educators in the United States 
and overseas are associated in the preparation of pre- 

Kanpur Indo-American Programme. The Indian In- 
stitute of Technology at Kanpur, about two hundred milea 
south-east of New Delhi, is being developed by the 
Government of India into a major centre for education 
and research im engineering and science. Now in. ita 
second year of operation, the Institute offers under- 
graduate programmes in physics, chemistry, mathematica, 
and civil, electrical, chemical, mechanical and metal- 
lurgical engineering. It is expected that graduate courses 
will be given in the next few years. 

At the request of the Government of India, nine leading 
American universities are assisting 1n the development of 
the Indian Institute. Because the resources of a single 
American university would be severely overtaxed if it were 
to furnish the sustamed effort to carry out the 
United States commitment at the Institute, a consortium 
of universities was formed in April 1962. Educational Ber- 
vioee Incorporated administers the project contract which 
1s financed by the United States Agency for International 
Development. The participatmg universities are Cali- 
fornia Institute of Technology, Carnegie Institute of 
Technology, Princeton University, the University of 
Michigan, the University of California, Purdue Uni 
Ohio State University, Case Instrtute of Technology, and 
the Massachusetts Institute of Technology. Twelve 
American staff members are now ing at the Institute. 
It is expected that this number will be doubled towards 
the end of 1963. 

Indian plans for the Institute, which now has a staff 
of 40 and approximately 200 undergraduates, provide 
for 1,600 undergraduates, 400 graduate students, and a 
staff of about 250. 

African Education Study. Educational Services Incor- 
porated, followmg two major conferences m Africa at 
Accra, Ghana, in 1961, and at Entebbe, Uganda, in 1962, 
is engaged in & broad programme designed to help 
emergent countries in tropical Africa to asseas their 
educational needs in the future m mathematics, m the 
sciences, in languages, and in the social studies and 
humanities. 

Text material m mathematics, prepared by Educational 
Services Incorporated, including re tatives from the 
Btunfard Universtiy Arthen Pioprecuho, is. being 
used in preliminary trials in many African schools now 


The African Education Programme is developmg as & 
a between the African educationists and those 
m the United States and Great Britam. In this en- 
deavour Educational Services offers especially the organ- 
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isation's experience with course content improvement 
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domenus ommission on Engineering Education. Members of 
this Commission inolude many leading representatives 
from industry, Government, and education. The Com- 
mission was formed at a meeting at Boulder, Colorado, 
in 1961. 

The headquarters of the Commission in Washington 
function as & point of co-ordination for the members. 
The Commission is developmg educational resources of 
particular relevance to fundamental flelds of engmeering, 
including all types of educational resources and pro- 
cedures which involve both students and faculty in the 
areas of design, data processing and decision making. ~ 

Semiconductor Electronics Education Commities. The 
teaching programme of this Committee—now being used 
for the first time, in ita preliminary form, at eleven 
universities in the United States and Great Britam— 
demonstrates introductory semiconductor physics, the 
principles of semiconductor devices, and the most impor- 
tant features of electronic circuit design and construction 
which use semiconductor devices. It is intended that the 
final material produced by the Committee will be used in 
either the junior or senior year of college. 

The Commrttee’s presentation includes text material 
in the form of a series of six paperback books on the prin- 
ciples and applications of semiconductors; the develop- 
ment of home laboratory i ts; take-home 
laboratory kits; a series of formal tory experimenta; 
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and a set of films both complementary and supplementary 
to the texts. 

National Comemiiee for Fluid Mechanics Films. The 
films in fluid mechanics produced by this Committee are 
being used at more than sixty universities and Govern- 
ment institutions m improved teaching of seronautical 
and asastronautical engineering, and in chemical, civil, 
mechanical and marme engineering. The films are also 
being used in the instruction of meteorology, applied 
mathematios, and in medicine. The first two major films 

uoed, The Fluid Mechanics of Drag and Vortoity, are 

ing used at universities in the United States, Ghana, 

Great Britain, Australia, Canada, Israel and Hol- 
land. 

Social Studies and Humanities. This 
evolved from a conference sponsored by ucational 
Services Incorporated at Dedham, Massachusetts, in the 
summer of 1962. Participants at the conference repre- 
sented the humanities and the social sciences, including 
literature, history, art, music, Latm and Greek, as well 
as sociology ond peyohology. The consideration of the 
poesible revision of the present social studies and human- 
Ities curricula ie the aim of this , which is not 
yet fully implemented. Investigations are being made of 
the individual humanistic disciplines with the view of 
focusing the major ideas of the past and present into a 
presentable, coherent framework which may then, using 
some of the techniques developed by the behavioural 
scientists, be taught most effectively. 


SOLVENT EXTRACTION CHEMISTRY 


SYMPOSIUM on ‘Solvent Extraction Chemistry” 

was held at Gatlinburg, Tennessee, during October 
28-26, by mvitation of the Oak Ridge National Labora- 
tory. The purpose of the symposium was to bring to- 
gether persons engaged in investigating solvent extraction 
and to provide for the interchange of information, not 
merely through the papers presented, but also in an 
open seesion and by informal discussions. 

The presentation of thirty-two pepers submitted from 
laboratories in the United States, Great Britam, France, 
Sweden and Italy in & which filled four days 
is a measure of the expansion of work in this field since 
the one-day symposium (Nature, 172, 140; 1953), arranged 
by Atomic Energy Research Establishment, Harwell, in 
1953. In the intervening period, the chemistry of solvent 
extraction has been included in conferences of wide A 
such as the International Conferences on the Peaceful Uses 
of Atomio Energy at Geneva in 1955 and 1958; in these, 
the chemical aspects have generally taken second place to 
flowaheete and processing problems. 

Dr. F. L. Ouller, head of the Chemical Technology 
Division, Oak Ridge National Laboratory, in his opening 
remarks pomted out that the achieved by re- 
search in the past decade had made solvent extraction 
an important and powerful technique for solvmg the 
separation, purifloation and recovery problems that 
occurred in the field of atomic energy. Solvent extraction 
had moved forward from the use of diethyl ether to 
seperate uranium from contaminating metals to being a 
versatile technique applied to the separation of closely 
related Inorganic compounds m a variety of acid media: 
P SEEE EN DE d PARE eR la co Mi lett E 
of seconds rather than minutes. Dr. Culler foresaw the 
time when ite use for separations of biological substances 
would be greatly extended. 

Organo-phosphorus compounds, which were grouped as 
‘neutral’ or ‘acidic’, formed the subject of several papers 

ted by the members of the Argonne National 
tory, Atomic Energy Research Establishment, 
Harwell, Oak Ridge National Laboratory and the General 


Electrio Co. Laboratories at Hanford. The neutral class 
extract metals and acids: the former mainly by solvation 
=P=—O — M, there being replacement of aquo ups 
from the co-ordination sphere; the latter by hydrogen 


order is phosphine oxides > phosphmates > phosphon- 
ates > phosphates. 

The phosphates, though relatively weak as extractants, 
are ideal for many separation processes as recovery from 
the organic phase is usually easy: tributyl phosphate 
(TBP) has been extensively studied on account of ite 
versatility, and the part played by ions and ion-pairs in 
TBP has been recognized. ‘Increased attention 
has been paid to the influence of the polarity of the diluent, 
often & hydrocarbon, on the distribution ooefficiente. 
Among these neutral compounds, phenyl phosphonates 
have been found to have enhanced selectivity for the 
separation of certain metals, while phosphine oxides are 
suitable for small-scale laboratory separations and for 
analytical purposes. Other compounds included in the 
reviews were certain di tes found to be very 
powerful extractanta, and thiophosphates. 
the acidic organo- compounds as extractants 
was the variety of mechani that have been found to 
occur. Thus the metal complexes obtained with the 
monoacidio phosphates, HX, may contain: (1) the unit X- 
as a monodentate or as & bidentate group; (2) the group 
HX, derived from the dimer of nee (8) the neutral 
group, HX, co-ordinated through ita phosphoryl oxygen; 
(4) the anion, for example, NO7, present in the aqueous 
phase. In view of the mteraction of the neutral oom- 
pounds (for example, TBP) with HX and of their 
ability to form solvates, it is not surprising that the 
extracting power of a mixture of a neutral compound - 
and HX is often considerably different from that of HX 
alone. 
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Amines and quaternary ammonium compounds have 
not yet been applied so extensively as organo-phoephorus 
compounds, but the five reviews devoted to them 
they will be found increasingly useful for the extraction 
of acids and for the separation of the platinum group 
metals and of the transuranium elements. Other papers 
surveyed developments in the application of solvent 
extraction to analytical purposes and to the extraction of 
fission from the waste liquors that occur from 
the treatment of irradiated fuels. 

The final session was of particular interest to those con- 
cerned with the operation of tributyl phosphate processes 
for the separation of flasile material from irradiated reactor 
fuels. The papers and the discussion which followed dealt 


HYDRAULICS AND 


CONFERENOE on “Hydraulics and Fluid Mechan- 

iœ” was held at the University of Western Australia, 
Nedlands, i December 6-13. It was sponsored by 
the Faculty. of ing and is to be the forerunner 
of a triennial series. These will be held initially in Aus- 
tralia or New Zealand and will be known as Australasian 
Conferences on Hydraulics and Fluid Mechanics. 

The inclusion of both the terms was for the purpose 
of attracting a wide variety of pa This am was 
fulfilled and the conference x aided in belies applied 
mathematicians, physicists and 
in & most oo-operative atmosphere. It also helped to 
mako the attendanoe sufficient for all activities associated 
with such conferences to be undertaken. This is a particu- 
lar problem presented to conference conveners in Australia 
and New Zealand, where travel distances are so great and 
Specialists in any field so few. In these circumstances, 
most attenders must be authors to warrant travel subsidy 
by an employer, and a wide variety of ios must be 
accepted so that the gathering warrants the outlay to 
attend. 


The open invitation resulted m 57 papers being pre- 
sented or tabled during the course of the five working days. 
In each seasion of one and & half hours three papers were 

presented. Each author had twenty minutes 
ol e which left half an hour for discussion 
of all papers. Some concurrent sessions were necessary. 

The proceedings of the conference are to be published 
by Pergamon Prees and should be available about May 
-1968. The volume will contain approximately half the 

1 by Prof. Hunter Rouse, director of the Iowa 
Institute of Hydraulics Research. It was appropriate 
that Prof. Rouse should be at this first conference 
of & new series having been maugurator of the renowned 
series of Iowa Hydraulics Conferences. 

Reference was made to the Iowa series and the different 
approach made in it and the present conference. For 
example, the former had ifioc thames with solicited 
speakers while the latter covered a wide range of topics 
with unsolicited pa Prof. Rouse recommended 
experimentation in various facets of the 
conference. As future gathermgs are to be the sole 
responsibility of the university which chooses to hold it, 
such variations are likely. The only probable common 
denominators are the need for a wide variety of papers, 
for the reasons given here, and the desirability of having as 
many overseas visitors as possible. 

Prof. Rouse’s address was entitled “On the Art of 
ranap tho Boienoo of Hydraulice", emphasis 
pud on ‘science’ as distinct from applications, 

ydraulios' which connoted a specific branch of ftuid 
mechanios—the sturdy offspring which the 
empirical experimentation of hydraulics begot. 
pd oe eae Prof. Rouse sub- 
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with chemical aspects of the degradation (by thermal 
and radiolytic reactions) of tributyl phosphate iteelf and 
of the hydrocarbon diluent which form the bulk of the 
organic phase. Complementary studies at the Atomic 
Research Establishment, Harwell, and at Wind- 
scale Technical Works have identified the class of oom- 
pounds responsible for the retention of fission product 
sirconium in the organic solvent after it has been in use 
for several months; the unds are certain hydroxamic 
acide, present at lees than 10" M and derived from the 
nitration of the diluent. 
The symposium was organized by & committee under 
K. B. Brown as chairman, The papers are to be published 
in Nuclear Soienoe and Engineering. J. M. FrsroukR 


FLUID MECHANICS 


mitted that fundamental research was as easential to it 
88 was higher education. He accepted that product or 
pone development had its creative or instructive sides, 

that routine testing, involving no new procedures or 
concepts, should be reserved for the commercial laboratory 
or the technioal institute. Other requirements in the art 
of advancing any fleld of knowledge were free exchange of 


The conference papers of more direct interest to 
engineers have been summarized elsewhere? and hence 
only those of general scientiflo interest will be included 
here. The iœ on which two or more papers were 
received included flow through porous media, the effect of 
vortices, waves and guided weapon research. 


Porous Media 


R. A. Wooding (Applied Mathematics Laboratory 
of the Department of Scientific and Industrial Research, 
Wellington, New Zealand) presented a paper entitled 
"Mixing Layers in Flow Through Porous Media”. It 
treated, ies of steady vertical convection from a 
source of heat, or of heated fluid in & saturated porous 
medium, when the Rayleigh or Péclet number was very 
large. The effecte of thermal diffusion were important 
only in zones of mixing between fluids at different tempers- 
tures. Flows of this type could be expected in geothermal 

ons. 

. de Yong (Commonwealth Scientific and Industrial 
Research Organization, Division of Forest Produota, 
Melbourne) discussed the merits of a s o big ei or 
drag models to flow through media of high 
Dub Wal Aouad epler di pater pal DUIS ied 
emphasized consideration of rheological properties in 
evaluating permeability. Various theories were described 
and tests reported, from which it was concluded that the 
‘drag equations’ described the permeability flow-rate 


Vortices 


A paper entitled “Sink Vortices and Whirlwinds’’ was 
xui Dy T K. Webb (Commonwealth Scientific and 

Industrial Research Organization, Meteorological Physics 
Division, Melbourne). Whirtwinds develop only over 
smooth ground when there is strong thermal convection 
(ground hotter than air) with a light wind. The criterion 
for the formation of a whirlwind was developed in terms 
of inflow and an effective turbulent viscosity. It was 
only when a signifloant portion of the inflow shrank into 
the molecular conduction boundary layer that this 
criterion was satisfied. The equation was derived which 
satisfied this latter condition. It corresponded to a wind 


March 9, 1963 


lees than one motre per second over bare ground on & 
summer'a day. 

E. Inoue (Division of Meteorology, National Institute 
of Agricultural Sciences, Tokyo) discussed the "Horizontal 
Diffusion over the Bea Surface”. He applied the tech- 
niques of analysing the diffusing smoke puffs and plumes 
in the atmosphere to similar phenomena in the sea. 
In this way oceanic turbulence can be Two 
types of diffusion were considered; that generated in- 
stantansously and that from a fixed source over time. 
Equations were presented for the variation of area with 
time and the i time of the dye patch. These 
results are applicable to problems of sea pollution, such as 
pry ay rock ee eee Cae ene ny image een 


VE poner Bent e University of New South Wales, 
Sydney, entitled, ‘The Motion of a Two-Dimensional 
Buoyant Vortex” waa presented by I. R. Wood. The 
theory of the vortex pair was modified to include the 
effect of walls and for the case of sloping walls the com- 

of the buoyant force. Tests were conducted in & 
flume with coloured dye identifymg a vortex 
of salt solution entering a fresh-water medium. 
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Waves 


The paper “An Exact Theory of Simple, Finite Shallow 
Water Oscillations on a Rotating Earth” approached the 
problem from the unusual angle of DE o rapie form 
of liquid motion and finding the shape of necessary 
to produce it. The atthor, F. K. Ball (Commonwealth 
Scientific and Industrial Research Organization, Meteoro- 
logical Physics Division, Melbourne), discussed two simple 
types of motion: "pure displacement” and ‘‘pure disten- 
sion". The former is & lateral displacement without 


chango in depth profile and was found to occur only in a . 
paraboloid. 


The latter consists of a combination of a 
uniform, two-dimensional isotropic dilation and & rotation, 
and could only oocur in & paraboloid of revolution if the 


J. W. Miles (Australian National University, Canberra) 
presented a review paper on the generation of surface 
waves by shear flows, especially with regard to wind 
blowing over water. Theories were cited which involved 
the direct action of turbulent fluctuations in pressure on 
the water surface and those concerned with an instability 
mechanism whereby energy was transferred from shear 


NATURE 


900 


flow to the surface wave. Observational evidence by 
Longuet-Higgins! was discussed from which it was shown 
that energy transfer to ocean waves was probably pro- 
duced through the instability mechanism. Other topics 
pertaining to transfer of energy were presented. 

H. O. Levey (University of Western Australia, Perth) 
presented a peper entitled ‘Diffraction in Fluid Mechan- 
ios". The acoustic equations that are used to discuss the 
propagation of small disturbances in a gas aro only 

approximations. They govern, in fact, the first-order 
terms that arise from an assumed regular perturbation 
expansion in the maximal disturbance strength. It was 
shown that in pulee diffraction probleme the acoustic 
approximation always leads to a smgularity of a kind 
unacceptable in gas dynamics in the shadow boundary. 
Ib was submitted, therefore, that although such problems 
were of a singular perturbation type they required different 
techniques from those usually applicable in wave propaga- 
tion problems. 


Ru Gulded Weapons Research 


Two pe were submitted on this topio from the 
Weapons cdi Establishment at Salisbury, South 
Australia. 

The first, by H. C. Newbigin, was concerned with sero- 
dynamio date obtained from a wind tunnel from which 
a oom mathematical model was derived. This 
model was later corrected with the aid of flight trial date, 
which could not be adequately analysed until a high-speed 
computer became availgble. It was found that important 
aerodynamic derivatives obtained from the wind-tunnel 
tests were incorrect. Although these could be readily 
tests, the reason for the 


guided. 
ee ee al ee ee 
to a high degree of accuracy. In one weapon under 
consideration the fuel flow was & function of the Mach 
number and ambient conditions. A control system with 
& number of feed-back loops controlled this flow, and was 
devised from & comprehensive mathematical model based 
on an examination of the various physical components. 

R. BrnvsESrER 
1 Water Power (London, in the press). 


2 J. Inst. Eng. Austral. (1n the press). 
* Longuet-Higgins, M. 8., Pros, Roy. Soe., A, £06, 286 (1042). 


THE NATIONAL RESEARCH DEVELOPMENT CORPORATION 


HE-annual report and statement of aooounte of the 

National Research Development Corporation for the 
year ended June 80, 1902 *, surveying the thirteenth year 
of the Corporation's activities, discusses at some length, in 
view of the attention which is at present being given in 
Government support of civil development work in industry, 
the extent to which the Corporation is achieving ite purposes 
and the main disabilities under which it has to operate. 
. For the rest, the report stresses the progress made in 
furthering tho hovercraft project; four prototypes of the 


before this new form of transport becomes fully estab- 


have specific operational requirements which hovercraft 
can meet were to place orders now. In the Dracone project 
for flexible barges, development of tho larger sizes is still 
proceeding and commercial sales of the sizes already 
developed doubled, largely for export. A major advance 
is noted in the administrative arrangements for the fuel 
cell project; further development will be supported by a 
y formed for the purpose, Energy Conversion, 

Ltd. Commercial interest in cephalosporin c has been 
fally maintained and the Corporation is even more hopeful 
that this antibiotic, which is resistant to penicillmase, will 
play & useful part in medioal . Other major 
revenue-earning inventions listed include the alignment 
of light projectors; anemometers; anti-carcinogenic com- 
pounds; anti-thyroid compounds; Bailey bridge; collet 
chucks; electrically conductive films; electronic com- 
puters; exploders Ttor firing charges electrically; fog 
glass fire and heat detectors; gyroscopic 
apparatus; hecogenm; ignition systems; ionization gas 
detectors; insecticidal fumer; manufacture of cheese; 
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microdensitometer; navigational wireleas system; photo- 
sensitive cells; polarograph; potato harvester; resonant 
eleo&ronio circuits; selective weed lallers, triiodothyronine; 
universal jointa; variable speed induction motors; and 
visual flying aids. 

Between them these major inventions earned £209,002, 
of which £104,701 came from two only, both concerned 
with drugs and mostly from the United States. Exploite- 
tion receipts by way of royalties, option payments and 
the like moreased to £279,485, compared with £259,902 in 
1960-61. The Corporation now holds the Tights in 1,064 
United Kingdom patente and patent applications and m 
2,491 overseas ones, while the Corporation’s Development 
Companies hold a further 705 United Kingdom and over- 
seas patents and patent applications. A further 42 licence 
agreements with United Kingdom firms brought the total 
in force to 516, while 6 further licence te with 
overseas firms raised the latter total to 53. At the end of 
the year the Corporation was providing financial and other 
assistance for 35 development projects, of which 5 were 
new, and expenditure on development was £1,099,030, 
compared with £811,730 m 1960-61, and forward com- 
mitments amounted to £850,000. Most of this expenditure 
was concerned with the hovercraft, electronic computer 
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(Atlas and Emidec) and Dracone projecta. Some £140,000 
was written off when work was stopped. on a number of 
projecte. 

Of 911 inventions communicated to the Corporation 
during the year (compared with 973 in 1960-61), 161 wore 
from universities in the United Kingdom (115 in 1960-61), 
but only 257 were from Government Departments and 
Research Councils, compared with 312. For nationalized 
industries the figure was 19 (2), industrial research associa- 
tion 11 (8), and for private firms and individuals in the 
United Kingdom 406 (466). At the end of tho year 23 
potential development projects m a wide Tange of tech- 
nological flelds were under consideration, more than half 
of these doriving from private firms and individuale. Of 
243 patent rights aamgned during tho year, 167 were from 
Government Departments and Research Councils and 69 
from universities. The new projects reported for the first 
time molude equipment for tho rapid and automatio 
analysis of raw milk and other emulaions; development 
of a refrigerator for temperatures in the region 4-20? K 
using expansion turbines with helium as the peur 

oo and i on helium bearings; JASTA 
fastening techniques; multiple fixed speed motors; and 
water control in arid zones. 
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THE INSTITUTE FOR NORTHERN STUDIES, UNIVERSITY OF 
SASKATCHEWAN 


"s Institute for Northern Studies, University of 
Saskatchewan. was authorized and the director 
appointed in January 1960 to aid original research and 
academic work on northern problems and to asaist the 
training of humanists, scientists, engineers and others 
interested in northern problems and in the inhabitants of 
this part of Canada. The Institute possesses no research 
staff of ita own, and research will be carried out under the 
supervision of the various Univermty departments. 

The first annual report of the Institute* summarizes 
the work carried out during the sammer of 1960 on seven 
projects: a plant ecology study, with special reference to 
the forest vegetation; & systematic collection of small 
mammals and another of biting insecta; a study of the 
history and economics of water transport on the Atha- 
basca-MaoKenzie River system and another of some 

* Institute for Northern Studies, University of Saskatchewan. 


Tin 
Annual , 1900-1981. Pp. , Canada: Institute for 
Northern Studies, The University, 1961.) 


factors in the economica of the Lake Athabasca mining 
area; a study of the trace elementa in the Coronation 
mine, Flin Flon, and one of a radio-communication system 
in the very-high-frequenoy fleld which, it is believed, will 
operate even under conditions where electric storms are 
prevalent. 

Further accounts of these projecta are included in the 
second annual report, 1901—62 f, as well aa ornithological 
studies in the Lake Athabasca district; the commercial 
fishing industry of Northern Saskatchewan; Saskatche- 
wan’s role in a changing fur industry; an mvestigation of 
the sand dunes in the vicinity of the William MoFar- 
lane Rivers on the south shore of Lake Athabasca; and 
of the deep seismic sounding of the Earth’s crust in the 
vicinity of Flin Flon. A list of publications resulting from 
work assisted by the Institute is included. 


t Institute for Northern Studies, U: of Saskatchewan. Second 
Annnal Report, 1961-1002. Pp. 12. ( Canada. Instituto for 
Northern Studies, The Univer, 1002.) 


MAGNETO-TELLURIC EFFECTS OBSERVED IN DALLAS, TEXAS, FROM 
THE JULY 9, 1962, HIGH-ALTITUDE NUCLEAR EVENT 


By JACK J. BURCH and ARTHUR W. GREEN, Jun. 
Texas Instruments Incorporated, Dallas, Texas 


HE U.8. Atomic Energy Commission detonated a 

Megaton-range nuclear device over Johnston Island 
at an altitude of 250 miles on July 9, 1962, at about 09 h 
00 min 00 seo, v.T. 

It was expected that magnetohydrodynamio waves 
generated by the expanding blast plasma would propagate 
m various modes across and down the Imes of force of 
the Earth’s fleld, as well as through the exospheric ducts 
postulated by Bomke «€ al.1. Expected velocities of 
propagation range from several hundred to several 
thousand kilometres per second’. At the base of the 
1onosphere, where magnetohydrodynamio wave propa- 
gation is no longer possible, some of the wave energy 


would be converted to ordinary electromagnetic waves 
which would then propagate around the world at the 
speed of light. Thus, the electromagnetic waves resulting 
from the various magnetohydrodynamio modes would be 
seen by magnetometers and Earth current (telluric) 
sensors several seconds after the detonation. In addition 
to these delayed signals, Troitakaya (U.8.8.B.), during 
the 1958 Argus test series, observed direct, speed of light, 
signals which marked the instante of the events*. Because 
these instantaneous signals suffered great attenuation in 
travelling as electromagnetic waves through the highly: 
conductive ionosphere, they were seen only on very 
sensitive Earth current systems. 


wo 4971 March 9, 1963 

Fig. 1 shows magnetic fleld and electric field variations 
at Dallas, Texas, produced by the event of July 9, 1862. 
The magnetic fleld was measured with an optical pumping 
magnetometer (metastable helium type) and the electric 
field was measured by orthogonal pairs of Earth current 
eloctrodes aligned in magnetic north-south and east—weet 
directions. 

The mam phase magnetohydrodynamio wave-derived 
signal which arrived at 09 h 00 min 11 sec, two seconds 
after the detonation, can be seen very clearly on trace 2, 
which is the north-south telluric field (bandpassed from 
0-01-2-0 o/s), and on trace 3, which is the total magnetic 
flald (ban from 0:3-2-0 c/s). It is interestmg to 
note that the total fleld record (trace 3) and the east—weat 
electric fleld (trace 4) correlate quite well. This is to be 
expected since a bandpassed total field magnetometer 
Measures, to & good approximation, the dot produot of 
the geomagnetic micropulsation vector and the Earth's 
total fleld vector; thus in a region of horizontal homo- 
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geneity, and for vertically incident waves, the mag. 
netic wave components are in direct proportion to the 
orthogonal electric wave components, and a total fiold 
magnetometer will measure the north-south horizontal 
magnetic component times & constant. Smce horizontal 
homogeneity is thought to exist at the Dallas site, traces 
3 and 4 probably represent orthogonal E and H com- 
ponents of the same electromagnetic wave. The nominal 
period of this wave was about 2 soc. 

The ‘first arrival’ noted on trace 2 of Fig. 1 which 
propagated at the speed of light, and thus marks tho time 
of the event, may be seen more clearly on traces 1 and 2 
of Fig. 2. A similar instantaneous arrival was also noted 
by Roquet, Schlich and Selzer‘. 

Fig. 3 is a display of instantaneous powor in the east~ 
weet telluric field as a function of both frequency and time 
for an interval of several hours which includes the nuclear 
event. The sinusoidal variations before and after the 
event are typical of the 60-sec period micropulsation 
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Fig. 3. Instantaneous power as funotion of frequeney and time for an interval tneludtng khe July 9, 1062, nuclear event and background detail 






































activity seen in Dallas at night. It may 
be sean from Fig. 3 that the main spectral 
elements of the micropulsation activity 
are concentrated well below those of the 
bomb 

Fig. 4 shows instantaneous power as a 
function of both time and frequency for 
the bomb signal only, as seen on the 
east-west tellurio field. The predommant 
2-seo period of the magneto-telluric wave 
is attested to by the large amount of 
energy concentrated in the band from 0-25 
to 0-50 o/e. This tendency toward 2-seo 


bendpassed from 0-01 to 1:0 o/s instead 
of from 0-3 to 2:0 o/s. Similar activity 
was also noted by Breiner’, whe, econ: 
structed some rubidium 


oscillations periods of 5-7 geo, but 
apparently failed to see the 2-seo period, 
magneto-tellurio wave. This failure was 
undoubtedly due to saturation of the 
recorder rather than any fundamental 
lack of high-frequency response in the 
rubidium vapour device. 


tod fine Tor te sonal om S peperere Jı 
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We thank Mr. Charles E. Lewis and Mr. Charles M. 
Tilley, who were responsible for much of the recording 
aite instrumentation. 

1 Bomke, H. A., Ramm, W. J., Goldblatt, 8., and Klemas, V., Nature, 185, 
299 (1960). 
1 Demler, A. J., J. Geophys. Res., 08, 507 (1058). 
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‘ J., Sehlich, R., and Selzer, H., O.R. Acad. Soi., Paris, 25%, 549 
Coed). 


? Plesecs, Milton B., Naval Res. Rev., 13 (September, 1902). 
* Breiner, ORAN: Tech. Mem. No. 12 (Varian Assootaies, Palo 
Alto, 1903). 


SEASONAL VARIATION OF TURBULENCE IN THE UPPER 
ATMOSPHERE l 


By R. G. ROPER and Dr. W. G. ELFORD 
Department of Physics, University of Adelaide 


eee ee oman’ of thn Motion Df Hie btiepliora át 
heights between 70 and 110 km by the radio observa- 
tions of meteor trails is now a well-established technique. 
Systematic observations have given accurate data on the 
diurnal and seasonal variation of the air motion at these 
levels in medium and high latitudes!. 

By using one itti site and three or more 
receiving sites the relative motion of three or more pointe 
on the same meteor trail can be studied. In the system 
at present in operation at Adelaide four receiving sites 
are used; receiving sites 2 and 3 are 4:8 km north and east 
of receiving site 1, and the fourth is at a distance of 14 
km ximately south-east of site 1. The transmitter 
is 23 south of site 1. The equipment is a combination 
of continuous wave and pulse, operating on 27 mo/s. 

The orientation of the trail in space is determined by 
the time differences between the commencement of an 
echo at the receiving sites 1, 2 and 3, and the velocity of 
formation of the trail is obtained from the diffraction 
wave-form associated with the build-up of the echo at 
any one of the receiving sites. Thus the spacial tion 
of the four reflexion points can be determined for each 
meteor trail observed. 

The absolute position of one of the reflexion points is 
measured from site 1, thus firing the absolute position of 
the trail in the atmosphere. 

During 1961 & turbulence survey was run in conjunction 
with the routine wind velocity measurement programme 
which has been in operation since 1952. This wind pro- 
gramme has shown that winds over the height range of 
75-105 km are well correlated; the method of data 
collection and reduction ensures the measurement of & 
true mean motion. The subtraction of the mean wind 
component (given as a function of time and height) in 
the direction of measurement yields four turbulent Ime- 
of-sight velocities for each meteor trail observed. Pre- 
liminary computations have been carried out using data 
from the three close-spaced stations. The final analysis 
will utilize the data from all four receiving sites, and will 
extend the direct investigation of eddy sizes up to 7 km. 








. Jen. Mar. May July Bept. Nov. 
Deo. 1000 Feb. Ap. Juns Aug. Oc. Deo. 1061 


Fig. 1. Seasonal variation of the turbuleni dissipation rate at 00 km 


The magnitude of the turbulent component of the wind 
velocity has been found to vary from some 15 m/sec to 
60 m/sec, and is, in general, less than 1/3 of the magnitude 
of the mean wind. 

The variation of the differances in velocity at two points 
on & meteor trail as a function of their separation oan be 
explained in terms of a modified Kolmogoroff spectrum, 
at least for the scales measured (up to 8 km). The de- 
partures from the spectrum of an isotropic inertial region 
can be explained m terms of a buoyancy sub-range of 
characteristic soale 0-5-1:0 km. Once allowance is made 
for this buoyancy sub-range, the velocity differences 
measured as a function of separation r follow the relation: 


(u(x) — ulm + r) = 4-82a(er)* (rof. 4) 


where « is the rate of dissipation of turbulent energy and « 
is the constant of proportionality in the expression relating 
the energy spectrum function to the wave-number space 
vector k, namely: 

H(k) = oc? kh 
To determine an abeolute value for & from the veloorty 
differentials, « has been taken as 1-0. 

The turbulent dissipation rates shown in Fig. 1 repre- 
sent an average for each mdnth over the height-range of 
75-105 km. The seasonal variation in the turbulent 
dissipation is quite marked, « having a mmimum value of 
some Mo lu eee ee Dos 
over 850 ergs/g/seo in autumn and spring. Diurnal 
variations have also been observed. The magnitude of 
these diurnal variations is dependent on the season, but 
as yet no simple daily pattern has been found. Further 
analysis to examine the turbulent motions as & function 
of height is contemplated. 

Tho velocity differences at separations leas than 500 m 
are affected most by the action of buoyancy forces. 
If the buoyancy forces are neglected and the velocity 
differences at these scales as measured at Adelaide are 
im in terms of an i io inertial spectrum, 
values of turbulent dissipation of 30-100 ergs/g/seo are 
forthcoming. These-are in with the 
results obtained from photographic observations of meteor 
trails' and sodium trails* which are limited by visibility 
to soales of < 1 km. 

While the mean squares of the velocity differences 
associated with spacial separation follow the Kolmogoroff 
2/8 power law, those associated with height difference, 
regardless of separation, follow the 4/3 power law charao- 
teristic of a turbulence subjected to shear. Zimmerman’ 
has pointed out that similar velocity-height differentials 
measured by Blamont and de Jager follow the shear 
theory developed by Tchen*, which predicta a 4/3 power 
law. Extrapolation of the height shears as measured at 
Adelaide to & velocity difference equal to the character- 
istic velocity of the energy-bearing eddies of the Kolmo- 
goroff yields a vertical correlation distance of 
5-9 km, which is quite comparable with the generally 
accepted value of 7 km. 
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FRACTIONATION PHENOMENA IN HIGHLY RADIOACTIVE FALL-OUT 
PARTICLES 


By T. MAMURO, K. YOSHIKAWA, T. MATSUNAMI, A. FUJITA and T. AZUMA 
Radlatlon Centre of Osaka Prefecture, Shinkecho, Sakal, Osaka, Japan 


IGHLY radioactive fall-out particles were found 
throughout Japan, resulting from the series of large- 
scale nuclear test explosions carried out by the U.8.8.R. 
during September and October 1901 1. It was revealed 
by y-ray spectrometry that radiochemical compositions 
of particles were different from those of smaller 
fall-out particles. This was considered to have been 
caused by the so-called fractionation effect'-!*. In order 
to express the extent of the fractionation effect, a fraction- 
ation factor f for a given nuolide A is deflned in the 
following way: 
N(A) WN ("Zr + **Nb) 
t= [yee F ANB) ex "| AG) jue. O 
where N is the radioactivity of the nuclide in question. 
The first bracket contains the experimental and the second 
the theoretical values as obtained from fission yield 
values if the age is known’. 

Previously’ we showed the y-ray spectrum of the 
filter-paper on which air-borne dusts were collected on 
November 8, 1961, and that of a highly radioactive 
particle which was found in fhe yard of our Laboratory 
at that time. On comparison of these spectra, it was 
found that the radiochemical composition of the highly 
radioactive particle was much enriched in "Zr + Nb 
and impoverished in **Ru, “Ba + ‘La, "I and 
Mie + Oe, compared with that of the dusta on the 
filter-paper. 
ig. 1 is another example from which the fractionation 
phenomenon can be seen clearly. Curves (a) and (b) are 
the y-ray spectrum of a highly radioactive particle and 
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that of the dust sample (b) which was taken in an aur-filter 
in February 1962, respectively. Curve (c) is the y-ray 
spectrum of the dust sample (c) which was prepared in 
the followmg way. The dusta which were taken in tho 


same air-filter were spread uniformly on a gummed paper 


and this was autor&adiographed on an X-ray film (Fuji 
X-ray Film No. 200) exposing for two days. On tbe 
autoradiograph were found many relatively small spote. 
Only the parts of the gummed paper which did not produce 
any spot on the autoradiograph were punched out. The 
dust sample (c) was the collection of the punched small 
pieces of gummed paper. This dust sample, therefore, 
was not thought to contain any fall-out particles so high 
in radioactivity as to produce a visible spot on the auto- 
radiograph. On comparison of (a) with (o), it is clearly 
sean that the radiochemical composition of the highly 
radioactive particle is strongly enriched in "Zr + Nb 
and impoverished in !**Ru and 110e + Ce. On careful 
comparison of (b) with (c), it is seen that the radiochemical 
proportions of *Ru and !€Ce + ™Ce in the dust sample 
(5) are somewhat smaller than those in the dust sample 
(c). Photo-peaks of 11I and “Ba + 14*La are not seen in 
these which were measured in the middle of 
March 1962. The peak found at about 210 keV is 
"mainly due to the back-scatter peak produced by the 
y-rays of about 750 keV of Zr + Nb and the photo- 
peak of 281 keV of **Nb. ] 

The decay characteristics of activity of "Zr + Nb 
were followed for the particle and the dust sample by 
measuring the photo-peak o? about 750 keV, the measured 
points being expressed as white and black circles in Fig. 2, 
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respectively. Curves A and B are the decay curves which 


were obtamed assuming the date of explosion 
was October 30, 1961. The good agreement between 
theory and i t indicates that both the icle 


and the majority of the radioactive dusts contamed in 
the dust sample were produced on October 80, 1901. 
Bd spectra of many highly radioactive eB 
measured and fractionation factors by 
Saho (1) wane oaloulsbed: The results are summarized 
in Table 1. Tho yield values for fast flasion of **U, as 
shown in Table 2 (refs. 8 and 11), were used on carrying 
out the calculation. The date of explosion was assumed 
to be October 80, 1961, because almost all the particles 
given in Table 1 were to have been pro on 
that day. The half-lives of “4I and “Ba + !*'La are so 
short that fractionation. factors for them could not be 
measured. The highly radioactive particles Nos. 1-21 
in Table 1 were actually isolated from among non-radio- 
active dust particles and examined microscopically*. 


Table 1. FRACTIONATION Factors 


reaped it Sir e py pp Pen rad 
Particle Oct. 30, 198 

Sample ov. 1 diameter ——— ——— ———————— 
No. (mæ.) (x) Ue + 44 C8 "Ru 
No.1 u 10-1 0'45 ^0 
No. 2 25 104 0-40 ^0 
No. 8 16 8-7 0 25 ~0 
Ho. 4 87 139 0 25 ~0 
No. 5 18 9-8 0-80 -0 
Xo. 6 18 9-0 0 50 ~0 
No.7 33 10-1 0-40 ~0 
No. 8 20 118 0-80 ~0 
No. 9 6-3 84 0-50 ~0 
No. 10 11:8 0-25 ^0 
No. 11 14 9-0 0 50 -0 
No. 12 16 01 0-70 ~0 
Xo. 18 17 121 055 ~0 
Mo. 14 5.B 60 0-85 ~0 
Mo. 15 16 101 0-85 ~0 
Mo. 16 34 104 0-50 ~0 
No. 17 2 10-1 0-40 ~0 
No. 18 12 8-1 0-45 ~0 
No. 10 8-3 8-7 0-60 ~0 
Ko. 20 10 8-7 0-00 002 
No. 21 11 10-4 0-35 -0 
L 17 — 025 007 
M 11 — 0-40 0 04 
N 9-6 — 0-35 ~0 
[^ 13 — 0-50 ~0 
P 14 — 0-30 0-04 
3 12 — 0-25 ~0 
30 — 0-50 0 08 

The dusi semple the 
which i» given in Eig. 1 (5) 0 85 0-45 
The dust sample the y spectrum of 

whioh is given in ig. 1o) 100 0 55 
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Table 2. ASSUMED FINMOE YINLD FOR Fast FIMSIOX oF URANIU-138 


Yield 
Nualide (per oent) 
"Tr 5:7 
“Ro 0-6 
uOe 56 
Hie 46 


Fractionation factors for 1*Ru are smaller than 0-1 for 
all the particles and those for Ce + Oe are smaller 
than 0-6 for almost all of them. Fig. 3 shows the relation 
between particle activity and fractionation factor for 
1109 + 14e, indicating roughly that particles of higher 
activity are more affected by the fractionation effect. 
The fractionation factors obtained for the dust sample 
(b) and (c) are shown at the bottom of Table 1. 

The fractionation factor for 1**Ru of the dust sample 
(c) is about 0-6, while that for “Ce + Ce is 1-0, sug- 
gesting IRAN the anhensuem duy Hur yy eee 
dven in this dust which contains only fme 

particles. e pin given in Table 2 are reason- 
tbl, this may bo possibly expianed 

The dust sample (c) was 
Lilie abet very fine fall-out particles might pass out. 

ution of fall-out particles in the dusts caught 
by the air-filter might be biased towards larger size. The 
fractionation effect is not only much more remarkable 
but also seems to extend to much smaller particles for 
153Ru than for “Ce + Ce. 

There was a rainfall of 37-6 mm at our Laboratory on 
poi porie p 1901. About 100 ml. of ram-water was 
o0 at the beginning, using a rain collector of 1,000 
cm! in collecting area. The concentration of radioactivity 
in this ram-water was abnormally com with 
that in average rai-water. Curve in Fig. 4 is ite 
spectrum. The y-ray spectrum of average rain- 
water of about 301. on the same day was measured and 
is shown as curve Y. An appreciable difference is soen 


in the followmg way. 
at a wire-mesh air-filter 


collected at the beginning of the rain-fall. 
generally considered that from a test sample of small 
quantity in which the fractionation effect is remarkable o 
higher measured value of the concentration of fall-ous 
may be obtamed than that which would bo obtained 
from an average sample of much larger quantity. It may 
be also that ram-water at the inning of a 
rain-fall not only a higher concentration of -ouL 
than that of average rain-water, but also shows a radio- 
chemical composition different from that of average 
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rain-water, especially just after a large-scale nuclear 
detonation. 


! Oyama, B. (private communication). 
ce Baski, TE and Toyama, I., Ana, Rep. Niipaia Umsorrüy 
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COMPACTION OF BURIED SANDS 


By |. J. SMALLEY 
Northampton College of Advanced Technology, London, E.C.| 


AXWELL and Verral! have investigated the 
consolidation of quartz sand to sandstone under 
experimental conditions simulating deep burial. Compac- 
tion was produced by compressing a sample in a ateel 
cylinder with a tightly fitting piston driven by a hydraulic 
jack while & second hydraulic system maintained a high 
hydrostatic preasure inside the cylinder. Oementation was 
produced by keeping the i at high preasure and 
temperature for several days. Their resulta for the 
compaction of sand at room temperature and one atmo- 
sphere fluid pressure for various directed pressures show a 
decreasing fall in the porosity from about 35 per 
cent at 10,000 Ib. /m.* to about 25 per cant at 50,000 Ib. /in.*. 
At 50,000 Ib./in.t, which represente a depth of about 
45,000 ft. the rate of decrease of porosity with increase in 
depth is zero. 

Jane Taylor* has suggested that for the efficient mvesti- 
gation of the factors ucing consolidated sediments 
each variable must investigated The 
behaviour of sand under a range of di pressures has 
been examined using a simplified version of the Maxwell 
and Verrall apparatus. fluid preasure has been 
neglected and the compaction of the specimen carried out 
by a standard hydraulic testing machine (Amsler SZBDA 
699) whioh gives a steady rate of deformation with the load 
ahown as the dependent variable. The experimenta were 
designed to show the nature of the deformation 
rather than the change in porosity. Borg and I 
have examined the nature of the deformed product but 
have ignored the variation in particle size caused by the 


Ti 





: Deformation 
1. Shape of load versus deformation ourve for sands compacted 
EN: by direct preasure only 


ee ee 


various preasures. The simulated weight of overburden 
has been so great in previous experiments that specimens 
have been virtually completely deformed although 
possibly incompletely compacted and cemented. 

The stages in the deformation are illustrated by 
a typical load versus deformation (piston travel) curve as 
shown m Fig. 1. This can be divided into three stages ; 
stage I representa elastic compression and the beginning of 
yield ; stage II represents the contmued breaking of the 
sand grains which diminishes as the pores are filled with 
the fracture product ; stage IIT occurs when the pores are 
filled and the aggregate becomes effectively a solid mass. 
The sand was compressed in & 2-in.-diameter steel cylinder 
by a steel piston. Samples of 100 g were used and 
various loads were applied up to a pressure of 20,000 
Ib./fm.*. The send used was from Leighton 
Buzzard which had been graded so that 95-5 + 2 per cant 

& No. 16 and was retained by a No. 18 B.S. sieve. 

ore each test a sieve analysis was carried out to ensure 
the correct initial grading, the sand was then compressed 
The resulta of 

the after deformation, for particular sixes, 
are shown in Table 1. ‘ 

Fig. 2 shows the variation in amount of these three sizes 
plotted against load. The 18-sieve curve shows a point 
of inflexion at the load value representing the transition 





40 
0 
0 8 16 24 2 
Load (toma) 
Fig. 2. Vanabon m particle sise percentage in mands compacted a+ 
different pressures 
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Table 1. PARTICLE Simms IX COXPAOTHD BAKDe 


Compacting Com pasting % on x % passing 
load an P 8 100 
(tona) An”) uere sero sere 

0 0 542 40 ii 2 0 
2 1,426 91-0 "b 05 
4 2,852 61-0 155 25 
6 4,178 45-5 18-5 Tb 
5 5,704 37-0 17°5 10-5 
10 7,130 31-0 18-0 13-5 
14 9,981 28-0 165 17-5 
26 18,538 120-5 155 25-5 
?9 90,077 205 165 27-5 


from type I deformation to type II. The pase 100 curve 
steadily increases. The 22-sieve curve flattens out very 
early and remains at a fairly constant percentage value. 
Tt appears from theee curves that the sand particles which 
break form a very fine fracture product and it is this which 
fills the pores during stage II of the deformation. Also it 
appears that 20 per cent is a limiting value of the 18-sieve 
curve; further increases of preasure will not change the 
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amount of the starting size sand. Assuming that the 
initial ity was of the order of 35 per cent measure- 
ments of the volume of the specimen after compreasion 
show that a porosity of the order of 25 per cent is produced 
by a preasure of about 20,000 Ib./in.*. 
Testa have also been carried out to see if different start- 
ing sizes in the sands cause any noticeable variation in the 
required for various stages of the deformation 
Table 2 shows the pressure at the I-H transition 
point in sands with different starting sixes. 
Table 2 I-I TRANSITION PRESSURES IN OOMPAOTAD BANDS - 


B.S. Bieve Moa, 14-16 16-18 22-25 25-80 30-838 44-52 
I-II Pressure 2,570 2,670 3,200 5,750 4,080 4,800 


There is a steady increase in the I-II transition preasure 
with decreasing particle size over the range examined. 
1 Maxwell, J. O., and Veral, P., World Oil, 188, Xo. 5, 106; No. 6, 10% (1954). 


1 Taylor, Jane M, Bull. Amer. Assoc, Petroleum Geol., 85, 701 (1950). 
* Borg, I. Y., and Maxwell, J. O., Amer. J. Soi., 854, 71 (1058). 


A VISCOSITY / DENSITY RELATION FOR SOLUTIONS 
OF STRONG ELECTROLYTES IN WATER 


By A. D. BRAMHALL 
‘Shell’ Research Ltd., Thornton Research Centre, P.O. Box |, Chester 


HE relative viscosity (n/qw) of electrolyte solutions 
can be described empirically by the well-known Jones 
and Dole equation : 


I 2o Ave + Bo 
nw 


where o is the concentration of electrolyte in moles/l., and 
A and B are empirical constants for a grven electrolyte. 

Falkenhagen and his collaborators related the term 
A40 to the electrostatic interactions of the ions. Although 
the coefficient B has received a great deal of attention 
from various workers, it has not as yet, in our view, been 
satisfactorily accounted for. Thus i explains 
it in terms of structure-making and structure-breaking 
tendencies of the various ions; Robinson and Stokes’ 
interpret it through the Einstein thickening effects of 
hydrated ions; Gurney* considers it as the result of & 
loosening of the water structure in the neighbourhood of 
an ion. 

All such explanations imply that 
the oe of ions will change the 
speoilo volume of the water frac- 
tion of the solution. The- object 
of this article is to present a corre- 
lation between the volume change 


where V,’ 18 the partial molar 
volume of the salt at infinite 
dilution, and F,’ is the intrinsic 
volume of the salt and is calcu- 


ions at 25° C have been obtained from published data on 
partial molar volumes’. (The partial molar volumes given 
in reference 5 were calculated by taking V,* = 18-0 
0.0./mole for the chloride ions.) The B-coefficients are 
also additive. Kaminsky! gives the B-ooefficients of 
many ions at 25° C based on B = — 0-0070 for the chloride 
ion. 

Our correlation is shown in Fig. 1. Here the values of 
a are plotted against values of the term (B — V,°/400). 
There is a very strong correlation which is independent of 
the sign and aize of the charges on the ions. 

Since the line in Fig. 1 passes through the origin the 
correlation embodies only one empirical constent, equal 
to the slope of the Jine. The correlation can be used for 
calculating the B-ocoeffcient of the viscosity equation for 
a salt solution at concentrations up to about 1 mole/l. from 
known values of the partial molar volumes and the van der 
Waals radii of the ions. 

We arrived at the foregoing correlation by making the 
following four assumptions. 








lated from the van der Waals 
radii of the ions, as given by 
Pauling’, Since both F,’ and 
V, are additive pro ies of 
the individual ions it 18 le 
to calculate a for the individual 











rons. Value of a for a number of 


Correlation between change of volume of water fraction (a) and the viscosity B-oocfficient 
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` (1) That the molar volumes of both the salt and the 
water fraction in a solution can be represented as a func- 
tion of concentration by the equations : 


Vw = Vw (1 + ao) (1) 
V's = V,’ (1 + Be) (2) 


where Vw is the molar volume of pure water; V,’ is the 
molar volume of the salt in solution at infinite dilution ; 
a is the coefficient of the water; B is the 
expansion coefficient of the ealt. 

Although on purely phenomenological grounds the 
volume of a solution cannot be split up into volumes 
occupied by the two componenta, such a separation is 
justifiable on the basis of a particular model such as I 
am using here. 

a and B are constant for any given salt. The «-cceffi- 
cient will take into account changes in the volume of the 
water fraction caused by such factors as electrostriction, 

in the amount of ico-like structure, etc. The 
B-ooeffleient will account for the changes in the volume 
oocupied by the salt in solution caused by such effecta as 
ion- formation. 

(2) That V,* is equal to the volume calculated from the 
crystal radii of the ions. The view that an ion in solution 
occupies a volume equal to that of a sphere of radius 
a does fas eid ree eee 

the refractive index studies of Bóttoher*. For example, 
Böttcher calculates a value of 1-82 A for the radius of the 
chloride ion in solution, which is in good agreement with 
Finito a valus af TBI A OMISIT Homie ayetel dA. 

(3) t Einstein’s equation can be applied to ions 
Robinson and Stokee* applied Eimstein’s equation to 
calculate the volume fraction e occupied by the ions from 
the B-ooefficiente, assuming the viscosity of the water 
fraction is unchanged. They concluded that since o was 
usually larger than the partial molar volumes, the ions 
must be hydrated. I differ from Robinson and Stokes 
in that I do not believe that the whole of the B-ooefficient 
is acoounted for by Einstein thickening but that the 
viscosity of the water fraction 7* is changed and is not 
i to the viscosity of pure water mw. In order to 

the relative visooeity of the water from the 
B-coefficient I use the intrinsio volume of the ions V,’ 
(assuming no hydration). - 

Kinstein's equation incorporating the above assumptions 

becomes : 


V4?.o 


ve 400 


nr e MRNA Eom ee 
the water fraction. Thus, for a solution : 


n* 1+ Be 
the I + ¥y°.c/400 ~ 


The errors introduced by the foregoing approximation 
are usually negligibly small at concentrations to 
1 mole/l In the worst case, the approximation introduces 
an error of only 0-009 into the calculated value of 7*/yw. 

Thus at a nominal concentration of 1 mol/l. : 





1+ Be — V,°.c/400 


(B — V,4/400) = —1 
The 


that is, the factor (B — V,*/400) represents the change in 
the relative viscosity of the water fraction. 

(4) That the relative viscosity of the water fraction is a 
function only of the amount of expansion or contraction 
that the water fraction undergoes. 

According to equation (1) the relative amount of 
expansion of the water fraction is given by : 


Vw — Vw 


Y. (3) 


= a6 
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Therefore, at a concentration of 1 mole/L, « gives a 
direct measure of the relative expansion or contraction 
the water fraction has suffered. 

According to equations (1) and (2) the volume V of a 
solution containing m, moles of water and m, moles of salt 
is given by : 

V = m Vw (1 + ao) + mV," (1 + Bo) (4) 


Equation (4), on differentiating partially with respect 
sede e a ee 
and the galt, T, and V,, in terms of a, B, m, 
and m,. Taking the limiting values as m4—0 we obtain 
the partial molar volumes at infinite dilution V,’ and 
T,*, these are found to be: 


Vi" = Vw (5) 
Pi’ = V, + 1004 (6) 


Hence « can be obtained from the partial molar volume 
date at infinite dilution by using the equation : 


cu FALSE 
1000 


Thus the correlation shown in Fig. l is a plot of the 
change in the relative viscosity of the water fraction 
against the relative expansion of the water fraction. This 
interpretation leads to the conclusion that salts which 
expand the water fraction decrease the vicosity of the 
water fraction and vice versa. 

The correlation can be used for testing the validity of 
the various theories of the viscosities of solutions. 

For example, Robinson and Stokes interpret the visco- 
sities of aqueous solutions of electrolytes in terms of the 
Einstein thickening effect of hydrated i ions. However, my 
correlation shows that ions which increase the volume of 
the water fraction (that is, a-positive), lie on the same 

t line as ions which decrease the volume (a-nega- 
tive). This suggests that the same mechaniam operates 
for all ions regardleas of whether they increase or decrease 
the viscosity of the solution. Hence, although Einstein 
thickening by hydrated ions could explain the viscosity 
data for ions which increase the viscosity, Robinson and 
Btokee's theory is incapable of explaining the data for the 
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- ions which decrease the viscosity. 


On the other hand, Kaminsky supposes that salta which 
increase the viscosity increase the amount of ioe-like 
structure. They would, therefore, be expected to increase 
the DN volume of the water fraction. However, my 
corre: tion ahows that those salts which increase viscosity 
decrease the specific volume, in direct contradiction to 
Kaminsky’s supposition. 

Fig. 1 includes all the ions for which the data were 
available with the exception of the lithium ion. This 
point was omitted because it lies outside the normal 
scatter about the correlation lme. « x 1000 for the 
lithium ion is — 1:6 and (B — V,°/400) is 0-1480. The 
interpolated value of (B — V,*/400) corresponding to this 
a value is, from the correlation line, equal to + 0-02. 
Lithium could be brought into line if it were assumed that 
its ions are strongly hydrated, and hence that the volume 
that should be used for the Einstein correction is not that 


of the bare ion but the volume of the ion plus its solvated 
water molecules, V,". Hence (B — V,*/400) = 0-02. 
From this it is found that V," = 51-2 o.c./mole. Since 


F,’ = 0:60 o.0./mole, this difference js accounted for if 2-8 
water molecules are strongly attached to each lithium ion. 
I thank Mr. R. P. Bell for advice and criticism. 
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CENTRAL 


NERVOUS SYSTEM DEPRESSANT ACTION 


By A. ASHFORD, C. J. SHARPE* and F. F. STEPHENS* 
Research Department, Crookes Laboratories, Ltd., Park Royal, London, N.W.10 


("Tastromine') ogue 
thymol ether (also known as * F.029') conducted in these 
laboratories in 1958, it was observed? i 
(mice) became sedated. Further pharmacological investi- 
gation! of these two oo indicated that they 
iem characteristic of central nervous 
system depreasant drugs, sinoo they were found to depress 
ivity, produce hypothermia, poten- 


tranquillizer 

Staub‘, it was thought worth while to re-investigate this 
series of basic phenol 
developed pharmacological methods for the discovery of 
central nervous reæant properties. Recent 
reporte'-’ of similar investigations prompt us to report 
such resulta as we have so far obtained. 

A series of basio ethers of the general structure: 


R 
Aro CHO.) „NR, 


was prepared (usually as crystalline citrate) in which E 
was either hydrogen or a lower alkyl group and in which 
ArO represents a phenoxide radical. Initially the phenols 
used for theeo preparations included: phenol; o-orosol; 
p-oroeol; o-isopropyl phenol; p-isopropyl phenol; p-ter- 
tiary butyl phenol; 6-chloro-2-methyl phenol; thymol; 
isothymol; 2,4,6-trimethyl phenol; carvacrol; 4-chl 


oro- 
phenol; 2,3,5,6-tetra- 


were derived from thymol (specifically, 
Compounds derived from 
isomers of thymol (for example, carvacrol and isothymol) 


the chain was i 

or the N-diethyl groups were exchanged for hydrogen, 
groupe, or the basio side- 
ring, there was always & 
esymmetrio B-dimethylgminoisopropyl thymol ether, re- 
sulting in the preparation of the pure laevorotatory 
isomer, indicated no detectable difference between this 


* Present address: Twyford Laboratories Itd., Twyford Abbey Road, 
London, N.W.10. š 


and the racemic form. From this work we concluded 
that significant activity only appeared in this series when 
the nucleus was aromatic, the basic ether was ortho to 
an isopropyl group, the nucleus carried & methyl group 
para to the isopropyl group, the number of carbon atoms 
between oxygen and ni was two, the nitrogen was 


Tt is interesting to compare these structural require- 
ments with those suggested'-!! for morphine-like anal- 
gosicm, when ib will be seen that most of these are met in 
the active basic ether (B-diethylaminoethyl thymol ether. 
which will hereafter be referred to as ‘OR 127’). 

The construction of molecular models (Catalin) of 
‘OR 127 shows that a stramless conformation oan exist 
i to fit the h ical receptor 


and nitrogen are in close proximity. In any conformation 
the oxygen atom should be influenced by the relatively 


ypo 

sity of the 1-methyl group, the general 
molecule and the necessity for & two-carbon chain between 
oxygen and nitrogen. In this context the work of H. C. 
Brown? on the rate of solvolysis of tertiary oumyl 
chlorides appeared relevant; these reactions proceed. 


‘OR 127 ‘CR 277 
OMe 
OH, NEt, 
CH, NEY / 
o^ Ww ? 
: ue Mo 
‘OR 299! 
ROTE 
‘OR 258’ 
Me 
aa Ph 
for AX — 
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s 


8 


g 


Reduciaon tn motor activity (per cent) 


8 


01 0-05 0-02 0-01 0-006 0-0025 
Log dose fraction of LD, (intraperitoneal) 
Fig. 1. Spontaneous motor ackivity. P values 
Dose ‘OR 127 OR 256’ Ohlorpromaxme 
Fraction of LD, 

0-1 «0-001 «0-001 «0-001 
0 05 «0 03 <0 05 — 
0-02 « 0-001 « 0-001 «0 06 
0-01 «001 «0 001 «0 06 
0-006 «0292 «0 02 N.8. 
0-0025 .B. «0-06 RB. 


through a carbonium ion and are considerably affected 
by the nature of the para substituent. These considera- 
tions led to the preparation of 1-methyl-3-diethylgmino- 
ethory-4-terb. butyl benzene (‘OR 256°) and 1-methoxy- 
3-disthylaminoethoxy-4-iso yl benzene (‘OR 209’). In 
compound ‘OR 256’ the dies indian 
the 


logical examination of these compounds 
showed that ‘OR 256’ was somewhat more active than 


depressant activity. ; 

A small selection of the pharmacological resulta obtained 
in this work is given here; active compounds ‘OR 127’ 
and ‘OR 256’ are described and ‘OR 277’ is included to 
show the effect of the para methyl group. 

Schneider mice (in groups of five) weighing 18-22 g 
were used in these experiments, and all injections were 


Aous tonicity. er a 5-day period the following LD,, 
values were obtained (caloulated by Karber’s method). 


Table 1. LDy YALUMGS INTRAPERITONEAL 
Drug LD,s, mg/kg 
‘OR LT 350 
‘OR B56" 332 
'ORATT 246 
140 
150 


Reduction in motor actseity. Motor activity was measured 
by the photoelectric cell technique of Biegel!* as modified 
by Dews!*. For measurement of effect on spontaneous 
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motor activity a range of doses from 0:0025 to 0-1 of tho 
LD, was used, the being injected 15 min before the 
mioe were placed in obeervation oage, where they 
remained for a period of 30 min (Fig. ) P values refer 
to differences from controls. 

Further tests were carried out at a dose-level of 0-1 
LD., in animals made h ive by the injection of 
cocaine hydrochloride (20 mg/kg) or amphetamine sgul- 
phate (5 mg/kg) given immediately before the teet started. 
Tho results are given in Table 2 (figures in parentheses 


refer to the degree of significance). 
Table 2. PERCENTAGE REDUCTION IN HYPER-MOTOR ACTIYITY 
Drug No. gps. mice Cocaine Amphetamine 
‘OR 127 6 40 (N.8. 57 (<0 
CR 256° 13 18 Hn 715 («0-001) 
OR 377 7 26 (N.B. 0 
13 99 (<0 001) 94 («0 001) 


(0-3 m1./20 g). Regaining of the righting reflex was taken 
The results are given in 
Table 8. 


Table 3. PERORETAGA PROLONGATION OY SLEEPING TIME 
Total Interval in min between injection of potentiator 


Drug No. drug and hypnotic 
mice 0 30 60 1129 
Erie 98 dio (de (dXXa 5 
‘on as d Sy ds Que d 
« . 
di T B («oon QUE) c re 
80 $04 $90 
SINUM Hi («0-001 («0-01 (40-501) («0001 
‘CR 256’ 25 1 188 
i (20001) (<0 01) 
‘CR RTT 40 0 0 
20 987 1,412 
(0-001) («0 001) 


Hypothermia. The rectal temperatures of-mioe were 
taken by thermistor at intervals of 80 min following the 
injection of the drug in a dose of 0-2 LD. 


Table 4. HFFBOT OF Daves ON HRROTAL TEMPERATURE 


Maxtmum Time of Rooovary 
Drug fall time 
(*0) (mtn) (h) 
‘OR 127° 56 80 5 
‘CR 256° 51 $0 5 
‘OR 377 10 60 3-4 
Chlorpromazine 69 90-180 >6 


This was measured by the clip test of 
Bianchi!’. Drugs were administered in a dose of 0-2 LDy,. 
At this level both ‘OR 127' and ‘OR 256’ were ipotent 
and possessed 1/8 of the activity of pethidine. ‘OR 277° 

In other pharmacological tests tho following results 
were obtained for ‘OR 127’ and ‘OR 256’. 

(a) They exhibit only slight anticonvulsant activity 
against strychnine, but their effect against leptazol is 
more marked although still inferior to that of pheno- 
barbitone. romazine has approximataly the same 
degree of activity as ‘OR 127’ and ‘OR 256’. 

(b) They reduce the pressor affect of adrenaline in the 
rat but are weaker adrenolytio agente than ohlorpro- 
matine. 

(c) They cause a sharp fall in blood preæure in the rat 
and cat and inhibit respiration following intravenous 
Injection. These effecta are short-lived. 

(d) They cause a hypersecretion of cortiootrophin from 
the pituitary gland on initial injection and do not prevent 
the stimulant effects of an ether streas on cortiootrophin. 
In this they resemble chlorpromazine. 


March 9, 1963 


(e) They antagonize only slightly the increased toxic 
effect of amphetamine in grouped mioe, in contrast to the 
powerful antagonism of chlorpromazine. 

(f) ‘OR 127’ ia not anti-emetic in contrast to ohlor- 

marine. z 

(g) They do not antagonize tho increased capillary 
permeebility in the rat caused by anaphylactoid agente. 
Again this 1s in sharp contrast to chlorpromazine. 

There are several points of similarity between ‘OR 127’, 
‘OR 256’ and chlorpromazime among which is the obeerva- 
tion that, following an intraperitoneal injection, mice 
rapidly become quiet and to be in a state of 
catalepsia, in which they oan be placed in bizarre positions. 
The drugs similarly potentiate the effecta of hypnotics 
and reduce spontaneous activity and hyper-motor activity 
caused by amphetamine. However, they differ in their 
effects against cocaine excitement and amphetamine 
toxicity. The lack of effect of ‘OR 127’ and ‘OR 258 
against cocaine is rather surprising in view of the strong 
effects of the same dose against amphetamine hyper- 
activity. Differences in the mode of action of cocaine and 

ine on the central nervous system evidently 
exist and the lack of effeob of ‘OR 127’ and ‘OR 256° 
against cocaine may be related to the weakness of the 
adrenolytic properties of these drugs, since it has been 
shown that at least peripherally cocaine may act by 
mhibiting the uptake of noradrenalme by the storage 
ra) 18,19. 

' When ‘OR 127’ and ‘OR 256' were tried in man (volun- 
teers) a surprising effect was noted: a 
after taking 10-12 mg (equivalent to 0-125 mg/kg) epi- 
gastric pain was noticed, and this developed to severe 
aching and tenderness in all muscles of the body, but 
parti ly those of the legs, arms, muscles of deglutition 
and superficial muscles of the scalp; tachycardia was 
noticed on climbing stairs and these effecta persisted for 
18 h (that is, to the time of retiring). No evidence of 
tranquillization was observed at this dose-level, but the 
volunteers were of course non-psyohotio and for obvious 
reasons largór doses were not investigated. These effecta 
in man resemble the extra-pyramidal reactions shown by 
i (phenothiazines and 
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reserpine). : 

The demonstration’? that dopamine is found in high 
concentrations in the caudate- and entiform-nucleus has 
led to the suggestion that reserpine may produce extra- 
pyramidal effects by depletion of this ammo; it has also 
been suggested™ that phenothigzines cause this effect by 
interference with dopamine, and Ernst" has ascribed 
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hypokinetio rigid syndromes to 0-methylation of dopamino. 
It is interesting that Martin ez al.“ have stated that 
8-diethylaminoethyl thymol ether (that is, ‘OR 127’) 
i y inhibits dopa-decarboxylase, henoe it may be 
that ‘OR 127 and ‘OR 256’ exert their astian by intor- 
ference with the biosynthesis of catechol amines. There 
is, however, evidence that dopa-decarboxylase is identical 
with 5-hydro: phan decarboxylase (inhibition of 
which by phenylalanine has been suggested™ as a cause of 
mental disturbance in phenyIketonurics). í 

Quaternary ammonium ds derived from these 
basio ethers showed curare-like properties and caused 
flaccid paralysis with no evidence of initial stimulation. 
Most of the compounds caused & transient fall in blood 
preasure and were respiratory depressants. Many of tho 
compounds were potent local anwsthetics. As might be 
expected, the rigid structural requirements elucidated for 
significant central nervous system-depreesant activity in 
the tertiary bases were no longer important. 

This work is part of an investigation of the relationships 
between structure and central nervous system-depressant 
activity in & simple model. 
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SYNTHESIS OF ORGANIC COMPOUNDS BY HIGH-ENERGY ELECTRONS 


By Pror. J. ORO 


Lawrence Radiation Laboratory, University of California, Berkeley, California, and Chemistry Department, 
University of Houston, Houston, Texas 


HE use of ionizing radiation for the synthesis of 

organic unds under possible primitive earth 
conditions was initiated by Calvin ez al.t. These investiga- 
tors obtained formic acid and formaldehyde by irradiating 
aqueous solutions of carbon dioxide with 40-MeV helium 
ions. ‘The reduction of carbon dioxide to formic acid and 
formaldehyde was confirmed using oobalt-00 y-rays by 
Getoff et al.*, who, in addition, observed also the presence 
of acetaldehyde among the reaction products. Since the 
foregoing initial observation was made, a number of 
experiments have been reported?" which show the pro- 
duction of a few amino-acids and other organic molecules 
by the action of ionizing radiation on simple compounds, 


or mixtures of compounds, containing carbon, nitrogen, 
oxygen and hydrogen. 

More recently, Palm and Calvin’, using methane labelled 
with carbon-14 in aqueous ammonia mixtures and irradiat- 
ing with 5-MeV electrons froma linear accelerator, observed 
the formation of glycine, alanine, aspartic acid, several 
hydrocarbons and & relatively large number of other 
unidentifled oompounds. Among these compounds 
purines and pyrimidines were suggested to be present??? 

Further experiments using “C-methane and 5-MeV 
electrons have been performed and are presented here. 
Some experiments were carried out with the irradiated 
mixture mainly in the gas phase, so that the results 
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obtained may be with those obtained with 
electrical discharges under similar conditions. An 
experiment was carried out with a mixture of '*O-methane, 
&mmonis and water in the solid phase. It was thought 
that such an experiment may give some insight on the 
possible products formed by ionizing radiation from the 
protosun acting on 'ioes'!! or hydrates of simple com- 
pounds of carbon and nitrogen assumed to have been 
present in the primordial solar nebula. (Buch interactions 
may also have occurred in protoplanetary bodies, and 
may be occurring at present in comets and other coamic 
bodies of the solar system: 13.) 

The resulta have shown that the pattern of compounds 
formed by the irradiation of the aforementioned mixtures 
in the gas phase is similar to the pattern of compounds 
formed by the action of electrical on analogous 
mixtures“. Secondly, it has also been observed that the 
irradiation in the sold phase of methane-ammonia—water 
mixtures leads to the formation of a reasonably large 
number of non-volatile organic compounds. 

Irradiation technique and . In general, the 
irradiation technique, particularly that used in tho gas- 
phase experiments, was essentially that of Palm and 
Calvin*. High-energy electrons (5 MeV) were delivered 
from a linear accelerator (The linear accelerator was 
operated by W. Everette and D. Pounds, of the Lawrence 
Radiation Laboratory, who also carried out the dosimetry. 
Their help is gratefully acknowledged.) The absorbed 
dose was measured by means of & cobalt glass dosimeter. 
For this purpose a tube similar to the irradiation vessel 
was made (Fig. 1) and small pieces of cobalt glass were 
looated inside the tube every 5 om along ite axis. The 
tube was partially evacuated, placed in front of the linear 
accelerator with ite axis coinciding with that of the 
electron beam, and irradiated for a given time. The colour 
change of the cobalt glasses was measured by means of a 
spectrophotometer. , The corresponding number of rads 
per microcoulomb was plotted 
each piece of cobalt glass to the window of the linear 
accelerator. The results are shown in Fig. 2. It can be 
seen that the dose absorbed at about 25 cm (middle of 
the tube) is of the order of 1-5 x 10* rads per micro- 
coulomb. In general, each irradiation was carried out 
for a period of 3 h. The current used during this time 
was 64,800 microcoulombs. Therefore, considering com- 
plete linearity, the dose absorbed was of the order 1 x 10° 
rads. It is of interest to note that this measured value 
agrees with the upper value calculated previously by 
Palm and Calvin*. For individual experiments the 
approximate values for the absorbed dose are given in 
Table 1. 


Table 1. COMPOSITION OF Gas MIXTURES AXD OTHER DATA OF THE 
HMXPERIMENTS wrre HlGQH-HNERGY HLEOTRONS 
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a 


e» BBR aw RoBEB 


oo 
> 
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0-10 12 


Gas-phase experiments. Not all the experiments were 
performed under the same conditions. The first and the 
second 
with the Purses ee a E 
reduced pressure, and water and ammonia in the liquid 
and vapour . The vessel used in these two 
ments waa tho same tube B described by Palm and alvin". 
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Semilogarithmts plot the distanos 
of each pieco of cobalt glass to the window of the accelerator 


Only a minor modifleation was made: two permanent 
stopcooks were attached to the inlet and outlet of the 
tube. 

After evacuation, the radioactive and non-radioactive 
hydrocarbons, and a solution of ammonium hydroxide 
were successively introduced into the vessel. The ammon- 
ium hydroxide solution was prepared using boiled distilled 
water, and care wad exercised to avoid any bubbles of air 

ing into the system. The tube was placed in front of the 
Irisar &ooelerator and irradiated. experiment BS-2 
the bottom well of the tube B waa heated during irradia- 
tion to reflux the water and thus increase the 
preesure of the water vapour. In experiment RS-1 this 
was nob done. 

Sokd-phase experiment. t RS-4 was oarried 
Si oe EE 8 with the reactante 
in the solid phase. The reactants were admitted into 
the horizontal tube at ambient temperature under 
slightly reduced and then liquid nitrogen was 
added into the adjacent Dewar flask. Immediate con- 
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densation of water, ammonia and methane occurred on 
the inside of the window facing the liquid nitrogen. The 
resulting layer of white crystals, approximately 2 mm 
thick, was irradiated for about 2 h as in the case of the gas- 
phase experiments. The Dewar flask was always kept 
full of liquid nitrogen durmg the irradiation process, 
so that no volatilization or liquefaction of the solid layer 
occurred ab any time. Visual observation of the integrity 
of this layer was afforded by a system of mirrors which 
reflected the image to the outside of the irradiation 
chamber. 
Liquid-phase experiment. Experiment RS-3 was per- 
formed using a small tube, of 6-8 c.c. of volume, filled 
à with water. The methane and ammonia were 
admitted while the tube was immersed in liquid nitrogen. 
The tube was then sealed and allowed to warm to room 
temperature. This resulted in a substantial positive 
pressure. In consequence, an appreciable portion of the 
methane was dissolved in water. This tube was irradiated 
for only 25 min and the current used during this time was 
8,100 microcoulombs. The pressure measured after 
irradiation was of the order of 16 atmospheres. 
Analysis of products. The gaseous and highly volatile 
products present in the gas phase of each experiment 
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were not analysed. At the end of each run the contenta 
in each tube were diluted with water and 

quantitatively into a small tared flask. This solution 
was evaporated to dryness in a vacuum rotating evapora- 
tor. The water and other volatilixed producta were 
trapped in a tube immersed in liquid ni The 
flask containing the dry residue was weighed and the 
residue was dissolved in 0-2—0-4 ml. of 0-1 N hydrochloric 
acid. A amall aliquot of the product from each i t 
showing approximately 1 x 10* d.p.m. was analysed by 


. two-dimensional paper chromatography and autoradio- 


graphy. The chromatographic procedure followed was 
identical to that used in the previous experiments with 
electric discharges" 


An sutoradi ph of & two-dimensional chromatogram 
of experiment -2 (gas-phase irradiation) is shown in 
Fig. 4. By oo i with the autoradiograph of 


with electrons. 

In particular, on the left side of the R.S-2 autoradiograph 
there appears to be at least flve compounds which show 
rates of migration essentially identical to those of five 

ds on the left side of the S-5 autoradiograph. 
Of these five compounds, it is suggested that three more 
intense lower spots correspond to alanine, glycine and 
giycinamide. Spots corresponding to the latter com- 
pounds oen also be obeerved in the chromatogram of 
8-7 (electric discharges“) which was sprayed with nin- 
hydrin. 3 

An anal correlation can be observed by comparing 
the right side of RS-2 with the right side of S-5. At least 
three compounds appear to have identical Rr in the two 
chromatograms. This area of the chromatogram oorre- 
sponds to the area of migration of some of the lees polar 
amino-acids, such as the leucines, and also of some purines 
and pyrimidines such as adenine, thymine, uracil and 
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cytoeine'*. 

The autoradiograph of the other gas-phase irradiation 
experiment (RS-1) was somewhat similar to that of RS-2. 
However, itional fast-moving components were also 
observed. Some of the latter compounds may be less 
polar or more lipophilic in nature than amino-acids or 
amino-acid amides. 

The existence of a similarity between the products 
formed by irradiation with electrons and those formed by 


- electrical discharges should not be surprising since both 


involve excitation and ionization phenomena by 
electrons. In fact, the products obtained in the decom- 
position of methane by electric glow discharges and low- 
energy electrons are almost identical and include hydro- 
gen, ethane, ethylene, acetylene and other hydrocarbons". 
The irradiation of methane by high-energy electrons is 
also known to produce hydrogen, ethane, ethylene, 
propane and butane’. 

An autoradiograph of a two-dimensional chromatogram 
of the products obtained from the solid-phase irradiation 
experiment (29-4) is shown in Fig. 5. A careful com- 
parison of this autoradiograph with that of RS-2 (Fig. 4) 
will reveal a number of spots with identical Rr. This 
correlation can be carried back to the autoradiographs 
of the experiments with electric discharges". A compari- 
son of the same autoradiograph with a two-dimensional 
chromatogram of standard purines and pyrimidines!’ 
revealed the presence of radioactive spots in the areas 
corresponding to purmes and pyrimidines. No definite 
claim about the formation of these compounds can be 
made until they are identified by co-chromatography with 
authentic samples in additional solvent systems. (Adenine 
has been recently identified by C. Ponnamperuma and 
R. Lemmon!*.) 
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Fig. 5. Mna dimensional ohromatogram of a solid 

The increased number of radioactive spots in the zone 
of higher Rr’s (Fig. 5) may be taken as an indication that 
the compounds formed ın the solid-phase irradiation 
experiments are of a less polar character than those 
formed in the previously described fluid-phase experi- 
ments (electron irradiation or electric discharges). This 
is probably what should be expected from processes 
occurring in the solid phase, where hydrolytic and am- 
monolytic reactions must be very slow if not completely 
absent. 
`” The autoradiograph of the irradiation experiment 
carried out im a predominantly liquid phase (RS-3) 
showed no detectable radioactive spots. Atthough only 
9.8 x 104 d.p.m. could be placed on the paper to carry 
out the two-dimensional chromatographic analysis, it 
would seem that if any compound was formed in significant 
amounts in this experiment it should have left a radio- 
active spot on the photographic film after five days of 
exposure. It can also be seen in Table 1 that the fixation 
of radioactive carbon into the non-volatile producta in 
this experiment was between 1 and 2 orders of magnitude 
lower than in the other experiments. It is possible that 
under the conditions of this experiment moet of the 
methane was oxidized to carbon dioxide. 


Discussion 


(1) Organic compounds are formed in the irradiation b 
high-energy electrons of mixtures of methane, ammonia 
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and water not only when these reactants are in the gas 
phase but also when they are in the solid phase. 

(2) The autoradiographic petterns of the compounds 
formed by high-energy electrons are similar to those 
obtamed by electric discharges, although the producte 
obtained in the solid-phasé irradiation experiments appear 
to be of & lees polar character. The compounds detected 
by comparing two-dimensional chromatograms include 
amino-acids, amino-acid amides, amines, and other 
molecules of biological significance. The positions of some 
radioactive spots on the chromatograms correspond 
closely to those of some purines and pyrimidines. Work 
is in p: for the identification of these compounds. 

(3) On the basis of the resulta obtained here, and recog- 
nizing that the hydrides of carbon, nitrogen and oxygen 
(in the solid and gas phases) prevail in the universe, it is 
Suggested that the radiation synthesis of organic and 
biochemical compounds is an important ooemio process. 
If an appreciable radiation flux prevailed durmg the 
early evolution of the primordial malas nebula an exten- 
sive synthesis of these compounds probably took place in 
the protoplanete of the solar system. The synthesis may 
also oocur presently, at lower ratea, in the atmospheres 
of the Jovian planeta and in cometary bodies during 
perihelion orbital travel. 

I thank Prof. M. Calvin for providing the stimulus and 
laboratory facilities to carry out these experimenta, and 
Dr. R. Lemmon for advice. ' 

This work was sponsored in part by the U.B. Atomio 
Energy Commission and by a t (NsG 257-62) from 
the National Aeronautics and Administration. 
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EFFECT OF ADENOSINE DIPHOSPHATE ON THE CONCENTRATION 
_ OF PLATELETS IN CIRCULATING BLOOD 


By Pror. G. V. R. BORN and Dr. M. J. CROSS 
[Department of Pharmacology, Royal College of Surgeons of England, Lincoln's Inn Fields, London, W.C.2 


MEER adenosine diphosphate (ADP) is added to 
blood plasma containing platelets they rapidly 
- adhere to each other to form aggregates!; this effect is 
not brought about by any other naturally occurring 
nucleotide. gpd babel anda M eregin mer Deo 
investigated quantitatively by a turbidimetrio method’. 
With platelet-rich plasma of pigs and man, the rate and 
extent of aggregation depend on the concentration of 
added ADP, and its aggregating effect is inhibited by 
adenosine monophosphate (AMP) and, even more, by 
adenosine” 4. 


It has been suggested? that ADP is responsible for the 
initial adhesion of platelete to vascular endo- 
thelium and to each other in the formation of hemostatic 
plugs and of thrombi. If this were so, ADP might be 


expected to diminish the oonoeniration of platelets 
circulating in the blood stream of living ani This 
possibility has now been tested in i ts on cate. 


When ADP was added in vuro to platelet-rich plasma 
of cats the platelets aggregated (Fig. 1), just as they do in 
plasma from man and from pigs. However, the plasma 
of cate differed from the plasmas of pig and man‘, With 
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Optical denarty (per cent of intial optical density) 
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Wig. 1. Hffect of 
(o mahal) end vas str at 000r pam ADP was at 
give the 2x10 M. (curve 4); #3x107 M 


following concentrations : 
(curve B); 5x 107 M. (carve C), and 6-6x 107 M (curve D) 


cata’ plasma: (l) the concentrations of ADP which 
brought about aggregation were lower; (2) small changeg 
m the concentration of added ADP had much larger 
extent of tion (Fig. 1); 
was not inhibited 


aggregating effect of ADP; moreover, its 
products did not inhibit the effect. This suggested that 
if there was an effect of ADP on circulating platelets 
it should be demonstrable in cata. 

We infused ADP into the blood stream of healthy cats 
weighing 2-5-6:0 kg and determined the concentrations 
of circulating platelets. Each cat was anesthetized with 
ethyl chloride followed by chloralose (40 mg/kg) injected 
through a cannula in the right external jugular vein. 
Heparin was injected intravenously at & concentration. 
of 120 unite/kg. More heparin and chloralose were injected 
at intervals during the experiment; neither affected the 
concentration of platelets. A cannula was tied into the 
trachea and another into tho left oommon carotid artery 
from which the blood pressure was recorded with a mercury 
manometer recording on a kymograph: The left femoral 
veesela were exposed just below the inguinal ligament 
and a polythene cannula was tied into the first, very small, 


branch of the . The cannula was closed with & pair 
of artery forceps. For taking les of blood, the forceps 
were released; about 0-1 ml of blood was allowed to 


pre 
diluted bl 
Nygaard‘ as modified by Davidson and Tomlin’. 

Tn 19 cats the blood contained. 0-9-3-2 x 10° plateleta/ml., 
with a mean of 1:9. When a cat was left all day except 
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Time (mtn) 
Fig. 3. Concentration of platelets In blood from the femoral artery of an 
4 anesthetized cat weighing 8-0 kg 
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for having blood samples taken from it the concentration 
of circulating platelets varied little (Fig. 2). Infusions 
were made through the cannula in the external jugular 
vein or through that in the femoral artery, at a rate of 
0-2 ml/min. The concentration of circulating platelets 
was not altered significantly by infusing isotonio saline, 
in which the adenine compounds were dissolved. 

In four i when ADP in concentrations of 
1 and 2-5x 10 M was infused into the external jugular 
vein, the concentration of circulating platelets immediately 
decreased (Fig. 8). In two of these experiments the mean 
blood preesure did not change. In the other two the blood 
pressure fell briefly by 10 and 45 mm mercury respec- 
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Ooneenkration of platelets ( x 10*/mL blood) 
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sz 3.*-Ooneentrationsrof 
of anseatheti red Balme infused Into 
vein the of experiment; then ADP from line 
at 00 min for times +—>; and malmo again. The rate of 
infusion was 0 2 ml/min 
x Hxp. Weight of 
No. eat (kg) infused ADP (Af) 
1 8-1 10x10 
2 41 50x10? 
3 38 10x10* 
4 60 10x10* 
5 60 25x10* 
6 28 25x10* 
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4. Concentrations of ctroulating platelets in blood from the femoral 

of anesthetized oats, Balme was infused Into the external 
vein the e nT Fae then adenosine (BID: os. 
oc AMP . Nos. 4 and 5) from the Ime at 90 min. for times 
and salins again. The rate of infusion was 0-2 ml/min 


Exp. Welght of 
Xo, aks Substance saa "vini 
1 31 Adenosine 10x10? 
2 42 Adenosine 10x10" 
3 2 Adenosme 65-0104 
4 30 ANP 10x10" 
5 6-0 AMP 60x10" 


tively and then rose to what it had been before the infusion 
of ADP; at this tune the platelet concentration was still 
reduced. When ADP was infused in lower concentrations 
the platelet concentration decreased slightly or not at all. 
Tn four aapa ADP gas nied mio rus cancun 
in the femoral artery; the mfusions were stopped when 
blood samples were taken. Again, the platelet count fell 
when the ADP concentration was 1x10-*M but not 
when it was 0 x 10? M. In some experiments, samples of 
blood were also taken through a cannula m the uppermost 
branch of the accompanying femoral vem. Changes in 
the concentrations of plateleta in the venous blood did 
not follow those in the arteral blood very closely, but 
large decreases in the arterial blood were accompanied 
by similar decreases in the venous blood. 

When AMP was infused into the external jt vem in 
concentrations of 1 and 5 x 10-? M it had little or no effect 
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on the platelet count (Fig. 4); the lower concentration 
caused no change in blood pressure, the higher a fall of 
36 mm mercury. Adenosine was also infused at concen- 
trations of 1 and 6x 10-* M. It had no effect on the blood 
preasure; ite effects on the concentration of circulating 
platelets were less consistent (Fig. 4) than those of ADP 
and AMP but m no experiment was there a rapid fall in 
the platelet count. 

The results show that when ADP was infused in high 
concentrations into the arrculation of cate it brought about 
& rapid decrease in the concentration of plateleta; neither 
AMP nor adenosine had this effect. The effect of ADP on 
the platelet count seamed to be mdependent of changes 
in Ed idea for two reasons: first, in some experi- 
ments P reduced the platelet count without affecting 
the blood pressure; and secondly, AMP reduced the blood 
pressure without affecting the platelet count. 

The diminution in the platelet count could have resulted 
from the formation of platelet aggregates which remained 
suspended in the circulating blood but were sedimented 
with the red cells when the blood samples were prepared 
for counting’. However, it is unlikely that all the aggre- 
gates, even the smallest, would have been removed in 
this way; and no platelet aggregates were seen during 
counting. Therefore, ıt seems that ADP brought about a 
real decrease m the concentration of circulating platelets. 

The platelet count was decreased when ADP was infused 
at & rate of about 4x 10-' moles/min kg. From this and 
the cardiac output of cata’ it can be calculated that the 
initial concentration of ADP in the blood which was 
sampled was about 4x10“M; this is about ten times 
the concentration of ADP which brought about aggroga- 
tion +n vitro. How the concentration of ADP changed 
as the infusion went on, because of breakdown, eto., is 
unknown. 

When ADP was added repeatedly to human plaama ita 
effectiveness in causing platelet ion progressively 
decreased. We have suggested‘ that this might be due to 
the inhibition of aggregation by breakdown products of 
ADP. This conclusion is supported by the resulta obtained 
in vitro with cate’ plasma: a second addition of ADP was 
no less effective than the first; and the aggregating 
affect of ADP was not reduced by AMP or by adenosine, 
which are the most likely breakdown products. ~ 

The way in which ADP brings about the rapid decrease 
in the concentration of ciroulatmg platelets remain to be 
established. It may be that ADP makes platelets adhere 
to endothelium and form aggregates which are trapped 
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^in the smallest vessels. 


We thank the Medical Research Council for & grant. 
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DIFFERENCES BETWEEN PENCILLINASES FROM GRAM-POSITIVE 
AND GRAM-NEGATIVE BACTERIA 


By Dr. J. T. SMITH and J. M. T. HAMILTON-MILLER 
Department of Bacteriology, Guy's Hospital Medical School, London, S.E.l. 


NTIL recently, studies on penicillinase have been 
devoted, almost completely, to the enzymes elabor- 
ated by Staph. aureus and the Bacillus group; furthermore, 
attention has remained directed largely at those aspects 
of the properties and production of penioillmases which 


provide models either for enzyme induction! or for the 
release of enzymes from bacterial cella**. No systematic 
enzymological study has been made of the properties of 
the penicillinases produced by other organisms, and 
indeed, reporta of enzymological studies on even the well- 
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Table 1 
Gram-negative Gram-positive 
A. A. Zi m E A. A. å. A. Staph. ris M 
doacas cloacus ssropanss aerogenes aerogenes aureus RRL é 
53 at 53 at 214 T 2140 419 8 306 415 x 569  Hokexi- 
pH7-4 93H00 (e) (s) fermu 
Absoluto rate of destrucion T 
cells. 168 204 20 0:4 3-8 7-5 1,170 2:8 3-8 0086 560 (b) 
E Per cent rate of destruction of other penieilHns taking that of benxyipenicillfn as 100 per cent 
- (penicillin 60 70 53 es 65 110 110 85 96 110 117 88 
zc emu. de de ee SE m E Mp uo Nd cun 
A 7 == ras E 
4 40 44 — — — 71 u 17 17 71 56 40 
Penne Gaeh — 4 M CC BH 8 HH uM ùH b 
¢6-Ammmopeniciiians aoid — 14 — — — 32 31 43 $1 — — — 
DS MEL ROME i. (nu CEU YET. Nono gn Gem o X838 BEND a OE E 
s: oxaailitn, BRL 1400) *0 42 — — — — — — — — — — 
teoxasoly!- (claxaeilltn, BRE 1021) — — — — — — — — — — — — 
& ee energy 
goain mole) 4,800 4,600 5,500 3,400 4,000 3,400 3,400 7,200 7,700 8,800 
PH optima (96 cent ]tmtta) 
for 448-54 6 7-74 63-70 5572 66-80 50860 57-195 rib 


— Bate <10 per cent of that of benxyipeniefllin. («) Induced preparations see ref. 9 for detalla. (b) Commercial preparation. 
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Table 2. Ramo (zo mon Nauka: WROLA Nico) Op PFIILUMARR ACTIVITY AGANE YAMDR PXKIMLLOXR OP DURUITAD zo Drricr 
SUSPANAIOKS OY THE GRAM-NEGATIYE ORQANIENS 


A. osons 
53 pH 7-4 


18 


A. cloacae 
53 pH 60 


E. oti 
2147 


10 
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BEBE 


| lol HER owe 


BRL 1877 
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known penicillmases of Staph. aureus and Bacillus spp. 
are fowt. With the advent of a-aminobenzylpenicillin 
(‘Penbritin’, ampicillin), which is relatively active against 
Gram-negative organisms’, interest has been aroused in 
the penicillinases produced by such organisms. In a 
clinical trial’ all penicillimase-producing coliform organ- 
isms were found to be resistant to ampicillin. The penioil- 
lmases from several strains isolated in this clinical trial 
have been found to differ in many important respects from 
others previously described. Some of these results have 
already been published’-"4, and it is intended here to 
present a summary of the enxymaíiio differences found 
between penicillinases produced by Gram-positive organ- 
isms and those obtained from eight coliform organisms. 

The organisms were screened for penicillmase production 
first by the filter membrane method? and. after testa for 
penicillin amidase“ had proved negative, the enzymes 
were confirmed as f-lactamases by chromatographic 
identifloation of penicilloic &cid'*5 in suspensions of the 
various organisms incubated with penicillin G. 

Location of pentoillinase. Cell-free preparations of 
penicillmases were made as previously described", by 
disrupting organisme in an extrusion prese and oen 
ne E e ee ee ee 
debris. In all cases the enzymatic activity remained 
the supernatent fraction after subeequent centrifugation 
of such disrupted preparations at 20,000g for 50 min, 
suggesting that the enxyme is in the soluble cytoplasm, 
in contrast to previous eye: Gram- 
positive ‘organisms, which indicate that penicillinases 
from these sources are associated with the cell wall 
fraction. 

Hffect of pH on ensymatio actwity. Penicillinases ob- 
tained from a number of sources show an optimum 
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— Rates too slow to obtain accurate results, Results with X. cok 214 O are not shown since the activity of whole cell preparations was too low to 


activity at about pH 7 (ref. 20) for benzylpenicillin and this 
was the case for all penicillinases obtained from 
Gram-negative organisms except for the enzyme produced 
by Acerobacter cloacas 58 (Table 1). This latter enxyme, 
however, is very unusual as it has been shown to possess 
essential sulphydryl groupse'*. The penicillinase of this 
organism was examined at pH 6-0, its optimum, and at 
pH 7-4—the value commonly used in the study of penicil- 
lmases. 
Specifiotty patterns. Suspensions of whole or 
cells in M/40 phoephate-buffered saline or M/40 phe aie 
buffer at pH 7-4 (except where indicated) were incubated 
with a final concentration of 2 mg/ml. of various penicil- 
lins; samples were removed at intervals and assayed for 
penicillm by the hydroxylamine method as described by 
Knox and Smith". Table 1 shows the results obtained 
with disrupted suspensions of the coliform organisms, 
together with the absolute rates of hydrolysis of benzyl- 
penicillin, apparent activation energies and pH optima. 
Comparative figures are given for the icillinases of 
Staph. aureus E3 (ref. 21), $ cereus NRRL 569 (ref. 9) and 
B. licheniformis. It is apparent that the Ba 
produced by Gram-negative organisms not only have 
specificity patterns different from those of penicillmasea 
of Gram-positive organisms, but also that each species 
to have a specificity pattern peculiar to itself. 
For example, the E. cols strains hydrolyse only benzyl- 
penicillm and phenoxymethylpenicillm appreciably; the 
A. aerogenes strains hydrolyse 6-aminopenicillanic acid 
rapidly; and A. cloacas hydrolyses 5-methyl-3-phenyl-4- 


T Pemabduy Puri. de 

barrier. As reported previously*:!* with 
Eis torsinia clin disruption of the cells 
resulted in a considerably increased Pate activity 
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against certain substrates. Other strains have now been 
investigated and the same phenomenon has been found 
in every case. This suggests the presence of a permeability 
barrier between the enzyme and its substrate, presumably 
located in the cell membrane. The increases observed in 
penicillinase activity against various substrates on digrup- 
tion of oell suspensions are shown in Table 2. In most cases 
it seams that the permeability barrier is selective, for 
example, with organisms 53, 415 and 418 6-amimopenicil- 
lanio acid is destroyed at a similar rate by disrupted 
-or by intact cells; whereas with A. cloacas 58 at pH 6-0 
disrupted cels destroyed benzylpenicilin 25 times as 
rapidly as intact oells. The presence of a permeability 
barner in Gram-positive organisms has been shown either 
not to exist'^'* or to be doubtful’. 

Antibacterial activity of penicillins. The eleven penicil- 
lms were tested by the tube dilution technique far their 
activity against all the coliform strains, Staph. aureus H3 
and B. cereus NRRL 569, using about 10*-cells as inoculum. 
All these strains were resistant to at least 50 pg/ml. of all 
the tested, except the W3 strain, which was 
sensitive to 1 pg/ml. of the isoxazolyl penicillins and 
4 ug/ml. of methicillin, and strain 2140, which was 
aera 10 pg/ml. of ampicillin. Furthermore, the most 

re AM, Oey Man ee cn nem. 

ich most readily penetrates the permeability 

see nor the most resistant to hydrolysis. However, 

with organism 418 a correlation between antibacterial 

activity and ease of penetration does exist™. A correlation 

between the inducing ability and antibacterial activity of 

penicillms has been suggested for certain Gram-positive 
bacterias M, 

Apparent actiwation energies. We havo previously 
reported on tho difference in the apparent activation 
energies of penicillinases produced by different groupe of 
organisms. It was ahown that, based on the mean number 
of substrate molecules activated by each type of penicil- 
linase, those from Gram-negative sources were 318 times 
more effective as catalytic agents than thoee from Gram- 
positive sources. The fact that the apparent activation 
energies of penicillmases from coliform i are 80 


organisms 
low suggests, on the e inia of Abraham and Newton", 


that the turn-over num of these penicillmases are even 
ee ee Miel cereus -and B. 
26, T. 

nde Pty. Penicillinases from the Gram-positive 
organisms have been repeatedly shown to be inducible, 
and relative inducing abilities have been studied in 
detail’!:4»** for Staph. aureus. However, in no case has 
induction been demonstrated with any of the eight ooli- 
form strains, despite repeated attempts. In some cases’:13 
Increased enzymatic activity after overnight incubation in 
high concentrations of various penioillins was observed, 
but only in intact oell pre ions. It was later shown 
that this increased activity was due, not to an in- 
creased amount of enzyme production, but to damage- 
to the permeability barrier. Similar findings have been 
made with the other Gram-negative bacteria reported 
here. 

Absolute activity. The amount of penicillmase in Gram- 
negative bacteria varies oonsidbrably, whereas penicil- 
linase-producing Gram-positive bacteria possess large 
amounts of enzyme only when induced. (Penicillmase- 
constitutive mutants of B. cereus and Staph. aureus have 
been obtained only as & result of special laboratory 
treatment! The Gram-negative bacteria contain, 

y speaking, low amounts of penicillimase except 

r A, load DB and A. aerogenes 366, which contam, 

sapoak voly, alinese an mBah. aa, Gr cadre, ponieiflinaéo 
than the highly induced Staph. aureus E8. 

Discussion. Tho lack of precise enzymological investi- 
gations on penioillinases from different sources has led 
to the tacit assumption that they have the same properties 
and characteristics. The first clear indication that this 


was-not-the-case-came-with-the-finding!? that-penicillmases« ** Goureviteh;.A., Purstano; T.-À: 
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from B. cereus NERL 569 and B. subtilis 749 differed 
immunologically. The quantitative differences between 
penieillinases of different Gram-positive origin, although 
slight, appear to be quite distinct, for example: (a) the 
specificity patterns of penicillmases from Staph. aureus, 
B. cereus and B. T ene very plara 
most ^us differ im to phenoxybenzyl 
penicillin, which is hydrolysed much more rapidly by 
staphylococcal penicillinase than by the others*; (b) the 
susceptibilities of the enzymes to inhibition by methi- 
cilin and the isoxazolyl penicillins diffor!*.M: staphylo- 
ooooal penicillinase was not inhibited in conditions under 
which other penicillinases showed up to 80 per cent 
inhibition and it has been shown™ that staphylococcal 

penicillmase requires a period of preincubation with the 
P oibitor before inhibition can be demonstrated. Despite 
these differences within this group of penicillmases, it is 
apparent that these enzymes show broadly similar proper- 
ties and characteristics and form a homogeneous group 
withm themselves. 

However, major qualitative differences ooour between 
penicillinases of Gram-positive origm and those derived 
from the eight Gram-negative organisms. As described 
here, the features which identify the penicillmases of the 
Gram-negative organisms are their specificity patterns, 
lack of inducibility, possession of a marked differential 
permeebilibty barrier, difference in cellular location and 
significantly lower apparent activation energies. The 
fact that there also exist quantitative differences, more 
marked than in the Gram-positive series, between the 
properties of penicillinases isolated from different Gram- 
negative souroog!.!*/!! gives rise to the interesting specula- 
tion that each individual species of penicillinase-producing 
Gram-negative bacteria may produce a ‘species 
penicillinase, the enzymological and physico-chemical 
properties of which cannot be predicted solely on the 
basis of comparison with such properties of other panicil- 
linases from a different species 

We thank Beecham Haar Laboratories for of 
peniaillms. We also thank Prof. R. Knox for advice and 
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ENZYMATIC DEBRANCHING OF GLYCOGEN 


A New Pathway in Rabbit Muscle for the 
Enzymatic Debranching of Glycogen 


HE breakdown of glycogen by rabbit-muscle phos- 
phorylase is far from complete, owing to the inability 

of this exo-enzyme td sever or by-pass the a-1,6-branch 
i , and action normally ceases when lees than 40 
per oent of the glycogen has been converted into a-D- 
gluoose-1-phosphate. There remains a macromolecular 
limit dextrin (p-dextrin). Further lytic break- 
down is possible only after hydrolysis of the branch 
i . Some 10 years ago G. T. Cori and Larner’ 
the existence of a rabbit-muscle enzyme, amylo- 
1,6-glucosidase, which attacked e-dexirin with the libera- 
tion of cose and allowed further phosphorolysis to 
oocur. enzyme did not attack native glycogen’*. 
They thought the glucose was derived from 1,6-bonded side- 
chains which had been attenuated to a fi glucose unit 
by phosphorylase. The correctness of this hypothesis and 
of the postulated mode of release of glucose was, however, 
ioned by Walker and Whelan’, who could detect no 
single 1,0-bonded glucose side-chains in amylopectin or 
glycogen p-dextrins. The side-chains were four glucose 
unita long and they suggested that a transferase enzyme 
was required to expose the single glucose residues’ for 
hydrolysis, the other three glucose units being transferred 
i or severally to other parts of the molecule’. A 
transferase having some of the properties of the postulated 
enzyme was reported recently m rabbit muscle by Brown 
and Illingworth‘, and Verhue and Hers* found evidence of 
the co-existence of single-unit and four-unit side-chains in 
e-dextrin. The debranching process in plants operates by 


Durmg 

ascribed* to the ability of the unbranched chains to com- 
plex with iodine more efficiently than chams combined 
in the dendritic macromolecule. 

We now report a debranching process operated by a 
rabbit-muscle enxymo ion that does not roquire 
prior phosphorolysis of the glycogen. A highly concen- 
trated amylo-1,6-glucosidase ion, kindly given 
to us by Prof. E. Bueding, was incubated with glyoogén 
and amylopectin and a slow but eventually very pro- 
nounced increase in intensity of iodine stain occurred 
. During the incubation with amylopectin, poly- 
saccharide precipitated fram solution, staining blue-purple 
with iodine, in contrast to the original red stein. These 
changes were accompanied by increases in the extent of 
£-amylolysis. Amylopectin, amylopectin B-limit dextrin 
and rabbit-liver having initial degrees of B- 
amylolysis of 49, 0 44 per cent respectively, yielded 
77, 64 and 72 per cent maltose with B-amylase after 24-h 
treatment with the glucosidase preparation. The iodine 
stain of amylopectin did not mcrease when ammonium 
molybdate was added to the digest. Molybdate also 
inhibits plant R-enxyme’. 

The effect now reported has previously been unnoticed 
probably because amylase frequently contaminates 1,6- 
glucosidase preperationg'* and causes the iodine stains of 
the polysaocharides to decrease. Indeed, of ten glucosidase 
proe given to us by Dr. Bueding, only four were 

iently free from amylase for increase in staining to 
oocur. 

In respect of increase in iodine stain, inoreese in degree 
of B-amylolysis and molybdate inhibition, the muscle- 
glucosidase ion behaves very much like `R- 
enzymet. is tho important difference that plant 
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a 


5 


Hxtinetlon (680 m) (amylopectin) 





R-enxyme does not debranch glyoogen of normal unit 
chain-length (about 12)*. Only glycogen of abnormally 
high chain-length, Boss pareli with that of amylopectin 
(20 or more), is by plant R-enxyme.*) It is, 
however, possible that the debranching process is mediated - 
by the same combined actions of a transglucosylase and 


reached by its conversion into glucose and the linear 
polysaccharide amylose. Indeed, the precipitation of 
polysaccharide from amylopectin during the action of the 
muscle enzyme preparation suggests the formation of 
amylose, with its pronounced tendency to retrograde from 
solution. When plant H-enryme acted on amylopectin 
the total increase in intensity of iodine stain was only 
half that observed with the muscle system, and tho 

ide did not precipitate’. This comparison 
tion causes 


branching. Fur- 


must wait on the further purifloation of the enzymes 
involved, particularly with respect to their freedom from 
amylase. 
The observation of an increase in iodine stain when the 
glucoeidase preperation acta on amylopectin and 
recalls the recent report by O. F. Cori e£ al. that such 
increases oocur when crystallme muscle phosphorylase is 
incubated with these substrates in presence of a trace 


.of inorganio phosphate or a-glucose-l-phosphate. This 


was ascribed! to a phosphorolytic disproportionstion 
of the member chains, not to a debranching action. Our 
enzyme arati are free from phosphorylase a, since 
the iodine stain still increases in presence of an excess 
of phosphate sufficient to permit the full degree of phoe- 
phorolyuls, and consequent diminution of iodine stam, if 
active phosphorylase were present. j 
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We were informed by Dr. D. H. Brown that ho and his 
colleagues have made similar observations of increase in 
iodine stain on incubation of glycogen with muscle 
glucosidase and their results are published m the following 
communication. 

We thank the Medical Research Council for supporting 
this work. 

M. ABDULLAH 
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Combined Action of Oligo-1,4—1, 
transferase and Amylo-1,6-glucosi 
Debranching Glycogen 


Tue development of & procedure for the purification 
of rabbit muscle amylo-1,0-glucoeidase to a specific 
activity of approximately 80,000 v./mg protein! facilitated 
a study of the action of this enzyme preparation on various 
10-15 times that of earlier preparations! was reflected in 
the rapidity with which very small amounts of this protein 
acted together with phosphorylase a to catalyse the total 
degradation of glycogen. Thus, 1:0 pg of such a glucosid- 
ase preperation and 7-0 ug of phosphorylase a caused 100 
per cent degradation of 1:5 mg of glycogen in pH 6-7 
phosphate buffer at 30? within 1 h. As expected, small 
amounts of the glucosidase preparation also acted directly 
and rapidly on & limit dextrin of glycogen prepared by 
prior phosphorylase treatment to yield free glucose (Fig. 1). 

moe several other enzymes are known to form glucose 
from polysaccharides, the various glucosidase fractions 
obtained during puriflcation were assayed for their ability 
to form glucose from maltose and from glycogen. It was 
found that the highly purified glucosidase never formed 
any glucose from maltose; however, an action on glycogen 
was always demonstrable. Table 1 shows a comparison 
of the extent of gtucose formation by a small amount 
of a glucosidase preparation with a specific activity of 
42,000 U./mg protem acting on various polysaccharides. 
In view of the fact that the glycogen sample (M. L.) had 
been isolated from the liver of a patient with Type III 
glycogen storage disease (absence of amylo-1,6-glucosid- 
ase) and was known to have short outer chains (17 per 
oent degraded by phosphorylase), it was nob surprising 
that it yielded considerably more glucose than the normal 
human glyoogon sample. The ility was considered 
that the glucose arising from latter glycogen sample 
as well as the much smaller quantity from amylopectin 
might have had its origin in some exposed glucose stube 
as branch points on the outer chains of the native poly- 
sacoharides. A similar explanation was offered by Larner 


Table 1. ACTION OF A PROTEK FRACHON oOOFTAINING ANMILO-1,07 
GLUOOBIDASE ON SOME POLYSACCHARIDES 


* Seca formed 
(per cent) 
Glyoogen, human 1 
Oorn amylopectin : 0:17 


secre, o mal eL. trei the mre DOE M, pH 6 30 T 
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who found the liberation of 0-3 per cant glucose by 200 
units of glucosidase ing on glycogen for up to 2 h 
(ref. 8). It was not posable to decide this pomt with 
certainty from these findings alone. However, when an 
attempt was made to measure the total amount of glucose 
which could be removed from the human 

glycogen by exhaustive treatment with large amounts of a 
glucosidase preparation, the results of Fig. 2 were obtained. 
Here, it can be seen that glucose is produced in rather 
large amount and without any apparent endpoint either 
in time or with increasing enzyme concentration. Glucose 
formation was so extensive that an explanation in terms 
of preformed, exposed glucose branch points was ox- 
tremely unlikely. 

The reaction of gtucosidase preparations with glycogen 
was found to be accompanied also by large moreeses in 
iodine colour, often after a lag relative to glucose forma- 
tion (Fig. 3). This finding served to show that a-amylase 
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was not & contaminant of any of the highly purified 
responsible for any 


was no detectable the glucose-forming 
enzyme studied by Btetten* and found to be s trans: 


Since Illingworth e£ al. reported’ that 
itself in the presence of traces of inorganic 
giucose-l-phosphate can catalyse a 
rapid redistribution of some of the 


phosphorylase 
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Evidence that the action of the glucosidase preparation 
ied by & partial 


of its pretreatment by 
increase in iodine colour 
sion of this fact. 
Another aliquot of the glycogen solution after gluooe- 
subj tio 


measurement of outer 


(Fig. 4a). 
In order 


glucose residues was 2,120 o.p.m. per umole. 


active glyoogen was treated for 28 h at 30° with 2: 
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a, Determination of the outer chatn-length of various glycogen samples as a fimotion 
extent of preceding action by bt deter 


1,0-gtucoaidase fractions; b, 
of various sampies as a function of the extent of 
fractions 
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of glucosidase (sp. act., 70,000 U.fmg), and in another 
experiment, with 28-5 ug of glucosidase (sp. act., 6,300 
U./mg). In these two experimenta the unite of glucosidase 
activity added were the same, although the enzymes 
differed greatly in their purity. It is interesting that the 
amount of glucose produced during incubation was nearly 
the same in each experiment, 1:67 and 1-77 per cent. A 
measured amount of oarrier glucose was added, the 
glycogen was precipitated by alcohol, and buffer salta 
removed by passage over a short column of a mixed bed 
resin ('Amberlito MB-3’), Recovery of glucose was 
complete. The solutions were subjected to paper ahroma- 
tography (Whatman No. 1) in a butanol—pyridine—water 
solvent (8: 2:1-5) and the glucose zonea oluted (90 
The glucose was analysed micro- 
enzymatically and ita radioactivity measured in a low 
background counter (Nuclear). From the known dilution 
with carrer it was poasible to calculate that the glucose 
formed by glucosidase action in 23 h of incubation had a 
specific activity in one experiment of 27 c.p.m. per umole 
and in the other of 88 c.p.m. per umole. Thus, it could 
have contained no more than 1-5 per cent of molecules 
derived from l4-hnkggea. An enzyme with glucamylase 
action on the outer chains of yoogen such as that found 
in rat muscle by Torres and Olavarria® seems to play no 
part in the phenomenon studied here. 

An explanation for the in the structure of 
glycogen (and amylopectin) which highly purified amylo- 
1,6-glucosidase preparations are ablo to bring about 
became available after definitive experiments were devised 
to show that the enzyme preparation in fact contains an 
oligo-1,4 > 1,4-glucantransferase which acta to transfer 
maltotriosyl and maltosyl (but not glucosyl) residues m 
«-1,4-linkage from donor to chains’. Posaibly 
longer chains of glucose units may also be transferred. 
Walker and Whelan had suggested earlier! that a trans. 
ferase with some of the properties of the described 
by Brown and Mi ' would be found to play a part 
in glycogen metabolism. From a study of the structure 
of a phosphorylase limit dextrin they concluded that 
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movement of glucose residues from outer side-chains to 
other parta of the molecule is necessary before action 
of amylo-1,6-gluoosidase on a limit dextrin is posable. 

In the reactions described here, glycogen gradually 
becomes debranched as amylo-1,6-glucosidase removes 

ucoee residue whenever such a unit 

becomes exposed by prior action of the oligotransferase. 
The longer outer chains of the partially debranched 
glycogen are, of course, more chromogenic when tested 
with iodine. It is not excluded that a small part of the 
glucose liberated has ita origin in glucose stubs which are 
already exposed in the native polysaccharides as they 
are isolated. It should be emphasized, as shown in Fig. 2, 
that the debranching of glycogen by the non-phosphoro- 
lytic pathway described horein is slow and Tequires rather 
large amounts of the highly purified glucosidase in which 
oligo-1,4 — 1,4-glucantransferase is a minor contaminant. 
A determmation of the speed at which the debranching 
action would proceed if the latter enzyme could be added 
in exceas awaits the success of experimenta to purify the 
transferase itself. 

This work waa supported in part by & research grant 
(EG 4761) from the U.8. Publio Health Service. 


Davi» H. Brown 
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CULTURE OF STRAIN L CELLS IN SUSPENSION: REPLACEMENT OF 
POLYMER BY TRACES OF TRYPSIN IN A DEFINED MEDIUM 


By Dr. R. SINCLAIR, R. A. REID and Dr, P. MITCHELL 
Chemical Blology Unit, Department of Zoology, University of Edinburgh 


Mees for the culture of tissue cells en masse 
have been studied in a number of laboratories! 
with the view of opening up to the student of tissue 
cells the valuable cytostat and washed ion tech- 
niques familiar to the microbiologist. All the methods 
described so far, however, fall short of their mioro- 
biological counterparts in that they require media oon- 
taining serum protein or some other polymer, such as 
methyl cellulose, to support normal rates of dispersed. cell 
growth®’; and it has often been orted that the cells 
nevertheless tend to clump and et sea i 

clumpa?:4,8-10, 


We have used the defined medium MBT52/1 described 
by Waymouth!!, modified? by the addition of 0-0082 mM 
ferrous sulphate, 0-25 mM a-ketoglutarate, by the increase 
of glutamine to 3-4 mM, and by maintaining an atmo- 
sphere of 5 per cant (v/v) carbon dioxide in air in all 
culture vessels. It was confirmed that although strain L 
mouse cells grow well (mean generation time aboub 
18 h) from mechanically dispersed (‘scraped’) roller 


tube inocula in unshaken ‘Pyrex’ vessels, identical cul- 
tures decline, or grow very slowly when gently reoipro- 
cated or stirred. Attention was thus directed to the 
mechaniam by which movement inhibita the growth of 
cultures in defined polymer-free medium. 

The effects of different speeds of simple harmonic 
reciprocation (stroke-length 4 am) were examined in 
50-ml. conical flasks, at 87°, beginning with 4 ml. scraped 
cell suspensions ranging in population from 0-2 to 1-0 x 
10* cells per ml. At reciprocation rates below 30 cyolee/ 
min, the cells adhered to the bottom of the flask in a 
uniform monolayer, and growth was not significantly 
different from stationary control cultures. Rates of 60-80 
cycles/min caused many of the oelle to aggregate at a 
‘high water mark’ on the sides of the flask. This aggro- 
gation could not be prevented. by siliconizing the glass, 
or by the addition of 0-1 per cent methyl cellulose to the 
medium. Microscopical examination after 24 h recipro- 
cation at 60-80 cycles/min showed that the ocells in the 
interior of the aggregates were undergoing necrosis, but 
cells free in suspension were apparently healthy, although 
the latter were occasionally seen to be associated with 
folded membranous debris, containing nuclei. Cell counta 
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made after dispersing the clumps with 0-25 per cent crude 
trypsin indicated that the live cell population remained 
almost stationary over a few days. Higher reciprocation 
ratea resulted in the formation of increased amounts of 
membrenous debris, and the cell number declined rapidly. 
At 150 cyocles/min, for example, the total cell count was 
reduced to leas than 30 per cent of the initial count after 
only 15 min. 
These, and related 
mechanisms of inhibition of pete 
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two main 

(a) aggregation, 
causing locally unfavourable nutritional and physical 
conditions; (b) cell disruption, due to call-to-cell, oell-to- 
interface, and oell-to-veesel adhesion, followed by exten- 
sion of the adhering cell surfaces, forming membranous 
debris which later autolyses slowly. We therefore sought 
to minimize the lethal effecta of the motion of the medium 
by reducing the adhesive properties of the cell surfaces. 
It was observed that cells which had been treated 
briefly with trypsin were much less readily destroyed by 
high rates of reciprocation. Soraped cell ions were 
exposed to 10 ug orystalline trypsin per ml. for 15 min 
at 37°, washed, re-suspended in fresh medium and 


Cell Mo. (x10) 
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Fig. 3. Oell growth in ar faak (2007. )in defined medtum plus 
was daily made up to 
er alee aa olume of oaltare fu fuid(----) | 


reciprocated at 130 cycles/min for 15 min. Cell counts 
were made before and after reciprocation at 130 oyolee/ 
min, and at daily intervals for the next four days, during 
which a shaking rate of 65 cycles/min was maintained. 
Total cell number is recorded in Fig. 1, curve A, for the 
culture after trypsinization, and curve B for a corre- 
sponding control culture, not trypsinized. It is signifloant 
ee ay er a ind ppeared in the trypsin-treated cul- 
third day. 

Tho rials protective ise db ups in Wiis Wes 
of experiment led us to examine the effect of maintaining 
low concentrations of crystalline trypsin in the culture 
medium at the intermediate reciprocation rate of 65 
cycles/min. Fig. 2 shows the resulta of a typical experi- 
ment in which 0-2 ml. 0-005 per cent crystalline trypsin 
in basal salt solution was added to 50 ml. scraped cell 
suspension initially, and at each daily addition of one- 
fourth volume of fresh medium. The control culture 
(curve B) received an s ia volume of basal salt 
solution without 

As indicated here, reciprocating motion is 
LAS, tirendy. indicated lero, reciprocating motion. i 
the cells at ‘high water marks’. Therefore, we have 
adopted the more conventional yp culture technique, 
using a silicon-rubber covered foJlower impelled at 200 
r.p.m. by a magnet attached to a clock motor. Long- 
necked, flat-bottomed flasks have been found ideal in 
shape for this method of stirring. The follower is in 
contact with the floor of the flask, but despite this, little 
evidence of cell damage is observed. The growth curvo 
shown in Fig. 3 was obtained by the daily addition of 
one-third volame of fresh medium followed by 0-1 ml. 
0-001 per cent crystalline trypein in basal salt solution 
per 100 ml. cell suspension. Similar growth experiments 
bave shown that crystalline trypsin does not exert an 
appreciable cytostatic or cytocidal effect up to a con- 
centration of 0-2 mg/l. 

A simple continuous culture system has now been 
established. Fresh medium con 50 ug crystalline 
trypein/l. is filtered directly into a refri ted reservoir 
which is connected to the growth flask thro a drawn- 
out capillary tube. Medium is allowed to flow in at a 
rate which trebles the ing volume of cell suspension 
(for example, 0-5 J. in & 10-1. ) after four days, when 
two volumes are siphoned off. One such unit, yielding 
about 6 x 10* calls at each collection, has been operated 
for thirteen weeks. We are now developing this type of 
arrangement on more sophisticated cytostat principles. 

The use of trypsin in such small amounts (10-50 ug/l.) 
is, of course, possible only in protein-free media. The 
trypsin appears to function by b ing down an extra- 
cellular material by which the cells ere to surfaces 
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and to each other, and it is a characteristio feature of 
suspended growth in trypein-containing media that, as in 
normal cultures of micro-organisms, the cells mostly exist 
singly or in pairs.. We are at present investigating what 
crystalline trypsin does to the cell surfaces, and whether 
other enzymes, such as nouraminidase, may also assist 
growth in suspension. 

We thank the Nuffield Foundation for granta in aid of 
this work. 
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HISTOGENESIS OF THE CEREBRAL CORTEX 
By M. BERRY and Pro. J. T. EAYRS 


T is generally accepted that stratification in the mam- 

malian neocortex is established as a result of three 
cellular migrations in the wall of the tel halon which, 
oocurring in the rat on the 16th, 19th and 2lst days of 
gestation, give rise respectively to layers II and III, 
layer IV and layers V and VI (ref. 1). A recent examina- 
tion of silver and Golgi-Cox preparations showing the 
effecta of X-irradiation on the developing nervous system. 
has suggested, however, that the manner 
in which cortical lamination arises may bo 
more complex than has been inferred from 
the Nisal-stamed material previously exam. . 
ined. 
In the developing nervous the 
elementa which are particularly susceptible 
to the effects of ionizing radiations are 


mitotic and differentiatmg neuroblasts" 
and it would accordi be e that 
X-irradiation i period of general 


cortical differentiation would destroy the 
germinal and mantle layers but would 
leave cells in the marginal layer largely 
unaffected. This prediction has, in fact, 
been borne out by examination of the 
effecta of X-irradiation (200 r.) given to 
the foetal rat on either the 17th or 19th 
day of gestation. In this species 12, 24, 
36, 48 h and, in some cases, 9 days after 
irradiation both the mantle and germmal 
layers aro i and. i 


found to give rise later in life (30 days of 
age post partum) to a cerebral cortex com- 
posed of three layers only (Fig. 10 and D), 
tentatively identified on the basis of histo- 
logical appearances as layers I, V and VI. 
However, the cortex of rate in which X- 
irradiation has been delayed until the 
21s5 and 22nd days of gestation (and in 
which destruction of the mantle layer is 
leas severe) includes, in addition, a thin 
band of disorganized cells lying super- 
i a ee 
III and IV (ref. 8). the basis of 
thia interpretation it would seem that, 
in spite of the total destruction of 
those elements classically destined to 
give rise to: the infra-granular layers, 
the development of these layers is con- 
siderably lesa impaired than is that of the 


normal 
granular and supragranular. One possible 33 


te 


Department of Anatomy, University of Birmingham 


explanation of this phenomenon is that the pyramidal 
cells which develop m the cortex of X-irradiated animals 
may, at least in part, be hyperplastic pyramids derived 


from layers III and IV which have differentiated abnorm- 
ally in an atypical environment. 


equally be explai 
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migrate into the marginal layer to occupy & position 
juxtaposed tò the zonal layer may be destined to form 
layers V and VI, the granular and supragranular layers 
arising as a result of subsequent migrations which are 
. vulnerable to X-irradiation between the 17th and 19th 
day of gestation. This schema implies that the normal 
six-layered cortex is established by an inward migration 
of cells, ultimately constituting the developing layers 
V and VI, intermingled with an outward migration of cells 
destined to form layers II, III and IV. 

With this possibility in mind, an attempt has been made 
to identify the large pyramidal cells in the cortex of the 
X-irradiated animals at 30 days post partum by both 
qualitative and quantitative examination of silver and 
Golgi-Cox preparations. The shape of some cells in the 
radiated. cortex is abnormal (Fig. 10); but if these are 
excluded from quantitative analyses the results indicate 
that morphological characteristics such as the cross- 
sectional area of the 
basal dendrites and number and posttion of branching 
points along the length of these dendrites closely resemble 
those of the nornial pyramidal cells of layer Vb and. bear 
little resemblance +o data relating to the pyramids of 
layers IO and IV in the normal animal. The view that 
the pyramidal oells t in the X-irradiated cortex 
are the counterparts of those of the normal lamina 
ganglionaris receives further support from examination of 
the developing three-layered. archipallium in which the 
effects of irradiation are found to follow & course similar 
to that seen in the neocortex. On the 17th and 19th days 
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of gestation the subicular area is not present, and the cells 
lying superficially in both the neocortex and hippocampus 
form, in coronal sections, a continuous band around the 
medial aspect of the lateral ventricle; yet Ammon’s 
pyramids, as homologous with the pyramidal 
cells of layer Vb (ref. 5), can be seen in the hippocampus 
of the irradiated rat aged 80 days and, although disorgan- 
ized and hypoplastic, form a zone of cells which, m the 
absence of & corpus callosum, 18 continuous with that 
occupied by the neocortical pyramids. 

These findings, which imply that cells destined to form 
the phylogenetically older infra-grenular layers appear 
before those giving rise to the more recently acquired 
superficial lamine, would seem to suggest & more oom- 
patible relationship between ontogeny and phylogeny 
than that indicated by the earlier interpretations. It is 
still not possible, however, to infer from such indirect 
evidence as is so far available that evente ooourring in 
the irradiated cortex also take place during the normal 
course of development, and studies, now in progress, of 
the behaviour of tritiated neuroblasts may yield more 
direct information concerning cellular movements during 
1Tinsy, F., Bell. Neurol. Inst. N.Y., 3, 25% (1033). 

? Bohjekde, A. A., Mead, J. F., and Myan, B., jun., Science, 188, 1037 (1956). 

"pep B. G., and Bayt, J. T., Flectrosnosph. Ohn. Newro- 
, 15, 104 (1663). 

1 Uman, L. L., J. Comp. Neurol., 187, 100 (19000). 


' | 0. U. å., Huber, G. C., and Crosby, Wl. O., in The 
metes cf the Nervous Syam ef. Vertebrates including Mon, , 1861, 
1662, 1867 (1900). j 


RAPID CHANGES IN TRANSPIRATION IN PLANTS 


By Dr. HENRY RUFELT 
Institute of Plant Physiology, University of Uppsala 


]h re e dues Me coo alien 
from a plant causes a rapid change in the transpiration 
rate from the leaf. The change may be an increase or & 
decrease’. Tt has also been found that an addition of an 
osmotically active substance to the root medium or an 
increase in the salt content of a nutrient solution surround- 
ing the root system causes an immediate increase in the 


transpiration rate’? and in the former case also in the ` 


stomatal width as measured with & porometert. The 
addition of various chemicals such as ethyl alcohol, 
diethyl ether and some respiration inhibitors also causes a 
rapid increase in transpiration?. 

The increase obtained after an excision of a leaf in air 


Darwin and Pertz’. They assume that the stomatal 
opening is caused by a loss in targor of the epidermal 
cells surrounding the stomata, mainly the companian cells. 
This would mean that the opening is caused. by a decrease 
in tbe water supply to the leaf instead of the irícrease 
assumed by Ivanoff. 

An inherent requirement of the hypothesis is that the 
epidermis cells dry out faster than the guard cells. The 


movement can be characterized as mechanically induced. 
Later on the guard cells lose water too and & hydroactive 
closure of the stomata occurs. This explanation was the 
only one which was referred to by Slatyer*. During 
investigations of the water relations of various plante in 
the laboratory as well as under field conditions several 
results have been obtained which are in favour of the 
theory of Ivanoff. 

During work on the transpiration of forest trees under 
field conditions, a series of excision experiments on leaves 
and shoots of various species was performed. Rapid 
changes normally followed the excision. However, this 
immediate effect was sometimes a decrease and sometimes 
an increase, and in some cases no immediate change at all 
was found. mostly gave very considerable in- 
creases, while all conifers tested (pine, spruce, larch) gave 
decreases. Birch behaved as an intermediate, as this 
tree was found to be able to give increases, decreases or 
no changes at all. I assume that the direction of the 
change is determmed by the amount of water available 
in the leaf together with the intensity of the transpiration. 

Extremely high inoreesee were obtained in the following 
way in the laboratory. Excised leaves were placed with 
their petioles in water and were allowed to increase their 
turgidity in darkness. Then they were illuminated, 
and when the transpiration had attained a constant value 
they were taken from the water. Even in these circum- 
stances coniferous twigs gave no increases. I assume that 
the lack of Ivanoff effect is due to the fact that the water 
transport in the coniferous stem takes place via tracheids 
and not in vessels and thua the water column is leas 


‘movable. Wood of conifers has a very low water oon- 


ductivity’. 
Aspen leaves were found to give extremely high Ivanoff 
effecta. Fig. 1 shows an experiment with an aspen leaf 


Relative TUxGIDITY (HT) OF LEAF AKD PETIOLH OF ASPEN 

LEAYEÉ BEFORE AND DURING THE |NGRHAZR DX TRANBPIRATION CAUBED 
BY LIFTO THE LEAF OUT OF WATNE 

(The determmations were performed by M. and P. Jarvis at this Instttate.) 


Sample 
Ti Leaves 


T, Leaves 
Petioles 


where the petiole was taken from and brought in contact 
with the water repeatedly. It is apparent that tho 
Ivanoff effect is greater and starte earlier at tho higher 
light intensity. Furthermore, the increase caused by the 
removal of water commences faster than the decrease 
caused by the restoration of water. This reault can be 
explained on the basis of the Ivanoff theory, while no 
mechanical effecta from the surrounding cells can be 
traced. The changes in relative turgidity of leaf and 
petiole were determined. Detached leaves were put in 
water and were illuminated for 15 min Then samples 
(Tı) were taken. Then the petioles were lifted and left in 
air for 6 min and new samples were taken (T, It was 
found (Table 1) that: (1) the relative turgidity (RT) de- 
creased more rapidly in the petioles than in the leavee; (2) 
the RT was lower in the seoond sample where the stomata, 
according to the transpiration record, were more open. 

Wheat plante were placed as ia shown in Fig. 2. The 
transpiration from the leaves enclosed in the cuvette (o) 
was recorded and the leaves were illuminated until the 
transpiration had attained a constant value. Thon 
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Fx. 8. Corona 
ve fno additions 
sodium chloride was added to the veesel A to give a oon- 
centration of 1 M. This treatment can only cause an 
increase in the water transport to the immersed leaf 
which may m turn bring about a decrease in water supply 
to the transpiring leaves but cannot possibly cause an 
increase. The effect on the transpiration was & 
(Fig. 8, curve I). According to the mechanical theory 
already referred to, the decrease should. be preceded by a 
transient increase, but no such increase was found. After 
the transpiration had decreased to the low value the 
immersed leaf was cut off; this was followed by & return 
to the higher transpiration rate. When it had re-atteined 
a constant value, sodium chloride was finally added to the 
root medium in veesel B, which was made 1 M. The effect 
on transpiration is shown by curve II. Tho inorease 
obtained in this case means that the salt addition to the 
roots has a. effect peculiar to this organ. 8o far as I am 
aware nothing contradiote the assumption that an increase 
in permeability of the roota is elicited. 

It seems to me that these experime: Pe Ee 
from another point of view. The fact that no mechani 
effecte could be found would imply that the water-stream 
from the roots to the guard cells passes the companion 
cells without changing the volume of these to a measurable 
extent. However, changes in the-water supply to the 
leaves immediately affect the water content of the guard 
cells. This is possible if Strugger's!* idea that the water 
transport ooours in the cell walls is accepted (see also 
ref. 11). A second necessary condition is that the guard 
cells take up water faster than the other epidermal oella, 
that is, a supposition which is quite opposite to that of 
Darwin and Pertz". Experimenta by Stdlfelt* indicate 
that the guard cells change their water content very fast. 
A logical consequence of these considerations would be 
that hydroactive control of stomatal width is not mediated 
by tho water-oontent of the leaf but by. the water content 
of the cell walls. In this connexion the RT determinations 
of Table 1 are illustrative. Even if the RT decreases 
after the excision of the leaf which moans that the leaf 
water deficita has increased, the stomata become more 
open. It seems necessary to distinguish between leaf 
water deficit and cell wall water doficit. 
inr; rd N. H., Herta, O. H., and Rufelt, H, Physiol. Plant, 7, 753 


* Rufelt, H , Phywiol. Plant, 9, 154 (1950). 
* Rufelt, H., Phystol. Pieni., 12, 390 (1959). 
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* Allerup, B., and Nielsen, J., Physiol Piant , 15, 172 (1062). 
| Deren, F., and Pertz, D. Y. ML, Prose. Roy. Soc., 84, 196 (1911) 
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ELECTRON-TRANSPORT SYSTEM IN PHOTOSYNTHESIS OF GREEN PLANTS 
ANALYSED BY SENSITIVE FLASH PHOTOMETRY 


By Pror. H. T. WITT, Dx. A. MÜLLER* and B. RUMBERG 
Max-Volmer Institut, Physikalisch-chemisches Institut der Technischen, Universitit, Berlin 


HE observation of Emerson et al.! showed that light 

absorbed in the far red limit of the abeorption 
or atte rii ~ 700 mp, that is, in a long wave- 
chlorophyll a, shows a poor yield of photosynthesis but 
is enhanced to a much greater efficiency when it is supple- 
mented by shorter wave-length light absorbed by ohloro- 
phyll b (peak at ~650 my). He concluded from this 
effect that two different photochemical reactions may be 
involved in photosynthesis, one sensitized by & long 
wave-length chlorophyll a and the other by chlo yl 
6-650. Govindjee et al.* have shown that, m ition 
to light absorption by chlorophyll b-650, absorption in 
a chlorophyll a with a peak at 670 my can enhance 
the light-reaction sensitized by a long wave-le 
seien a. Correcting Emerson they concluded that 
two orophyll a sensitize the postulated two light- 
reactions. Blinks? and Myers and French‘ have extended 
the measurements of Emerson by different methods. The 
Emerson effect occurs also in non-green plante such as the 
brown, red and blue algae, etc. . 

Different hypotheses have been postulated to explain 
how a co-operation of two light-reactions may oocur. 
Franck! developed a theory based on n-r and n-r-triplet- 
states. Hill e£ al.* proposed a hypothetical scheme, 
suggesting that me b and f may be involved. 
Brody’ discussed the participation of monomere and 
dimere chlorophylls. French and Fork’ suggested a two- 
pigment mechaniam based on work of changes in oxygen. 

Further indications for two light-reactions were obtained 
by other methods. 

Kau : from fluorescence measurements 
that coupling of two hght-reeotions occur. Allen e£ al. 
obtained indications for two light-reactions from para- 
magnetic resonance signals. Losada e£ al! derived a 
two-light-reaction mechanism from oxygen and TPN 
measurements in combination with poisons. 

There was no experimental evidence: (1) on the chemis- 
try of all the substances which are involved in the mechan- 
iam, except plastoquinone"; (2) on the nature of the light- 
reactions; (3) on the mechaniam how the substances are 
correlated with each other; or (4) on the kinetios of the 
partial reaction itself. 

Direct evidence about substances which are in action 
during the excitation of planta by light came from measure- 
menta of absorption changes. Duysens'* discovered with 
a static method cytochrome oxidation particularly in red 


algae. In green plants he observed unidentified absorption ` 


changes at 420, 475 and 515 mp. Kok! discovered the 
one-electron-oxidation of a pigment P700, with a redox- 
potential 0-43 V and with A BeA changes at 708 mu 
and suggesta that this pigment is a chlorophyll a. We 
measured: (1) the 7-1 *-triplet-state in the bulk of chloro- 
phyll a and chlorophyll b respectively (symbolized as 
Chia, and Chlb, (ref. 21); (2) a metastable state of a 
special chlorophyll a (Ohla,) which is not a xx *-triplet- 
state”; (8) the oxidation of cytochromes (Cyt) in normal 

plantg:3463; (4) the reduction of plastoquinone 
(Q) (ref. 25); (5) the reduction of a subatance X, which is 
a special plestoquinone!*/31::,: sensitized by a chloro- 


* Presens address: Department of Chemistry, University of Minnesota, 
AMinneapotis, Minn. i 


M 


phyll a (Ohlai); (6) pronounced absorption changes in 
photoactive chloroplasts at 438 mp which are exactly 
correlated with the changes at 703 mp and which verify 
the suggestion that P700 is a chlorophyll a symbolized 


ory 
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therefore here as Chlar (refs. 24 and 26); (7) the existence 
of Ohla;-oxidation in different systems A and B (ref. 20); 
(8) an unidentifled difference spectrum with a maximum 
only at 420 my (refs. 26 and 28). 

Using the two-colour effect of Emerson in combination 
with measurements of absorption changes, it was possible 
to demonstrate directly the existence of two light reactions 
coupled in series. This was done independently by Kok”, 
Duysens™ and Witt e£ al.. Kok*! showed that 700-light 
causes an oxidation of P 700, and shorter wave-length ite 
reduction by an unknown product. Duysens** demon- 
strated in red algae that red light causes cytochrome 
oxidation and shorter wave-length rte reduobion again by 
an unknown product. We demonstrated in green planta 
that 700 my-light causes cytochrome oxidation while 
shorter wave-length causes the reduction of a substance X 
(identifled as plastoquinone) which reduces the oxidized 
cytochrome", 

Our measurements of absorption changes were done 
with the method of very sensitive flash photometry”. 
Photosynthesis was excited by single as well as periodio- 
ally weak flashes (~ 1 W seo) with a duration variable 
between 8 x 10-* seo and 1 sec. The detectors could 
measure transmission changes of § x 10 within 8 x 10-* 
sec. In this way 7 different types of absorption changes 
between 10-5 sec and 1 seo could be analysed". From 
the differenoe spectra depicted in Fig. 1 the participation 
of the afore-mentioned substances was derived. Besides 
this analysis, the changes in absorption have been investi- 
gated since 1054 also ın relation to numerous physical and 
chemical parameters!*—*. In this way numerous results 
on the properties of the substances, ita kinetics and ite 
relation to each other were obtained. With this informa- 
tion & rather detailed reaction scheme of photosynthesis 
was developed, including a two-light-reaction mechan- 
igmf'-*. In this article an extended scheme is presented 
in which newer results have also been considered (Fig. 2). 
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derived from of short time measured 
Analyns absorption changes 


It can be seen from scheme (4) that TPN or substances 
such as ox.9; are reduced by transfer of electrons origin- 
ating from water through at least eight reaction anes. 
The electron-transfer between Ohla; and Z, and the 
transfer between Y and Qr (both endergonio in the dark, 
en gaps > 0-85 eV, > 20 koal) are made ible by 
two light absorptions Awr and Avy. A spled enar 
diagram of Fig. 2 is shown in Fig. 8. 

In light-reaction Avr, Ohla; ia oxidized, giving up its 
electron in the excited state Ohla;* to the substance Z. 
Chla;-oxidation is acoompanied by pronounced absorption 
decreases at 433 mu and 703 my (refs. 83, 24 and 26) which 
are characteristic for light reaction Aw; (Fig. lo) De- 
creases of absorption changes just within the two abeorp- 
tion bands of chlorophyll a indicate that a chlorophyll a 
(Chlar) is in action. The decreases indicate, furthermore. 
an oxidation because of a corresponding dependency on 
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Table 1 
Properties Light-reaction Ar: Téght-reaction Arn 
Absorption Ohio: 703 ma ): 475, 515 ma* 
Coneentra tion [ ^ 10-*.[ohlorophyil) SETA ehlorophyill] 
Hxünetion fw 10* em s(475)9s 10* an 
Donor +045 V (Chin) > +081 Y (Y) 
Redox: 
Aoceptor « —0-44 V (£) ~ +0 V (Qn) 
Supplied by (Io 650) Chla-082, Ohlb-650, Obla-675 
Limtt of excitation ~780 ms ~ 705 Me 
constant 2x10" L/m.see 2-7 x10 Linse 
(Chiat with red. PMB at (Qr with DPI at pH = 
ENN D 
Activation energy 4 uS) + with red. 7-4 koal (Qu with DPIP) 
furia a" 11 5-8 
tnacitvation (5 min) ~ 45° O ~50 0 


added ferrojferri ide". From such measurements the 
redox-potential of Chlar could be calculated as 4-048 V 
(ref. 88). Our measurements gave & slightly higher value 
Different evidence that Ohla: 
by the fact that added 
henazine methosulphate Sy PMS) or reduced 
dichlorophenol indophenol (red. DPIP) (both with ascorbic 
acid in exceas) can be directly coupled to the light pro- 
duot*M (reaction constant and energy of Sctivation: 
Table 1). This coupling can be demonstrated by the 
strong acceleration (factor 100 and more) of the decay 
time of the ion changes of Fig. lo with increasing 
concentrations of red. PMS or red. DPIP (Fig. 4). The 
coupling between Ohlar* and red. PMS or red. DPIP is 
possible when light-reaction Avr is inactivated (by ageing 
chloroplasta“ or heating to 60° O (ref. 22) or extraction 
of Qn (ref. 22)). The production of Ohlart within 103 
geo and the ping of Ohla* at — 150° O gave evidence 
that this oxidation is a primary act™. The Ohla; reaction 
18 stable in the pH 4-11 and up to ~65° O. Z- 
reduces substances ox.S; as ferricyanide, benzoquinune, 
i hate, indigo-carmine, benzyl violo- 
methyl viologene and TPN-reductase. This is 
; in Fig. 5 (see later). From oxSı the redox- 
potential 
When 


of Z was estimated. aa < — 0-44 V. 
no ox.S; is added to the chloroplasts a baok- 
flow of electrons from Z- to Ohlart occurs in ~ 10 seo 
(ref. 26) (Fig. 2). This is demonstrated in more detail 
also in Fig. 5 (eee later). 
A ferricyanide reactive plastoquinone Qr (absorption 
eun ad eRe orn TUS 
. 25). 


104 
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Half-iime (soc) 
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The changes at 433 and 708 my show a biphasic be- 
haviour in relation to various conditions’. From this 
the oxidation of Chlar in two different systems A and 
B could be derived. ‘The redox-reaction in system B 
oocurs probably only in a cyclic e-flow which may be 
accompanied by phosphorylation. One example for the 
biphasic behaviour of Ohler was given in ref. 26 and 
is also included in the discussion of Fig. 5. From this 
follows the ratio of Ohlar (in A) : Oblar (in B) = 1. 

In light-reaotión Avn, Chlar: transfers in its excited 
state an electron from Y to plastoqumone Qu: 
Qu Chlan *Y — QrirChlanY* (ref. 29). The reduction of 
Qu (formerly symbolized with X) causes pronounced 


Absorption caused directly by Qu were observed 
at 200 mu (Fig. lg) (ref. 25). In the meantime, it was 
shown that the kinetics of the changes at 260 my oorre- 
spond to those at 475 and 515 my under different condi- 
tions so fan as investigated. The suggestion that Qu 
is engaged in a light-reaction follows from the very 
fast appearance of the changes («' 10- sec) and the 

independence of its magnitude at all light 
intensities!’. That in light a reduction of Qu occurs 
was veriflod by the fact that added oxidized substances 
ox Si: as dichlor-thymol- and phenol-indophenol, toluylene 
blue, thionine and methylene blue can be direotly ooupled 
to the light product!’ (reaction constant and activation 
energy see Table 1). This coupling can be demonstrated 
by the strong aooeleration (factor 200 and more) of the 
decay time of the absorption changes at 515 my with in- 
creasing concentrations of ox.Sn. From ox.S11 the redox- 
potential of Qn (formerly X) was estimated as ~ Ov 
Since ox.Sr is a Hill that with ite 
production of 
oxygen from water takes place, it follows that Y+ oxidizes 
directly or indirectly water™. 
potential of Y is > + 0-81 V. The Qu reaction is stable 
in the pH range between 5 and 8 and up to 4- 50? O (ref. 
The co-operation of Mnt in water oxidation was 


Action spectra’ of the isolated light-reaction he; and 
hyr respectively show that light absorbed in the bulk 
of the different chlorophylls is transmitted to e trs 
reaction centres in the following way. Chla-682, Chla-695 
and probably also Chlb-050 excite Ohler per d. 
migration. Chlb-6050 and Chla-074 excite Chlan. The 
red limit for Av1-excitation is at — 730 mu, the limit for 
Avo-excitation at ~ 705 myu (refs. 22 and 30). This is in 
good t with the Emerson effect. Henoe, using far 
red light (~720 my), the light-reaction Avr is almost solely 
excited™™-**. 

The Ohla-674 is very probably the fluorescing pig- 
at ~685 my). Therefore, 


ion changes of Qn (at 515 my) and the fluorescence 
at different conditions*™. , 

The product of light-reaction Avn, Chlar*, reduces via 
intermediates the product of light-reaction Ayn, Qi 
(refs. 24 and 26). By comparing the abeorption changes 
caused by Qu with those of Oblart (in A) under different 
conditions it was possible to demonstrate the quaniia- 
tive kinetio relation between the light-reactions hv; and 
kyrr (ref. 26). 

Intermediates between Chlart and Qir- are cytochrome 
Cyt and the unknown substance E. Light-induoed oyto- 
chrome reactions have never been obeerved in normal 
green plants. The difference spectrum (Fig. le) which 
indicates participation of xidation is only 
observable when the reduotion of Cyt* is strongly delayed 
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or prevented (exciting only Avi, cooling to —150° O, 
uncoupling from Qu by red. DPIP, ageing, etc.)*, 
From this it was concluded that under normal conditions 
the reduction time of Cyt+ is faster (< 10- seo) than 
the oxidation time of Cyt (^ 1033 sec). That the observed 
cytochrome is probably Cyt-f (redox-potential + 0-37 V 
in vitro“) is supported by the redox-potential measure- 
ment in vivo (~ + 0-4 V). That Cyt is one reaction 
pertner of Chla: follows from three observations: (a) 
the oxidation time of Cyt (within the limita 
of accuracy) to the reduction time of Chlar* (~ 10> seo) 
(ref. 24); (b) both accumulate in the oxidized form when 
m light-reaction Aw; is excited (at ~ 720 my) and 

are reduced by exciting Avrr (at < 700 mg) (refs. 
22, 24 and 26); (co) Chlar* and Oyt* are both trapped at 
— 150? C (ref. 24). 

" states that he measured in Chlorella a 
“light-induced” oytochrome-f oxidation. Due to his 
measurements the lifetime of Cyt+ must be of the order of 
10 seo. Neither Chanoo e£ al.** nor we could confirm his 
results. Chance suggests that he measured an oxygenation 
of a previously anaerobic Chlorella and not a light-induced 
cytochrome oxidation (see special note on this point in 
ref. 88). Duysens“ suggests that tho absorption changes 
at 420 mu may be caused by cytochrome. 
separation of the difference spectrum which belongs to 


The kinetics show that Cyt* is reduced by Qrr at least 
via E (ref. 26). H is not a 8inoo corresponding 
absorption changes of 10 seo do not exist. 

Tho energy released in the back-reaction between Cyt* 
and E or between B+ and Qn- (~0-4 eV, ~ 10 koal) can 
be used for a p orylation**.**, 

From the quantitative measurements of reduced ox.S11 
per flash the concentration of Qn was estimated as 
^ 10> of the bulk of chlorophyll’. From the magnitude 
of the absorption changes of Chla; and Cyt the same 
concentration also follows for these substances. 


half-time of Chlar* with increasing eoncentrations of red. 
PMS: In these circumstances, light reaction hvr is 
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(ox.8; <- Z -— Chla: + red. 
PMS) must be responsible for the 
when Vernon, Kamen and Zaugg** used, aged chloroplasts 
with red. substances which are 
TPN in the light. > 

At 20° O the reaction of Z-Chlar oan be suppressed 
by permanent oxidation of Chla; with ferricyanide 
(2103 Mil.) (no more changes at 483 and 703 mu, 
(Fig. lo). In this case addrtion of ox.Sr (for s 
DPIP) can di accept the electron from Qr (only 
changes at 475 and 515 my, Fig. ld) In these oir- 
cumstances, light reaction Avrr is isolated", This 
reaction : ' 

—Àm— 


ox. Sr + Qu Chlair Y-—H,O 


must be responsible for the system which waa described by 
Losada e al! (oxygen: roducing chloroplasts with 
ferricyanide and D y: contrast with their mter- 
pretation we conclude from our optical measurements 
that the essential function of ferricyanide is the chemical 
oxidation of the Chla: in A and B. 

When the chlorophylls in the bulk are separated or both 
light-reactions are inactivated by heating to 65° C, the 
migration of energy to the reaction centres Chlar and 
Chlsn is in In this case the light energy should 
stay in the x—z *-triplet states of the molecules in the bulk 
(Fig. 1a). This has directly proved!!. 

The chlorophyll a reaction causing the very fast 
changes™ (difference spectrum in Fig. 16) is as yet not 
included in the echeme. It might be that this reaction is 
in relation with the reaction of Chlai. 

Since Hill’ made the discovery that isolated chloro- 
plasta can oxidize water and can reduce added substances 
during illumination, extensive work was done on the 
reducing and also oxidixing capacity of illuminated 
chloroplasta. For the hi reduction power, for 
example, a tial of —0:44 V was oetimated?*. With 
the upset of the reaction scheme it now becomes clear 
that at least 8 sites are possible for a reduction or oxida- 
tion reaction and the question arises at what site the differ- 
ent substances are reduced or oxidized respectively. On 
this point we already gave detailed information (Fig. 2) 
which was derived from the behaviour of the different 
types of absorption changes. 

On the reaction capacity of Z, we have published only a 
short note". There are two ways of measuring which sub- 
stances react with Z-, Z is not accompanied by 
absorption changes in the visible range (Fig. 5, top). 

(1) By exciting photosynthesis with flashing li at 
t, the Obla; (4) and Chla (B) at level a aro | iately 
oxidized to level 8. Afterwards, Chlar* (4) is reduced by 
Cyt in ~ 10+ seo and Ohla;* (B) via the cyclic way also 
in ~ 10 seo back to level a. The corresponding abeorp- 
tion changes are shown in Fig. 5 (middle, first picture). 
Exciting only light-reaction Avr with soft permanent far 
red background light (~720 mu) at t» Chlar (A) as well 
as Cyt and E should accumulate in ita oxidized form 
(level B) smoe no Qn-s are produced for ite reduction. 
(Chlar+ (B) cannot accumulate because of the cyclic e-flow 
in B.) A supplementary flash with Avi and Avrr lights 
(< d RW ee hlar (B) and the level 8 is 
reached. Simultaneously the same flash produces Qm-. 
Afterwards, Chlar+ (B) is reduced in ~ 10+ seo via the 
cyclic way. Because Chla: (A), Cyt and Æ are oxidized the 
Chla1* (A) is reduced only so fast as Qır- oan react with E+, 
that is, in ~10-* seo. So the time course depicted in Fig. 
55 should be characteristic for Chlar* accumulation in 
system A. Nevertheleas the experiment in Fig. 5 (middle. 
second picture), shows no accumulation. The reason may 
be that Ohlart (4) can also be reduced by a oyolio back 
flow of electrons from Z- to Chlar+ (A). If this is so. 
trapping of the electrons of Z- should prevent the bao 
flow. Indeed, with addition of oxidized indigo-carmine 
absorption, changes occur which are characteristic 
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for accumulation of Ohlart (A) (Fig. 5, middle, third 
picture). 

(2) Another consequence from the scheme is the follow- 
ing. With addition of OMU the electron inflow from water 
is totally blocked. Then Chlar* (4) should be permanently 
oxidized at level y. A flash can only oxidize Chlar (B) to 
level 3 which is afterwards reduced via the oyolio way m 
^ 10-3 geo to level y. So disappearance of the absorption 
changes which are caused by Ohla: (A), that moans half 
reduction of the magnitude of the changes at 438 and 703 
my (Fig. 5c), is characteristic for the bloaking of system A 
by OMU. Nevertheless, the experiment in Fig. 5 (bottom, 
second picture) shows that with OMU the changes are 
not influenced at all. Again, the cyclic back-flow may be 
the reason. Indeed, by trapping the electrons from Z- by 
oxidized indigo-carmine the changes caused by Chlar (4) 
disappear, indicating that system A is now totally blocked 
(Fig. 5, bottom, third picture). 

y these two teste it is possible to decide directly which 
oxidized substances ox.Si can react with Z-. So far as 
mvestigated, ferricyanide, benzoquinone, phenazine metho- 
sulphate, indigo-carmine, benzyl viologene and methyl 
viologene react with Z-. Henriques**, in our laboratory, 
tested that not TPN but TPN-reductase‘! traps also the 
electrons from Z- in the same way as indigo-carmine, 
eto. The reaction of ox.91 with Z- is specific in so far as 
all substances surnamed under ox.S: cannot react with 
Qır. This was shown by the observation that ox.S; 
does not fluence at all the absorption changes of Qr. 
From these results the following conclusions can be 
drawn: 
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(1) Because methyl viologene can be reduced by Z- the 
redox potential of Z-/Z is < —0:44 V. Then ihe redox 
potential of the excited Chlar* must be € —0-44 V. 

(2) Because TPN-reductase is reduced by Z-, TPN- 
reductase must contem a redox . This is & con- 
firmation of the result of Arnon e£ ai.*3, who have recently 
shown in a different way that TPN-reductase contains a 
redox system, ferredoxin. Ferredoxin was discovered by 
Mortenson et al., The difference spectrum not identified 
in Fig. 1f may be caused by ferredoxin. 

(3) Ferredoxin is not identical with the electron a&ooep- 
tor of Chla: (A), anco also without ferredoxin the oxidation 
of Chlar occurs (furthermore, absorption changes at 
433 and 703 my, Fig. 1o). 

-Ferredoxin reduces directly or indirectly TPN, probably 
with the help of the enzyme component of TPN-reductase. 
With TPNH, and with ATP carbon dioxide can be 
reduced to sugar via the Calvin cycle. 

This work was supported by the Deuteche Forschungs- 
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LETTERS TO 


GEOPHYSICS 


Growth of the Earth’s Core 


To his recent communication!, proposing that the cause 
of convection in the mantle is chamical, Dr. Stacey added 
a note in proof attacking the idea used by ms’ of a 
gradual growth of the Earth's oore to give a tentative 
explanation of continental drift. He makes the objection 
that the settling of the Harth’s core from an undifferen- 
tiated Harth, formed by the accretion of iron and silicate 
bodies like the meteorites, would release an amount of 
energy greater by an order of magnitude than that which 
would have been conducted through the Earth’s surface 
since 3,000 millon years ago, when I suggest separation 
began, ing the geothermal gradient had always its 

resent value. I do not think Steoey's objection is valid. 

have a detailed paper in preparation giving an account 
af the thermal history of the Earth, ing that con- 
vection in the mantle is possible: naturally this differs 
radically from the thermal history of the Earth previously 
presented by those‘ who have only assumed conduction in 
the mantle. 

It is possible here only to make the following points: 

(1) If the Earth was formed’by the accretion process, 
and if the heat generated at the surface of the developing 
planet by impacts is radiated off into space, then the 
initial of the Earth would have varied from 
0° O at the surface to about 800° O at the centre, owing to 
the adiabatic gradient. It is possible, if the planet &ocumu- 
lated sufficiently fast, for some of this energy to be trapped 
within the Earth and it is of course possible to suppose that 
the short-lived radioactive isotopes, for example, alu- 
minium-26, might also contribute initial heat, but again 
this sasumes a very rapid collection of matter. There 
seams no reason to postulate much initial heat. 

(2) If the ioactivity of the silicates composing the 
Earth's mantle is that of chondritic meteorites, which now 
generate 1:6<10-" joules/g/year, and the radioactivity of 
the iron core is negligible aa is the case for iron meteorites, 
the ture of the Earth would have risen by only 
1,800° O in the last 4,500 m.y., even if no heat escapes. 
Also H. O. Urey (private communication) believes that 
this is probably an over-estimate, as the chondritic meteor- 
ites may be over-rich in potassium. One may therefore 
deduce that on this theory there has had to be another 
source of heat in the Earth’s interior, for the lowest 
estimate ever made of the temperature at the core mantle 
interface is in excess of 3,000° O and probably is much 
greater. x 

The gravitational energy released in the process of form- 
ing the dense core may reasonably be identified as the 
likely source. Uroy* calculates the heat ted as bemg 
between 1-67 x 10°! joules and 2:19 x 10?! joules assuming 
that no changes in ture have occurred. About a 
tenth of this heat has bean lost through the surface; 
perhaps & twentieth has gone to melt the core, supposing 
the latent heat is 100 calories/g (mass of core is 2 x 10?! g). 
Also, the increase in gravitational energy in the expansion 
of the Earth consequent on the Earth's temperature 
rising thro say, 4,000? O is considerable. Assuming the 
volume cient of expansion to be 8 x 10+, an increase in 
volume of 12 per oent is to be expected. This requires the 
gravitational e to imorease by 2 per cent. As the 
total rar itab anal endtuy of the Earth is about 2x 103 
joules, half the energy released by separation of the 
iron core has been accounted for. 


ipu Nu FO ere 7 x and 12 x 10” 
joules, is available for heating up the Earth to rte present 
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THE EDITOR 


temperatures. The mass of the Earth is 6 x10% g, eo that 
the increase in ture lies between 1,000? O and 
2,000? O, of the order of thab required. 

The fallacy in Dr. Stacey’s argument lies in the fact that 
it is tempting to believe that a system of convection 
currente will carry away exactly the heat generated, but 
the proviso must be added that the heat sink is adequate. 
But it is quite clear, from the present-day values, that the 
heat conducted through the crust is insufficient, and if the 
Earth’s initial temperature were low it could scarcely be 
otherwise. The convection currente will, of course, distri- 
bute the heat generated uniformly through the ‘fluid’ part 
of the mantle and the general temperature of this will rise. 
The thermal gradient through the crust will therefore 
increase with time. 

B. K. RUNCORN 


1 Btacey, F. D., Nature, 197, 58% (1968). 

2 Runcorn, B. K., Netwre, 198, 311 (1902). 

* Runcorn, 8. K., Nature, 196, 1248 (1002). 

t Jacobs, J. A., Handbuch der Physik, 47, 364 (Bpringer-Verlag, 1960). 

* Urey, H. O., The Planets (Yale Univ. Press, New Haven, 1952). 
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Photometric Observations from the 
Southern Hemisphere of 5577A Emission 
from the Aurora on October 28, 196] 


Ix a recent communication! Silverman reporte unusual 
fluctuations in 5577.4 airglow emission intensity an October 
28-29, 1961, et Sacramento Peak (geomagnetic latitude 
41-6°N.). Silverman gives a curve, consisting of readings 
taken at 10-min intervals for the period 0200-1100 h 
U.T. on October 29, 1961. The peak intensity for that 
night is-almost 450 and the minimum about 50, tho unita 
being unstated. It is of interest to compare theve results 
with some recorded around 1200 v.r. October 28, from a 
similar experiment at Lauder, New Zealand (170° E., 
45° B. geograpbio; 50° 8. geomagnetic). 

The Lauder photometer pointa continuously to the 
zenith and views an angle of 0-5°. The instrument was 
designed to search for rapid fluctuations in the airglow 
and uses a photon pulse-counting technique; the wave- 
ea relies with a dieleotrio filter having a half- 

idth of 70A. It came into operation early in September 
1961 and recorded 5577A emission until December 1961— 
the same period as that by Silverman. 

On the night of October 28, 1961, a bright aurora was 
observed at Lauder. This aurora, which consisted of an 
active rayed arc, was the brightest obeerved here during 
thé whole of 1961. The sky was clear in the zenith, and 
during the period 1185-1235 v.r. the curve oed 
in Fig. 1 was reoorded by the photometer. Until 1141 the 
recorded intensity was at the normal airglow-level, 
although the aurora in the south had been bright for an 
hour or more. ‘The rays rose higher in the sky until at 
1144 they reached the zenith and the photometer went 
full scale with the recorder at normal sensitivity. (At 
1147 the recorder sensitivity was reduced by ono half, at 
which setting it remamed for the rest of the night.) The 
rays stayed in the zenith for only 3 or 4 min and then 
retreated to the south. By 1280 the auroral display had 
quietened to no more than a glow. The moon rose at 1208, 
and after 1235 the photometer record was contaminated 
by moonlit cloud. For the period 0900-1200 Kp was 5, 
rising to 6 for the period 1200-1500 v.T. 





Silverman's record covers the period 0200-1100 v.T. 
on October 39. During this period Kp was 6, 5, 6 and 4. 
He does not state whether an aurora was visible, but else- 
where Gartlein' reporte that a “large aurora" which 
began early in the morning of October 28 and continued 
until daylight was observed in North America. On the 
following night, which is covered by Silverman’s record, 
glows were 

An &llaky camera is run in conjunction with the 
Lauder photometer. The photograph for the period 
1182-1137 v.T. is reproduced in Fig. 2. During the nights 
when the photometer wes operating, seven aurorw bright 
enough to be visible to the naked eye were recorded by the 
all-sky camera; but the photometer recorded & definite 
increase associated with an aurora only on October 28. 
This is evidence that this night was indeed unusually 
active. 

Silverman recorded an intensity variation on October 29 
of two to one in a period lees than 36 seo. As mentioned 
earlier, the Lauder photometer was specifically designed 
to look for very rapid variations in airglow. Due to the 





Fig. 2. Negative photograph taken at Lauder the all-sky camera 
durmg eed 18$ IST om 
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short time-constant of about 1/100 sec, the 
photometer registers statistical variations 
of about 15 per coent: I have been unable 
to detect any short-period fluctuations in 
airglow during the period September- 
December 1961. If the short-term fluctus- 
tions do exist their amplitude must be less 
than 15 per cent of the meen level. Tho 
only major fluctuation observed during 
more than three months of operation was 
on October 28, when a visible aurora was 
in the fleld of the mstrument. 

The last 2 h of the Sacramento Peak 
record corresponds to the first 2 h of the 
night’s run at Lauder for October 29; but 
the sky at Lauder was almost completely 
overcast for this night, so no comparison 
can be made. 

The evidence shows that on October 28, 
1961, commencing about 1100 V.T., con- 
siderable auroral activity was observed in 
both hemispheres. Ib appears that the 
large fluctuations recorded at Sacramento 
Peak were a manifestation of this wide- 
spread auroral activity rather than simple airglow 
variations. As Silverman makes no mention of an 
aurora being visible it is concluded that the activity 
at Sacramento Peak was sub-visual. It would bo 
interesting to know the nature of the Sacramento Peak 
record for the last hour of the previous night, when the 
aurora at Lauder was most intense. O. T. LAWE 


Dominion Physical Laboratory Auroral Station, 
Private Bag, Omakau, 


1 Bilverman, B. M., Natwre, 196, 481 (1001). 
a U.S. Visual Observations. Neweletier No. 51 (Ithaca, Now York, Nov. 1061). 
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Neutron Numbers 98, 108 and 116 


IN a discussion of neutron capture processes and theories 
of element origin, Malkiól! has suggested that the neutron 
numbers 98, 108 and 116 may be favoured. Malkiél 
mentions that mass date also appear to support the 
“special character” of N=116. It may be recalled that 
these numbers are not predicted as significant by the shell 
model of the nucleus. 

The possibility that N= 98 and N=116 might be signi- 
ficant had in fact already been briefly noted by me’ in a 
systematic study of the relative abundances (per oent 
proportions) of the isotopes of the elements. It is the 
purpose hére to consider further the probability that these 
neutron numbers are favoured using as evidence a system- 
atio study of the principal (most abundant) isotopes of 
the elements. Ib is assumed that the principal isotopes 
are particularly significant. 

Fig. 1 is an N-Z, Z diagram of the principal isotopes of 
the stable elements plus those of uranium and thorium. 
The di is based on my work elsewhere (Fig. 19. 
ref. 2; and Figs. 3 and 4, ref. 3). A few pointe have been 
placed in bracketa. These are not the true principal 
isotopes but are not regarded as seriously exceptional as 
their proportions are very slightly leas than those of the 
principal isotopes’. On the basis of diagrams similar to 
Fig. 1 and evidence, I have proposed’ a 3-fold 
division of nuolei: 

(1) N (and Z) « 20 ({He region) 

(2) N>20< 50 (transition region) 

(8) N>50 ($He region) 
and have suggested the ibility that ‘He (2p + 2n) and 
He (2p+4n) be contare as cluster components of 
nuolei. Let us now consider the region N >50 <82. *He 
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sequences are apparent and terminate at highly favoured 
N —82. Buch sequences are apparent also in the region 
N»82, but these sequences are displaced with respect to 
those for N «82. Similar discontinuities and displace- 
ments, but on a smaller soale, occur at N = 98 and N 21106; 
these numbers have been placed in parentheses in Fig. 1. 
The well-d ‘discontinuities and displacements 
at N= 82 and the related discontinuity-developmente at 
N=Z=20 and N-—50 indicate that the systematics of 
stable isotopes clearly reflect the effecta of the well-known 
highly favoured neutron numbers 20, 50 and 82. Accord- 
ingly, if such principal isotope systematics are sensitive 
in this respect, it is not unreasonable to assume that the 
discontinuity -displacements at N = 98 and N = 116 indicate 
that these neutron numbers are also favoured, correspond- 
i to sub-shells or to oluster groups. 
aani L. H. Anau 
Department of Geology and Geophysics, 
Maasachusetta Institute of Technology, 
Cambridge, Mass. 
Me Cuz or T Pop ib 07 n; oa 
* Ahrens, L. IL, Geookám. Oosmookws. Acta, 11, 1 (1056). 
* Ahrens, L. H., Trens. Hoy. Soc, S. Afr., 88, 163 (19061). = 
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Period and Amplitude In Atmospheric 
Gravity Waves from Nuclear Explosions 


Fra. 1 is a log-log plot of the peak-to-peak pressure Ap 
of the first full cycle of the waves against the period + 
measured from the first to the second overpressure peak. 
The points shown refer to waves with a well-defined first 
oyole and are taken from microbarographic records, made 
in Stockholm!, of nuclear explosions in the vicinity of 
Novaya Zemlya. The instrument response is essentially 
flat for lengths of periods between 0-5 and 300 geo. All 
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pointa correspond to explosions selamically recorded by 
B&th* in Uppeala during 1961 and 1962. The site of the 
eiceions from Stockholm are in the range of 1,900—2,300 
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. The straight line in Fig. 1 approximates the apparent 
interdependence of preesure and period as: 

: Ap=3-5x 16x «1 

when Ap is in dyne cm and « in sec. 























$ 
t 
10 50 100 500 1,000 
- T (866) 
Fig. 1. Preesure and period of atmosphere gravity waves from nnolear 
explosions 


Donn and Ewing* have mentioned that they could not 
find any significant correlation between explosion yield and 
record appearance in records obtained before 1961: they 
attributed this to the then i te instrumentation. 
In view of the proportionality of Ap to yield W used in the 
theoretical investigations of atmospheric gravity wavee by 
Boorer*, by Hunt, Palmer and Penney’, and by Weston’, 
our results indicate a proportionality between W and qt. 

H. Wicwar 
U. Enrcsson 
Research Institute of National Defence, 
Btockholm 80. 
3 Araskog, B., Ericsson, U., and Wigner, H., Naters, 193, 970 (1903). 
D , M., Bes. Ims. Wat. Def. Rep. i 
' Båth, M. UE a. Def. Rep. A 4270-4721, Btoockholm, 1062 (and 


“*Domn, W., and Hwing, M., J. Geophys. Res., 07, 1856 (1042). 


t Boorer, R., Proc. Hoy. Soo., A, 801 137 (1080). 
* Emig Palmer, E-, and Penney, W., Phu. Trans. Roy Soc., A. 86, 275 
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Connexion between Local and Global 
i Physics 


Ir relativistic quantum mechanios can be founded on 
the ‘principle of triality' as I have claimed elsewhero!.* 
then this ought to be reflected in the global structure 
of physics. Locally, triality means the invariance of a 
form trilmear in phase functiona and two kinds of wave 
functions. Globally the latter are replaced by the ex- 
pectation values of phase functions and globally defined 
fields. Bo the question becomes, what kind of triality 
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is poamible in the rolativistio phase space E, considered 
as a quasi-classical object ? 

It was shown by Cartan and Schouten" that the elliptic 
space S, admits a triality which is unique. That is, in 
possessing two kinds of absolute (Clifford) 
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to the impossibility of 
reconciling the dynamic and kinematic requirements. 


group of dynamical transformations is potentially greater 
than kinematics and is only reduced to the latter by 


proper mass m, an abeolute constant. ` 
In a sense this assumption is already dropped in the 
steady-state theory in which proper mase is not con- 
served, but the only formulation of this theory* does 
not differ eaeentially from the introduction of a ‘coamo- 
logical term’ into the energy-momentum tensor, an 
admittedly ad hoo procedure. A satisfactory theory 
would have to relate such a term to locally observed 
fields as indeed others”! have recognized. £ 
The second restrictive assumption (H) lies in the fact 
that for a group space Hs, the number of parameters 
r 2 ^» the number of dimensions. But the essential 
property of the Ha, namely, the existence of absolute 
parallelism, is according to the Oartan—Schouten result 
also by just one other space, S, The group 
G = , here acta in such & way that r = 9n. 
Consider an affine space V, in the phase variables 
s1 = (p,x) with linear connexion: 


gut = de + T$, ds? 
and of constant curvature: 


If the connexion is split: 


a) 


+ 0 
iy, olim d 
into a metric and a totally antisymmetric part, then the 
pair of parallelisms given by equation (3) is absolute if: 
Sh, Sas S, = t Ry S; (£) 
The positive sign corresponds to ion (H), while 


the negative, only possible for n = 7 m homogeneous 
oo-ordinatee with: 
j gp tts — M' (5) 


gives triality between the connexions (3) and the pointe 
of S,. 

In this caso G = B, is the holonomy group of V, which 
leaves invariant the Riemannian curvature: 


R = Baa ri irr; (8) 
associated with the directions v,, v, Binoe: 
Sa Sy = Mop (7) 


the structure of V, is entirely determined by the tri- 
vector fleld Sag, = Jas Sp, depending on 21 parameters. 

To see the physical igni of the foregoing, consider 
the two possible interpretations of S, in existing theory; 
namely, a8 on Einstein statio* space S3 in four homo- 
geneous co-ordinates 2 (excluding time) or the velocity 
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space Sy of special relativity in the four-velocity oo- 
ordinates v = dz*/ds. Writing y as a quaternion 
representing either co-ordinates, we have‘: 
d; = 
db = PyQ = AByB (8) 
as an equation of motion due to a biveotor field the polar 
and axial parte of which are the quaternions ABB, ABB». 
Thus, for S,, this is the electro magnetic fleld F = (Ð, H), 
where (8) is the equation of ponderomotive foroe (without 
radiation terms): 
; dv 


ds = elm (v, E t vx H) (9) 


Thus, F is an acceleration-creating field. Analogously 
one might expect a velocity-creating fleld G in Sj, but 
because the norms N(y) = N(A) = N(B) = 1 this cannot 
be proper mass-creating. For that one has to go to S;, 
where the weaker condition (5) allows mass creation off 
the light cone in time-like regions. 

In S, (8) still holds with z = (y,y’) being interpreted 
as an ootonion with the additional hypercomplex unit e, 
and non-asmociative multiplication : 


(A + A'e) (B + B'e) = AB — B'A' + (B'A + A'B)e (10) 


If, now, G is regarded as weakly coupled to ite sources 
with relative strength N-}, (10) shows that cross-terms 
will appear with relative strength N-t which can be 
interpreted as nett charge creation. We thus have a 
type of model, which is not statio, in which stationarity 
is maintained by electromagnetic forces. 

Equation (8), and by triality ite cyolio permutations, 
also hold in the local quantum theory with the skew 
flelds P, Q, replaced by 8component spinors. (This 
analogy for S, has been known for some time’.) As noted 
previously}, the group here is Fa which, since it is of 
rank one higher than B,, must describe an additional 
invariant, namely, a scale factor given by a short range 
field. Thus it seems likely that the number N will be 
given by the representation theory" of F.. 

Note added in proof. The same geometrical interpreta- 
tion! of the sources of a skow field can be given to G as for 
P; the easential point is that congruences of parallels in 
elliptic geometry are not simply connected. 

M. O. GOODALL 
Massachusetts Institute of Technology, 
Cambridge, Mas. 
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METALLURGY 


c Detachment of Anodic Oxide 
Ims on Aluminium Alloys 


THE common technique for removing anodic oxide film 
from aluminium alloys is by dissolution of the metal 
substrate or attack along the moetel-oxide interface using 
a bromine-methanol eolution^!, or a mercuric chloride 
solution?. Both these procedures are slower, affer more 
risk of contamination of the oxide and yield smaller 
pieces of intact film than the electrolytic detachment 
technique developed by Lacombe and Beeujard*. 

In spite of its advantages the electrolytic detachment 
technique has not been widely used. This is due in part 
to ita use of & potentially explosive mixture of perchloric 
acid and acetic anhydride, the necessity for flhng panel 
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A further examination of the electrolytic detachment 
technique has shown that unsealed sulphuric acid anodic 
films can be detached in pieces up to 4 in. x 2-25 in. in 
size by anodic treatment for periods of leas than 5 seo, 
Filing of the edges is not required. The solution used 
Yequires only normal care in paration and use to 
avoid any hazard. The air-dried anodized panel is 
mmmorsed in a perchloric acid (70 per oent)-methanol 
(abe.) solution with a composition of 1 : 5 parta by volume 
held at 21? O. The panel is made anodic by sudden appli- 
cation of voltage (50-65 V) for a period of from 1—4 seo 
during which the current rises steadily to a density of 
6-12 amp/in.*, The cathode is an aluminium aheet bent 
to ftt around the panel. After the current flow is discon- 
tinued, the panel is immediately removed. and rinsed for 
1 min in warm water, then rinsed in cold water for 30 min. 

In many cases full detachment of the film from the five 
surfaces of the panel oocurred during the electrolytic treat- 
ment. In other cases, tho film had to be removed by gentle 
insertion of a thin blade between the film and the metal or 
by tapping the air-dried film to abake off smaller portions 
of the film. 

"This new technique has been used successfully to remove 
oxide films from a wide range of commercial aluminium 
alloys. The optimum voltage required and the time 
needed for the current density to rise to the most effective 
value varied slightly with alloy. Films ing from 7 to 
60u have been readily ramoved. Thinner were more 
sry ip taeda in Ia ES pieces Shan the thinker caatinga. 
Oxide films prepared in e. lytes other than sulphuric 
acid and including sulphosalicylic acid-sulphuric acid type 
solution were detached but with somewhat leas success. 
Cathodic treatment’ has been tried but proved much less 
effective. 

The colour and opacity of the detached films varied 

tly with the oondition of the metal surface, alloy, 

fim thickness and electrolyte. Films from superpurity 

- sheet were colourless and transparent, those from alumin- 

ium-5 silicon alloy were dark grey and opaque while 

films from oertain alloys were tinted due to the effecta of 
specific alloying constituenta. 

The two surfaces of the detached films differed alightly 
in that the electrolyte side surface took up colour from 
dye solution in normal quick fashion, while the metal side 
surface became coloured at a much lower rate. However, 
the colour produced by prolonged dyeing did not differ on 
the two sides. Agreement between the coating weight per 
unit area measured on the detached fllm and that obtained 
by chemical dissolution of the oxide on the metal was 
excellent, well within the possible experimental error. 
Most of the films after electrolytic detachment curled 
slightly, producing a concave effect on the metal side. This 
& due to the film having been formed under com- 
pression in the anodizing procedure, and to differences in 
the of compression at the two surfaces. 

Anodic oxide films detached by the bromine-methanol 
method were compared with costings removed by the 
electrolytic technique. The former film took up no colour 
on the metal side surface in aharp contrast with the normal 
colouring that ensued on its other surface. The mechanism 
of the detachment of the oxide films by this electrolytic 
technique is not clear but is believed due to the sudden 
evolution of large amounts of oxygen (possibly contamin- 
ated to a alight degree with reaction products of the 
perchloric acid and methanol). The accompanying 
pronounced. local electrical heating effect is also a factor. 
The average current density is 1,000 amp or more per 
square foot while the actual value in the pores of the 
anodic film will be very much greater. Gas evolution 
occurs probably at the base of the pores adjacent to the 
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barrier layer. This contributes to the penetration of the 
barrier film, which permits electrolyte flow to the metal 
substrate which becomes polished. The film ruptures 
laterally, either before or after penetration, at the metal- 
barrier layer interface or close to it. 

Bealing of the anodic film, even for a very short period, 
interferes with ite removal by the electrolytic technique 
described. However, sealed films have been removed with 
partial success in a solution with the acid reduced to 4-5 
per cent, methanol to 77-5 per cant and water added to 
18 per cent. Pieces detached were much smaller than 
detached unsealed films. It was necessary to file the edges 
of the panel before treatment and to slightly increase tho 
voltage and the time of treatment. 

I thank W. N. Staaeen for help with the experimental 
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Delayed Failure in à Hydrogenated Face- 
centred Cubic Alloy of Nickel 

RnmomwwrLY! it has been suggested that interstitial 
hydrogen in a face-centred cubic lattice will produce 
embrittlement and cause delayed failure under the 
appropriate conditions. Basically, the required conditions 
are that sufficient flow must ooour to produce dislocation 
pile-upe and that the interstitial, under the influence of 
stress, must diffuse to the region of the piled-up array. 
In both the body-oentred cubic and faoe-oentred cubic 
lattices, dislocations have been observed to pile-up at an 
obstacle*:*. 

It has been postulated that stress-induced diffusion of ` 
hydrogen to the region of the dislocation array will result 
in the formation of & crack when a critical concentration 

~has accumulated. The leading dislocations in the array 

will then coalesce to form a crack which propagates almost 
instantaneously and eventually is stopped by plastic 
flow; whereupon this process is repeated. Since the 
segregation of the solute is a time-dependent diffusion- 
controlled “process, crack propagation is expected to be 
discontinuous in the & riste temperature ; 
Presumably, substitutional atoms could produce a xni 
effect but the behaviour is particularly apparent with 
interstitials. 

The delayed failure of the face-centred cubic structure 
which has generally been believed to be resistant -to 
hydrogen embrittlement was examined in a high-strength 
alloy with the nominal composition, 66 nickel-80 oopper- 
8 aluminium. Fig. 1 illustrates the resultes of statio 
fatigue teste at various tem: tures for the hydrogenated 
‘monel’ alloy. Delayed ilure was observed in the range 
850°—500° F over a relatively wide range of stroes (~ 80,000 
Ib./in.*). The curve is typical of those observed for 
hydrogen in steel’. There is an upper limit of stress, a 
range of delayed failure, and & lower oritical stress. 
Because of the lower mobility of hydrogen in the fece- 
centred cubio lattices the delayed failure phenomenon 
was observed at temperatures well above ambient. The 
creep characteristics at these temperatures rule out the 
association of this behaviour with conventional creep 
damage often observed in this type alloy. 

Resistance measuremente (Fig. 2) delineated the crack 
kinetics. There did not appear to be an initial incubation 
time. The absence of an induction period prior to crack 
initiation is attributed to a non-uniform distribution of 
hydrogen. The way in which the cracks grow, a series of 
initiations with virtually instantaneous propagation, -ie 
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analogous to that obeerved with brittle delayed failure in 
steel’. It follows that the geometric details of crystal 
structure cannot be significant elements in & basic mechan- 
iam. 

The typical strain rate sensitivity associated with 
hydrogen embrittlement was also obtained for this 
alloy. At room temperature and to 400° F or above, 4 
pronounced decrease in ductility was observed as the 
strain rate was decreased. The ductility of the uncharged 
material was virtually unaffected by the large change in 
stram rate. 

X-ray diffraction studies as well as mechanical teste 
were conducted in order to explore more fully the behav- 
iour of hydrogen in this ‘monel’ alloy. The introduction 
of hydrogen into this alloy did not result in the formation 
of a second phase such as a hydride. Large increases in 
lattice were observed in the hydrogenated 
material, illustrating that interstitial hydrogen caused a 
dilation of the lattico. This observation strongly ya eed 
the concept of a hydrogen-dislocation interaction in 
centred cubic materials and lends further support to the 
same conoept previously applied to body-centred cubio 
materials where the diffraction date are somewhat lees 
conclusive. 7 

Ageing at 212° F demonstrated the revermbility of this 
process. The lattice parameter was restored to the 
unoharged value when hydrogen was removed from solid 
solution. There was some line broadening which did not 
completely disappear. This phenomenon, which did not 
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apparently influence the mechanical behaviour, was 
tentatively attributed to non-uniform plastic deformation 
resulting from hydrogenation. 

The influence of hydrogen on the stacking fault energy 
of face-cantred cubic alloys has considerable interest in its 
relation to the basic mechanism of embrittlement. Inter- 
stitial hydrogen is expected to decrease the of a 
stacking fault’. The expanded fault implied by this 
change in energy can reeult in embrittlement by affectmg 
the deformation proceases and/or the cohesive strength. 
The investigation now in progress will attempt to provide 
evidence for this behaviour. 

This work was supported by the Wright Air Develop- 
ment Division of Wright-Patterson Air Force Base, Ohio. 
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BIOPHYSICS 


Effect of Radio-frequency Fields on the 
Zeta-potential of a Colloidal Suspension 


Rarorts from this laboratory!, afterwards confirmed 
elsewhere’, have shown non-thermal effects of radio- 
frequency on living organiams and non-living material. To 
preclude heat in these experimenta, the radio-frequency 
was pulsed with pulse widths in the psec range, and the 
duty cycle usually was less than 1 per cent. In these con- 
ditions any rise in temperature could be controlled so as 
to be virtually undetectable. 

The manifold non-thermal biological changes were 
puzzling because the energy input on an hv besis, at these 
frequencies (1-100 Mo/s), are orders of magnitude below 
that necessary to break the weakest chemical bond. 

Beoause of the complexity of the biological materials and. 
the difficulty of quantifying changes, it was decided to 
investigate a simpler system. For this purpose polystyrene 
latex was used. This material, obtained from Dr. John 
Vanderhof at Dow Chemical Corporation, is monodisperse 
and of known particle size. If these particles are placed 
in a radio-frequency field, the well-known pearl chain 
formation! may be observed under the microscope. 
However, as was pointed out previously’, there appears to 
be a frequency optimum for alignment. This should not 
be the case if the dielectric constant of the particles and 
the medium does not vary with frequency over the range 
explored. . 

Since these particles have a high seta-potential (about 
50 mV in distilled water) which is responsible for the 
potential of repulsion between them, it was sus- 
pected that during pearl chain formation the zeta- 
potential might in some way be reduced. If this were the 
case, significantly greater reduction should occur at the 
frequency of optimal alignment. 

Initially io-frequency was applied at right angles 
across a micro-electrophoresis cell, and it was shown that 
the rete-potential decreased as & function of applied 
radio-frequency voltage. However, the indication of & 

ent change on the colloid induced by the radio- 
Fecuency led us to abandon this approach and undertake 
the following. 

A suspension of polystyrene particles (1-305 diam.) 
was dialysed against 10% volumes of distilled water and 
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Fig. 2. Vo dspendency of change in reta-potentiel at 13 Mo/s 
Cosioat = BET mY pale iy 10 os zo repotłtlon frequanoy, 
diluted with more distilled water to 107 particles/ml. 
The suspension was placed in a rectangular 2 x 2 x 5-om 
cuvette. Two of the vertical aides were of sheet platinum 


serving as electrodes, and the other sides and base were 


made of polystyrene sheet. 

A generator capable of delivering pulsed radio-frequency, 
variable over the o of 5-50 Mo/s, was connected to 
the platinum plates. The radio-frequency was applied in 
10 useo pulses at 500 pulsee/seo for 1 min. The suspen- 
sion was then removed and the zeta-potential measured 
in a microelectrophoresis apparatus 10 min later. 

Fig. 1 illustrates the effect of varying frequency at a 
constant voltage on zeta-potential. 

It can be seen that the maximum reduction in reta- 
potential oocurs at 13 Mo/e—the frequency at which 
optimal pearl chain formation occurs with 1-305y spheres. 
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Fig. 2 shows the change of reta-potential at 18 Mo/s as 
a function of applied voltage. 

Such a decrease of zeta- tential might be explained by : 
(1) adsorption on the 1 ss 
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sociated surface charge groupe. It is difficult to visualize 
how applied radio-frequency flelds could influence any of 
the foregoing, especially on a permanent basis. 

J. H. Hari 

D. J. Wrrxiwag 

J. F. FERmNBORN 
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Phase Shifts in the Human Retina 


BmrwpLEY! has shown that in tho human eye a part 
only of the attenuation responsible for flicker fusion 
phenomenon is localized in the receptor cells. 2 

When previously De Lengo'e! experimental attenua- 
tion characteristics were fitted to a simple diffusion 
model* of retinal transfer characteristics the quantum 
efficiency of the process came out too low**, At that 
time, no experiments capable of yieldi phase-shift 
characteristics for cross-checking could ele had been 
taken. To understand why the diffusion model as 
applied was unable to produce an acceptable value of the 
quantum efficiency only & guess could be offered‘, which 
is now largely borne out by Brindley’s! work. 

The model? essentially yields expressions for the 
amplitude- and phase-shift characteristics, for the re- 
sponses to a pulse and to a step as well as for the quantum 
efficiency, containing two paramoters, namely, the time 
constant + for the diffusion inside the receptor cell of 
Photo-chemical decomposition products and the decay 


the original fit?“ to De Lange's! data the results 
* = 0-4 seo and p = 25 seo-! were obtained, whioh in 
themsélves seemed reasonable enough. The quantam 
effici Q for the diffusion process alone—equalling 
(cosh */2p7)-1 and so being strongly dependent on para- 
meter values—came out at 0-025, which is perhaps some 
10 times too low. 

Now that Brindley! has obtained phase-shift data 
on the receptor proceas it might be of some interest to 
compare these with the ictions of the diffusion 
model**. Unfortunately, p -shifts below 40 o/s are 
not orted. Tho bable course of the phase-shift 
ourve 0 to 40 Bis arias be discussed first. 

Since the transit time of the system for optical stimula- 
tion is finite and for electrical stimulation essentially 
raro, the curve has to indicate zero phaso-shift at zero 
frequency, if it is agreed that it is necessary to have the 
electrical pulse coinciding with the top of the optically 
excited wave at a certain site—and from there onwarda— 
in order to obtain maximum flicker. In passing, it should 
be noted, however, that in view of the form of De Lange’s* 
curves ab elovated brightnesses ib might be more advan- 
tageous for flicker perception in the region 1-6 o/s to 
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Fog. 1. Plot of Brindley’s phase-shift data. O, Cornea anode; A, cornea 


double the frequency by having the electrical pulses arrive 
at this site exactly in between optically activated wave 
tops; since such a mechanism could scarcely affect phase- 
shifts at frequencies of more than 40 o/sec it need not be 
considered in extrapolating Brindley’s data. 

A course like curve I in Fig. 1 would appear rather 
unnatural; such a sharp of a phase characteristic 


around 85 o/a would certainly involve a in the 
amplitude characteristic, which is not to ound in 
pees eee Again, a course like 


extrapolation should follow a course like curve II pa 
involving & translation of the origin over one 
rud tha Brides dia 4o ofa am io bo mead T'HA 


1-07 prema 
po) oole oun easily be overlooked ia an 


in Wig. 2 ecran of the 
by the diffusion model** have been plotted; as shown, 
Brindley’s date when corrected can be fitted to all curves 
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ERPE E A Q by choosing + = 0-19 
+ 0-08 seo, which is about half my former** value. The 
curves are too insensitive against Q to permit an appraisal 
of it on these grounds. 

A new comparison of De Lange’ 
with replotted, caloulated*‘ amplitude characteristics 
(Fig. 8) taking + = 0-19 sec and normalizing the experi- 
mental pointe on the reasonable attenuation value of 1-2- 
1-3 at 1:5 o/s will allow any quantum efflciency up to 


g? attenuation curves 


- some 20 per cent. The existence of Brindley’s! nervous 


ting mechanism is now clearly shown by the 
experimental and calculated 





"@ could have any value up to sore 20 per cont 


Of course, the numerical values obtained for parameters 
+ and Q should be considered tentative for three main 
reasons, namely, that Brindley’s! measurements are made 
with pulsed, in contradistinction to modulated, lights and 
currents at very elevated brightness, that De Lange’s* 
measurements used here apply to one particular test field 
configuration (2? ©) ‘and brightness (0-375 troland) only 
and that the model of one-dimensional diffusion used?‘ is 
certainly much simplified as compared with physiological 
configurations. Moreover, the complete oomparison 
given here depends on the reasonability of the addition of 
a full oyole to Brindley's data, which should be checked 
experimentally, and on the validity of the same value of 
1 for Brindley’s and De Lange’s observers. 

It would appear, however, that models based on 
diffusion and recombination of ical deoom- 
position products inside the receptor cells of the human 
ee ee ee ee 
data by reasonable adjustment of few parameters 
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CHEMISTRY 


Use of Xenon Adsorption for Measurements of 
Su Area 
MaasuEgmwwNTS of surface area with xenon adsorption 
have not been used extensively despite the obvious 
advantage that very low dead space corrections are 
obtained at liquid nitrogen temperature. The reluctance 
to use xenon for surface area measurements seams to be 
due to the past difficulty of obtaining ib in & pure state. 
Xenon with impurities totalling leas than 100 p.p.m. by 
volume is now commercially available, and there should 
be no reason why the xenon Brunauer-Emmott-Teller 
(B.E.T.) method should not enjoy wider application. 

In this laboratory, xenon adsorption at 77-8° K haa 
been used for de ming surface areas and roughness 
factors of nickel and nickel oxide-coated specimens. The 
geometrical areas of the specimen from 20 to 
100 cm? and roughness factors were 1-7~3-2. The areas 
were too amall for accurate estimation by krypton adsorp- 
tion, especially in view of the large dead space required by 
the tion of the Pone (rectangular flat sheete). 
While ive values of surface area may be obtained 
irrespective of the cross-sectional area chosen for the 

. adsorbate molecule, the determination of roughness 
factors requires an accurate estimate of the effective croas- 
&cetional area (oxe) of the xenon molecule. The literature, 
until recently, yielded no information concerning compara- 
tive monolayer volume (V) for xenon and other adsorb- 
ates of known molecular area. 

Bingleton and 1 give relative Vs values for 
nitrogen and xenon on car black, silver iodide, and 
anatase, but the measurements were made at different 
temperatures. The ox, values at 148° K caloulated from 
the data of Si n and are 18-2 A® for silver 

iodide, 20-2 A* for carbon black, and 37-3 A* for dnatase. 

Anderson and Baker! comment on the observed xenon 

monolayer coverage on anatase and conclude that the 

ing is dependent on the t of adsorption 
sites at the surface. They adopt a model in which the 
xenon atoms oocupy preferred sites on the (001) plane, 
which is assumed to predominate because it is a natural 
cleavage plane. Due to the size of the xenon atom, 
adjacent sites cannot be occupied, and the xenon atoms 
form an array in which the effective coverage per atom is 
calculated to be 28-3 À*. Using this concept of orystallo- 
graphical adsorption sites, Anderson and Baker compute 
average ox, values of 28:0 and 19-5 À* on polycrystalline 
tungsten and nickel surfaces, respectively. Pritchard’ has 
recently compared Fw values for krypton and xenon on 
an evaporated copper film. The V& value for 

was determined by the B.E.T. method at 77? K and for 

xenon by a surface potential method at 90° K. The 
experiment led to a value for ox» equal to 24 A’, taking 

19-5 À* for ox». The observed ratio of oXe/CKr is in nearly 

perfect agreement with the relative coverages calculated 
from the lattice constants of solid xenon and krypton. 
Ponso and Knor* recently published comparative Va 


data for krypton and xenon on evaporated nickel fllms. . 


At 78° K. the observed ratio of oxe/ogr was 0-02, showing 
that the molecular area was less for xenon than for 
krypton. The authors allude to the lity of binding 
forces related to chemisorption playing a significant part 
in the case of xenon. 

The lack of agreement in published molecular coverage 
data and uncertainty concerning the manner of packing 
in adsorbed films prompted our investigation of krypton 
and xenon adsorption on representative surfaces at the 
same temperature and over the same range of relative 
preesures (P/P,). Krypton isotherm measurements have 
been carried out at 77.8? K on nickel powder, oxidized 
nickel powder, and glass wool. Specific surface areas and 
V& values were obtained by the B.E.T. method. Smaller 
samples of the same materials were used for xenon isotherm 
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measurements from which Va values and oxe/ogr ratios 
were caloulated. 

The krypton B.E.T. method used was essentially that 
described first by Beebe, Beckwith and Honig*. Sample 
sizes were selected to yield total surfaces in the range from 
2,000 to 4,000 cm". The vapour pressure of solid krypton 
was used for P, rather than the extrapolated liquid vapour 
presure. (Justification for the. use of the true vapour 
pressure can be found im ref. 6.) Specific surface areas 
calculated for this P, value are approximately 5-10 per 
oent lower than if the extrapolated liquid vapour preesure 
were used. 

For the xenon adsorption measuremente, an apparatus 
similar to that of Wooten and Brown’ was used. Samples 
were used which had total surface areas in the range 200— 
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Table 1. EXLATIYA MONOLAYER VOLTAS rok KRYPTON AND XENON 
Specific 
Sample surface Vu, ml. 
material / aren Krypton Paon cXalcXr oXs (A) 
(om"/a) 
Ni powder I 2,550 0-0452 00302 1:33 259 
Kı powder II 960 0 0182 00142 1-28 250 
ghm wool 1,590 0 0304 -0-0226 1-35 26-8 
M eve 1,730 0 0331 0 01202 1425 2496 
1 powder If 
(oxidtzed) 1,090 0-0207 00171 141 156 


400 cm*. Corrections were applied for the internal area 
of the glass sample holder and connecting tube, assuming a 
unit roughness factor for glass. Thermal iration 
corrections were applied, and P, was taken as solid 
xenon pressure, which was calculated from the date of 
Podgurski and Davis’. Values of P, were in the range 
1:95-2:08 x 10- torr. 

Monolayer volumes for krypton and xenon in ml. 
(B.T.P.)/g of adsorbent are given in Table 1. The Va 
values are taken from the B.E.T. plote for krypton and 
xenon vapour shown in Figs. 1 and 2, respectively. Specific 
surface areas were calculated from the krypton data 
assuming 19-5 A* for cgr. The mean value of oxe/oxr, 
1-29, ia in fair t with the ratio found by Pritchard’ 
(namely, 1:28) but does not agree with the findings of 
Ponec and Knort. 

The nickel powders used were commercial materials of 
high, but unspecified, purity. They were used without any 
surface treatment and hence, even after outgassing, 
undoubtedly had the normal thin oxide film characteristic 
of an active metal. Nickel I was a 200 mesh (Tyler 
standard) powder containing a considerable amount of 
fines, while nickel II was a 150-300 mesh material. The 
oxidized powders were prepared by igniting nickel I and 
XI until a black oxide film coated all particles. The gain 
in weight in each case was about 10 per cent of the 
theoretical weight gain for complete conversion to nickel 
oxide. Oxidation caused a slight gain in iflo surface 
aree of the Nickel II, whereas Nickel I lost area, due 
probably to sintering and agglomeration of the finer 
particles. The glass wool used was a commercial boro- 
silicate material which had been degreased in benzene 
prior to outgassing in the adsorption apparatus. 

All the B.E.T. plots for nickel and nickel oxide exhibit a 
curvature convex to the abscissa. The curvature is alight 
up to a relative pressure (P/P,) equal to about 0-2, and 
slopes were obtained by taking the best straight line up to 
this value. The B.E.T. plots for both krypton and xenon 
on glass do not have perceptible curvature up to relative 
pressures of at least 0-35. 

An independent measure of ocx, was made by determ- 
ining xenon adsorption isotherms on samples of glaas tubes 








0 01 02 03 
PIP, 
Tig. 3. denn DRT. plote on glass. ©, Glam tube, 72 om" area; 
e, ias , 165 om* ares 
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and rods for which the total apparent geometrical area of 
the samples plus the internal area of the glaas sample 
container could be readily measured. The roughness 
factor for the glass surface was aasumed to be unity, m 
agreement with several workers who have presented 
experimental data to show that the roughness factor of 
glass and fused silica is very close to unity. 


Table 3. MONOLAYNR VOLUME AND MOLECULAR ARMA FOR XENON ON 
GLAS SURFACES 
Bample material Geometrical area (em*) Va (ml./g) cx» (A*) 
Glass tubing 7 0-000909 27-0 
Glass rods 165 0 00225 271 


The B.E.T. plots for the two experiments are given in 
Fig. 8; the corresponding computed Va and ox, values 
are shown in Table 2. Because the roughness factor of glase 
cannot be leas than unity, the calculated ox» values should 
be considered minimum values, and yet they are higher 
than any of the resulta given in Table 1. These results 
indicate the possibility that, with the given ratio of 
oxe/oxr, the accepted molecular area of 19-5 A? for ogr 
may be too low. Indeed, it appears from the literature 
that this value has been derived by averaging the various 
results obtained by comparison with nitrogen adsorption, 
and using the extrapolated liquid krypton vapour pressure 
data to estimate P,. Values obtained by using the true 
solid vapour pressure require a higher ax; value to bring 
the relative nitrogen and krypton coverages into agree- 


ment. 
This work was partially ported by a contract from 
the Diamond Ordnance use Laboratories as a part of the 
Energy Oonversion Project sponsored by the Advanced 
Research Projects Agency, Department of Defense. 


W. A. CANNON 


. J. Phys, Chem., 58, 830 (1064). 
, B. G., J. Phys. Chem., 06, 482 (1002). 
27 


67, 1554 (1945) 
* Haynes, J. M., J. Phys. Chem., 66, 182 (1062). : 
' Wooten, L. A., and Brown, O., J. Amer. Chem. Soc., 88, 118 (1949). 


., J. Phys. Chem., 68, 1348 (1901). 


A Bouncing Liquid Stream 


I wise to report an unexpected effect observed when a 
thin stream of solution of polyisobutylene in ‘Decalin’ is 
poured into solution in an open dish. 

The solution was poured from a height of about 25 om 
in a stream approximately 1 mm diameter into solution 
contained in an evaporating dish of diameter 10 cm. The 
ciné still photographs in Fig. 1 consist of every fifth frame 
from a 16-mm film shot at 64 frames/sec. The whole 
sequence shown therefore occurred in slightly leas than 
1 seo. 

In Fig. 2 a key to the various features in the photographs 
is given. 

the stream enters the liquid the condition in the first 


frame of Fig. 1 is quickly established. A smell ‘heap’ of 


liquid is formed at the point of entry. As pouring pro- 
ceeds a amall stream of liquid appears to emerge from tho 
heap with a trajectory Te deter d to the 
liquid surface (frame 2). trajectory of this secondary 
stream gradually and usually changes in azimuth 
(frames 8, 4, 5, 6 7) and at the same time the heap 

i . The secondary stream then begins to die 
away and disappears (frames 8, 9, 10 and 11). The heap 
of liquid grows again (frame 12) and the whole sequence 
is repeated. The secondary stream is approximately the 
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same diameter as the primary stream and ite trajectory 
has a base of about 2 cm when the stream is fully 
developed. 

I can offer no explanation for this behaviour, but it may 
be relevant to note that solutions of the type described are 
markedly non-Newtonian and visco-elastic, aa shown by 
the work of Brodnyan, Gaskins and p is 
tempting to speculate that when the ‘heap’ en & 
critical condition the primary stream effectively bounces 
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reforms and the cycle is repeated. 

The phenomenon was first observed aa the result of a 
chance observation, and no systematic investigation of 
the conditions necessary for ita occurrence has been 


undertaken. 

Ps Pe nous solution used consisted of 5-8 g of L100 
grade ex’ (Esso Petroleum Oo., Ltd.) in 100 0.0. of . 
"Decalin'. The solution viscosity, measured in a concen- 
trio cylinder viscometer, waa approximately 3-8 poise at a 
shear rate of 10 &6o-! and at 25? O. 

A. Kaye 


Department of Materials, 
Oollege of Aeronautica, 
Cranfleld, 
Bletohley, Buoks. 


1 Brodnyan, J. G., Gaskins, F. H., and Philippoff, W., Trans. 5 . Rheol , 
109 (1057). ae 3 


Uranium (VI) - Chromotropic Acid Chelate 

Drsopium-1:8-dihydroxy naphthalene-3:6-disulphonate 
(trivial name chromotropic acid-sodium salt) yields 
coloured lakes with various cations!. Investigations of 
chelates of chromotropio acid with iron (ITT)? and titanium 
(IV)'* have already been made. Sommer et al. have 
extensively examined chelates of titanium with chromo- 
tropic acid and various po 0lg*-! and have discussed 
the structure of the metal The use of chromo- 
tropio acid in the colorimetric determination of uranium® 
has also been reported. 

Here, the composition and stability. of tho uranyl 
ion-ehromotropio acid chelate have been examined 
by spectrophotometry. 

Solutions of disodium-1:8-dihydroxy naphthalene-3:6- 
sulphonate were prepared and standardized by determin- 
ing the sulphur content. Solutions of uranyl sulphate 
(B.D.H. AnalaR) were propared by dissolving the salt in 
double distilled water, free from carbon dioxide. Al 
solutions used were freahly prepared to avoid the effects 
of hydrolysis of the metal salt. 

The spectrophotometric examination was made with a 
Unicam SP 500 spectrophotometer, with matched glass 
cells 10 mm thick. Measurements were made at 25° O and 
the pH of the solutions adjusted to 4-5 + 0-2. pH measure- 
ments were carried out with a mai Leeds and 
Northrup pH indicator with a glase-oalomel electrode 


Examination by the method of Vosburgh and Cooper! 
showed that the complex species in mixtures containing 
varying proportions of the reactants is identical, having 
& Amex at 485 mu. 

To examine the stoichiometry of the components the 
method of continuous variations was the total 
volume in each case being kept constant at 50 ml. The 
absorbances were meesured at two different wave-lengtha 
of 436 and 445 mu. The plot between the differences in 
absorbance of the mixtures and that which would have 
been shown by the chelating agent alone, if no chelation 
occurred against the composition of the mixture, ahowed 
& composition of 1:1 for the chelate. Some typical 
observations are plotted in Fig. 1. 

In the legend (Fig. 1) o representa the concentration of 
uranyl sulphate and o’ the concentration of disodium-1:8- 
dihydroxy naphthslene-3:6-sulphonate, that is, p e c'[c. 

The Amex of 1:1 mixtures of uranyl sulphate and 
chromotropic acid lies at 435 my when the pH of the 
solutions are between 8:2 and 8-25. 

The apparent stability constant of the uranyl-disodium- 
1:8-dihydroxy naphthalene-8:6-sulphonate, as calculated 
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02 04 08 0-8 10 
[UO1*]TUO**] + [OAB] 
. 1l the composition from absorption specia 
a at 456 mu ( solutions). Ourve 4, o=2-0 X1 m 
p-1;curve B, oml: X10? M, p=1; curve O, o—1-0 x 10 M, ;- 


from absorbance date using the method of Dey et al.5, is 
T-144: 0-11 at 25° O. The free energy of formation AF* 
of the chelate corresponds to —9-85-E 0-15 cal. at 25° O. 


Sawm K. BAxXun71I* 
ABUN K. Duy 
Chemical Laboratories, 
University of Allahabad. 
* Present address: Chemistry Department, Biria Jingtneering College, 
Pilani, India, 
1 Mathur, K. C., and Dey, A. E, S. enal. Chem., UM, 347 (1058). 
1 Bommer, IL., Chen. Lisiy, Bl, $40 (1958). 
1 ghnalderman, B. Ya, Shur. seorg. Khim., 2, 2122 (1067). 
í Babko, å. E., and Papova, O. L, Skur. ssorg. Kkin, 8, 158 (1057). 
+ Okke, A., and Bommer, L., Okien. Listy, 60, 1171 (1956). 


3 Ware, B., U.S. Atosrio Energy Commn. Rep. MDDO, 1433 (1945). 

' Mukherji, A. K., and Dey, A. K., J. Ind. Chem. Soc., 38, 113 (1058). 

1* Vosburgh, W. O., and Cooper, G. B., J. Amer. Chem. Soc., 63, 437 (1041). 
1u Mukherji, å. K, and Dey, A. K., J. Inorg. Nucl. Chem., 6, 314 (1988). 


Coding of Open and Closed Carbon Chains 


Ix a previous communication}, a method of coding open- 
ended carbon chains was which amoun in 
effect, to forming the autocorrelation function of the net. 
This code had the advantage of being nearly unam- 
biguous, but suffered from the drawback that, while the 
code of any given net could be determined ightfor- 
wardly, the net corresponding to & given oode oo d. not. 
A. Savitaky has suggested (private communiocation) that, 
nevertheless, this code could be useful as a check; that is, 
if added to the usual chemical name of & given compound, 
this code could serve to verify whether the topology of the 
compound reconstructed from the name is the correct one. 
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If so used as & check, complete unambiguity is of leaser 
importance, and a probabilistio pomt of view can be 
adopted. Thus, if a C, net can have N (n) different possible 
configurations, and if there are m(n) ambiguities, the 
probability that, once having reconstructed the incorrect 
configuration, the oodo of this configuration is identical to 
the code of the correct configuration can be written as: 

2m 
re pe N(N — 1) 

"With this fresh point of view, the question was then 
examined whether, when extending the code proposed to 
neta containing closed chains, the appreciable number of 
ambigutties encountered would still leave p tolerably small, 
and whether p would tend to decrease for increasing n. 

The te was made, when making this extension, 
that rings of 5, 6 and 7 carbon atoms only would enter into 
consideration. The code was formed, m lme with the 
procedure followed for open chains, by counting the 
number of peirs of carbon atoms af minimum distances 
3, 4, eto. ý 


~ Table 1 
* N “m ? m P 
7 15 0 0 0 0 
8 34 4 0-71 0 0 
9 85 18 0-38 4 O14 
10 210 50 0-21 u on 


The findings are summarized in Table 1 in which the 
number of ambiguities were counted as 1, 8, 6, oto., for 
the double, triple, quadruple, eto., occurrence of tbe same 
code. The conclusion, implicit in the fourth column, is 
that p exhibits a satisfactory tendency to decrease with 


increasing n. 

When extended to olosed chains, the location code, 
formed by counting, for any one carbon atom, the number 
of other carbon atoms at distances 1, 2, etc., appears to be 
lees satisfactory for increasing numbers of atoms. The 
probability of determining an erroneous position having 

i ALL, TN 
the same location code as the correct one, p; Nan) 


where m, designates the number of location ambiguities 
(not counting those due to the molecule symmebry) is 
indicated in the last column. 

I thank Prof. A. I. M. Keulemans, who directed my 
attention to this problem, and Prof. C. Koningsberger for 
a discussion of the most reasonable postulates to be made 
for closed chains. 


Manaun J. E. QOLAY 
Technische Hogeschool, 
Eindhoven. 
1 Golay, M. J. H., Nature, 193, 1072 (1062). 


Existence of Two Soil Specles in Detergency 
Investigations 


AxTHOUGE & considerable amount of research has been 
devoted to the examination of detergency, little work has 
been done on rates of soil removal. Durham! has commen- 
ted on the need for kinetic studies in detergency research. 
We have examined the kinetics of detergenoy in a model 
circulation cleaning system. In this model system 4 
detergent solution (0-03 M sodium hydroxide) is pumped 
from a 60-gallon tank through a short length of 1j-in. 
diam. pipe in & closed system. Teast strips of stainless steel 
3-6 am x 32 om are soiled on one side with a very thin 
layer of pure synthetic tristearin labelled with carbon-14. 
The teet strip is placed in the pipe, the detergent solution 
is pumped past the strip for a fixed time under closaly 
controlled conditions after which the pipe is drained and 
the strip is removed. The amount of tristearin taken off 
the strip is found by measuring the radioactivity before 
and after each treatment. By means of repeated cleaning 
treatments on one strip, & cleaning curve is obtained. 
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A typical cleaning curve is shown in ig. 1 where | 
tristearn (measured as counte per 10 nea) melted 
against the number of 10-sec ings. Because of the 
contribution of a time-independent mechanism to the 
total cleaning’, tho abscissa unite are number of washings 


Tristearm counts (x 10>) 





No. of washes 
Wig. 1 


The of the cleaning curve is similar to that 
obtained or the sum of two independent first-order 
Processes oocurring at different ratem, for example, the 
over-all decay of & mixture of two radioisotopes, one with 
& much longer half life than the other. When the linear 
portion of the 


species of tristearin are present, species 1 and species 2, 

each of which is removed from the surface independently 

and simultaneously by a first-order process, species 1 

being removed much faster than species 2. Using kinetio 
theory : ' 

— d(A) — d(B 

di^ = (A) and —S) Lig) 


where (A) and (B) are the amounts of species 1 and 2 
Tespectively at any given time, b, and k, are the rate 
constants and k, >k, t is the number of washes (constant 
time per wash). 
Re-arranging and integrating gives: 
In(A) = In(A,) — kit, and n(B) = In(By) — ky 

where (A,) and (B,) are the amounts of species 1 and 2 at 
zero time. The total amount of tristearin prosent at a given 


time = (A) + (B). 
The experimental curve is described with a 





high degree of precision by sum of the values of (A) 
and (B) for each value of i. From Fig. I, for example, 
Aw Be bi, ky oan be evaluated, giving equations :. 


In(4) = 10-88-0-574¢ and, In(B) = 9-09—0-0837: 

It should be pointed out that the close agreement 
between the experimental cleaning curve and the sum of 
two independent simultaneous first-order processes is 
entirely empirical. There ia no theory in existence at this 
time that would predict & relationship of this kind. 
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We have established that the existence of two soil 
species does not arise from impurity or polymorphism in 
the tristeerin; that species 2 is not a mono-molecular 
layer; and that redepositian of the removed soil is highly 

. The proportion of species 2 is dependent on 
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the and age of the soil film, temperature of 
washing, and possibly other that are unknown 
at this time, but it is not by the flow rate of the 


detergent solution. The effect of tamperature, flow rate, 
and time of ing treatments on both rate constants k, 
and k, has been measured by the method described 
above. 

Examination of the literature shows that the cleaning 
curves obtained by other workers using a wide variety of 
soils, surfaces, detergents and cle&ning conditions are 
similar to Fig. 1 and could probably be reduced to the 
sum of two independent first-order reactions occurring 
simultaneously; a species 1 being removed at a fast rate 
‘and a species 2 being removed at a slow rate. We believe 
that this phenomenon is not restricted to thin films of 
tristearin on stainless steel but that two distinct soil 
species are present in most, if not all, thin soil films present 
on most surfaces. The nature of the forces that cause 
species 2 to be so resistant to removal from a surface can 
only be surmised at this time. | 

The existence of two soil species in variable proportions 
probably accounts for much of the variability that is 
encountered in detargency testing and research. Other 
problems of cleaning, such as the greying of textiles after 
repeated washings, might be explamed by the gradual 
accumulation of the reaistant species 2 soil. 

This investigation was ported in part by research 
grant EH 176 of the U.S. lic Health Service. 

M. C. BouzNna* 
W. G. Jumxiscg 
Department of Food Science and Technology, 
University of California, 


* Present address: t of Food Satenee and , New 
York State Agricultural Station, Cornell Untversity, n 
Mew York. ` 
! Durham, K., Actiwity and Detergency, 318 (Macmillan and Oo., 


London, 1961). 
* Bourne, M. O., and Jennings, W. G., Foed Teaknol,, 15, 695 (19061). 


RADIO CHEMISTRY 


Viscosity of Single-stranded 
Deoxyribonucleic Acid after X-irradiation 
In the Native State 

SavHRAL authors! have discussed the ionizing radiation 
which causes si ded as well as double-stranded 
breaks in DNA. The single-stranded breaks seem to 
occur more frequently. Butler’s* observation that the 
loss in molecular weight due to radiation is more intensive 
after denaturation of DNA by heating confirms this 
idea. The work of Doty ei al.’ provides a method for 
separating the two DNA strands without further degrada- 
tion of the polynucleotide chain. I used this method to 

study the radiosensitivity of the single strand DNA. 
Oalf thymus DNA was prepared according to the 
method of Kay ef al*. The intrinsic viscosity [n] was 
determined at 21° O in 0-01 M sodium chloride using a four- 
bulb multigradient viscosimeter of the Ubbelohde type to 
allow an empirical extrapolation to rero ient. Dena- 
turation was completed within 10 min at 90° O followed by 
rapid chilling. The viscosity of native thymus DNA waa 
88-0 dL/g; the viscosity of the single strand DNA, 20-5. 
The DNA was irradiated in the native state (0-05 per cent 
in 0-01 M sodium chloride) and then denatured within 30 
min. Fig. 1 shows the viscosity of the native DNA and 
that of the single strand one after irradiation as percent- 
of the control The irradiation data are: 150-kV 
X up 20 m.amp, filter : 2-0 mm aluminium, FD, 10 cm, 
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Per oent 


10 


ctrokes, viscosity of native DNA; closed 
stranded DNA; half-flled the bonds. 
0-05 per omt 1 gears eh 
dose rate : 8,150 r./min). We also determined the amount 


of open hydrogen bonds in the native irradiated DNA 
according to a method described in an earlier article’. 

The viscosity of the native DNA and the hydrogen 
bonds between the two strands have nearly the same 
redi i ; the D,, is about 80,000 r. After separa- 
tion of the strands, however, the viscosity drops to 50 
per cent after 500 r. The dose effect curve seems to have 
two components: one with D,, of 700 r., the other with 
Dy, of 2,500 r. The two components of this curve may be 
discussed in a similar way as Latarjet et al.* did when 
considering the inactivation of the transforming factor in 
the DNA, where the D,,-values of the two components 
also have a ratio of 1 : 4 (1,000 and 4,000 kr.). 

The breaks of the single strands &re permanent in native 
DNA over a longer period. If the DNA is denatured only 
24 h after irradiation of 500 r., the viscosity of the single 


strands decreases to 40 per cent of the control instead of - 


50 per cent. This means that there is a small ‘after effect’ 
of the irradiation. 

If DNA is first denatured and then irradiated, the loas 
of viscosity is very small. After 1,000 r., no change of the 
viscosity was observed. The same effect has bean do- 
scribed by Marmur e al.’ after irradiation of DNA with 
ultra-violet light. The high sensitivity of the single 
nucleotide chain in native DNA might be explained by the 
fact that the target volume in the stiff double helix is 
larger than the target in the coiled single-stranded DNA. 

Urson HAGEN 


Radiologisches Institut der Universitit, ` 
Freiburg im Breisgau. 
bl A. R., Progr. P 
US Slag, A Fiai Byng. Foot T hi 0, 50 0900). Akande, P.» 
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RADIATION CHEMISTRY 


Possible Radiation Damage Effects In Barium 
Chromate Crystals 


Banrux chromate obtained by the method elaborated 
in our laboratory!-* forma the shape of which 
depends on the kind of nucleus on which the crystallite 
has been formed. Under special conditions, for example, 
by fractional precipitation using the same method or by 
precipitation fram dilute solutions, reagent grade potas- 
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x 400 


Wig. 2. 


sium chromate produces sediments of primmatic-shaped 
barium ohromate crystallites having a rhombio cross- 
section. 

Very often it has been observed that two elliptical ‘gas 
bubbles’ inside the prisms were formed. Orystallites of 
smaller size show two ‘funnels’ on the ends, instead of the 
‘bubbles’, while others show only two or four dark points 
(Figs. 1 and 2). A. similar feature was observed by us 
earlier, while preoipitating barium chromate from solu- 
tions containing uranium and radium‘. Observations 
described elsewhere*:* show that orystallites are formed on 
nuclei consisting of foreign substances. It is supposed 
that, in the case recorded here, barium chromate orystal- 
lizes on isomorphous radium chromate nuclei, traces of 
radium coming uranium and thorium always present 
in chromite ores. i 

The radioactive decay of radium causes strong radia- 
tion effects similar to those described, for example, 
by Yoshida! and Vineyard’. The great energy of the decay 
as also the concentration of the source—that is, the crystal 
nucleus—produces effects sufficiently strong as to be visible 
by simple microscopical observation. Also it has been 
shown by us (by slightly levering the tube of the micro- 

) that the crystalline substance in the vicinity of the 
“babble? is'of greater optical density and acts as a regular 
optical lens. These observations fit very well to the 
features of vacancies and interstitial formation as postu- 
lated for radioactivity effects in crystal lattices. The 
‘funnels’ already mentioned have been observed on very 
small objects 5-7 long. This fact seems to be in &ooord- 
ance with a similar effect described for uranium metal by 
Rogers and Adama’. 
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In somo ments crystallites showing radiation 
damage effects have been obtained, where no further 


radium chromate nuclei, or to different radium isotopes 
present, that ia, radium-224 ( = 3-64 d.), radium-236 
(4 = 1620 y.) and radium-238 (4 = 6-7 y.). The strongest 
is expected to be caused by radium-224. Many 
other observations mado are in good sccordance with the 
nterpretation of facts presented here. 
T. ADAMSKI 
L. TROJANOWSKI 
Department of Ohemiocal Technology, 
Institute of Nuclear Research, 
Warsaw. 
* Adamski, T., Nature, 190, 524 (1961). 
* Adamski, T., Nature, 197, 804 (1063). 


CERAMICS 


A Simple Flame Fusion Apparatus 


Tua need for large single crystals of refractory oxides 
has been ever increasing in recent years. In many instan- 
ces further technological advances are being hampered by 
the lack of materials of suitable purity and perfection. 
One of the major sources of contammation of materials 
prepared at high temperature is the oontamer in which the 
material is heated. The flame fusion teohnique is one 
high-temperature orystel growth method which over- 
comes the container problem as the material under inves- 
tigation acta as ita own support. A rather complete 
review of the advantages, limitations, and operation of 
flame fusion furnaces is given by Popov! in a book edited 
by Shubnikov and Sheftal. 

This communication describes a simple portable flame 
fusion apparatus which can be constructed in most 
laboratories with readily available materials. 

The apparatus consists of three major components: (1) 
the feed hopper and burner assembly; (2) lowering 
mechanism; (8) the gas system. The usual feed hopper 
assembly consists of a outer and inner hopper. The 
inner hopper is fitted with a fine mesh siove which ig 
vibrated by a tapper mechanism for control of feed flow. 
. A new design of a one-hopper feed assembly has been 
incorporated into a flame fusion apparatus. In this 
version continuous and uninterrupted feed rates are 
accomplished’. The feed hopper is designed such that 
commercially available burner assemblies can be used and 
intero with ease. 

The pedestal on which the is grown must be 
lowered at a rate equal to the growth rate of the crystal. 
In addition the rate of lowering must be variable to 
coincide with slow or rapid crystal growth. It is also very 
important that the lowering mechanism tranamit as little 
vibration as crystal. 
and versatile mechanism was designed to elimi- 
nate the difficulties usually encountered. A vari 
d.o. motor and a train system permit the growing 
boule to be lo in the continuous range from zero to 
4 in. per h. The lowering mechaniam is equipped with 
an independently variable rotation mechanism which 
oan rotate from a fraction to 100 r.p.m. by suitable 
choice of gears and motors. The housing for the lowering 
mechanism is shook mounted and can be positioned be 
means of a two-dimensional slide rest. A sohematio’ 
diagram of the lowering and rotation mechanism is 
shown in Fig. 1. 
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(2) 10 BURNERS IN 
2 CIRCLES OF 5 








SECTION AA 
Fig. 2. Annealing furnace 


A refractory furnace muffle with tongue and groove 
jointe was cast from 38-H D alundum (Norton Refractories, i 
Worcester, Maas.) to contain the heat source. An adapta- 
tion of this muffle has been designed as an annealing farn- 
sce to reduce the strains in growing boules by in situ 
annealing. This furnace consista of two rows of five 
burners each using oxy-hydrogen gas. The burners are 
positioned and the manifold cast in a refractory muffle as 


. shown in Fig. 2. 
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Fig 4. Photograph of typical boules 


The entire apparatus is mounted on a portable frame 
which can be relocated with ease. The location of the 
flow meters, precision needle valves, feed assembly, 
burner, furnace muffle, telemicrosoope and lowering 
mechanism are shown schematically in Fig. 3. The 
support framé is provided with casters and jack screws 
for purposes of relocation and levelling, respectively. 

The apparatus has been used for preparing numerous 
crystala of refractory oxides including transition metal 
and rare earth oxide doped titanium dioxide, aluminium 
oxide and spinels. f 

Suitable titanium dioxide feed powder was prepared by 
calcination of the oxalate’. The transition metal im- 
purities were added in the form of sulphates prior to 
caloination. 

Cerium, chromium, iridium, iron, manganese, nickel, 
niobium, praseodymium, tantalum, vanadium, and 
yttrium in weight percentages of from 0-001 to 1 were 
successfully incorporated in titanium dioxide. etic 
resonance investigations of some of these are 
reported elsewhere*. 

Aluminium ammonium alum was calcined at 1,050? C 
to prepare a suitable alummium oxide feed material. 
Reagent grade sulphate was added prior to calcination in 
tbe preparation of the spinels and doped spinels. Single 
orystals of MgAl,0,-Al,O, : Or*+ grown with this apparatus 
have been investigated’. 

A photograph of typical boules is shown in Fig. 4. 
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I thank Mr. Maxwell Hopkins for help in designing the 
lowering mechanism, and Messrs. E. Aleabin, R. F. Bates 
and R. Arlett, who assisted in the growth of some of the 
orystels. 

MicHAEL KESTIGIAN * 


Radio Corporation of America Laboratories, 
Princeton, 


* Prosent address Bperry Band Research Center, Sudbury, Massachusetts 
1 Popoy, 8. K. Grouth af Crysiels 8,103 (Chapman and Hall, London, 1959, 
- "Consultants Bureau, New York, 1969). 

!Kesüan, M., Rev. Sot. Instr., 38, 1203 (1962). 

5 Moore, O. H., Amer. Inst, Mining Alat. Esp. Tech. Dub. N2017 Mining 


Eng., 1, 104 (1049) 
1 Gerritsen, H. J., and Babisky, E. 8 , Phys. Rev., 185, 1858 (1982) 
* Aristt, B. H., J. Amer. Cer, Soo., 45, 528 (1902). 


BIOCHEMISTRY 


Presence of Œstrogen Sulphokinase in Chick 
Embryonic Cartilage 


Ewzvams capable of conjdgat ng steroids to form the 
ound only in the liver!*. 


activated the [48] sulphate to adenoeine-3'-phoephate 
5'-aulphatophoephate and transferred the sulphate group 
to exogenous phenol or p-nitrophenol. This was shown 
by comperison with authentic material in a number of 
solvent . When incubated with steroids and 
chromatographed, the chick cartilage extract alone was 
capable of formmg new [**8] sulphate eater zones in certam 
cases. Of the steroids tested, œstrone, a-wstradiol and 
œstriol were sulphated, but pregnan-3a,20a-diol, dehydro- 
isoandrosterone, androsterone, testosterone and cortisone 
were not affected (Fig. 1). Active enzyme was found in 
the condyles of the tibias and femurs and also in the 
stemmum of 15-day-old chick embryos. Extracts of 
condyle and costal cartilage of 12-week-old calf embryos 
and the cartilage matrix of a human chondrosarcomas 
arising in the sternum were inactive. 

The zone X, present in the control of Fig. la, was 
found to be formed by a wide range of tissue extracts on 
incubation with [48] sulphate. Its properties will be 
described in greater detail elsewhere’. An increase in the 
level of radioactivity was found in this zone in chromato- 
grams of incubations containing mstrone and a-œstradiol. 
CEstriol gave a new zone with a lower Ry. All the other 
steroids gave autoradiographic patterns identical to the 
control. The radioactive material in the X zones, from 
chromatograms of incubations containing œstrone and 
a-cetradiol were eluted and rechromatographed in 
solvent 3 of Schneider and Lewbart'. This demonstrated 
that & new radioactive species had been formed in the 
presence of the steroids (Fig. 1b). Corresponding eluates 
of X zones, from incubations with mammalian cartilage 
extracta in the presence and absence of estrone, are shown 
in Fig. lo for comparison. Radioactivity in the csstrone 
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sulphate position is &bsent in this case. Proof that the 
radioactive component, formed in the presence of eegtrone, 
waa the sulphate ester was obtained by two-dimensional 
oo-chroma hy with authentic material. The auto- 
radiograph and the chemical stain, aa revealed by spray- 
ing with Zimmerman reagent, were exactly superimpos- 
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able. When incubation mixtures containing œstriol were 
subjected to two-dimensional phy in the 
system described by Bostrom!’ for studying [48] sulphate 
metabolites in urine, the results shown in Fig. 2 were 
obtained. An additional [48] rone is obtained in the 
presence of œstriol and is in the ‘steroid sulphate’ region 
of the chromatogram. In addition, it is in the exact 
position for cestriol sulphate, relative to cestrone sulphate, 
as‘depicted by Bostrom in work with [#8] steroid sulphates 
formed by rat liver’. 

In mammalian cartilage extracts, the ability to sulphate 
simple phenols and the inability to sulphate phenolio 
steroids very probably indicate that two separate 
enzymes are responsible for sulphating the phenolic 


.group of these two classes of compounds’. The presence 


in the chick cartilage of an enzyme system capable 
of sulphating steroids is tho first instance of such 
activity in a tissue other than liver. This unique be- 
haviour of chick in its effect on the phenolic 
steroids could mean thet the phenol sulphokinase of 
this species is capable of conjugating a wider spec- 
trum of phenols than is the case with the mammalian 
enryme. Alternatively, a speciflo phenolic steroid sulpho- 
kinase may be present. conjugation is generally 
believed to ‘detoxify’ or result in loss of the physiological 
activity of steroids, estrone sulphate has been reported to 
be biologically active’. While this has been quoted as 
evidence for steroid hatese activity in vivo, Roy 
is of the opinion that this view is premature and thero is 
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nothing against the idea that such steroid sulphates might 
be active per se‘. Some debate would then surround the 
proposal that œstrogen sulphokinase in chick cartilage 
plays the part of oontrolling the level of free phymologic- 
ally active steroid by converting it into a water soluble 
form. 

I thank K. N. Wynne for helpful discussion. 


J B. ADAMS 


New South Wales State Cancer Council, 
Special Unit, 
Prince of Wales Hospital, 
Sydney. 
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Separation of Polypeptides bound by Albumin 
in Human Plasma 


Tre role of plasma albumin in mamtaining onootic 
preesure is generally known, but ite mgnifioance as & 
potent binder of other substances is little appreciated. In 
addition to binding and transporting materials such as 
steroids, bilirubin, fatty acids, hormones, and dyes', 
albumin may similarly distribute many biologically 
important polypeptides. Therefore, the hypoalbuminmmia 
of certam disease states, mcludmg ursemia, hepatic failure. 
and cbronio infection, may be associated with diminished 
transport of polypeptides to their sites of action and 
detoxification. 

Groups of polypeptides bound to plasma albumin have 
not been demonstrated previously. This communication 
describes the separation of such & group. 

Blood from normal subjects and uræmio patiente was 
collected, under ice, in plastic bags contammg the anti- 
coagulant, disodium ethylenediammetetraacetate. It was 
centrifuged immediately at 4°C. The plasma thus 
separated, in amounts of 130-200 ml, was dialysed against 
a volatile buffer, triethylamme/acetic acid (THA), at 
starting pH 9-0-9-3 at 4° C for 16 h to remove all unbound 
dialysable substances including electrolytes. Albumin, 
more than 95 per cent pure and unchanged electro- 
phoretically, was separated by continuous-flow paper 
electrophoresis at 580—620 V (rof. 2). Leas than 5 per cent 
a-l globulm was also present. 

The albumin was then redialysed against the TEA 
buffer for 24 h and the dialysate concentrated under 
vacuum, lyophilized, and saved for later chromatography. 
This specimen served as the chromatography control for 
materials berated by acidification of the albumin. The 
albumin was then dialysed against 1 N acetic acid for two 
24-h periods and the dislysates again concentrated under 
vacuum, lyophilized, and saved for chromatography. 

By Folia Lowey protein test? and ultra-violet absorp- 
tion at 280 mu, differences were found between the acetic 
acid dialysates and control specimens. In successive 24-h 
dialyses, progressively smaller amounts of peptide material 
were liberated. By these testa, acetic acid dialysates 
contained up to 10 per cent protem material per gram of 
albumin whereas the control samples contained a negligible 
quantity. 

Ascending chromatography of these samples was per- 
formed with a butanol/acetic acid/water solvent in 
proportions of 4:1:5; Whatman number 3 paper; & 
16-h time period; and amidoschwarz, Reindel-Hoppe 
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protein‘, and ninhydrin stains. The acetic acid dialysates 
differed significantly from control specimens. Better 
separation of the constituents was achieved using high- 
voltage electrophoresis for 8 h at 3,000 V, using & 3 per 
cent ammonrum carbonate buffer (Fig. 1). Since these 
substances are dialysable, give a protem reaction, absorb 
ultra-violet light at wave-length 280 mp, stem with 
amidoschwerz, and on hydrolysis show an amino-acid 
pattern, it.18 concluded that they are polypeptides. 


ELECTROPHORES!S 


CHROMATOGRAPHY 


XAdbinse ^o Acetic ach dinbyrate 





Hg 1 M sene nage , a wgnificant difference Is noted between 
liberated areis acid treatment and that obtained by 
dialyam against tbe basic TEA buffer. Better definition is achieved 


Treatment with acetic acid at pH 2-3 converts albumin 
from its usual configuration to its expanded form*, and 
bindmg sites are exposed and disrupted. The release of 
bound peptides by exposure to low pH is therefore not 
un . It is necessary, however, to exclude the 
possibility that the peptides detected after acid treatment 
arose from proteolytic degradation of albumin itself. The 
amino-acid composition of the dialysable material is quite 
distmct from the overall amino-acid composition of 
albumin; but this does not disprove selective rupture of 
labile bonds. Analysis of the sedimentation diagrams of 
the albumin, however, gave no evidence of hoterogeneity 
of the protein; that is, no dimers or fragmenta were 
detectable either before or after dialysis against acetic 
acid. The sedimentation coefficient of the albumin was 
2 per cent lower (4-0 svedbergs) after treatment with acid, 
but this difference is not necessarily significant since the 
variation is within the range of experimental accuracy. 
The diffusion coefficient, derived from the sedimentation 
schlieren pattern’, was not changed significantly. The 
molecular weight of albumin before and after acid troat- 
ment was approximately 67,000 Electrophoretic dia- 
grams of the albumin before and after acid treatment also 
gave no evidence of molecular heterogeneity. There is, 
therefore, no reason for believing that hydrolytic or 
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MO degradation of the albumin molecules occurs. 

y, failure of serial microbiological studies to reveal 
growth excluded this possible cause of albumin 

breakdown. : 

The biological significance of these bound polypeptides 
remains undefined. Work now in progress on normal and 
abnormal subjects aims at comparing polypeptide patterns 
by ‘fingerprint technique’, and to determine their amino- 
acid composition. 

This work was supported, in part, by grants from the 
American Heart Association, the Health Research Council 
of the City of New York (contract U-1022), &nd the U.8. 
Public Health Servioe (H-4148). One of us (A. L. R.) is 
tios lablishod investigator of the American Heart Associa- 
tion and another (G.D.lL.) is an advanced research 
Fellow, American Heart Association. 
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Acid Phosphatase and Catheptic Acti in 
Rheumatoid Synovial Tlasue Mid 


Aam phosphatase and cathepsin are two of the hydro- 
lytic enzymes shown by de Duvet to be present in the 
lysosomal fraction of liver, and similar particles have been 
shown in many other tissuee*. Increases in lysosomal 
enzymes have been shown to be present in cases of rapid 
tissue breakdown?’ 


Rheumatoid synovia were obtained from patients 
undergoing synovectomy of the knee. For comparison 
‘normal’ synovia were obtained from patients undergoing 
menisectomy. Hach synovium was separated from the 
fatty underlayer of tissue and frozen over solid carbon 
dioxide. While frozen, the tissue was chopped finely and 
weighed. A representative sample was used after 

riste treatment! for deoxyribonucleic acid phos- 

orus* (DNAP) and ribonucleic acid phoephorus* 

IRNAP) determination &nd the remainder homogenized 

in ice-cold water. ‘The Mc qun ‘was spun at 4? C for 

15 min at 12,000 r.p.m. nitrogen content of the 

residue and acid phosphatase and catheptio activities of 
the supernatant were determined™. 


The DNAP/g wet weight in rheumatoid synovia is 284-5 
+ 14-67 g while that for normal is 65-85 + 6-81 g; the 
RNAP-level is 1847 + 11-24 g and 79-07 t 7-10 g 
respectively. Thus in the proliferating timsue the ratio of 
nuclear material to cytoplasm is doubled. 
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Tabie 1 
Oatheptio activity at pH 3-6 10 m.equiv. tyrosine released in 20 min 
Be) at ee nee 
perg wei weight per mg N persg RNAP perag DNAP 
Morina £45 + 643 180 1-035 0-26 + 0-070 034 + O11 


Rheumatoid 64-90 + 11-81 6-57 +0038 04740070 O81 + 0-08 


Acti phosphatase activity at pH 5 (ug phosphorus released In 20 min + 5.8.) 


Substrate A 
per g wot weight per mg N per ag RNAP per wag DNAP 
Normal 07:73 + 12-33 582 + 2-31 0-92 +022 113 + 0-28 


I NUN ME X 57°54 50-59 + 65-30 3704054 434 5031 
No. of tissues in brackets. 


Increases in the concentration of both enzymes were 
found irrespective of the basia for comparison except in the 
case of cathepsin /ug DNAP (Table 1). 

Significant increases in two hydrolytic enzymes which 
could cause the breakdown of tissues if released in an active 
form have thus been demonstrated in rheumatoid synovia. 
No attempt was made to differentiate between bound and 
free enxyme activity as synovial tissue is difficult to 
homogenize and the subcellular particles are damaged. 
If these enzymes are normally enclosed in lysosomal 
particles in synovial tissue a high free activity might be 
in rheumatoid tissue as the lactic acid i 
is hi ** and low pH values cause rupture lysosomal 
wallet. An added factor may be that of increased local 
erinnerte Ad por mt proce, ax 
both lysosomal membranes” and collagen‘ are known to be 
affected by increased temperature. 
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Optimal Conditions and Comparative 
Effectiveness of Dimethy! Sulphoxide and 
Polyvinylpyrrolidone in Preservation of Bone 
Marrow 

THE growing interest in dimethyl sulphoxide (DMSO) 
88 an effective additive in low-temperature preservation 
of bone marrow prompted us to gather more information 
on the optimal conditions of its protective action. Several 
factors were examined: the concentration of the protective 
additivo in the freezing medium, the length of the equili- 
bration period of the cells with the additive at 0° O and at 
room temperature, and the toxicity of DMBO to bone 
marrow. A series of parallel experimente with polyvinyl- 
pyrrolidone (PVP) was conducted to compare its effects 
with those of DMSO in the preservation of bone marrow. 

Bone marrow cells were obtained from the femurs of 
rate of an inbred Long-Evans strain 6-8 months old. The 
marrow was homogenized by aspiration with a syringe, 
strained, and the cells suspended in Hanks’s tissue culture 
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medium. After dividing the suspension into a number of 
equal parta, each part was centrifuged and resuspended 
in 1 ml of the freezing medium consisting of various 
concentrations of DMSO in Hanks’s solution, and of 10 
per cent (w/v) PVP in Hanks’s solution. Tho 1008 
were oither frozen immediately or kept for various lengths 
of time at 0? O or at room temperature and then frozen. 
The freezing was done in accordance with our previous 
prooem the cooling rate being 1? C/min and ioe 
ormation initiated at — 5? O by seeding. After the tem- 
perature reached — 25? O the preparations were trans- 
ferred to an alcohol bath at — 79° O for 30 min. They were 
rapidly thawed by immersion into a water bath at 87° O. 
Immediately afterwards the preparations were washed by 
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5 min at 900 r.p.m. The cells were resuspended in "8 
culturing medium containing 10 per cent PVP and 83 per 
cont rat serum. The culturing and the assessment of cell 
viability by phase microscopy was carried out in acoord- 
ance with our previous techni : 

When various concentrations of DMSO were examined 
in the preservation of bone marrow, it was found that 10 
per cent (v/v) offered the optimum protection, the cell 
survival being over 50 per cent. The viability declines 
sharply with slightly lower (7-5 per cent) or higher (12-5 
per cent) concentrations (Fig. 1). Much lower viability 
was obtained with both 5 and 15 per cent. 
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Fx 1. Rte of various concentrations of dzmeihyl i on celi 
survival after freexig, vertical lines errors 


To determine the optimal equilibration period of the 
cells with the additive, the cella were suspended in 10 per 
cent DMSO and either frozen immediately or after 10-, 
30-, or 60-min exposure both at 0° O and at room tem- 
perature (Fig. 2). The exposure for 10 min at 0° C prior 
to freezing allows sufficient permeation of the tive 
into the cells to yield the optimal viability. Longer 
exposure lowers the oell viability; exposing the cells at 
room temperature decreases viability more than that at 
0° O. 

The toxicity of DMSO was studied by addition of 0-1, 0-5, 
1:0, 8-0, and 5-0 per cent (v/v) DMSO into the culturing 
medium in which the cells were then incubated for 24 h. 
Wo found a progressive decrease in the number of viable 
cells with increasing concentration ofthe compound. The 
bar graph in Fig. 3 shows that 3-0 per cent ıs much more 
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toxic than 0-1 per cent DMSO, the viability being, respec- 
tively, 3 and 44 per cent. «No cells survived a 24-h period 
of incubation with a 5 per cent concentration of thia oom- 
pound. When cels were subjected to a short period 
(10 min) of exposure to 10 per cent DMSO at 0? C and 
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then washed and cultured, only 70 per cent of the cells 
remained viable. 

In discussing the resulta of this work, the average cell 
recovery value of 50 per oent obtained here with DMSO 
under optimal conditions and based on our method of 
i te gag a Sear tar i 
olose agreement with the resulta reported by wood- 
Smith’, according to which, bone marrow retained 50 per 
cent ability to synthesize proteins and lipids after being 
preserved with DMSO. 

Our study indicates the considerable toxicity of DMSO 
to bone marrow cells. When the optimum equilibration 
time of 10 min (Fig. 2) was studied for its toxic effect, this 
short period of contact with DMSO reduced tho viability 
of unfrozen cells by 30 cent when com with un- 
treated cells. The decline of viability after freezing from 
the optimal value of 50 per cent when equilibration 
periods 1 er than 10 mm are used is ap tly due to 
the toxic effect of DMSO. The toxicity of this compound 
must be responsible for the sharp decrease of cell viability 
after preservation with DMSO in concentrations higher 
than 10 per cent (Fig. 1). This toxicity necessitates 
either the prompt removal of DMSO from the preparation 
after thawing, or dilution, or immediate administration to 
the recipient, which results in a rapid dilution of DMSO 
to & non-toxic concentration. : 

In oo DMSO to PVP as a preservative, we 
found no sharp decrease in viability with an increase of 
PVP concentration from 10 to 20 per cent (w/v). The 
broader optimal range is perhaps indicative of the non- 
toxicity of PVP; the o um concentration of PVP, 
however, is 10 per cent. equilibration period with PVP 
is unnecessary since it is an extracellular preservative, as 
was shown in our previous communication’. This is 
substantiated in this investigation by the fact that thero 
is no difference in viability whether the preparations 
treated with PVP wore frozen immediately or after several 
hours of exposure. The prolonged exposure to PVP has 
no toxic effects such as those found with DMSO. When 
10 per cent PVP is present in the tissue culturing medium 
there 18 no detectable decrease in cell viability after 24 h. 
Since PVP is non-toxio, there is no need to remove 16 from 
the preparation after thawing. 

In conclusion, regarding the optimum recovery of cells 
after freexing with both preservatives, although DMSO 
offers, on the average, 50 per cant survival as compared 
with 30 cent attained with PVP, there is a much larger 
variability in the protective action of DMSO than 
that of PVP. We feel that, because of the many precau- 
tions which must be exercised with DMSO that are not 
necessary with PVP, the latter additive is simpler to 
handle and the resulta with it are more predictable. 

This work wes done in pert under an Office of Naval 
Research contract No. 105-235 and was also supported by 
U.S. Publio Health Service research grant No. 0O—4881 
(03). 
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Immunoelectrophoretic Characterization 
of Proteolytic Enzymes 


THe detection of proteolytic activity after electro- 
phoresis in agar gel has been described previously!?, It 
has been shown with a number of hydrolytic enzymes? 
that the precipitation linea formed by the antigen— 
antibody reaction after immunoelectrophoresis in agar gel 
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exhibit enzymatic activity. This enzymatic activity can 
be demonstrated qualitatively after washing and drying 
the slides in the usual way by utilizing conventional 
histochemical techniques. 

The analysis of proteolytic activity by the usual staining 
procedures frequently reveals the substrate as well as the 
enzyme since both are usually protems or protein-like 
substances. 

The method reported here is based on the principle that 
the proteolytic enzyme located in a specific antigen— 
antibody aro will degrade an appropriate substrate on-a 
second slide when the latter 1s supermmposed so that the 
two agar surfaces are contiguous. After incubation the 
indicator alide is removed and stained in the usual way. 
The area of enzymatic activity 1s revealed as a clear rone 
against a dark background. ‘Thus, precise correlation of a 
specific antigen-antibody aro with ite enzymatio activity 
is achieved. f 

Using a crude mixture of human urinary macromole- 
cular components &nd serum antibodies produoed by 
rabbits against these componenta, a wide variety of 
precipitation lines was demonstrable when the modified 
microscopic slide method of Scheidegger! was used 
(Fig. 1, slide A). After 8 days of washing in 0-9 per cent 
sodium chloride to remove excess proteins, the slide was 
immersed in glyoine-hydroohlorio acid buffer pH 9-0 for 
15 min. At the same time, a saline agar slide was kept 
for 80 min in a solution containing 1 per cent hæmoglobin 
in 0-1 M glycine-hydrochloric acid buffer pH 2:0 (Fig. 1, 
slide B). 
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Fig. 1. Blide A— after two days develo 
ment, Veconal balee peO0e Pi E 7 Vjom, 1 h. Grade 
of human urinary Trench : Rabbit serum 


mixture . 
antibodies against these macromolecules. Aro with arrow 
aro of slide B exhibtting proteolytic activity 


Shde B (Fig. 1) was then placed carefully on to slide 4, 
agar-to-agar, so that & uniform and tight contact between. 
the surfaces of the agar layers was obtained. ‘Tho slide 
‘sandwich’ was incubated in a moist chamber for 1 h. 
The ahdes were then separated and fixed for 2 h in 50 per 
cent ethanol containing 5 per cent acetico acid. Finally 
the plates were stained with amido black. 

The result is shown in Fig. 2, slide B. The transparent 
aro indicating digestion of the hæmoglobin corresponda, 
when matched with slide A, to the location and shape of 
the arc marked with an arrow in Fig. 1. 





Mirror Image of alide B stained with amido black as explained 
incubadon. Demonstration of proteolytic activity by 
transparent area against evenly dark background 
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The same shde A can be re-used by repeating this 
‘sandwich’ technique. Work is in progress to apply this 
method to the demonstration of other enzymes. 
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PHYSIOLOGY 


Activity of Fusimotor Fibres innervating 
Muscle Spindles in the Intercostal Muscles 
of the Cat : 


Ir hae been shown that thoracic motoneurones are 
monosynaptically excited by the lowest threshold afferents 
in the mtercostal nerves!. These afferents are assumed to 
arise from primary endings of the muscle spindles present 
in cat intercostal? muscles. The intercostal muscle 
spindles are shown here to be regulated through their 
fusimotor fibres by a central control closely reeembling 
that which governs the activity of alpha respiratory moto- 
neurones. 

The sensory and motor innervation of the external 
(inspiratory) and internal (expiratory) intercostal muscles 
is through separate nerves which provide fine filamente 
(0-1-0-2 mm diam.) to their respective musolee!. These 
filaments contain large and small. diameter myelinated 
fibres (Fig. 1A). The filament in Fig. 1B 18 from an inter- 
costal nerve de-afferented by dorsal root section distal to 
the dorsal root ganglion; both large and small diameter 
motor fibres are present. In the main intercostal nerve 
from which the filament in B arises, there were two groups 


of fibres ranging from 2—7p and 10-18p in diameter, with - 


peaks at 5. and 13 respectively. As for limb musole 
nerves?, this bi-modal distribution is related to the 
presence of muscle spindles. 

Cate were lightly anesthetized with sodium pento- 
barbital or urethane and chloraloee and recording was 
made of the efferent discharges present in more than 60 
wolated filaments that innervated either the external 
('nspiratory nerve filament’) or internal (‘expiratory 
nerve filament’) intercostal muscles (Th 4-Th 11). Record- 
ings from expiratory nerve filaments are shown in Fig. 24, 
B, and O, and from an inspiratory filament in D. Spikes 
of two distinct sizes are present, and the frequency and 
pattern of theee two types of discharge showed character- 
istio differences. In the expiratory filaments, the small 
spikes fired either periodically during the expiratory 
pause (A) or continuously throughout the entire reepira- 
tory cycle (B and O). In this latter case the frequency 
immediately increased at the onset of the expiratory 
pause as seen in B, where a single small spike fired at 
approximately 6 imp./seo in mid-inspiration and aooeler- 
ated to 25—30 imp./seo towards the end of expiration, and 
m D where the frequency of the small spike approximately 
doubled from 50-100 imp./seo; progressive recruitment of 
small spikes throughout the expiratory pause is also 
common. Almost invariably, the onset of large spike 
activity occurred much later in the expiratory pause, and 
the maximum discharge frequency ranging from 8-12 imp./ 
8eo, as in A, B and O, was usually much lower than that of 
the small spikes. Small and large spikes are also present in 
inspiratory nerve filaments. but in contrast ther periodic 
activation or their periodio acceleration in frequency, as 
seen in Fig. 2D, always occurred in inspiration. the onset of 
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small spike activity usually preceding that of the large 
spikes. Although other patterns of activity were seen in 
quiet respiration, due principally to different levels of 
anmathesia, the expiratory and inspiratory phasing of the 
activity in filamente innervating the internal and external 
intercostal musoles respectively was an invariable finding. 
As the recordings were made from whole, naturally 
ing nerve filaments, it is assumed, following Hunt‘, 
that the direct relation between spike height and fibre 
diameter 18 preserved and that the small and large spikes 
arise in fibres belonging to the groupe of small and 








recording of efferent discha 
in uon neces flamedte duping dual respiration (pentobarbital 
anpstheam): ' nerve filament’ (4, B and C); ‘inspiratory 
nerve filament’, (D). Lower trace Tune soale, ] £00, 
ealfbration, 100 AV (alpha spikes retouched) 
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diameter fibres demonstrated histologically. In other 
experiments it was shown electromyographically that the 
activity of motor units correlated only with the activity of 
the large spikea in the nerve recordings, hence it is con- 
cluded that the small spikes must arise in fusimotor fibres. 
Other significant findings were: (1) Inhalation of carbon 
dioxide enhances and hyperventilation abolishes the 
periodic discharge of alpha and fusimotor fibres, although 
during artificial iration the large spikes of the expira- 
tory filamenta may be activated with each inflation of the 
lungs due presumably to & proprioceptive reflex activated 

stretch. (2) The activity of both alpha and fusimotor 

res in inspiratory and expiratory nerve filamenta 
respectively ia augmented during the ‘inspiratory’ and 
‘expiratory’ activating reflexes of Hering and Breuer. 
(3) The periodio activity of fusimotor fibres is not depen- 
dent on thoracic movements since it persists in the 
‘Flaxedil’-paralyzed preparation not being respired arti- 
ficially, and also after dorsal root section. Dorsal root 
section does, however, abolish the activity of some large 
spikes, even in quiet respiration. 

Recently, Oritohlow and Euler! obtained indirect 
evidenoe of a tonio and periodic modulation of intercostal 
fustmotor fibre activity which they attributed to a spinal 
reflex initiated by movements of the thoracic wall. This 
is not the conclusion reached here, where direct recording 
of ihspiratory and expiratory intercostal fusimotor fibre 
activity has shown it to be controlled by a central mechan- 
ism closely resembling that regulating alpha respiratory 
motoneurones. 

The significance of this central control is seen as follows. 
Failure of the extrafusal muscle fibres to shorten at the 
same rate as the intrafusal flbrea, due to resistance to air 
flow to and from the lungs, would lead to an increased 
discharge from the muscle spmdles with the consequence 
that the monosynaptic pathway previously described! 
would exercise an increased excitatory drive on the inter- 
costal motoneurones. There would be summation with 
the ‘central respiratory drive potential’! and so an inorease 
in the diso frequency of active motoneurones and a 
recruitment of others into activity. Thus, these resulta 
throw great emphasis on the importance of fusimotor fibre 
activity in the regulation of normal and forced respiratory 
movements. 
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Reduction by Chlorpromazine of Ulcers due to 
Acute Starvatlon in Mice 


EvrpmgNGE has accumulated indicating that starvation 
induces acute ulceration in the gastric glandular mucosa of 
mice! but not in rats*?, and that chlorpromazine inhibits 
uloeration in the Shay rat‘. Also, recent evidence indi- 
cates that chlorpromazme reduces gastric acid and/or 
pepsin secretion in & number of circumstances in man and 
in dogs**. The investigation recorded here was under- 
taken to establish whether the tranquullizer, chlorprom- 
azine, could prevent or decrease the incidence of acute 
gastric ulceration in mice as caused by starvation. In 
addition, a survey of the incidence of gastric glandular 
uloers in normal, well-fed mice of both sexes was under- 
taken to establish this parameter, and to serve as a 
basis for comparison of the starvation procedures. 
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A total of 400 adult Swiss mice were utilized in the 
experiments. In the initial experiment 50 male and 50 
female, well-fed, normal mice were killed by chloroform. 
and the gastric glandular mucosa of each mouse was 
ummediately examined grossly for the presence of hæmor- 
rhagic ulcers of any severity. In every subsequent starva- 
tion experiment approximately 50 mice of the same sex 
were put together in a large cage (24 in. x 14 in. x 14 in.) 
or were housed in groups of 10 mice per small cage (10 in. 
x 7-5im. x 61n.). The fasted mice were not fed during the 
three-day duration of each experiment, but water was 
available ad libitum. During this period the expermmental 
mice were injected subcutaneously in the inguinal region 
twice a day (12-h intervals) with chlorpromazine (‘Thor- 
azine’), and control mice were injected similarly with 
water. All mice were individually weighed prior to each 
injection, and experimental mice received 10 mg chlor- 
promazine per kilogram body-weight (approximately 0-1 
0.0.) for the initial injection, and 5 mg/kg for each of the 
remaining five injections. At the end of the third day the 
mice were killed with chloroform and autopsied imme- 
diately. Because of the minute size of the mouse stomach 
attempts were not made to quantitate grossly the severity 
of ulceration; stomachs were simply categorized as 
ulcerated or normal. It was found during an experiment 
with grouped male mice that the pugnacity and cannib- 
alism characteristic of this sex during fasting resulted in 
very high mortality rate (65 per cent). Thus, data on 
fasting male mice were assumed invalid and incomplete, 
and are not included bere. 
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Table 1. OHLORFROMAZIKE REDUCTION OF ACUTE BTARYATION ULCNRS IW 


Mean No. of Ti ME 
Treatment No. of maghi at anmals of 
au (GMT with with 
ulcers ulcers 
Normal males 50 29 4 2 4* 
N females 50 ?94 0 0 
Starved females water-control 
tancous—twice dally) 91 194 27 20-4 
females, - 
axine (10 intial sab- 
cutaneous mg/kg, 
t subeutaneous 
injectsona) 87 200 16 17-2t 


* Denotes & value significantly higher than female value (P « 0-06). 
T Denotes a value significantly lower than control value (P « 001) 


The results of the experiments are illustrated in Table 1. 
It was observed that two male mice in the presumably 
normal population of 50 male and 50 female mice possessed. 
gastric dular ulcers. Statistical evaluation (X* 
method) indicates s significant difference (P <0-05) 
between sexes in this regard, but the overall rare ooour- 
rence (2 per cent) of ulcers m normal laboratory mice 
concurs with reporte of other normal laboratory species’. 
It was most notable that a very significant (P « 0-01) 
reduction of gastric glandular uloers occurred in mice 
treated with chlorpromazine. 

Each dose-level (10 mg/kg and 5 mg/kg) induoed 
lethargy, decreased motor activity, and a pronounced 
decrease in postural musole tone in all treated animals 
within 30 min after administration. Although the 
mechanism by which starvation induces ulcerogenesis in 
mice is not known, it has been reported that the blood 
level of glucose in dogs decreases during fasting!?. If this 
phenomenon 1s consistent in mice, ıt may be speculated 
that gastric secretion is stimulated by the stress effect of 
hypoglycemia as it is in man’. Unfortunately, the validity 
of recent reports in regard to alterations m intra-gastric 
pH in fasted mice is abated by complications of intra- 
gastric hwmorrhage, which would tend to elevate the pH 
of gastric contents!. In the present investigation, it i8 
plausible that chlorpromazine reduced the incidence of 
ulceration by means of ita well-established inhibition of 
gastric acid secretion. Indeed, other investigators have 
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demonstrated that ohlorpromazme inhibits the late phase 
of gastric secretion stimulated by the strees effect of 
insulin hypoglycemia’. Furthermore, if starvation ulcers 
in mice ate induced by a hypoglyosmia-h ion 
effect, chlorpromazine would perhaps additionally negate 
the cause (bypoglycsamia) of hypersecretion, since it has 
been demonstrated that chlorpromazine induces hyper- 
glycsamia in mioe!. 
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Stimulation of Bone Resorption by Parathyroid 
Hormone in Tissue Culture 


GAILLARD! has demonstrated resorption in cultures of 
embryonic bone when parathyroid hormone is added to 
the medium. We have used this response to sesay para- 
thyroid activity by measuring the release of calcium from 
bone during cultivation. 

Albino rata 15-16 days pregnant (dated from time of 
sperm-potitive vaginal smears) were injected with 200—400 
us. of caloium-45 as calcium chloride. Three days later 
the 18-19-day-old embryos were removed, the radius and 
ulna were dissected out, their cartilaginous ends cut off, 
and the shaft washed in Eaglo's medium in Hanks base? at 
pH 7. These bones were then cultivated 
in small ciel Qu uum watoh-glasses oon- --- 
tainmg 0-5 ml. o i They were 
placed on pieces of ‘Millipore’ filter sup- i 
ported at surface of the medium by & $ 
metal soreen. The medium was- mixture 
of 50 per cent human or rat serum and 50 
per cent Eaglo's maintenance medium in a 
modified galt solution. The initial calcium 
concentration was 1-8-2-2 m-moles/l., im- 
organic concentration 1-3—2-5 
m.moles/l., and sodium bicarbonate 25 
m.molea/l. The cultures were incubated 
for 72 h at 37° C under an atmosphere of 5 
per cent carban dioxide, 20 per cent oxygen, 
and 75 per cant nitrogen. To measure the 
response to parathyroid hormone, 0-005 ml. 
of varying dilutions of a single lot of oom- 
mercial parathyroid extract containing 0-2 
per cent phenol ( PTE’, Eli Lilly and Co.) 
was added to 0-5 ml. df medium bathing 1 
bone rudiment. The opposite untreated 
limb served as a control for each treated 
limb; the medium contained 0-005 mL of 
the ‘PTE’ diluent (0-2 per cant phenol in 
0-9 per cant sodium chloride solution). In 
seperate control assays the bones were 
treated with diluent or with inactive para- 
thyroid extracts and ‘compared with 
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untreated bones. To ases the role of physicochemi- 
cal exchange of calcium between bone and modium 
*PTE'-treated and untreated bones were cultivated after 
the cells had been killed by heating to 47°-48° O for 1 h. 
At the end of incubation the amount of caleium-46 
released from the bone to the medium was measured in a 
liquid scintillation counter’ and the stable calcium concen- 
tration in the medium determined by mioro-titration‘. 
The ratio of calcium in media from tho treated bone to that 
in the untreated paired bone culture was used to permit 
comparison of experiments in which different amounts of 
calcium-45 were initially present in embryonic bone and 


° in which there were small differences in the initial caloiam 


concentrations in the medium. In each assay experiment 
the response of 8 or 4 pairs of bones of similar size were 
tested for & given treatment. 

Paira of control bones, one of which waa treated with an 
inactive parathyroid extract or with phenol diluent, 
showed similar concentrations of stable calcium in the 
medium and released the same amount of caloium-45 
during cultivation. The final calcium concentration was 
close to the initial value of 1-8-2-2 m.molee/l. (Table 1). 
Table 1. Hrrmcr or ‘PTE’ OK MEDIUM CALOTUM QOMORWTRATION AND 

CALCIUM-45 RELEASE FROM MXEEYONIO BONE 
Figures are mean and standerd error of the ratio of treated versus untreated 
paired cultures _ 


No. of Treated untreated 
Treatment pairs  Omleium concentration  Caletum-45 release 
30 10 +001 100 + 001 
‘PTR’ 0-01 unit/mL 25 102 + O02 1-12 + O-OR* 
“POW 0-1 unti/ml. 28 1:04 + 0-01 1:66 + 012* 
utml. 24 114 1002* 236 + 016* 


* different from control and from other doses ef ‘PTE’, 
P«001. - . 
Twelve pairs of killed bones were com with surviving 
control bones from the same litter. dead bone usually 


took up some calcium from the medium so that the final 
calcium concentration in the medium was 11 per cent 
lower than for controls. Oalcium-45 release was only 
39--4 per cent of that for living control bones. This 
finding suggests that considerable resorption and remodel- 
ling occurred in the control cultures is consistent with 
the histological appearance of abundant osteoblasts plus 
a few osteoclasts in these bones. Adding ‘PTE’ to the 
medium had no effect on caloium-45 release or stable 
calcium equilibrium in cultures of killed bone. When 
"PTE was added to living bone cultures, release of caloium- 
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. 45 to the medium was increased roughly in proportion to 
the dose administered. A dose of 1-0 unit/ml. caused 
almost complete resorption of bone matrix (Fig. 1) and 
Increased calcium-45 release 2-8-fold while 0-1 unit/ml. 
usually caused less resorption. The histological changes 
resembled those described by Gaillard’. There was a 
marked increase in osteoclasts, some fibroblastic pro- 
liferation, and a disappearance of osteoblaata. The increase 
in caloium-46 release with 0-01 unit/ml. of PTE’ was 
significant but small, and in 2 of 7 assays the value was 
within the control range. Histologically, cultures treated 
with 0-01 unit/mL of ‘PTE’ controls. Although 
the riso in stable calcium concentration in the medium 
paralleled calaium-45 release, the was smaller and 
not significant except with 1-0 unit/ml. of ‘PTH’, presum- 
ably because of the relatively amall amount of stable 
calcium available for release from bone compared, with the 
amount present in the medium. Since caloium-45 was 
initially present only in the bones ite release provided a 
more direct ahd sensitive measure of resorption. 

A number of factors which affect the response to ‘PTE’ 
have been identified. A low initial concentration of 
calcium in the medium itself caused disappearance of 
matrix and proliferation: of osteoclasts but addition of 
‘PTH’ caused further resorption. If medium phosphate 
was increased above 3 m.molee/l, or if pH was raised 
above 7-5 by adding sodium bicarbonate, the ‘PTE’ effect 
on resorption was inhibited. inarily, medium pH waa 
between 6-8 and 7-4 at the end of cultivation. At the 
lowest pH values higher stable calcium concentrations 
were found in the control medium, but a further increase 
in calcium concentration was found in ‘PTH’-treated 
cultures. This ‘PTH’ effect was not due to a greater 
acidification of the medium since there was no pH 
difference between medium from pared treated and 
untreated bones. The sire and calcification of the explants 
were critical. Some 18-day embryo bones were too small 
and had not inco sufficient calcium-45 for assay. 
The bones of large 19-day embryos were lees sensitive io 
‘PTE’, perhaps because the bones did not survive well in 
culture 


These experiments confirm Gaillard’s observation that 
parathyroid hormone stimulates bone resorption tn vitro 
and show that this resorption can be measured as the 
release of labelled calcium from embryonic bone rudimenta 
into the medium. The resulta are consistent with there 
being a direct effect of ‘PTH’ on caloium transporb. The 
response is related to the dose of parathyroid extract. 

This work was while I was a Special Research 
Fellow of the U.S. Public Health Service at the 8 
ways Research Laboratory, Cambridge, England. I thank 
, Dr. Honor B. Fell, director of the Laboratory, for her 
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PHARMACOLOGY 


Nature of Acetylcholine-like Activity 
. released from Brain In vivo | 
AGETYLOHOLINE-LIKSN activity appears in saline solution 
applied to the surface of the brain by means of & oup, 
when cholinesterase is inhibited locally. When the oup is 
placed on the somatosensory cortex, the activity in the 
solution increases if the contralateral paw is electrically 
stimulated at a low frequency*. Similar acetylcholine-like 
activity oan be recovered from the cortex and the caudate 


NATURE 


March 9, 1963 


nucleus using Gaddum’s push-pull cannula’. Recently. 
evidence was brought forward by Hosein et al.‘ that the 
acetylcholine-like activity of brain homogenates treated 
with trichloroacetic acid waa largely due to coenzyme-A 
esters of y-butyrobetaine, crotonbetaine and carnitine and 
to propionyl and butyryl choline. In view of this, it was 
of interest to see whether evidence could be found for the 
release of these esters from brain én vivo. 

The area of maximum evoked potentials in the somato- 
sensory cortex following the stimulation of the contra- 
lateral fore-limb of & cat ansethetirod with 0-6 ml/kg 
‘Dial’ and injected with 2 mg/kg atropine sulphate was 
localzed by means of a wick electrode. Gaddum’s push- 
pull cannula’ was introduced at this location approxim- 
ately 2 mm deep and Locke's solution was 
through it at a rate of 0-25 ml./10 min. After perfusing the 
cortex for 20 min with Locke’s solution containing 5 x 10-4 
(v/v) diisopropylphosphofluoridate, perfusate was collected 
for 2 h during which the contralateral fore-limb was stimu- 
lated continuously with pulses of 1 msec duration at a 
rate of l/sec. With the 8-0 ml. perfusate collected, 2 + 2 

int assays were performed on a longitudinal strip of 
eeoh muscle suspended in a miarobath*,! and on the blood- 
preesure of the eviecerated cat sensitized by 0-1 
eserine", Similar assays were performed with a sample of 
y-butyrobetaine ethyl ester, kindly supplied by Dr. Hosein. 
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Table 1. AcTIYPTT OF BRAIN PERFURATA AND OF TJ-DUTIROBNTAINA 
ETHYL MaTER IN TERMS oF NANOGRAX or A OHLORIDA. 
5 Par rT FOVOLL Loos IX P. 
Ost's blood Leech Hado: Cat's blood pressure/ 
premsure Leeoh 
1 ml. perfusate 23-9 18-0 1-26 
(10-3-20-8)  (15-0-22-5) 


1 140 0-48 
bakoe ate Q13 171) oat een) 


. As shown in Table 1, the activity of the perfusate- in 
terms of acetylcholine was quite similar on the two 


preparations, while y-b betaine ethyl ester was about 
30 times weaker on the muscle than on the blood- 
preesure 


Secondly, 0-15 ml. of a perfusate obtained from the 
somatosensory cortex as described here and estimated 
to contain 50 ng/ml. acetylcholine equivalent was applied 
to a 15-cm wide Whatman No. 1 filter pa and developed 
in water-saturated n-butanol for 15 by descending 
chromatography. Similarly, 0-15 ml. of acetyloholine 
(50 ng/ml.) and y-butyrobetaine ethyl ester (0-1 mg/ml.), 
both in Locke’s solution, were applied and developed. 
After drying, strips were eluted with 20 ml. methanol, the 
methanol evaporated under nitrogen and the reaidue 
dissolved' in 0:25 ml. of diluted Locke’s solution and 
assayed on the leech musole. 





Fig. 1. Hatched, sostyleholine; > 
eee oster. A, rat Ala? leg ods 
O, Ry 0-15-0-30; D, Rp 0-90-0-50; B, Ry 0-50-0-70. 


alaks a iet 
the left, TET onor aayo] nee ait as: Swan 
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Resulte in Fig. 1 ahow that most of the activity of the 
perfusate could be recovered at Rr 0-05—0-15, where also 
acetylcholine was found, while y-butyrobetaine migrated 
to Rr 0-80—0-50. These findings do not provide any 
evidence for the release of betaine esters from the brain 
in vico but rather show that acetylcholine or a very 
similar ester is the transmitter at the cholinergic synapses 
in the cortex of the brain. 

This work was supported by the Medical Research 
Oouncil of Canada. 7 
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Dose-response Relations of Amphetamine- 
Barbiturate Mixtures 
Mixrunnams of amphetamine and barbiturates are fairly 
widely used in psychiatry for treating some kinds of 
neurotic patients. Relatively little seams to be known 
about the effects of such mixtures from laboratory 
experiments on animals or man. On most kinds of re- 


stimulants. In small doses, however, barbiturates can 
produce stimulant effects on animal activity’, as 
measured, for axample, by ‘activity cages’. 

In previous experiments’ it was found that very amall 
doses of ine sulphate (0:75 mg/kg) and amylo- 
barbitone sodium (15 mg/kg) which individually had little 
effect could, when given in combination with each other, 
markedly morease the spontaneous activity of rate m an 
unfamiliar environment, even though most of the animals 
were ataxic and moved clumsily. The dose ratio (1 : 20) 
was different from those used therapeutically sinoe it 
involved much more  berbiturate. For example, 
‘Drinamyl’ (Smith, Kline and French) contains dex- 
amphetamine sulphate and amylobarbitone sodium in & 
ratio of 1 : 6-5; on the assumption that dexamphetamme 
sulphate may be about 1j times as potent as amphetamine 
sulphate’, the ratio in these experiments was therefore of 
the order of 1 : 80. 

In the first series of the experiments recorded here, 
amphetamine sulphate and amyloberbitone sodium in this 
same ratio were studied separately and in combination 
over a range of doses in order to determine whether, at 
its peak dose, & mixture of them did m fact produce 
greater stimulant effects on the spontaneous activity of 
rata than could be obtamed with either drug on ita own. 
In order to study the relation between spontaneous activ- 
ity and ataxia, records of the rate’ footprinta were 
obtained':* during & standard run and their spacing was 
analysed. A second set of experiments was then carried 
oub which was similar in all respects except that der- 
amphetamine sulphate and amylobarbitone sodium were 
used in the *Drinamyl' ratio of 1 : 6-5. 

The & tus used to study spontaneous activity was 
a symmetrical Y -ahaped runway similar to that previously 
described’. A trial consisted of placing a rat in the centre 
of the Y and leaving it in the apparatus for 5 min; the 
number of times it entered the arms with all four feet 
was the measure of activity. The rata were 329 Lister 
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amphetamine 
and fn combination, Over & 
of icis Into tho arms of a Pabaped runway during 
aa moan, diferencen, a ol ig 
en , 
MR the mean results for a different group of ten rats. The 
between the two drugs was kept constant at 1 : 20 


hooded females aged 115-140 days which had been reared 
under standard conditions. In the first series, 10 rats, 
randomly selected, were used at each dose and 16 rata 
were saline controls; in the second series the numbers 
were 8 and 15 respectively. The drugs were dissolved in 
saline so that the volume injected, subcutaneously, waa 
2 o.o./kg; 85 min after the injection each rat was given a 
single trial in tho runway, and immediately afterwarda 
the record of footprints was made. f 

Fig. 1 shows the results of the first series of experiments. 
At its peak the activity with the drug mixture was indeed 
found to be greater than activity with any of the dosea 
of the separate drugs, and ıt was more than twice that 
which was found with salme (¢<5-6, df 51, P< 0-001). 
Amylobarbitone alone produced a curve which waa 
similar to but much flatter than the mixture curve, with 
a peak which was observed to be directly below that 
of the mixture curve. Amphetamine by itself produced 
Hee rst Ave doses, ased slightly moro activity than 
saline, and the overall mean difference (4-0 enbtriog) is 
statistically significant at the 5 per cent level. In the 
highest doses all three substances. inoluding amphetamine, 
inhibited activity almost completely. 


0 30 0-59 118 2.36 471 9-44 
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Results of second series of experiments, Conditions were smular 


E ani, TETI 
used, in the of 1° 65 ('"Drinamyl' ratio). 
There were eight rats per group 
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Fig. 2 shows the resulte of the second 
series of experiments where proportionately 
about 6 times more hetamine was used. 
Tt can be seen that the shape of the mixture 
curve was similar to that in the first series; 
but the peak of activity oocurred at half the 
previous dose of amylobarbitone, that is, 
at 7-5 mg/kg, combined with 1-18 mg/kg 
dexamphetamine, which corresponds to 
more twice the dose of amphetamine 
sulphate at the peak dose in the first series 
of expermments. The differance between th 
peak mixture activity and ivity with 
saline was again significant at the 0-1 
cent level. As before, the largest doses of all 
three substances inhibited activity almost 
completely. 

Various aspects of the footprmt records 
"were examined, and it was found that the 
regularity of the spacing of the prints was a 
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HÆMATOLOGY 


Hæmoglobins of Galago crassicaudatus 


Galago crassicaudatus is a nocturnal, arboreal prosimian 
Primate of relatively wide distribution in Africa 


“Recently we have examined hæmoglobin from 19 indiv-. 


iduals of this species. Al the animals came from the 
Bokoke forest, two to three miles west of the town of Gedi 
in south-eastern Kenya. The pelage colours of the 19 
. animals, all from the same population, spanned the 
characteristic shades and markings of the subspecies G. c. 
. agisymbanus, G. c. lasiotis, G. c. panganiensis, G. c. 
kikuyuensis, G. c. crassicaudatus and G. c. 1, 
'The last-named variety, however, has characters other 
- than the superficial ones of pelage markings and colour 
which make a distinction between it and the other five 
useful for the present. Our long-standmg suspicion that 
the sub-species, other than the argentatus, aro merely 
normal colour variations within G. orassicaudatus seams 
- to be confirmed. 
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Sample 
4-5-6-7-8 number 8-7-6-5-4-3-2-1 


Blood was drawn from the femoral veins of the tran- 
quilized galagos into 7 mL sterile vacuum tubes oon- 
taining 0-7 ml. anticoagulant: (citrio acid, sodium citrate, 
and dextrose). Oela, and plasma were separated by 
centrifugation and hemolysates prepared in the usual 
manner®. 

Electrophoresis of hæmoglobin was in vertical starch 
gels made with iris borate buffer, pH 8-6 (0-027 M irus- 
(hydroxymethyl)aminomethane plus 0-020 M borio acid). 
Buffer in the electrode vessels was 0-27 M tris and 0-20 M 
boric acid. Electrophoresis was óarried out for 7 h at 
approximately 10 V/om at room temperature. At tho 
end of a run, gels were chilled for 0-5 h at 10° O and then 
sliced. One half was stained with amido black and the 
other with & benzidine reagent. 

Hemolysates were tested, for alkali-reastant hemo- 
globin by the denaturation technique of Singer et al.*. 

Fig. 1 shows a typical gol. The half of the gel which 
was stained with benzidine was photographed. The othor 
half was diagrammed after being stained with amido 
black. There are two hemoglobin patterns to be sean in 
the galago samples on this gel. One has three distinct 
bands, the other has two. Ten samples had two bands and 
nme had three. The smeared band which has moved 
farthest anodally 1s, wo believe, analogous to human A, or 
‘senescent’ hemoglobin. The slowest, or most cathodal, 
band moves farther, or faster, than the A, human band. - 
As can be seen in Fig. 1, the fastest galago hæmoglobin 
has moved farther than human A, and the band with 
intermediate mobility has moved shghtly farther than 
human 8, but not as far as human F. The prosence of 
minor hæmoglobin componenta in these galago samples, 
analogous to those in human hamolysates, is not clearly 
demonstrated on these gels. This point awaits analysis 
“of the hernolysates by ion-exchange chromatography?. 

The results of alkali denaturation tests show an average 
value, for 19 samplea, of 27-7 cent alkal-reaistant 
hemoglobin. The individual values ranged from 19-2 to 
36-3 per cent. In & previous communication’ we reported 
slightly higher average values (86 per cent) na group of 
23 G. crassicaudatus. 

There is no obvious association, in the present group of 
19 samplæ, between higher or lower percentages of 
alkali-resistant pigmenta and the number of banda found 
on the starch gels. Nor is there any relationghip between 
pelage colour of the animal and number of bands found 
after electrophoresis. We have not yet identifled the 
alkali-resistant pigment with any of the components 
discovered on electrophoresis of the samples. There may 
resistant footal hemoglobin and galago hæmoglobin. 
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Effect on Anti Production of injection 
of an «Protein Fraction 


Warm investigating the effect of large doses of frac- 
tions of blood on the survival of rat skin homografts, it was 
found that intraperitoneal injections of an a,-protem 
fraction from human, rat, rabbit, or bovine sera could 
prolong the survival of homografts in outbred albino rats. 
At the time of writing, 40! 20 a 
for eight and 4 of a 20 for six months and are still 
apparently healthy. This fraction was prepared from 
whole serum by a modification of the chromatographic 
method of Steinbuch and Quentin! on DEAE cellulose. Of 
Steinbuch and Quentin’s three fractions only that eluted 
with 0-5 molar pH 5 acetate buffer was effective. Kamrin* 
had previously produced a marked prolongation of survival 
of rat skin homografta by injecting a serios of plama 
fractions, of which the most potent contained the highest 
concentration of qs- in. It seems, therefore, that the 
fractions used by and the fraction I have used 
probably oontain a common active principle. 

The work with the 0-5 molar eluate has also shown that 
this fraction inhibits the production of antibodies to other 


The immune elimmation technique of Talmage ei al.* was 
used as an index of antibody production. 10mg of human 
albumen labelled with iodine-181 was injected mto six 
rabbits each of which had received 100 mg of the eluate 
intraperitoneally 80 min after being given the antigen and 
again three days later. There was no evidence of immune 
elimination m five of the six rebbite, but in the remaining 
rabbit immune elimination was observed on the eighth 
day. Nine rabbits injected only with the labelled human 
albumen all showed immune elimination between the 

and eleventh days (0-01 > P > 0-001). 

In rabbits injected intr&venously with 1-0 ml. of packed, 
washed human red oells ting antibody 
developed in each of nine contro] animals, but it could be 
detected in only two of ten animals treated by intra- 

injection of 100 mg of the eluste given 2h 
ore injection of the red oella. 

The timing of the injection of the protein fraction was 
found to be im +. Suppression of immune elimina- 
tion of iodine-181-l&belled human albumen was observed 
in all animals receiving the fraction 1 or 2 h before adminis- 
tration of the antigen. Normal immune elimmation was 
observed in. all animals receiving the fraction 4 h after the 
antigen. The production of hsmagglutinating antibody 
was unaffected if the fraction was injected later than 
15 min before the antigen, and was most effective if given 
2 h before. 
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It therefore seems likely that the protein fraction affecte 
the early stages of the immune : 
J. F. MOWBRAY 
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Platelet Clumping /n vivo 

Wharton-Jones! and Bizzozero' showed that, when an 
artery was injured, white masses would build up at the 
site of injury and embolize. Honour and Roes-Ruseell* 
examined this response to injury in considerable detail. 
in arteries on the surface of the rabbit brain. They showed 
that the white bodies were composed of closely packed 
but morphologically discrete plateleta, and they were 
unable to mfluence the rate of formation of the white 
bodies or their size by heparm, anti-histamines, or 
5-hydroxytryptamine (5-HT) antagonista. The demon- 
stration by Gaarder e£ al.‘ that adenosine diphosphate 
(ADP) was capable of producing clumping of human 
platelets +n vitro, led Mitchell and Sharp to investigate 
related substances, together with other substances nor- 
mally carried by the platelet. They confirmed that ADP 
clumped citrated human plateleta at a concentration of 
0-04 pg/ml. and that adenosine triphosphate (ATP) 
was much lees active, & concentration of 1:5 pg/ml. being 
required. They also found that human platelets were 
clumped by 5-HT, and by noradrenaline at a concentra- 
tion of 0-06 pg/ml. Rabbit platelets were clumped by 
ADP at a concentration of 0-05 ug/ml., were much more 
sensitive to ATP than human plateleta, 0-22 pg/ml. 
sufficing to produce clumping, were insensitive to nor- 
adrenaline, and showed a variable response to 5-HT. 

These observations led us to examine the effect of ADP, 
ATP and 5-HT on injured brain vessels in the rabbit. 

(1) The major injury. The cerebral cortical arteries of 
anesthetized rabbits were exposed and observed micro- 
soopioally using the techniques described by Honour 
and Ross-Rusesell’. An artery 100-2002 in diameter was 
then pinched firmly with needle-pointed ophthalmic 
forceps, producing slight external bleeding, and transient 
vaso-constriction. When this subsided a steady succession 
of white bodies would form at the site of injury and 
embolize. The application of ADP, ATP and 5-HT 
solutions to the external surface of such a site did not 

ify the size or rate of production of the white bodies 
which were forming spontaneously. 

(2) The minor injury. If, however, a cortical artery was 
gripped gently with the forceps, no external bleeding 
occurred and apart from transient vaso-constriction the 
site looked normal. No white bodies formed spontaneously. 
but the application to such & site of ADP, ATP or 5-HT 
dissolved in 0-9 per cent saline produced white bodies, 
which continued to build up and embolize so long as the 
active agent was applied, production stopping as soon as 
the application was discontinued. The lowest concentra- 
tion of these agents which would produce white bodies 
when applied to the outside of a minimally injured rabbit 
brain artery was determined, each substance being tested 
on 8 rabbits. The resulta were: 


Range of lowest effective conc. Mean 
(agimL) g/ml) 
ADP 0-25-10 0 30 z 
ATP 0-25-16 0 5.3 
5-HT 0 125-32 0 48 


Application of the test solutions to uninjured cortical 
arteries did not produce white bodies. 

(3). Effect of 5-HT antagonists. Minor injuries were 
inflicted on cortical arteries in two rabbits and their 
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responsivenees to externally applied ADP, ATP and 5-HT 
was tested. The rabbits were then given 15 mg and 
60 mg respectively of the 5-HT antagonist Ro-3-0887 
intravenously (4-4 and 19-5 [kg; the material was 
supplied by Roche Products). the administration 
of the 6-HT antagonist, externally applied 5-HT in any 
concentration was not capable of producing white bodies, 
whereas ADP and ATP applied to the same site produced 
white bodies at concentrations identical to those found 
before the 5-HT antegonist was given. 

Application of the antagonist locally in low concentra- 
tions also abolished the 5-HT response; dripping Ro-3- 
0887, 25 ug/ml., 22 a minor injury site rendered it 

ive to 5-HT, but did not modify the response to 
ADP and ATP. Parenteral and local &pplioation of 5-HT 
antagonists to animals with major injuries, where & steady 
stream of white bodies was forming spontaneously, 
did not modify the rate of production or size of the white 
bodies, suggesting that the aite of major injury is pro- 
ducing ite white bodies by a mechanism which does not 
invplve 5-HT induced clumping. P 

(4) Effect of eneyme inhibitors. The substances tested 
were diasolved in 0-9 per cant saline, and applied for 10 
min to the external surface of an artery with a major 
injury which was producing white bodies spontaneously. 
The substance was then waahed off with saline and the 
effect on white-body production was observed. 

(a) Sodium flucro-acetate, 1 mg/ml. For the first 16 min 
after the beginning of the application the white bodies 
continued to appear, but they then diminished in aize, 
fragmented durmg formation, and production stopped 
altogether at 20 min. No further white bodies were pro- 
duced during a 2-h observation period. 

(b) Sodium mono-iodoacetaie, 750 ug/ml. 20 min after 
beginning the application the white bodies became 
smaller, small masses of platelets could be seen streaming 
off their surface aa they were building up, and at 30 min, 
no further white bodies developed. The site remained 
quiescent for some 80 min, when tiny white bodies began 
to form and embolize, gradually getting bigger, unti! at 
about 90 min the injury site was behaving in the same way 
as in the control observation period. 


(c) Sodium aside, 10 mg/ml. White body production - 


stopped at 5 min and did not begin again in a 2-h observa- 
tion period. 

(d) Potasevum oyanids, 25—1,000 ug/ml, and 

(e) 2:4 denstrophenol, 12:5-125 ug./ml., showed no effect 
on white-body formation. 

The external application of ADP, ATP and 5-HT toa 
Major injury site the as white-body produo- 
tion of which had been stopped with fluoroacetate, or 
iodoacetate, produced white bodies as long as their 
application was continued; an application rate of 0-1 to 
0-2 ug/min of ADP produced a succession of white bodies 
similar in sire and timing to those occurring before the 
enzyme poison had been applied. 

These observations show that agents which will produce 
clumping of citrated rabbit platelets 4n viro, such as 
ADP, ATP and 5-HT, can also produce platelet masses 
in injured brain arteries. Our investigations of the effect 
of the various enzyme poisons suggest that the pheno- 
menon first observed by Wharton-Jones' of white-body 
production in injured arteries may be related to the 
release from the damaged tissues in the artery wall of 
substances similar in properties to ADP, whioh instruct 
the passing platelets to clump 
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Auto-immune Selection of Carcinoma Cells 
in Man 
Iw 1054 it was suggested by Green! that normal cell 
contain an antigen which is abeant from tumour oell: 
and that, in the presance of an ‘auto-immune’: reactio 
in which carcinogenic substances behave as haptene 
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~ the tumour cells have a selective survival advantage 


Los of tissue-specific antigen has been demonstrated i 
the .cells of experimental tumours of hamster kidney": 
and rat liver*?, and spontaneous tumours of human skin 
and gastro-intestmal tract‘ by the use of heterologuu 
antibodies. Recently it has been shown that some cell 
of most tumours of the human thyroid appear to be def 
cient in a thyroid-specific auto-antigen’ whioh ia presen 
in the epithelial cells of normal and hyperplastic thyroids 
primary explants of thyroid cells in tissue culture war 
used and the antigenicity of the celle was demonstrate 
by their susceptibility to the oytotoxio effects of a natur 
ally occurring thyroid-specific auto-antibody* frequenth 
found in the serum of patients with chronic thyroiditis. 

Tf the kind of antigenic modification of tumour oell 
deeoribed here selectively favours the growth or spree 
of tumours and is not merely a reflexion of the reduce 
specialized function common in neoplastic celle’, ther 
should be an increased tendency to formation of tumours ii 
diseases associated with auto-immunization. This is th 
case in two (and possibly all) of the three common disease 
in man in which auto-antibodies are known to be forme 
specifloally against opithelial cells. Auto-antibodies agains 
cytoplasmic particles of thyroid epithelial cells are oom 
mon in the serum of patiente with chronio thyroiditis" 
& condition in which the incidence of thyroid carcinom: 
is significantly inoreased!*-?, Due to the olinioel latenc; 
of chronic thyroiditis it is unknown if this oonditioi 
procedes the development of carcinoma. Auto-antibodie 
against colonic epithelial oellg!* have been demonstrate: 
in ulcerative oolitis, and this disease definitely precede 
and markedly predisposes to carcinoma of colon". 

It has recently been shown that patients with Addi 
Bonian pernicious ansmia have auto-antibodies whic! 
react with the parietal cells of the body and fundus of th 
sbomaah!*!*: it ig probable!"!* but not certam'* tha 
gastric carcinoma develops more frequently than would b 
expected in patients suffermg from this disease. (There i 
no evidence that the carcinoma of the stomach in pernici 
ous anemia arises from the cells against which the anti 
bodies apparently develop.) 

These suggest that auto-antigen loes anı 
immunological selection occur in certain tumoura of th 
thyroid, the colon and possibly the stomach in man. 
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Non-immune Gel Precipitin Tests with an 
Enzyme Antigen 


THs appearance of non-immune precipitin bands in gel 
diffusion tests may result from manipulation of the 
physical environment while the immuno-diffusion test is in 
progress!. Interactions of serum with granulocytes’ and 
tissue extracts’, or reaction of albumin with hssnoglobin* 
though not antigen-antibody reactions also produce 
precipitates in . When one of the reactants can 
expreas & second biological function other than ite anti- 
genicity under the conditions of the gel test, then such 
non-specific precipitin lines are likely to oocur. Our 

ce with bovine carbo A and ite 
rabbit antiserum ultimately revealed two independent 
artefacts of a type we had not seen referred to elsewhere. 

Reorystallized carboxypeptidase A of commercial 
origin known to behave as a single molecular species 
though displaying limited tryptio and chymotryptio 
activities was the immunizing antigen. Rabbits were 
immunized with a Freund’s adjuvant-antigen emulsion’. 
The antigen used in the gel testa had both tryptic and 
chymotryptic activities removed by diisopropyifluaro- 
phosphete (DFP) treatment. The gel testa were per- 
ormed in a 0-5 per cent sodium chloride, 0-5 per cent 
phenolized agar (1 per cent) dispensed in 5-ml. volumes on 
to 49 mm! cover-giass plates and incubated at 87° O for 
24 h. These slides were very convenient since on oom- 
pletion of the tests the agar films could be dried, stained 
and mounted between two additional cover glasses in an 
aluminium frame for viewing. The wells for antigen and 
antiserum were cut with a cork borer of 6 mm inside 
diameter attached to a vacuum line and placed 6 mm 
apart. All were charged with approximately 0-2 mL of 
reactant with the antigens at a concentration of 1 mg/ml 

When the rabbit antiserum was tested against the oarb- 
oxypeptidase antigen two bands appeared (Fig. 1). The 
heavier band was nearer the well containing antiserum and 
& lighter, leas discernible band was nearer the well of 
antigen. Neither of these appeared with normal sera. It 
was suspected one of these might be due to the trypsin or 
chymotrypsin contaminants, which though enzymatically 
inactive because of the treatment with DFP were still 
functional antigenically. Accordingly, both were analysed 
in the gel test, but only chymotrypam produced a precipi- 
tate with the immune serum. This band was quite 
diffuse, physically unlike either of the carbo idase 
bands end did not merge with either of them (Fig. 1). It 
stained readily with sudan black B but not henol 
blue, suggesting a lipid origin. It was also fo: with 
normal rabbit, human, horse ‘and guinea pig sera. The 
antiserum would not provoke positive passive cutaneous 
anaphylactic reactions‘ in guinea pigs with chymotrypsin 
as the antigen nor agglutinate chymotrypsin coated latex 
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particles although both these testa were positive with 
carboxypeptidase A. Therefore, we believe the chymo- 
m band is spurious and arises from enzymatic 
liberation of lipids from lipoproteins. 
However, the nature of the extra carboxypeptidase 
band remained unidentified. Believing it might arise 
from the natural heat instability of the enzyme, an enzyme 
solution was held at 37° O and aliquote removed periodi- 
cally over a 5-h period. Each sample was assa in the 
gel test and for enzyme content by hydrolysis of carbo- 
benzoxyglycyl-1-phenylalanine’. After 5 h, only 10 per 
cent of the original enxyme activity remained and the 
previously heavier band in the gel test became even more 
intense. We consider this band to represent a degrada- 
tion product of the enzyme which remained antigenic and 
stimulated formation of a second antibody. 
Spurious precipitin bands may thus arise from tho 
enzytnatic activity of an antigen functioning only as an 
enzyme or, conversely, the antigenic activity of an enzyme 
functioning only as an antigen. Oonsequently, immuno- 
diffusion investigations of cell extracta, culture filtrates or 
other enzyme-containing solutions may be anticipated to 
produce precipitates due to their enzyme content alone 
and these precipitates must be distinguished from true 
antigen-antibody reactions. Instability of labile antigens 
such aa enzymes may require enzymo assays simultaneously 
with serological procedures to ensure that the serological 
test is dependent on the enzyme’s antigenic function 
and not to same degraded form of the 
This work was supported by grant A-4117 of the 
National Institute of Arthritis and Metabolic Disease, 
U.8. Public Health Service. 
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Cheek Pouch of the Syrian Hamster and 
Immunity to Heterotransplantation of a 
Murine Leukemia 


THE consistent failure of A4 K—4 leuksmia of the AKR 
mouse to grow in the cheek pouches of normal or cortisone- 
treated hamsters is in oontrast to the routine betero- 
transplantability of oertain other murine leuksmias!:?. 
Other investigations in these laboratories have demonstra- 
ted the accelerated Piste of second-set 4 K-4 hetero- 
grafts in the cheek oh, suggesting that the primary 
inability of the neop to grow in hameter pouches is 
attributable to an immune response on the part of the 
hoet?*. Since a method for succesefully transplanting 
AK-4 in lethally irradiated hamsters has been devised‘, 
in which cell suspensions of the leukemia are introduced 
intravenously by orbital puncture, the hamster’s aoquisi- 
tion of immunity to the neoplasm may be examined not 
only with the leukmmia undergoing rejection’, but also 
with the leukeamis actively growing. 


Unpublished studies subsequent to the o: report 


- re that a predictable TARABE of yr may 
- be achieved by a total-body dose of 1,500 r. and an intra- 


venous inoculum of 5-0 x 107 leukwmic cells within 0 h 
after irradiation: 100 per cent of recipients evidenced 
transplantability of the tumour as indicated by unusually 
uniform implantation of the inoculum in the regional 
draining (cervicel) lymph nodes, sternal bone marrow, and 
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Table 1. TXXUXITY TO INTRAVENOUS HETAROTRANEPLANTATTON OF AR—4 CELLS IN LRTHALLY DERADIATED HAMNTERE FOLLOWING HXPOSURE OF THE RIP- 
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Protreating toate Bensitixing t Generalimon 
mooalum Kidney Bpieen Bone marrow 
AK-A(AKR) Ly. 5-0 x 107 1/4 
ap. 1-0 x 10° fs Us os 
tp. $0 x los - Ono OB. 010 
L-1210 (DBAR) op. 1 9 x 10" 0n B on 
& v. x 
P-1584 (DBAR) Lv. 20 x 10! 0n OM of 
396144 (O8 Lv. 50 x 10' On 0, 0/5 
Totals | -7/52 1/43 0/36 0/46 
Control 5/5 5/5 5/5 5)6 1x10 
2/6 5/5 5/8 i} 11x10 
5/5 5/5 5/5 3)15x10* 
3/3 2/2 44 
i 8/4 8/4 55 (8) 9-1 x10 
"Totals 10/21 201 24/24 














* Hxperimenitals and controls challenged with 5-0 x 10! AK— cells Ly. at 1,500 r. 


inoculations, 2—8 woeks apart. 


Two 
TA ecg pcer pr Numbers tn parentheses are number of antmals on which average total white count is based. 


spleen, with dissemination of leukemic cella into the liver, 
kidney, and blood of the recipient prior to death at 5-7 
days. The total white count at 5—6 days was of the order 
of magnitude of 10*-10* nucleated cells per mm? venous 
blood, as opposed to about 10* cells per mm? in uninocu- 
lated, irradiated controls. 


cates aaa He ee of rain 
tration (in c pouch) of the sensitizing 
inoculum would have; (6) whether prior exposure of 
hamsters to leukemic cells of other mouse strains would 
produce immunity to AK-4 f 
Within 6 h prior to challenge with 5-0 x 10' A K—4 cells. 
previously sensitized experimentals and normal controls, 
anesthetized by intraperitoneal ‘Nembutal’, were irradia- 
ted together by Siemens technique ‘A: a olinical X-ray 
unib with tho factors 250 kVp, 15 m.amp, additional 
filtration 0-5 mm. copper, 1-0 mm. aluminium, half value 
layer copper 1-75, dose rate in air 05 r./min, target distance 
15 «m, 840? aro. x 
; As in previous experiments‘, 4 K—4 cella for rir pue d 
ing inocula were obtained from the spleens and lymp 
nodes of carrier lines of AKR/Jaz mice: the leuksmic 
tissues, forced through a stainless steel screen (1/82 in. 
opening), were suspended in physiological saline or 
. Eagle's basal medium, either alone or supplemented with 
calf serum’. Oell concentrations of the resultant suspen- 
sions were determined by the usual hsmoeytometrio 
methods for white cells, and final concentrations were 
adjusted to 1:0 x 10* cells per ml. A dose of 0-5 ml., 
containing 5:0 x 10" cells, was injected-into each of the 
irradiated hamsters by orbital puncture, using 1 ml. 
tuberculin syringes equipped with 24 or 27 gauge 
needles. 1 
The sensitixing inocula were similarly prepared from the 
spleens and lymph nodes of AKR mice bearing AK-4, or 
from solid subcutaneous growths of P-1584, L-1210, and 
#95144, maintained by serial transfer in DBA][8 and 
O8H mice respectively. 8 ions of 1:0 x 10° cells 
were further diluted to obtain sensitizing inocula of the 
desired concentration (Table 1). Intravenous sensitization 
was accomplished by orbital puncture, cheek pouch sensi- 
tization by methods previously reported for the implant- 
ation of cell culture suspensions into the cheek pouch’. 
Two sensitixing inocula were administered 2-8 weeks 
apart, and the animals were given one to two month’s 
rest before irradiation and g 
The total white count of the blood of 5-6 day survivors 
of irradiation and challenge was determined by the usual 


methods; occasional transplants of leukotio whole blood 
of controls to mice resulted in leukemia, confirming the 
morphological diagnosis. At death, subjecta were autopsied, 
and representative tissues were fixed in 10 per cent form- 
alin, and dteined with hsmatoxylin and eosin for micro- 
soope evaluation. An attempt was made to examine the 
sternal bone marrow, liver, kidney, and spleen of every 
animal, but each group was finally evaluated on the basis 
of the proportion of recovered organs definitely judged to 
be infiltrated with leuksamic cells. 

The results, summarixed in Table 1, show that hamsters 
exposed to two inocula of any of the leukemias so exam- 
ined, administered by any of the routes used herem, 
failed to, present evidence of leukmmio repopulation of the 
bone marrow, or leukwmic infiltration of the viscera. 
Oontrol hamsters exhibited uniform infiltration of the 
bone marrow, liver, kidney, and spleen, with total white 
counts of 1-1 x 10 to 1:5 x 105 nucleated cella per mm? 
blood at 5-6 days, as compared to counts of 3-9—5-0 x 10: 
1n sensitized hamsters. 

The failure of the sensitizing inocula of P—1534, L-1210, 
and 295144 (neoplasms transplantable in the cheek 
pouch) to implant and disseminate when introduced 
centrally is corroborative evidence of special transplan- 
tation ies of the cheek pouch—what Billingham 
e al.’ have termed the ‘immunological privilege’ of the 
cheek pouch. The characteristic failure of AK—4 cheek 
poia transplants to grow, however, and the occasional 

ilure of, for example, L-1210 (two instances of which 
are incorporated in the present experimental series) 
indicate that cheek pouch privilege is not universal. 
Further, smoe the failure of these neoplasms to grow as 
cheek pouch transplanta resulted in immunization of the 
hosts against intravenous transplanta of 4 K—4, it may be 
inferred that graft antigen was capable of leaving the 
cheek pouch, in contrast to the reported inability of akin 
iscantigens to do so”. Thus, at least some instances of 
cheek pouch lantation failure may have an immuno- 
logical basig, despite the pouch’s immunological privilege. 

The strong immunity to 4 K—4 challenge resulting from 
the rejection of murine leuksamio cells which characteris- 
tically do not grow in the cheek pouch (4.K-4) or from the 
rejection of murine leukmmioc oella transplantable in the 
pouch but which fail to grow when inoculated into non- 
privileged sites (P-1534, L-1210, #95144) is revealed by 
prat ip paleo i to be species-specific rather than 
individual-specific, and is not abrogated by a total-body 
dose of 1,500 r., although, as the controls clearly show, that 
dose of irradiation is sufficient to permit first-aet grafte of 
the neoplasm to implant, grow, and disseminate. The 
transplantation immunity induced under the stated con- 
ditions was of at least 1-2 months duration, but present 
experiments indicate that the regression of one cheek 
pouch implant of a murine leukemia may result m im- 
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munity, detectable by these methods, as early as 17 days, 
or aa late as 10 months, following sensitization. 

A curious and unforeseen result of the present experi- 
ments was the alight but definite radiation-protective effect 
specific to the prior exposure of 4 K—4 challenged hamsters 
to AK-4 ocelle. Seven of 38 hamsters pre-treated with and 
challenged with AK-4 cella survived the lethal effecta of 
exposure to 1,500 r., as opposed to none of 14 hamsters 
pre-treated with other strains of leukemic cells, and none 
of 24 unsensitized,. irradiated control hamsters. This 
asnociation between radiation protection and heterotrans- 
plantation cud is being farther examined. 

Wo thank Dr. G. J. D'Angio, of the Department of Radi- 
ology of the Children's Hospital Medical Center, Boston, 
for irradiating the hamsters used in this work. 
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Repression of Dela Hypersensitivity to 
Conjugated Serum Albumin during Immune 
Paralysis induced In Guinea Pig by Hetero- 

logous Proteins ' 

Ir has been recently reported from this laboratory^* 
that administration of large doses of bovine serum albumin 
(B.8.A.) to guinea pigs suppresses the antibody response 
to an immunixing dose of unrelated heterologous proteins. 
This effect can only be demonstrated when the immuniza- 
tion is performed several days after the commencement 
of the paralysing treatment. Moreover, in & previous 
investigation’, it has been shown that similar treatment 
Re eee ap a a) dace longest t EE 
an inhibition of the delayed form of hypersensitivity 

In this communication, additional results dealing "with 
tbe patterns of inhibition of del&yed type of hypersensi- 
tivity in animals receiving large amounts of heterologous 
proteins are presented. 

In all experiments, adult guinea pigs (350-450 g) of the 
K strain were used. Immune was induced by 
administering different doses of purified heterologous 
proteins: bovine serum albumin (B.8.A.); human serum 
albumin (H.8.A.); bovine y-globulins (B.G.G.) and human 


Tabis 1. Hrrsor OF PARALYTSING TRAATMEYT WITH DIFTEREET HERUM 
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Y-globulins (H.G.G.). The proteins were injected either 
intravenously rend locally 1n the foot pads. 

The delayed type of hypsreansitivity was induced by 
injection of picrylated gumea pig serum albumin prepared 
according to the technique described by Benacerraf and 
Gell‘ : 0-1 ml. of mixture of equal parte of a saline solution 
containing 250 ug of picrylated guinea pig serum 
albumin and comp Freund’s adjuvant was injected in 
each foot pad. The mduction of the immune paralysis 
preceded by several days the sensitization with piorylated 
guinea pig serum albumin and. was then continued for 
4-7 days (Tablea 1 and 2). 

The degree of sensitization is determined by the size of 
the skin reactions elicited by intradermal injections of 
increasing concentrations of picrylated guinea pig serum 
in 0-1 ml saline, and was evaluated by the mean diameter 
of the akin reactions measured 24 h after challenge. 

From the figures given in Table 1, it is evident that, by 
using the aforementioned method of sensitization, a 

strong degree of hypersensitivity could be regularly 
iape AES Goel Gouna! CEeaE alk and that the 
size of the skin reactions is, to a certain extent, a function 
of the antigen concentration. 

The cutaneous reactions, determined at the different 
time intervals after sensitization, were of the delayed type: 
they began to appear 6-8 h following the injection of 
antigen and reached their maximal intensity about 24 h 
later. In any event, no initial edema or hsmmorrhagio 
spota, characteristic of the Arthus type of hypersensi- 
tivity, were observed. 

Intravenous injections of B.8.A. do not seem to affect 
the intensity of the reactivity to the piorylated guinee pig 
serum albumin 1); although this treatment me 
previously found to be effective in e ped 
humoral antibody production and the anaphylactic o. 
of h itivity to ovalbumin and rabbit y-globulins*. 
Treatment with H.8:À. by both intravenous and local 
routes exerts a definite inhibition of the delayed hyper- 
sensitivity provided that it has been started 10 days prior 
to sensitization (Exp. 2). When the paralysing pretreat- 
ment time is reduced to 3 days, the inhibitory effect 
disappears. 
y-Globulins, whether of bovine or human origin, 
were, on the whole, much more efficient than albumins in 
their inhibitory effect. This is evidenced by the fact that 
Y-globulins, injected in smaller amounts and for shorter 
periods before sensitization, produced regularly the same 
effect as H.8.A.: a more or leas repreeeion of the 
cutaneous reactions (Expe. 8 and 4). Human y-globulins 
are also effective when injected separately by either the 
intravenous or local route (Exps. 5 and 6). 

The results shown in Table 1 hasize two important 
conditions for obtaining the inhibition of the delayed 
hypersensitivity: (1) induction of immune yms 
should in general precede sensitization by several days; (2) 
the injection of the paralysing antigen by the local route 
appears to be of a decisive importance. 


ON DELAYED TYPE HYPERSENSITIVITY TO PICEYLATED GUDEA PIG SERUM 


PROTEINS 
ALDONO (PRnGP.8.4.) 
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Table 2. DURATION OP THE [XHIBITORY EFFECT PRODUCED BY A PARALYEIKG 
TREATMENT WITA HGG* Ow DELAYED TYPE HYPHRSENSUMYITY YO 
PICKYLAT4D GUINEA PIG SERUM ALBUMIN (PIO.GP.B.A.) 
Total No.of Mean sire (mm) of skin reactions elieited 
Days following anunals per ge Indteated concentration of sensit- 
sonaitization experiment antigen (Pxo.Gp.8.A ) «g/0 1 ml. 


06 26 10 

7 9 Control 65 144 20 
4 Treated — = oe 

14 7 Control 145 175 26 
4 Treated — — 13-5 

21 2 Control 12-2 125 185 
2 Treated — 36 8 

60 7 Oontrol 74 76 196 
8 Treated 6 66 168 


* 800 mg/24 h intravenously and 40 mg/*4 h locally. 


The resulta shown in Table 2 provide information con- 
cerning the duration of the inhibition of the delayed 
hypersensitivity produced by immune paralysis. In these 
series of experimenta, the treatment with H.G.G. was 
initiated 7 days before sensitization and continued for an 
additional 7 days with daily.injections. Both paralysi 
and sensitizing injections were given only in the two bud 
foot pads. Under these conditions a complete suppree- 
sion of the delayed hypersensitivity was observed in all 
the treated animals when tested with picrylated guinea 
pig serum albumin on the seventh day following senaitiza- 
tion. However, 14 days after sensitization, the recurrence 
of & certain degree of hypersensitivity, as evidenced by 
cutaneous reactions, to the highest doses of antigen was 
already noticed and this phenomenon became more 
pronounced 21 days later. After two months, the reactions 
in the y-globulin-treated animals were of the same inten- 
sity as in the controls. From the resulta reported here it 
can be inferred that the inhibition of the delayed hyper- 
sensitivity, induced by immune paralysis, is a transient 
phenomenon. It persiste aa long as the paralysing treat- 
ment is continued and then gradually subsides with the 
discontinuance of treatment. 

Our resulta indicate that repeated injections of high 
doses of heterologous protems, a condition which is known 
to induce immune paralysis, can also abolish the delayed 
type of hypersensitivity to haptene-conjugated proteins 
in eo pigs. 

this respect y-globulins were more efficient than 
serum albumins. Ocunlete suppreesion of the delayed 
hypersensitivity was only obtained when the paralysing 
treatment was initiated several days previous to the 
sensitization and when both systemic and local routes 
of administration were used. These observations suggest 
that the immunologically competent cells which are 
mainly located in the regional lymph nodes have to be 
reached previous to sensitization by adequate concentre- 
tions of the paralysing antigens. The fact that the 
inhibition of the delayed hypersensitivity subsides rapidly 
after cessation of the paralysing treatment (whereas tho 
immune tolerance to paralysing agent will persist for 
several months) may be related to the local persistence of 
the sensitizing antigen incorporated in Freund's adjuvant. 
On the other hand, the concentration of the paralysing 
antigen in the lymph node cells decreases rapidly after the 
end of the treatment. These uL E the possi- 
bility of & quantitative relationship the concen- 
tration of the paralysing antigen in the lymph node cells 
and the degrée of their unresponsiveness to a sensitizing 
agent. 
GQ. Broz 
A. BRANELLHO 
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Dimetridazole : Absorption, Excretion and 
` Metabolism in Turkeys 
- HisroxoNiAsI in turkeys (turkey blackhead) is caused 
by the protozoan flagellate Histomonas idis and it 
can be controlled effectively with dimetridazole (1,2-di- 
methyl-5-nitroimidazole) given orally!'. E 


iu s 
ls 


Since dimetridazole i8 given in the food oontinuoualy to 
prevent histomoniasis and at higher levels for shorter 
periods in the food or in drinking water to treat outbreaks 
of the disease, ıt is i rtant to ascertain the metabolic 
fate of dımetrıdazole in the turkey and also to ensure 
that no mgniflcant amounts of the drug or ite metabolites 
accumulate in the tissues to become constituents of a 
potential human food-stuff. 

Absorption and exoretion of dymeiridazole. Single doses 
of dimetridaxole (100 to 300 mg/kg as an aqueous solution 
of the dihydrogen phosphate) were administered orally to 
turkeys which had been deprived of food for the previous 
24 h. Feces and urine were thereafter collected for 8 
successive days and the samplee were examined by polaro- 
graphy and oolorimetry. Resulte obtained by the two 
techniques were in excellent agreement and showed that 
64 per cent of the dose was excreted within three days. 
Theee findings were supported by the use of radioactive 
dimetridaxole which was labelled with carbon-14 in the 
2—C and 2-OH, positions. (We thank Monsieur Roy and 
Monsieur Colson of the Département Nucléaire of the 
Société Rhóne-Pouleno for supplying us with the labelled 
dimetridazole used in these experiments.) Turkeys which 
had received a single oral dose of dimetridazole (32 mg/kg) 
containing 600—100 po. of radioactivity excreted 90 per 
cent of the dose in urine, fæces and expired air within 
three days, and 80 per cent was recovered within two days. 

Polarography measured all 5-nitroimidazolea present, 
that ıs, dimetridazole and any metabolites which retained 
the nitro group, and it was sensitive to 0-05 to 0-1 ug/g 
depending on the sample size". The colorimetric method, 
which was based on the reduction of the 5-nitro group to 
an amino compound which oould be diazotized and then 
coupled with N(1-naphthy])-cthylenediamine‘, detected 
dimetridazole, metabolites containing the nitroimidazole 
moiety and any 5-amino derivatives. Its sensitivity was 
0-5 ug/g. The radiochemical method in which urine, 
fæces and expired air (1400, trapped as Ba!*CO,) were 
counted with a thin end-window Geiger-Muller tube 
measured not only dimetridazole but also all possible meta- 
bolites in which either or both the carbon-14 atoms were 
retained, including carbon dioxide. This method was 
sensitive to about 0-03 ug/g. 

Tissue residues of dimeiridazole. Tissue residues of 
dimetridazole and its metabolites were studied polaro- 
graphically and radiochemically. Initially, turkeys were 
given free access for six days to drinking water which 
contained dimetridazole (0-05 per cent) and they each 
ingested about 200 mg of the drug per day. The birds were 
killed 0, 1 or 2 days after the medicated water had been 
withdrawn, and samples of serum, liver, kidney, heart, 
muscle and skin were removed immediately for polaro- 
graphic &aeay. No detectable residues (leas than 0:1 
ug/g) of dimetridazole or its metabolites were found in the 
serum or tissues of birds killed two days after medication 
had been stopped. These results were later confirmed 
by administering a single oral dose (32 fxg) of di- 
metridaxole labelled with carbon-14 to bon which 
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were killed three days later when samples were removed 
aa before for polarographio and radiochemical examination. 
The concentration of dimetridarole and ita metabolites 
found in these tissues by both methods was < 0-05 ug/g and 
< 0-03 g respectively. 

M of dimetridazole. Dimetridaxole and ite 
Sable peu in urs Neo L Dy pape: 
chromatography with several solvent systems. Six 
metabolites (I, L, IV, V, VI, and VIT) were observed when 
the developed chromatograms were examined in ultra- 
violet light or were sprayed with appropriate reagents. In 
addition, a seventh metabolite (III) was detected by 
chromatography and autoradiography of urine from a bird 
dosed with 1*O-labelled dimetridarole. Metabolites IV, V, 
VI, and VII have boen positively identifled by oomparing 
their Ry values in several solvent systems &nd their colour 
reactions with those of reference compounds. 
The major metabolite, metabolite V (44-4 per oent of total 
exoreted drug), was 1-methyl-5-nitroimidaxol-2-ylmethyl 
hydrogen sulphate. Metebolite IV (25-8 per oent of totel 
exoreted drug) proved to be 1-methyl-5-nitroimidazole-2- 
carboxylic acid and metabolite VI (9-4 per cant of total 
excreted drug) was 2-hydroxymethy]-1-methy]-5-nitro- 
imidaxele. Unchanged dimetridarole (metabolite VII) 
accounted for only 3-2 per cent of the excreted material. 
Metabolite I was shown to be a conjugated glucuronide of & 
nitroimidaxole, probably the 2-hydroxymethyl derivative 
(metabolite VI). 

When dimetridaxole is administered orally to turkeys 

all the excreted drug is in a metabolized form and 
the basic metabolic pathway apparently involves oxida- 
tion of the 2-methyl group to 9-hydroxymethyl. This 
hydroxymethyl derivative then undergoes either conjuga- 
tion or further oxidation. The nitro group appears to 
regist reduction in the body and about 90 per cent of the 
excreted drug consists of various nitroimidazoles. 

"Dimetridaxole has been used: (1) at 0-0125 per cent in 
food’ continuously to prevent histomdniasis; (2) at 0-05 
per cent in food for 10-14 days or in drinking water for 
6 daya to treat the disease. Condren et al.* administered 
dimetridaxole in food at 0-025 and 0-05 per cent to turkeys 
for 24 weeks and showed hioally that two days 
aftet withdrawal of the medicated food the tissues contain 
no significant residues. In the work recorded here, ‘where 
turkeys had received dimetridazole (0-05 per cent) in 
drinking water for six days, no compounds containing & 
nitro group were detected polarographically in the tissues 
two days after medication had ceased. The absence of 
tissue residues, indicated by the polarographic technique, 
is confirmed by the radiochemical measurements with 
birds that had received a single oral dose of dimetridazole 
labelled with carbon-14. This obeervation is of importance 
because the radiochemical method will reveal all metabo- 
lites which contain oarbon-14, including those not detected 
polarographically. The evidence obtained by Condren 
and ourselves indicates, therefore, that no detectable 
residues ( < 0-02 p.p.m.) of dimetridasole or ite metabolites 
are present in the tissues of turkeys three days after 
administration of the drug has ceased at prophylactic 
(0-0125 per cent) and therapeutic (0-05 per cent) levels. 
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Experimental induction of Ciguatera Toxicity in 
Fish through Diet 


Ciguatera fish poisoning is widespread in the tropical 
Paciflo and the Caribbean, causing recurrent outbreaks of 
illness in persons consuming snappers, groupers, jacks, 
barracudas, and other species that may contain ciguatera 
toxin, The existence of ciguaters toxin in a fish appears 
to be controlled by some factors in its environment ; 
many suggestions have been made as to the environmental 
factors concerned, ranging from dumped war material’ to 
“flowering of ooral"*. The most coherent hypothesis is 
that of Randall’, who compiled circumstantial evidence 
and suggested that the origin of the toxin is in a benthic 
organism, an alga, and that it is passed through 
the food chain in the process of normal fe 

The following observations made during fleld studies 
and during investigations ať the Hawaii Marine Laboratory 
in the past two years favour this hypothesis : (1) a number 
of obligate herbivorous fishes such as Acanthurus iriostegus 
(Linnsus) and Ctenochactus striatus (Quoy and Gaimard) 
from toxic areas in the Line Islands are toxic; (2) these 
herbivorous fishes are found in the stomach contents of 
the large carnivores such as the snappers and groupers 
which are also toxic ; (3) only the larger carnivores appear 
to be toxic in affected areas. Randall’ suggests the last 


. may be because most of the herbivorous fishes are high- 


bodied, so that only the larger carnivores are capable of 

However, the crux of the food chain hypothesis rests 
on three i : (1) that the flah can acquire the 
toxin in their diet ; Ciel theta; (8) that the for so 
fish without detrimental effects (3) that the to 


pharmacologically unchanged Z 
ditions cannot be obtained, the hypothesis would have 
to be discarded. Until now there has been no evidence 


‘that such food transmission was indeed possible. 


In the course of work on the origin of ciguatera toxin, 
a simple feeding experiment was carried out using non- 
toxic Acanthurus xanthopterus Cuvier and Valenciennes 
from Hawaii. These surgeon fish are common market 
fish in Hawaii and have never been known to cause 
ciguatera in this archipelago" ; porfa urs gt 
to mongooses, the test animal for ciguatera toxin’, as 
pert of their non-toxic maintenance diet, for more than 
seven years without ing any reactions. 

Starting in 1958, four of theso flah were maintained in 
two running sea-water aquaria of about 120-gallon 
capacity ; the two fish in each tank were by 
a screen allowing the passage of water but not food. One 
of each was fed on alternate days 10 grams of the 
flesh of bohar (ForskAl) from the Line Islands 
which had been proved to be moderately to highly toxic 
(+8 to +5 reaction—see footnote to Table 1) when fed 
to & mongoose at a dose equivalent to 10 per cent of the 
body-weight of the mongoose. The other fish in the tank 
was fed le amounts of the non-toxic tuna, 
Katsuwonus pelamis (Linnseus). 

On several occasions the circulating sea-water failed 
and the fish died. These specimens were frozen soon after 
death and were kept in a frozen state. As the Hawaii 
Marine Laboratory burned to the ground in December 
1961, destroying the experimental facilities and preventing 
continuing studies, it was decided to determine the 
toxicity of these fish at this time. 

Unfortunately in the fire were lost all records of the 
experiment, including the length of time eachefish was 


- kept and the amount of toxic food fed. We recall that 


the longest period a test specimen was fed was about 
18 months; the shortest, about 6 months. However, it 
can be easily recalled that this feeding of taxic fish fleah 
did no apparent harm to the specimens of A. 

which grew as well as did their tank-mates fed on‘a non- 
toxic diet. 


body weg reaotion* 
Wi t of True fed ot in 
p) us to mongoose (approx) mish 
(1) 256 Fieah 30 5 
Flesh 8 5 
Fiah ,10 4 
Viscera 2 3 I 
(2) 217 Fiesh 23 1 
' Von 2 2 
(3) 119 Flesh 10 1 
Viscera 2 2 
{4) 94:5 Flesh, 5 5 
Flesh 5 2 
Feah 3 5 
Vaea 2 5 
* Mongoose Banner et al., ref. 1) : 0, no reaction ; 1, slight 
nounced flexton of the forelimbs and weakness the ind Itmbs ; 3, moderate 
atarm weakness and parttal of Itmbs and body musculature ; 
4, acute motor ataria and extreme capable of only limited move- 
Tnent, or ooma ; 5, 


to suspect that the controls have developed toxicity. 
The tests, then, show that the toxin causing ciguatera 
may be passed through the food chain, without apparent 
change in the toxin and without apparent harm to the 
carrier. 
New long-term experimenta are now in progress utilizing 
live Lutjanus bohar to confirm this experiment. . 
í Pane HurrRIOR 
ArnnmaT H. Barros 


Hawaii Marine Laboratory and Department of Zoology, 
University of Hawaii, ; 
Honolulu. 

1 Banner, A. H., Soheuer, P., Sasaki, 8., Heifrioh, P., Alender, C., Ana, 
N.Y. Acad. Soi, 90, io (1960). š pean 2 

1 B. W., Dengerous 

dge, Maryland, 1089). 

* Ross, 8. G., Med. J. Austral., 8, 617 (1947). 

* Mills, A. B., Trop. Med. and Hyg. J., 68, 09 (1060). 

* Randall, J. H., Mer. Sci. Gulf and Caribbean, Bull., 8, 236 (1958). 

* Helfrich, P., Hower Med. J. (1n the prem). E 

7 Banner, A. H., and Boroughs, H., Sec. Exp. Biol. end Med. Proe., 98, 


TT6 (1958). 
* Banner, A, Sami 8., Helfrich, P., Alender, O., and Bohener, P., 


Furunculosis in Salmon Kelts 

Dusa the spawning season of 1060—61 investigations 
were initiated in Ireland into the occurrence of furuncu- 
losis among wning and spawned salmon. In that 
season 159 kelts were examined from four rivers; only 
one flah gave a positive reaction’. These investigations 
were continued during the spawning season of 1961-62 
when 49 kelts were examined. All were dead when 
taken from the water. The distribution and resulta are 
given in Table 1. 
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As can be seen, three fish (6-1 per cent) gave a 
positive reaction. a 
I thank Mr. E. Murphy, of the Veterinary Oollege of 
Ireland, Ballsbridge, Dublin, who undertook bacterio- 
logical examination of these fish. 
Ann HEWETSON 


Fisheries Division, 
Department of Lands, 
1 Hewetson, Ann, Neture, 194, 312 (1062). 


Primary Productivity of Perlphyton 
Tum difficult problem of assaymg biomass and rates of ^ 
colonization by periphyton in freah and saline waters 
has been recognized for many years. The most common 
method used in these investigations has involved the 
measurement of rates of colonization by periphyton on 
artificial substrata. The literature on this subject has 
recently been reviewed by Oooke!, Sládečková’, and 
myself”. Very few of these in igations are concerned. 
with measurements of photosynthetic ratea of 
periphyton under natural conditions. A method for^ 
measuring productivity of periphyton in stiu in lakes and 
ponds would be useful for comparative studies of the 


, relative importance of each of the photosynthetic producer 


components, that ıs, phytoplankton, periphyton, and 
macrophytes. 

A technique utilizing carbon-14 as æ tracer was de- 
veloped for assaying the in situ productivity of periphyton. 
The methods were similar to those that I developed‘ for 
submerged macrophytes. Transparent and opaque 
‘Plexiglas’ chambers‘, cylindrical, open at one end, and 
containing an injection port, were inserted into the sub- 
stratum along littoral transects icular to the shore- 
line enclosing the algal-encrusted rocks and sediment. 
Each chamber was inoculated with 1 ml. of carbon-14 as 
sodium carbonate of known assay determined by gaa- 
phase analysis and comparison to National Bureau of 
Standards samples. After incubation for a 4-6-h period 
the surface om of sediment was romoved and stored frozen 
over & strong desiccant under vacuum. Immediately 
prior to analysis the samples were exposed to fumes of 
hydrochloric acid for a 10-15-min period to remove any 
radiocarbon precipitated as monocarbonates. The algal 
periphyton, primarily epipelio and epilithic, was oom- 
busted from the sedimente using a Van Slyke wet carbon 
combustion. The “CO, was evolved at atmospheric 
pressure, treated‘, and flushed with pure carbon dioxide 
into an evacuated ionization chamber. Radiocassay was 
accomplished directly using a Dynacon electrometer’. 
Total ino ic carbon available for photosynthesis was 
dated  Gtennek teal, In addition, & carbon-14 
isotope effect of 6 per cent was used in the computations. 

Estimates of littoral periphyton standing crop using 
Pigment analyses are seriously impaired by the interference 
of the absorption spectra of chlorophyll degradation 


Replicate cores of the 
intervals along the transects mentioned above. The 
pigments of the upper om of the sediments were 
extracted in 90 per cent alkaline aqueous acetone in the 





Table 1 
No of kelts Hatohery or ` 
. Rlver naturally spawned Result of test Period 
ale Female 
River Owenes (Oo. ) .25 11 Al stripped All negative January 0—February 7, 1002 
River Hrne (Co. Donegal 4 2 puree] Aans All negative : March Ti 39, 1068 
River Blackwater ios aterford) — 1 stripped Positive December 6, 1901 
River Boyne (Oo. ) 1 — N wned Positive December 8, 1961 
River Lee (Oo. Oork) 1 — Nt J 13, 1902 
Rivor Moy (Oo. Mayo) 3 — Natmally spawned 1 positive Maroh 1-3, 1902 
H T 
Total 35 14 46 tive 
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Table 1 B 600 
Annual mean Total annual erran 
(ms O/m'[day) d Oflake/day) 
mem —— dro 8 w 
Macrophytes 765 (873-3) 14 (661 i 
1,0673 1772 
200 


* Annual mean of water column for the phytoplankton, mean of littoral 
and macrophytes. 


+ Total annual mean for the lake compensating for changes m the volume 
for phytoplankton and arqal flustuationa of the littoral zone (periphyton 


). 
t Daia in parentheses are mean valnes for the growing seasdn (75 days) 
of the macrophytes. 


dark at 4° O to remove the chlorophylls and naturally 


occurring pigment degradation products. Similarly, 
replicated samples were extracted in acidic 90 per cent 
acetone to convert the chlorophylls to pheophytins. 
Extracts were analysed at 005, 645, 630, 510, and 480 mu 
d absorp- 


mu was usually negligible ; where significant it was sub- 
tracted from the specifi i 


sampling interval were calculated by planimetry from 
morphometric measurements of the basin made at the 


tivity (Fig. 1) and estimates o the mean biomass of the 
littoral periphyton from pigment analyses (Fig. 2). Only 


6,000 
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Fig. 2 


during periods of high productivity did similar trends 
‘appear. The lack of correlation was probably the result of 
numerous variables, for example, light, nutrition, oto., 
that affect the momentary concentrations of the pigmenta. 
Evidence is rapidly accumulating" that pigment estimates 
of producer biomass must be interpreted with considerable 
caution. 
Hitherto the contribution of the littoral producers to the 
total photosynthetic carbon fixation has generally been 
as insignificant as compared with that of the 
phytoplankton. Neglect of the seasile producers is 
perhaps warranted in certain large, deep lakes. However, 
the periphyton and macrophytes constitute & major or, 
perhaps, the predominant source of photosynthetic energy 
fixation m many shallow lakes, ponds, marshes, and rivers. 


RoBERT G. WETZaL 


1 Cooke, W. B., Bot. Rev., 88, 613 (1086). 

1 Sládeková, å., Bot. Res., 88, 187 (1963). 

* We&zel, B. G., Int. Rev. ges. Hydrobiol. (In the prem). 
‘Wetzel, R. G., Verh. intern. Ver. Lémaol., 15 (m the press), 

3 Model 6000, Muokear-Chicago Corp., Des Platines, IL 

* Richards, F. à., with Thompson, T. G., J. Mer. Res., 11, 156 (19063). 
taire át gts br icin J 1): H, DMI rl Ben Beart ee 


Effect of Kinetin on Powdery Mildew 


Ix work on wheat stem rust, Person et al.1 observed that. 
detached Jeaves from resistant planta which become 
susceptible and chlorotic when floated on water maintain 
their green colour and rust resistance when floated on a 
kinetin solution. A review of the effects of kinetin 
(6-furfurylaminopurine) on various plant tissues has been. 
made by Parthier*. 

This communication deals with activity of kinetin 
against fungi causing powdery mildew in plants. 

To screen chemi for chemotherapeutic effect on 
powdery mildew, cucumber leaf disks 12 mm in diameter 
were floated on an aqueous solution of the compound to be 
tested, and inoculated by dusting conidia of Erysiphe 
cichoracearum on the upper surface. The evaluation was 
made after 8 days of incubation in the greenhouse at 
17°-21° C. Under the conditions of the tet, 10-20 p.p.m. 
of kinetin checked completely development of the powdery 
mildew, while abundant growth of the fungus was present 
on check disks (Fig. 1). A possibility that inhibition of 
this obligate parasite could be due to damage or death of 
the host tiasues was ruled out by the fact that inoculation 
was again successful if it was performed two days after 
replacement of the kinetin solution by water. Other 

ery mildews, such as Erysiphe polygoni oh lupins, 

and peas, E. graminis on wheat, rye and barley, 

! le, S'phaerotheca pannosa on 

roses, and Sphasrotheca į on strawberries, were also 
inhibited on leaf disks by the kinetin. 

Far anatomical investigations of the effect of kinetin on 
development of powdery mildew, the cucumber leaf diske 
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Fig. 1. Activity of kineün on cuoumber powdery mildew. Leaf disks 
floating on 20 p.p.m. metn (laft, no development af mildew) 
and water (nght, covered with powdery ) 


were floated on an aqueous solution made up to 20 p.p.m. 
kinetin, and inoculated by dusting with conidia of Brystphe 
cichoracsarum. After three days the inoculated epidermis 
was stripped, stained with cotton blue in lactophenol and 
subjected to microscopic examination. It appeared that 
neither the germination of the conidia nor the penetration 
of the fungus into the epidermis of the host tissue was in 
any way different from that in the control disks floated on 
water. However, on formation of the first haustorium, 
the development of the fungus had stopped on treated 
disks while the control showed an average of 7—8 haustoria 
per conidium during the same interval of time. These 
observations lead to the assumption that the action of 
kinetin on wdery mildew occtrs inside the host 
epidermis. owever, it 18 not yet clear whether kinetin 
acte directly on the haustorium of the fungus or via the 
metaboliam of the host plant. 

Reversal of the effect of kinetin (20 p.p.m.) on powdery 
mildew was in evidence when folic acid (50 p.p.m.) was 
added to the solution, indicating & possible relation of 
lanetin to the metabolism of folio acid in host or parasite. 
Parabenzoio acid utilized in the same manner failed to 
circumvent the action of kinetin on the 

The attempts to control powdery mildew of cucumber 
systematically by application of a 300 p.p.m. kinetin 
solution to bare roots of cucumber- plants failed. Also 
foliar application of kinetin by spraying a 1,000 p.p.m. 
solution on the leaves one and two days following the 
inoculation was not successful. Insufficient transport of 
the chemical in plant tiasue may be a factor in this mode of 
application*. 

Kinetin appeared inactive against the other fungi which 
were tested. In analogous experiments with leaf disks, a 
solution containing 100 p.p.m. kinetin failed to reduce 
development of chocolate spot (Botrytis fabae) of dwarf 
French beans and 20 p.p.m. was ineffective against bean 
rust (Uromyoss appendiculatus). In viro the spore 
germination of Ascochyta pisi, Botrytis fabae and Asper- 
gilus niger was not affected in a solution containing 1,000 
ppm. kmetin, and mycelial growth of these fungi, placed 
on potato dextrose agar plus 100 p.p.m. kinetin, was not 
reduced. 

The two components of kinetin, namely, adenine and 
furfuryl alcohol, showed no activity against powdery 
mildew, singly or in combination, as a 100 p.p.m. solution 
in the leaf disk test. However, on further testing of about 
80 purines and pyrimidines, 6-azauracil appeared highly 
active against cucumber powdery mildew’. 

: J. DaxxER 


T.N.O. Research Unit for Internal Therapy of Plante, 
« Laboratory of Phytopathology, 
Agricultural University, 
Wageningen, 
The Netherlands. 
Ped m" Bamboraki, D. J., and Forsyth, F. B., Weture, 180, 1294 


t Parthier, B., Pharmaspie, 15. 909 (1900). 
* Dekker, J., Mededelingen Landbowwhogeschool Gent, 833, 1214 (1062) 
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Polyimines Mutagenic for Bacteriophage T4B 

CERTAIN highly reactive polyımines have boen suggested 
for use as sterilizing agente in the control of insect popu- 
lations'. These compounds are radiomimetic, and the 
possibility arises that they are mutagenic. The mutagenic 
activities of four such compounds have been examined by 
testing for the induction of r mutants in bacteriophage 
T4B: 2,2,4,4,6,6-hexa(1-aziridinyl)-2,4,6-triphospha-1,3,5- 
triazine (‘Apholate’)*, iris(l-aziridinyl) phosphine oxide 
(APO)?, #s(1-(2-methyl) ariridinyl) phosphine oxide 
(MAPO)P, and ethylene glycol bis-((1,2) propylene)- 
carboxamide (EGPO)*, 

The compounds were dissolved in M/15 phosphate buffer 
at pH 7 and were brought immediately to 37°. A pre- 
warmed aliquot of T4B in buffer was added, and samples 
were taken at intervals to be assayed for tho surviving 
fraction of bacteriophage and the proportion of r mutanta. 
Stocks of T4B containing a low background of r mutants 
were used, and r mutants were counted by visually goreen- 
ing plates containing about 1,000 plaques growing on 
E. cols B. Oonventional bacteriophage methods were 
used‘. 

T4B was inactivated exponentially by all four com- 
pounds. The rates of inactivation were greater at pH 6 
than at pH 7, and some of the compounds themselves may 
be unstable in aqueous solution below pH 7. 


Table 1 
Compound Cone. Rate k (min) Mutations per 
(wt/wt) of lethal hit 
‘A te’ 0-006 50-100 «08 x 107+ 
0 006 419 43 x 104 
APO 0-006 21-0 20 x 10+ 
EGPO 0-0006 154 3-2 x 10 


The results are given in Table 1. MAPO, APO and 
EGPO were highly mutagenio, while ‘Apholate’ was not 
detectably mutagenic in these testa. Inactivation rates 
obtained with ‘Apholate’ varied about two-fold in different 
experments. Although the rates of inactivation of T4B 
by the compounds varied considerably, mutations per 
lethal hit were approximately constant for APO, MAPO 
and EGPO, suggesting that theeo three compounds may 
have similar chemical mechanisms of mutagenesis. 

The high mutagenicity of APO, MAPO and EGPC 
indicate that their use as insect sterilizing agents should be 
confined to systems avoiding their free distribution in 
Nature, especially where transmission to human bei 
could occur. Although ‘Apholate’ was not demonstrably 
mutagenic in these testa, its close chemical relationship 
to the other compounds indicates that it might well be 
mutagenic under other conditions. 

This work waa supported by U.8. Public Health Service 
grant E3208. 


Departrpent of Microbiology, 
University of Illinois, Urbana. 
1¥or example, LaBreoque, G. O., J. Boon. Eatomol., H, 084 (1001). 
* Olin Mathieson Chemical Corp., Baltimore. 
* Interchemioa] Corp., New York. These compounds are not necessarily puio. 
1 Adams, M. H., Bacteriophages (Interscience, New York, 1050). 
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increased Survival of Ultra-violet-irradiated 
Shigella sonnel by decreasing the Surface Tension 


Tux role of the surface tension of the suspending 
medium in the susceptibility of bacteria to ultra-violet 
irrediation, to our knowledge, has not been’examined. 
During a course of investigations on the effect of ultra- 
violet light on Shigella sonnet we observed a very interest- 
ing relationship between the surface tension (air to liquid) 
of the ffuid in which the organisms were irradiated the 
ability to recover from the damaging effects of the irradia- 
tion. We have found that, within certain limita, a reduc- 


March 9, 1963 


No 4871 


70 


Survivors (per oant) 
è 





0 20 40 eo 80 


100 
Sarface tenslon (dynea/em) 

Pink Burvival of ulira-violet-irradiated S. sonnei irradiated in buffers 
of murfeoe tension values. x, Sodium tauroeholate; O, "Tween 
20°; @, sodium sulphosuocinato 
tion of the surface tension resulted in increased survival of 

the irradiated cells. 

S. sonnei, strain 5044-59, was obtained from Dr. W. H. 
Ewing, Oommumicable Disease Center, Atlanta, Georgia. 
The organisms were irradiated in buffer solutions adjusted 
to different surface tension values. “Tween 20’, sodium 
taurocholate, and sodium sulphosuccinate were the 
surface-tension ts used. The agents were added 
to the buffer solutions and the surface tension of the 
solutions was measured with the Du Nuoy (Cenco) tensio- 
meter. Readings were made at room temperature 
(approximately 23°-25° O); the average of three readings 
was recorded. The apparent surface tension which was 
read directly from the scale of the tensiometer in dynes/om 
was corrected by dividing the values by the density of the 
solution being assayed and then multiplying the value by a 
correction factor which was dependent on the apparent 
surface tension reading and a ratio R/r (the radius of the 
platinum ring, R/the radius of the wire, r). The value 
of R/r was supplied by the manufacturer of the tensio- 
meter. 24-h cells of S. sonnet were washed and resuspen- 
ded in buffer to yield an optical density of 0-15. 5-ml. 
aliquota of the cell suspensians were irradiated at various 
surface tension values. Controls consisted of aliquote of 
unirradiated cells held in the buffers at the same surface 
tengion values. A General Electric 15-W ‘germicidal 
lamp’ (G15T'8) which emitted waves of approximately 
2587 A, was used. Under the conditions of these experi- 
menta the radiation intensity was 17-2 ergs/sec/mm*. The 
total ultra-violet dose to which the cells were expored 
was 258 ergs/mm? (15 beatin gene experiments have 
revealed that this dose ted in a surviving fraction of 

i 30 per cent. ] 

Fig. 1 summarizes the results. It can be seen that, in 
general, all three surface-tension-lowering agents increased. 
the recovery of irradiated oslls. However, sodium tauro- 
cholate was considerably more protective than sodium 
sulphosnocinate even though the surface tension values 
were similar. One possible explanation for this may be 
that sodium sulphosuccinate exhibited some chemical 
toxicity in addition to ita surface tension-lowering proper- 
ties. Since these experiments did not rule out the poesi- 
bility that the agents examined had protective activity 
against ultra-violet light we increased the concentration of 
the agente studied to determine their protective role. 
Increasing the concentration of the surface-active agenta 
did not further the surface tension since the 
maximum level of depression had already been obtained. 
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Increased amounts of the surfactants did not increase the 
protection against ultra-violet light. Possibly maximal 
chemo-protection. 1f involved, bad been reached. 

We have démanstrated that cells irradiated in buffer 
with lowered surface tension survived ultra-violet irradia- 
tion better than cells irradiated at 70 dynes/cm the surface 
tension of the medium ordinarily used. We do not 
know et this stage whether the lowered surface tension 


' reduced the absorption of ultra-violet light by the cells or 


if toxio substances produced by irradiation were inactiv- 
ated or leas stable at the lower surface tension values. Our 
investigations have shown that various factors affect the 
ultra-violet susceptibility of S. sonnet such as age of the 
organism? and exposure to starvation". 

Thia work was supported by research grant (H-8734) 
from the National Institute of Allergy and Infectious 
Diseases, U.S. Public Health Service. 

Mrrsunu NAKAMURA 
OarnoL M. RAMAGE* 
Department of Boteny and Microbiology, 
Montana State University, 
Missoula, Montana. 

* U.S. Publio Health Berviee Predoctoral Yellow (8 F'-11,372). 

1 Ramage, O. KL, and Nakamura, M., Cenad. J. Miarobtel., 8, 283 (1963). 
1 Ramage, O. ML, and Nakamura, M, Bop. Celi Ræ. (1n the press). 


PSYCHOLOGY 


Acoustic Confusions and Memory Span for 
Words : 


Puepioriow of the short-term memory span for sequen- 
oes of items has been a crucial problem in testing the value 
of information theory as a model for ing. A 
number of authors!-* have presented data which show that 
observed spans fall between predicted values and values 
which would obtain if span were i of informa- 
tion per item. In all these cases the underlying assump- 
tion made was that if an item was forgotten tbe alterna- 
tive items in the vocabulary were available as responses. 
with equal probability. 

I have, however, shown‘ that for the case of visually 
presented letter sequences this assumption is false. If an 
item is forgotten: (1) the alternative items are nob equi- 


5-word sequences which, using & memory 

visually presented word by word at a rate of 1 word/seo. 
No word was re peated in one sequence. At the end of each 
sequence subjects wrote down what they could recall in. 
the correct order. 

Experiment 1. Twelve naval rati each did two con- 
ditions, half in the order (a), (5), (b), (a). Each con- 
dition used 20 sequences. Oondition (a): ten-word. 
vocabulary composed of five pairs of visually different 
homophones, namely: sum, some, ruff, rough, rays, raise. 
court, caught, past, passed. Condition (b): ten-word 
vooebulary composed of common acoustically dissimilar 
words, namely : best, deep, fall, glue, mins, nose, ploy, rich, 
soil, town. 

Performance was scored in terms of percentage of 
sequenoes correctly reproduced. For conditions (a) &nd (5) 
the means were respectively 10-0 per cent and 58-3 per 
cent. No subject perforrhed better on (a) than on (b). 

Experiment 3. Eighteen different naval ratings each. 
did two conditions, half in the order (b), (c), half (e), (b). 
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Each condition used 40 sequences. Condition (b) used the 
same vocabulary as in (b) of the first experiment. In con- 
dition (c) every word in the entire test (200 words) was 
different, and all were common four-letter nouns or verbs 
drawn from the 44 and A lista of Thorndike and Lorge'. 

The ive mean percentage correct sequences 
for the (b) and (c) conditions were 68-7 per cent and 43-4 per 
cent. These moans are significantly different (t— 426; 
P < 0-001). 

The result of Experiment 2 18 compatible with an infor- 
mational model of short-term memory. But the (b) 
conditions in the two experiments are identical (apart from 
the number of sequences presented), and the subjects are 
comparable. Furthermore, the difference between the 
(b) condition scores for the two experiments is not signifi- 
cant (Mann-Whitney test, P>0-1). One might thereforo 
be justified in regarding condition (b) as a subject i 
test, and Bo compare the mean scores of (a) and (c). In this 
case a Mann-Whitney test shows the drfferenoe to be highly 
significant (P «0 001). This result is not compatible with 
an informational model. 

Taken together these resulta provide far more support 
for a memory span model based on probability of &coustic 
confusion than for one based on information theory. I 
have shown that, if vocabulary size is constant, memory 
span is a function of probability of acoustic confusion. I 
have further shown that varying the vocabulary size may 
lead to either greater or smaller memory span. It seems 
a priori that the 200-word vocabulary of condition (c) has a 
amaller probability of acoustic confusion than the (a) 
vocabulary, and a greater one than the (b) vocabulary, and 
that these are the relationships on which the resulte 
depend. R Oownapd 


Medical Research Counoil, 
Applied Psychology Research Unit, 
16 Chaucer Road, Cambridge. 
1 Pollack, I, Amer. J. Payobot., 06, 421 (1953). 
3 Miller, G. A., Psychol, Rev., 68, 81 (1966). 


aero H. R. P. W., in Information Theory (Butterworth, London, 


‘Conrad, E., Neture, 193, 1314 (1062). 


* Thorndike, B. L., and » I., The Teacher's Handbook of 59,099 Words 
(Columbia Uniy., New ok, 1044). 


Relationship between Degree of Learning and 
Retention 

UnpbHugEWwOOD! has argued that the major factor determ- 
ining retention is the previous learning experience of 
subjects. On the basis of data from a series of earlier 
experimenta by many different workers he suggests that 
recall of verbal material is & function of the number of 
previous lists learned. The more lista previoualy learned, 
the lower is the reoall score after 24 h. Underwood olaima 
that this is due to an increase in proactive inhibition from 
each list learned. In this way proactive inhibition is 
considered to be the main causal factor affecting recall 
performance. 

The following two experiments have attempted to assess 
the importance of proactive inhibition in the learning 
aituation Underwood discusses. The first experiment used 
the same design as in the work cited by Underwood. Six 
lista of paired associate items were learned by the anticipa- 
tion method. One lst was learned to the criterion of a 
aingle correct trial on each of six successive days, and each 
list was recalled on the followmg day before learning of the 
next list commenced. 

The tage recall for each list is shown in Fig. 1 
(Exp. 4). Although percentage recall declmed over 
successive lista, this decline was not so great as Under- 
*wood's composite curve from previous experiments would 
suggest. It is felt that this is because Underwood’s curve 
combines data from paired associate and serial learning 
tasks; recall of serial lista is expected to be worse than 
recall of paired associate lista. 
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Fig. 1. Percentage reoali after 24 h for mx successive lista undar two 
experimental conditzons of learning 


On the other hand, it was found that mean number of 
trials to reach the learning criterion declined steadily from 
11-40 to 6 85 over the six lista. The average degree of 
learning of items declined in a similar fashion. Degree of 
learning is here operationally defined as the number of 
times an item is correctly anticipated during learning. 
The mean number of correct anticipations per item for 
list 1 was 5-90, and for list 6 this figure was 3-86. 

The relationship between degree of learning of individusl 
items and the probability of recall of those items was 
investigated for each of the aix lists. It was found that 
probability of recall of items was directly dependent on 
degree of learning. It has been already reported that mean 

of learning of items in each list declined with each 
additional list learned. Smoe probability of recall is found 
to be dependent on degree of learning, it is felt that the 
observed decline in mean degree of learning provides a 
more economical explanation of the decline in recall scores 
than does an explanation invoking an additional concept, 
proactive inhibition. 

A seoond experment investigated the relationship 
between degree of learning and retention of items over the 
same six hsta when trials to criterion were held constant 
for each list. Mean degree of learning of items was found 
to increase over the six lists. The recall performance is 
agam shown in Fig. 1 (Exp. 2). It can be seen that no 
consistent decline in recall scores ooourred in these condi- 
tions. Ás in the previous experiment, it was found that 
probability of recall was directly dependent on number of 
correct anticipations (that is, on degree of learning). 

While the variations in degree of learning over the aix 
lists are again taken to be the major determinant of recall 
score, it is however likely that an additional factor i8 
affecting the resulta of the second experiment. There was 
a significant tendency for a given degree of learning to be. 
associated with a lower probability of recall with each 
additional list learned. It is possible that this represents 
proactive inhibition, although other possibilities cannot 
be ruled out (for example, a decline in the amount of 
extra-experimental rehearsal of items). A similar ten- 
dency was observed in the results of the first experiment, 
but this was not statistically significant. If this second 
factor in the resulta of these two experiments is in fact 
proactive inhibition it clearly is not the mam causal 
factor determining recall of items 

This work was supported by a grant from the Depart- 
ment of Scientific and Industrial Research to the Depart- 
ment of Psychology, University of Sheffteld. 


Parser B. Wann 
Department of Psychology, 
University of Sheffleld. 
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SCIENCE AND WORLD PEACE 


HE International Conferences on science and world 

affairs, now known as the ' Conferences”, 
of which ten have now been held, have, as Prof. J. Rotblat 
jostly claims in his brief history of the Conferences *, 
become established as an important and effective channel 
of communication between scientists for the study and 
discussion of the most complex problems facmg mankind 
at the present time. This standing results from the 
resolute efforta of a group of scientists determined to 
retain an independent and unbiased outlook, though Prof. 
Rotblat admits that gradual development, seeking, 
learning and blundering have also contributed. Lord 
Hailsham's opening address to the tenth Conference in 
London last September, and also the messages received 
from Mr. Harold Macmillan, President Kennedy, Mr. 
Krushchevy and the Acting Secretary-General of the 
United Nations, Mr. U. Thant, testify to the respect 
which the movement already commands. Moreover, even 
more tangible fruit may perhaps be seen in the proposal 
for sealed seismic stations as a means of detecting nuclear 
explosions made during the final steps of the Conference 
iteelf. 

The proposal, which was endorsed in Moscow a week 
later at the seventh General Assembly of the World 
Federation of Scientifio Workers, and has now been 
adopted as part of the official Soviet proposals for oon- 
trolling the cessation of nuclear testa, involves instruments 
for detecting seismic disturbances sealed in containers 
which are placed in specified positions by nationals of 
the country whose territory is being inspected. If 
inspection stations elsewhere indicate a suspicious 
‘event’, the sealed containers from a given area around 
the origin of the ‘event’ are required to be handed over 
to an international authority. The problem remains of 
ensuring that the containers have nob been tampered 
with and that they have actually been placed in the 
specified positions, but it is believed that this could be 
established by a skilled seismologist from an examination 
of the recording of background tremors. 


continue and some sort of modus vivendi established 
between existing political systems, he urged that complete 
disarmament required co-operation in positive measures 
to promote human welfare and also an examination of the 
need for a central political authority. This, he felt, was 
perticularly emphasized by the nature of the nuclear 
weapon and by the needs of under-developed countries 
for aid. There was an established opportunity for inter- 
national co-operation in the purely scientific fleld; but, as 
regards international aid, what was required above all 
was the application of known technology for the develop- 
ment of human happiness and culture—means which by 
themselves offer no political advantage to any Power Bloc 

over another. 
What is interestmg about Lord Hailsham's address is 
the extent to which his ideas are reflected in the state- 
orid Affaire. History of the Pugwash j 
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ment issued after the Conference. The statement affirmed ' 
that the scientists from thirty-five countries assembled at 
the Conference were united by an awareness that the 
scientific revolution had created a radically new situation 
for. humanity, endowing man with an unprecedented 
capacity for creation and destruction. Their chief concern 
was to prevent war and to relieve humanity of the fearful 
anxieties and the grave economic burdens caused by the 
arms race. A general war with nuclear weapons would 
be a disaster of unimaginable magnitude. Against global 
rookets with thermonuclear war-heeds there is no effective 
defence, and in this situation the traditional view of war, 
or the threat of war, as an instrument of policy is obsolete. 
War must be eliminated from the life of mankind. Dis- 
armament and a stable peace are essential conditions for 
making a new socioby in which poverty can be abolished 
and the prospect of such a world is no longer Utopian. 
In the Pugwash Conferences, therefore, attention has 
been concentrated on the complex problems of disarma- 
ment, and discussion has led to the belief that solutions 


- ean be found for the economic problems which might be 


encountered while disarming, and the measures needed to 
ensure the confidence and security of States during the 
process and to keep the peace in a disarmed world. Those 
present reached the conclusion that in the process of 
general and complete disarmament the early olimination 
with adequate and effective verification measures, and 
within a short period of time, of the means of delivery of 
the weapons of mass destruction would constitute a satis- 
factory beginning when linked with substential reductions 
of conventional military forces and armaments and with 
the solution of the problems arising from the presence of: 
troops and bases on foreign soil. 

The experience of the Conferences led them to believe 
that scientists have a special contribution to make to the 
solution of those problems. Informal discussions between 
scientists contribute to the understanding of different 
points of view; but we are in a period of very rapid 
change in which new problems are constantly emerging. 
Scientists should therefore increase their efforts to bring 
about disarmament and conditions of lasting peace and 
should invite Governments, learned societies and other 
institutions to support them in this task. Because in- 
creasing confidence between nations is an essential element 
in such progreas, the Conference also considered construc- 
tive proposals for many kinds of international collabore- 
tion m science; but, the statement concluded, we are now 
‘at.a stage when general statements of principles are not 
enough—action is needed. Some proposals to promote 
disarmament and human welfare need detailed study to 
assess their implications; others can be implemented 
immediately. The statement reaffirms the conviction that 
the goal of full disarmament and permanent peace is 
realistic and urgent, and part of a long struggle for the 
progress of mankind in which scientists have a responsible 
part to play; it calls on scientists everywhere in the 
world to join in this task. 

Here the Conference is giving expression to the belief 
in the moral responsibility of scientists generally which 
the Bishop of Exeter considered more particularly in 
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respect of nuclear scientists in a paper presented to the 
Conference on “Radiation and Social Ethics” at the 
Univeratty of Chicago on January 16. Recognition is 
required of the ethical dilamma which the Bishop dis- 
cussed, namely, that in spite of the unpredictable resulta 
of research, tho scientist must consider the probable or 
oerbain uses to which resulta of his successful research 
could be put. There is thus & certain limit of moral free- 
dom in experiment which is probably one of the driving 
foroes in the Pugwash movement. The Bishop pointed 
out, moreover, that the ethical dilemma was one which 
the scientist ahared with the whole community of which 
he is a member, but he suggested that the nuclear scientist 
had a moral responsibility to conduct his experiments and 
operations so aa not to endanger either the whole human 
race or the community adjacent to his place of work. 

Here the argument runs close to the subject of the 
second part of Dupré and Lakoff’s book, Science and ths 
Nation: Polioy and Politicos (see Nature, 197, 629; 1962), 
and to the main theme of Mr. R. Gilpin’s American Scien- 
tists and Nuolear Weapons Policy (seo p. 1085 of this iasue 
of Nature). This last Pugwash Conference, in fact, raises 
afresh fundamental issues over the participation of 
scientists in politics and the way in which scientists as 
such can contribute to or assist in the task of Govern- 
ment. To some extent this was obscured by the number 
of the practical proposals arising out of the Conference 
but which only makes it the more essential for a clear 
understanding of the nature of politics and of the oon- 
tribution of science itself. 

The Oonference affirmed that all ite activities should 
be directly related to the goal of full disarmament and. 
permanent peace even when agreeing that subjects lees 
directly relevant might appear on the Conference agenda. 
The work should in itself be scientiflo or technical or 
represent a problem which could be tackled by the 
scientific method. It should be noted, too, that the 
present policy is that the Conferences should be small 
and non-governmental and that they should not duplicate 
the work of other agencies. Nevertheless, the Conferences 
are evidently already taken seriously in Government 
circles, and apart from throwing up practical suggestions 
which Governments could adopt they undoubtedly have 
an, educational function among scientists themselves in 
respect of what is involved in negotiation if not m politics 
and diplomacy also. Further, they encourage and bring 
into prominence the special claims of scientists to debate 
and make recommendations on world affairs—such as their 
technical knowledge and habits of fruitful and objective 
thinking, or tho profeasional friendship and respect between 
scientists of the East and of the West, which facilitate 
frank and oool discussion of controversial matters. 

Whether more effective means can be found of mobil- 
izing soientiflo talent and enablmg it to act to “some 
purpose, both at the national and at the international 
level, m the task of Government, is the subject of urgent 
inquiry in Great Britain and in the United States at 
least. Here the Pugwash Conferences may well help. 
The last Conference recommended acceptance of India's 
invitation for a Conference on mternational collaboration 
in the* developing nations and ita significance for per- 
manent peace, for which the United Nations Conference 
on tho application of science and technology for the 
- benefit of the leas-developed areas in February at Geneva 
provided some pointers. 

Two other proposals were made to extend the Pugwash 
method. Sir Julian Huxley advocated the sponsormg of 
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a conference on education on the grounds that advances 
in science are changing the requirements of education, 
and suggested a series of East-West meetings to discuss 
the aims of education in a developing world. The other 
proposal was for a conference on the behavioural sciences 
with the view of considermg how science could help to 
remove psychological barriers to disarmament and the 
peaceful resolution of conflict. 

Although Mr. Gilpm only makes passing reference to 
the Pugwash movement, his book makes & moet important 
contribution to a discussion as to the future of the Con- 
ferences and the direction which any expansion should 
take. The title of the book, in fact, belittlea ita scope, for 
although the main concern is with the part American 
scientists have played in the development of the United 
States policy on nuclear weapons, that is used to illus- 
trate the much larger theme of the relations between 
scientists and Government. The boók is really about tho 
nature and limits of scientific and technical advice, the 
implications of the relations which have already been 
esteblished, and, if it does not specifically discuss the 
nature of politics, it is just as realistic as Prof. Miller’s 
book, The Nature of Politics (Nature, 196, 301; 1962), 
and is addressed more particularly to the scientist himself. 

So far as the Pugwash Conferences are concerned, Mr. 
Gilpm notes that ite significance lies in its attempt to 
utilize the international character of science as a force 
for peace and that it is the first such movement in which 
social scientists have actively participated. But while he 
notes also, and, welcomes, ita more modest ambitions, and 
the extent to which it has succeeded in avoiding exploit- 
ation by Communist propaganda, he notes also that leader- 
ship of the movement represents only one of the schools of 
thought among scientists on nuclear weapons. Nor does 
he provide much evidence to justify the belief that the 
international community of science as such is a force for 
peace and that through appeals to Russian scientists the 
Soviet Union can be guided towards a more rational 
pattern of behaviour. 

Prof. Rotblat’s book is too exclusively a record of the 
development and the official statements of the Pugwash 
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‘Conferences to discuss these vital issues, nor does ib enter 


on the issues raised by efforts of scientists to influence 
Governments and to educate the public on the implica- 
tions of science. It is all the more valuable that at this 
juncture there should appear such a careful examination 
of the issues as Mr. Gilpin provides, for example, in his 
concluding chapter on the task of polrtical leadership and 
in his analysis of the reasons which led to such strongly 
conflicting schools of opinion among scientists themselves. 
Both the dominant schools of opinion in the United States 
are fairly treated, and the analysis indicates how much 
more difficult it is to reach agreed opinion on the inter- 
national plane and to tender technical advioe which is not 
the opinion of only a section of the sciantiflo community. 


-However, & olear understanding of what is involved in 


the tendering of advice, and of the impracticability of a 
sharp separation between soientiflo or technical factors 
and, politioal factors, is the first step towards the more 
effective utilization of the scientist and technologist which 
world order and world peace requires. 

To such an understanding Mr. Gilpin’s book makes an 
invaluable contribution. Moreover, it is not merely the 
negative one of pointing to past errors and the reasons 
for them. It shows also how the scientist, operating at 
the frontiers of knowledge, provides just that note of 
anticipation in political and social matters that is essential 
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if a wise national policy is to be formed. Likewise, ib 
illustrates the scientist’s contribution to the analysis of 
ite problems arising out of scientific advice which any 
Government ought to apply to-day. While fundamentally 
there is little in the book on the relations between scientist 
and Government that Barker and Tizard and others in 
Great Britain have not previously underlmed, there are 
some particular expedienta adopted in the United States 
which might well be considered m other settings. 
Fundamentally, however, in the international context 
sach as the Pugwash Conferences, the book is & corrective 
to careless thinking about the relations of expert to. 
expert and expert to Government, to the unoritioal 
acceptance of expert advice, or to excessive optimism as 
to the possibilities in a scientific approach to polioy- 
making. It drives ys back once more to the fundamental 
importance of education at all levels and of publio under- 
standing. If it suggests that the pace of advance is likely 
to be slow, and to call for hard constructive thought, for 
sound judgment and human insight at all times, it never- 
lees firmly upholds the place of the scientist as an adviser 
even on non-technical matters. Supporters of the Pug- 
wash Conferences will fnd much in its pages for thought 
and caution: they will find no reason for pessimism. 


THE SCIENTIST AS POLITICIAN 


American Sclentists and Nuclear Weapons Policy 

By Robert Gilpm. Pp. vii+852. (Princeton, N.J.: 
Princeton University Prees; London: Oxford University 
Prees, 1962.) 56s. net. 


"Tu ee ae cee os ig ae 
the function of nuclear weapons policy of the 
United States has a much wider interest than ite title 
suggests. The study of the part of the acientists in the 
development of nuclear weapons is a major contribution 
to the larger theme of the place of the expert in the 
formation of policy generally, the mechanism of advice. 
and the relation between science and technology and the 
task of Government. The particular subject of nuclear 
iss util etch beh ret Frisbee ric 
implicati of the participation of the scientist m the 
task of Government, the limitations, as well as the con- 
ditions, for effective contribution are clearly indicated. 
The essential iasues are laid bare and, with its refreshing 
freedom from jargon, and the curse of uninterpreted 
abbreviations, this well-written book is a contribution to 
the study of the relations between science and Govern- 
ment that should be as welcome and acceptable in Great 
Britain as in the United States. Moreover, its documenta- 
tion is comprehensive and balanced, dominantly, but 
not exclusively, American, and while same major British 
sources are not mentioned, the omissions are neither such 
as to mar the book nor to suggest more than pardonable 


oversight. 

Mr. Gilpin begins with & glance at the questions raised 
by the participation of the scientist in politics in general, 
and especially those arising out of the formulation and 


js influenced by the scientist’s non-technical 
about the problems at hand. Thus, it is that agreement 
on the scientific facts in & situation may lead different 
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groups of scientists to tender differmg and even opposed 
recommendations for dealing with the situation. 

From the start, Mr. Gilpm emphasizes that the very 
nature of the scientific and technical adviser's responsi- 
bility to combine his technical iso with his overall 

ing and good sense takes him out of the realm 
where the’ scientific method and the scientist’s canons of 
criticiam are the moet relevant guides for ju b into 
one where wisdom is the prime desideratum. his next 
eight chapters he reviews the controversies that arose 
Government over the development of nuclear wes 
and their use, including the effect on the structure of the 
chapter to discuss, in the light of all that experience, the 
task of political ip and what that involves in this 
rapidly changing technological age. That study, in his 
view, demonstrates conclysively that scientists in the 
United States; in one icular field at least, have become 
of Services in the formulation of policy; &ooord- 
ingly it is the task of political leadership to utilize more 
effectively and more generally the legitimate desire of 
scientists to contribute to the formulation of national 


The value of Mr. Gilpin's contribution does not lie Bo 
much in new and constructive suggestions as in pointing 
to weaknesses and mistakes in the past which have made 
the contribution of scientist and technologist relatively 
ineffective—weaknessés and mistakes that are to be 
remedied sometimes by the administrator or statesman, 
sometimes by the scientist himself. There are naturally 
suggestions that will be noted by the alert mind for 
examination in settings other than the American context 
in which they were first tried. In this concluding chapter 
Mr. Gilpin is strongly reminiscent of Sir H Tizard’s 
Haldane Memorial Lecture in his emphasis on import- 
ance of education—of having administrators who under- 
stand the nature and limits of science and of scientists 
who understand the nature of politioe and the taak of 
administration. To the view that the scientist as such 
should be ‘on tap’ and never ‘on top’ he returns a firm 
negative, with a clear warning against exaggerating the 
importance of ideas in the political process gives the 
unequivooable affirmation that scientists have a right 
advise even on non-technical matters. Ib does not neces- 
sarily follow that because scientists are primarily tech- 
nical experts they are incompetent to advise on political 
or strategic matters. 

Where the book is specially valuable is in stimulating 
thought as to the nature and limitations of scientiflo 
advice, the implications for the adviser himself, as well as 
for the suthortty responsible for deciding on any particular 
administrative structure for advice, and the taking of 
decisions. This is particularly relevant at a moment when 
the whole structure of Britain’s Government organization 
for civil research and development is under review and 
when Government d ta are already considering 
the recommendations of the Gibb-Zuckerman report. Mr. 
Gilpin demonstrates the impracticability of any sharp 
separation of the technical and political realms in the 
advice tendered by scientists. It is in this context especi- 
ally that the implications of ‘his observations on asking 
the right questions, on the limits within which true 
objectivity is possible, on the interpretation of advice, on 
the i oe of scientific controversy and an atmo- 
sphere of intellectual give-and-take deserve to be noted 
and pondered critically. 

Mr. Gilpin's staunch advocacy of the place of the 
scientist and technologist in the task of Government is 
not over-stated. He y recognizes the weaknesses of 
the scientist himself as well as of the policy-maker. The 
need still exists of developing means for countering the 
natural inclination of the scientist to advocate technical 
solutions to political problems and the tendency of the 
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administrator to accept unoritioally such solutions. This 
is in part a taak of education, but it is also a task of 
organization—flexible and appropriate to this purpose, 
including the necessary professional institutions as well as 
Government structure. This book is admirably suited to 
stimulate the thought and study which must to the 
discovery of ways of in tating tho teckmioal and politioal 
knowledge in policy- which are effectave in the 
conditions prevalent to-day. R. BRIGHTMAN 


VETERINARY SCIENCE 


Advances In Veterinary Sdence 

Vol. 7. Edited by O. A. Brandly and E. L. Jungherr. 
Pp. xi+ 408. (New York: Academic Press, Ino.; London: 
Academic Press, Ino. (London), Ltd., 1962.) 100s. 


8 im the case of previous volumes, Volume 7 of this 
book embraces in eight chapters a number of 
ae of particular interest to veterinary scientists 


ithe et qune duis Satins Meu erate 
E dee At a time when cardiac abnormalities, 
penay ee atus aevi rar d dirae ipie 
of research workers in many countries, thig chapter is of 
interest and value. 
No: second chapter, which deals with experimental 
mm taneous tumorigenesis, is of particular significance 
when. the origin of cancer is being sought and the 
Sie E er pe ale food and 
radiation in this flold are being examined. ee 
of all these factors is discussed in this im ae lee 
In the realms of parasitology, current eruca 
centred on helminth immunity, a subject which is very 
fully dealt with in the third cha, The widespread use 
of irradiated larval vaccines for a thorough under- 
etandmg of the antibody reactions involved, and this 
chapter, which discusses each animal parasite in turn, 
covers very fully the story as it is now understood. 
Of particular interest to workers in South Afrioa, 
the short but informative fourth chapter deals with 
enterotoxmmia-like conditions among sheep in that 


country. 

The fifth chapter, dealing with non-speciflc or cross- 
POT ee ee 
interest to scientists in all parts of the world, 
be ave adu dps ce lias or octealliag 

lied as a means of eliminating or controlling 
borne al ogis. The interpretation of the tuberculin 
tost in cattle may be rendered complicated by the presence 
of the human or avian types of tubercle bacilli as well as 
by the presence of Johne’s disease, nocardiosis, the so- 
called akin tuberculosis and the presence of other miaro- 
bacteria. All the implications arising from these inter- 
current infections are here discussed. 

Skin diseases are dealt with in the following chapter. 
, Of all the problems which concern the veteri- 
narian, skin diseases, especially among small animals, 
are frequently the most baffling. The reader will find 
much in this chapter to enable him to crystallize his ideas 


The seventh chapter is devoted to the subject of shipping 
fever in cattle, a condition which has been known in 
many of the world for a very long time, but about 
which have been many conflicting ideas. The 
evidence put forward in support of a viral origin of this 
condition and the suggestion made that it is easentially 
a disease-complex rather than one of simple setiology 
will attract the attention both of research workers and 
clinicians interested in or confronted by this problem. 

The last chapter embraces the subject of mycotoxicoses. 
Quite recently, owners of poultry in particular have 
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received sharp warning of the toxicity of certam mouldy 
feeding stuffs and it is very opportune that this subject 
should be go ably dealt with in this volume of Advances 
in Veterinary Sotence. 

As in previous volumes, the author-index and subject- 
index leave nothing to be desired and the bibliography 
set out at the end of each chapter is admirably compre- 
hensive. Chapters I, VI, and VIII, which readily lend 
themselves to illustration or diagram, are well supplied 
in that and their value is thereby enhanoed. 
The authors of the several chapters are to be congratulated 
both oollectively and individually on this production, which 
will be of the utmost value to ita readers and which fully 
maintains the high standard of previous volumes. 

H. Burrow 


PHYSICAL CHEMISTRY IN 
METALLURGY 


Physica] Chemistry of Process Metallurgy 

An International posium, Pitteburgh, Pennsylvania, 
April 27-May 1, 1959. Edited by George R. Bb. Pierre. 
Part 1: Pp. xiv + 044. 22.50 dollars. Part 2: Pp. xiv+ 
645-1874. 25 dollars. (Metallurgical Society erences, 
Volumes 7 and 8.) (New York and London: Intersciance 
Publishers, 1961.) 


N 1920 and again in 1949 tho Faraday Sooiaty arranged 
symposia on the y enit of physical chemistry to 
proceas metallurgy. Simoe the latter date, there has been 
& considerable broadening of the field in many parts of the 
world, and in 1959 the American Institute of Mining, 
Metallurgical and Petroleum i organized the 
conference the papers and lectures of which are contained 


' jn these volumes. How wide the interest was is shown by 


the fact that pa were received not only from the 
United States Canada but also from Great Britain, 
Japan, Australia, Belgium, France and Switzerland. In 
any such symposium there is an inevitable variation in 
the of the contributions, but the standard here is 
almost invariably high, and the editors have done an 
excellent bit of work in their presentation. In addition 
BELL ee re eae ea ee 
ciably to value of the mformation provided. This 
information is not only in the collection and re-presenta- 
tion in condensed form of the authors’ own work but 
algo in not a few instances there is quite new information or 
new interpretations of earlier work. 

Although the major emphasis is, somewhat naturally, 
on ferrous problems, the scope of the contributions also 
ranges over non-ferrous subjects varying from the vapour 

of liquid metals and the velocity of sound in 
liquid lead—-tin alloys to the oxygen content of co 
mattes and the kinetics of the reduction of nickel dabute 
m aqueous solutions. One of the outstanding pria 
of the work discussed is the importance of the molten 
state, especially of and the significance of the 
advances made to our knowledge of this fleld is most 


In spite of this, however, very much more needs to be 
done. As Prof. F. D. Richardson remarks in his intro- 
ductory lecture to the conference, it is improbable ‘‘that 
in the foreseeable future we shall be able either to extra- 
polate our date or to caloulate thermodynamic properties 
from first principles with the kind of accuracy that the 
operator o ee ee The properties we need 
to know great precision will still have to be measured. 
On the other hand, by means of our imperfect models 
and intelligent correlations, we should be able to predict 
accurately enough to avoid futile experiments in both 
works and laboratory”. 

The value of the symposium can scarcely be over- 
estimated. F. C. THOMPSON 
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INVESTIGATION OF THE RADIO SOURCE 3C 273 BY THE METHOD OF 
i LUNAR OCCULTATIONS eius ! 


! = 
By C. HAZARD, M. B. MACKEY and A. J. SHIMMINS 


C.S.LR.O. Division of Radlophysics, University Grounds, Sydney 


HE observation of lunar oocultations provides the 

most accurate method of determining the positions 
of the localized radio sources, being capable of yielding a 
positional acouracy of the order of 1 seo of aro. It has 
been shown by Hazard! thatthe observations also provide 
diameter information down to a limit of the same order. 
For the sources of small angular size the diameter informa- 
tion is obtained from the observed diffraction effects at 
the Moon’s limb which may be considered to act as a 


diffracting edge. 

The methbd has so far been applied only to a study of 
the radio source $0 212 the position of which was determ- 
ined to an accuracy of about 8,800 of arc!*. However, 
30 212 is a source of comparatively small flux density and 
although the diffraction effects at the Moon’s limb were 
clearly visible the signal-to-noise ratio was Inadequate to 
study the pattern in detail and hence to realize the full 
potentialities of the method. Here we describe the 
observation of a series of oocultations of the intense radio 
source $C 273 in which detailed diffraction effecta have béen 
recorded for the first time itti position to be 
determined to an accuracy of better 1" and enabling 
a detailed examination to be made of the brightness, 
distribution across the source. 

The observations were carried out, using the 210-ft. 
steerable telescope at Parkes, the method of observation 
being to direct the telescope to the position of the source 
and then to record the received power with the telescope 
in automatic motion following the source. Three ooculta- 
tions of the source have been observed, on April 15, at 
410 Mo/s, on August 5 at 186 Mo/s and 410 Mc/s, and on 
October 26 at 410 Mo/s and 1,420 Mo/s, although m 
October and April only the immersion and emersion 
respectively wero visible using the Parkes instrument. 
The 410 Mo/s receiver was a double-sided band receiver, 
the two channels, each of width 10 Mo/s, being centred on 
400 Mo/s and 420 Mo/s, while the 136 Mo/s and 1,420 Mo/s 
receivers each had a single pass band 1:5 Mojs and 10 
Mo/s wide respectively. 

The record of April 15, although of interest as it repre- 
sents the first observation of detailed diffraction fringee 
during a lunar occultation, is disturbed by a gradient 
in the received power and is not suitable for accurate 
position and diameter measurements. Therefore, atten- 
tion will be confined to the occultation curves recorded in 
August and October and which are reproduced in Fig. 1. 
It is immediately obvious from these records that 80 273 
is a double source orientated m such a way that whereas 
the two components passed successively ind the Moon 
at both immersions, they reappeared almost simultane- 
ously. The prominent diffraction fringes show that the 

sizes of these components must be considerably 
smaller than 10°, which is the order of size of a Fresnel 
zone at the Moon’s limb. , 

The most interesting feature of Figs. l(e) and 1(f) is 
the change in the ratio of the flux densities of the two 
componenta with frequency. The ratio of the flux density 
of the south preceding source (component A) to that of 
the north following source (component B) is 1 : 0-45 at 
410 Mo/s and 1 : 1-4 at 1,420 Mo/s, indicating a striking 
difference in the spectra of the two ta. If it be 
assumed that the flux densities? of 30 278 at 410 Mojs 
and 1,420 Mojs are 60 and 85 Wm (c/g)-! and that over 
this frequency-range the spectrum of éach component 
may be represented by Saf*, then the above ratios corre- 


components A and B of 
index of A is a 
representative value for a Oldss radio souroe; but the 
flat spectrum of B is most unusual, no measurements of & 
comparable spectrum having yet been published. If the 


of different widths as published by Hazard?. As a first 
step in the investigation approximate diameters were 
estimated from the intensity of the 
and the resulta corresponding to the three position anglos 
defined by the occultations and indicated in Fig. 2 are 
given in Table 1. 

As already indicated here, the 136-Mo/s measurements 
refer only to component A and hence no diameter measure- 
ments are available for B at this frequency. The 410-Mo/s 
observations of the August occultation are the most 
difficult to interpret owing to the components having both 
comparable flux density and small seperation relative to 
the angular size of the first Fresnel zone. At immersion 
the widths were estimated by using a process of curve 
fitting to reproduce Fig. 1(d); at emergion (position angle 
813°) the diameter of component B was assumed to be 
3’ aa indicated by the estimates at position angles 105° 
and 88°. The individual measurements at each frequency 
are reasonably consistent but thére is a striking variation 
of the angular size of component A with frequency and 
evidence of a similar variation for component B. As at 
the time of the August occultation the angular separation 
of the Sun and the source was about 50° and hence coronal 
scattering of the type observed by Slee’ at 85 Mo/s is not 
the model of two uniform strip sources is inadequate. 

‘Therefore, a more detailed analysis was made of the 
intensity distributions of the lobe patterns given in 
Figs. l(c) and 1(f), and' it was found that in neither case 
oen the pattern be fitted to that for a uniform strip source 
or a source with a gaussian brightness distribution. The 
1,420-Mo/s obearvationn of component B can be explained, 
however, by assuming that this source consists of a oentral 
bright core about 0-5” wide contributing about 80 per 
cent of the total flux embedded in a halo of equivalent 
width of about 7”. Fig. l(b), where component A pre- 
dominates, suggests that this source has a similar structure 


Table 1l. EFFTOTIYA WiDTH OF HQUIYALENT STRIP BOUROM 
. (Bee. of aro) . 


tA Component B 
FAN angie Position 
s^ . 106* 313* H’ 105° 314° as° 
136 64 64 — — —- SEN 
410 *1 4t 4 31 30t 27 
" 2 (6)* ‘ 
1,420 — — 29 — — 21 
05 (7)* 
* analysis of the whole diffraction pattern. 
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Fig 1. Facatmiles of records 
^1 » at 136 Mo/s;, Œ) immersion. of Mo/s; 
1903, at 


ugusi 5 Toca at 
0 Mojs; (6) of Oetober 


immersion 


but with a core of affective width about 2’ at 410 Mojs 
and a halo of width 6”. It therefore seams that the overall 
extent of both components are comparable but that the 
emission is more highly concentrated to the nucleus 
in B than in A. The close agreement between the halo 
size of 4 and ita effective diameter at 136 Mo/s suggests 
that the observed variation of effective size with frequency 
may be due to a difference in tho spectra of the halo and 
central regions. This would imply that the spectrum 
becomes steeper in the outer regions of the sources, that 
is, in the regions of lower emissivity. It is of mterest that 
the integrated spectral indices of the two componenta 
we 


3 
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5 and October 26, 1002, at 
e of 
26, 1063, a 














a) Hmerzion of August 5, 
immersion of August 5, 
at 1,420 Mojs. 


SHE froguenoies, 


of October 20 ies 


show an analogous offect. Thus the spectrum of B, where 
most of the emission arises in a source about 0-5" wide, is 
markedly flatter than that of A, where it arises in a source 
about 2” wide. 

The analysia is not sufficiently accurate to reach any 
reliable conclusions on the ollipticity of the individual 
components of 80 278, but allowmg for the uncertainty 
in the estimated widths and position angle 314°, the 
410-Mo/s observations indicate that both components 
may bo elliptical with A elongated approximately along 
the axis joining the two components and B elongated 
perpendicular to this axis. s 
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The position of each source was calou- 
lated fram the observed times of disappear- 
ance and reap which were estim- 
ated from the calculated flux density at 
the edge of the geometrical shadow and, 
where possible, from the positions of the » 
diffraction lobes; these times are given in 
Table 2. In estimating the values of T'p4 x 
and Tg4 from the 180-Mo/s records 46 
amall correction was applied for the effects 
of component B, this correction bemg 
estimated by comparison with the 410-Mo/s 
records. The ding times for B 
were estimated from the 410-Mo/s observa- 
tions using the estimated ition of 
component A and the known flux density 
ratio of the two components. For each! 

b the times and associated errors 
given in Table 2 define three stripe in each 
of which the source should lie ; the centre 
lines of these strips represent the limb of 
the Moon, at the time of observation and 


in the positions of the Moon’s limb are 
more important than the estimated timing 
errors, and possibly that the effective 
E ee ee ads 

oy. The position of each source was 
therefore assumed to be given by the centre 
of the circle inscribed in the triangle 
defined by the Moon's limb at the relevant 
times. Dr. W. Nicholson of H.M. Nautical 
Almango Office has kindly carried out these calculations 
and the estimated positions are as follows: 


Component A R.A. 


1950). Deel. Oz* 10° 27-8" + 1:5” 
BA. 12h 26m. + 0 Of 
(Hpoch 1950) Decl. 02* 19' 42-0" + 0-5” 


The average positions of the two sources given here 
represent the most accurate determination yet made of 
the position. of a radio source. The quoted errors were 
estimated from the size of the triangles defined by the 
Moen’s limb at the times of disappearance and reappear- 
ance, for the method is not subject to uncertainties intro- 
duced by refraction in the Earth's ionosphere or tropo- 
sphere and is also free from the effects of confusion. A 
comparison of the times of di and reappear- 
ance at different frequencies indicates that there is also 
no significant source of error due to refraction in either 
the solar corona or 4 le lunar ionosphere; any 
refraction appears to be than 0-3” even at 186 Mo/s. 
This may be oompered with the limit of 2” at 
237 Mo/s and 18” at 81 Mo/s as estimated by Hazard! 
and Elamore* respectively, and allows a new limit to be 
set to the density of the lunar ionosphere. Thus, from 
his observations at 81:5 Mo/s, Elamore has set an upper 
limit to-the electron density of 10° com; and it follows 
thet the presen} measurements set a limit of about 
10% era. Similarly, Buckingham’ has estimated that at 


Table 2. OBSERVED OOCULTATIOK TIMES OF THE TWO COMPONENTS OF 


30 273 
Ed 


a 
Er) 
Time of 
n 5, 1962 07h 46m 00s + 1s 07h 46m 2723 + 0 Se 
Auguri b, 1002 OGh Obm 4556s + 1s 09h Om 45-78 + 1 be 


October 19. 1964 O0£h 55m 09-0s + 1s Qf Bem OL5s + O4a- 
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Position angle. 


Component p 
R.A.12h 28 33$29*-0 
Dec.-02? 19'42^0 10-5" 







Declination 


CAT egt af 


Dec.--02? 19'27"8*1*5 


preeent 
observations at 186 Mc/s and 410 Mo/s on August 5 indi- 
cate that at 50 Mo/s the deviation is leas than 2” at this 
angle, setting an upper limit to the electron density of 
about 200 om, which may be with an upper 
limit of 120 om~, set by Blackwell and Ingham‘ from 
observations of the xodiacal light. 

In a preliminary examination of a print from a 200° 
plate it was noted that the position of component B agreed 
closely with that of a thirteenth magnitude star. We 
understand that the investigations by Drs. A. Bandage 
and M. Schmidt of the Mount Wilson and Palomar 
Observatories have revealed that this star and an associ- 
ated nebulosity is very probably the source of the radio 

We thank Mr. J. G. Bolton for his interest in this work, 
and his assistance, with that of the staff at Parkes, in 
ensuring the success of these observations. We also thank 
Dr. W. Nicholson, who calculated the positions of the 
sources, for his valuable co-operation and interest in the 
occultation. One of us (C. H.) thanks Dr. 
E. G. Bowen for his invitation to continue occultation 
work at Parkes as a observer from the Narrabri 
Observatory of the School of Physics of the University 
of Sydney. 


1 Hazard, O., Mon. Not. Hoy. Astro. Soc., 184, 27 (1042). 
1 Hazard, O., Nature, 191, 58 (1961). 

? Bolton, J. G., Gardner, F. F., and Mackey, M. B. (unpublished results). 

* Boheuer, P. A. G., Austral J. Pkys., 15, $55 (1003). 

1 Klee, O. B., Mon. Not. Roy. Astro. Soc., 183, 223 (19001). 
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1 Buckingham, M. J., Nature, 198, 538 (1002). 
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3C 273: A STAR-LIKE OBJECT WITH LARGE RED-SHIFT 


N 
" By Dr. M. SCHMIDT 
Mount Wilson and Palomar Observatories, Carnegie Institution of Washington, Callfornia Institute: of Technology, Pasadena 


[J HE only objects seen on a 200-in. plate near the 

' positions of the componenta of the radio source 
30 273 reported by Hazard, Mackey and Shimmins 
in the preceding article are a ster of about thirteenth 
magnitude and a faint wisp or jet. The jet has a width 
of 1’-2 and extends away from the, star in, position 
angle 48°, It is not visible within 11” from the star and 
ends abruptly at 20° from tho star. The poartion of the 
star, kindly furnished by Dr. T. A. Matthows, is R.A. 
12h 26m 83-368 + 0-048, Decl. +2° 19’ 42-0" + 0-5" (1950), 
or 1” east of component B of the radio source. The end 
of the jet ıs 1^ east of component A. The close correla- 
tion between the radio structure and the star with the jet 
is suggestive and intriguing. 

Spectra of the star were taken with the prime-focus 
spectrograph at the 200-in. telescope with dispersions of 
400 and 190 A per mm. They show & number of broad 
omision features on a rather blue continuum. The most 
prominent features, which have widths around 50 A, 
are, in order of strength, ab 5032, 3230, 5792, 5082 A. 
These and other weaker emission bands are listed in the first 
column of Table 1. For three faint bands with widths of 
100-200 A the total range of wave-length ia indicated. 

puede pence? found for the spectrum involves 
a considerable red-shift.. A red-ahift AX/A, of 0-158 
allows identifloation of four emission bands as Balmer 
lines, as indicated in Table 1. Their relative strengths are 
In agreement with this explanation. Other identifications 
based on the above red-shift involve the Mg II lines around 
2708 A, thus far only found in emission in the solar chromo- 
sphere, and a forbiddén line.of [O III) at 5007 A. On 
this basis another [O III] line is at 4959 A with 
& strength, one-third of that of the line at 5007 A. Ita 
‘detectability in,the spectrum would be marginal A weak 
emission band suspected at. 5705 A, or 4927 A reduced for 
red-shift, does not ftt the wave-length. No explanation is 
offered for the three very wide emission -bands. 

„ It thus `a that six emission bands, with widths 
around 50-4 can be explained with red-shift of 0-158. 
differences betwaen the observed and the expected 
wave-lengths amount to 6 A at the most and can be entirely 
understood in terms of the uncertainty of the measured 
wave-làngths. , The ‘present explanation is supported by 
observations of ‘the infra-red spectrum communicated by 


Table 1. WAVI-LENGTHS AND IDENTIFICATIOXS 


a n 1/1 158 ^ 
3259 2797 2796 Mg II 
4596 3968 5970 Hs 
4753 4104 4102 Hé 
5o c 4845 4340 Hy 
52005415 44909075 
5031 4864 4861 n 
. 5702 5002 5007 [O Oy] 
0005—6190 5186-5345 
6400-6510 6527-5022 


Oke in a followmg article, and by the spectrum of another 
star-lhke object associated with the radio source 30 48 
discussed by Greenstein and Matthews m another oom- 
munication. 

The unprecedented identification of the spectrum of an 
apparently stellar object in terms of a large red-shift 
suggests either of the two following explanations. 

(1) The stellar object is a star with a large gravitational 
red-shift. Ite radius would then be of the order of 10 km. 
Preliminary considerations show that it would be extremely 
difficult, if not impossible, to account for the occurrence 
of permitted lines and a forbidden line with the same red- 
shift, and with widths of only 1 or 2 per cent of the wave- 
l : 

(2) The stellar object is the nuclear region of a galaxy 
with a cosmological red-shift of 0-158, corresponding to an 
apparent velocity of 47,400 km/sec. The distance would 
be around 500 megaparsecs, and the diameter of the 
nuclear region would have to be less than 1 kloparsec. 
This nuclear region would be about 100 times ‘brighter 
optically than the luminous galaxies which have been 
identified with radio sources thus far. If the optical jet 
and component A of the radio source are associated with 
the galaxy, they would be at,a distance of 50 kilopersece, 
unplying & time-scale m excess of 10% years. The total 
energy radiated in the optical range at constant luminosity 
would be of the order of 10'* erga. 

Only the detection of an irrefutable proper motion or 
parallax would definitively establish 80 278 as an object 
within our Galaxy. At the present time, however, the 
explanation in terms of an extragalactic ongm seems most 
direct and least objectionable. . 

I thank Dr. T. A. Matthews, who directed my attention 
to the radio source, and Drs. Greenstein and Oke for 
valuable discussions. 


ABSOLUTE ENERGY DISTRIBUTION IN THE OPTICAL SPECTRUM OF 3C 273 


EE By Dx. J. B. OKE : 
Mount Wilson and Palomar Observatories, Carnegie Institution of Washington, California Institute of Technology, Pasadena 


TH radio source 3C 273 has recently been identified. 
with a thirteenth magnitude star-like object. The 
details are given by M. Schmidt in the preceding com- 
munication. Since 30 278 is relatively bright, photo- 
electric speotrophotometrio observations were made with 
the 100-m. telescope at Mount Wilson to determine the 
absolute distribution of energy in the optical regon of the 
spectrum; such observations are useful for determining 
if synohrotron radiation ıs present. In the wave-length 
region between 33800 A and 6000 A measurements were 
made in 16 selected 50-A bands. Continuous spectral 
scans with æ resolution of 50 A were also made. The 
measurements were placed on an absol system 
by also observing standard stars whose absolute energy 
distributions were known!, The accuracy of the 16 


selected points is approximately 2 per cent. The strong 
emission features found by Schmidt were readily detected ; 
other very faint features not apparent on Schmidt’a 
spectra may be i. 

The souroe 30 278 is considerably bluer than the other 
known star-like objecta 30 48, 30 196, and 80 286 which 
have been studied in detail’. The absolute energy dis- 
tribution of the apparent continuum oan be accurately 
represented by the equation: 

à F, œ ven 


where F, is the flux per unit frequency interval and v is 
the frequency. The apparent visual magnitude of 80 273 
18 +126, which co ds to an abeolute flux at the 
Earth of 3:5 x 10-95 W m- (o/s)? at 5600 A. At 
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mp opaa the spectral index is — 0-25 and the 
flux at 960 Mo/s is 5-0 x 10-95 W m~ (c/s). 
Between 6000 A and 10,250 A, eleven 120-A bands were 


measured with an accuracy of 10 per cent. These measures 
indicate that the relatively flat energy distribution given 
in the equation here applies as far as 8400 A. Beyond 
8400, À the flux-may increase significantly. Between 
3300 A and 8400 A the energy distribution cannot be 
represented, even approximately, by the flux from 6 
black-body or a normal star. At least part of the 
optical continuum radiation must be synchrotron radis- 
tion.” 1 

During the course of the infra-red observations & 
strong emission feature was found near 7600 A. Further 
obeervations with a 50-À band-width placed the emission 
line at 7500 A with a possible error of about 10 A. The 
emission profile was found to be similar to that of 
the emiasion line at 5682 A. Using this line end others 
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in the visual spectrum Schmidt has shown that most 
prominent emission features are Balmer lines t the 


ime at 7590 A is Ha. Using Schmidt's red-shift. AX. 
of 0-158, Ha should appear at 7590 A; this is in satiafac- 
+ with observation, when it is recalled that 


tory &greemen 
the atmospheric A band absorbs strongly beyond 7594 A. 
It is possible that the [NII] linee which have unshifted 


wave-lengths of 6548 A and 6588 A can contribute to the 
emission feature identified as Ha. A large contribution, 
however, would shift the line significantly towards the 
red. The relative itions of Ha, HB, Hy, and H3 
cannot be uoed by applying a red-shift.to any other 
hydrogen-like ion spectrum. ` 

Further observations, particularly in the infra-red, 
will be made in the near future. 
1 Oke, J. B., Astrophys. J., 131, 358 (1960). 


"Matthews, T. A., amd-Sendags, Allan, Astrophys. J: (in the prem). 
* Harris, D. B., and Roberta, J. à., Pwd Astro. Sec. Pecifto, 78, 237 (1960) 


RED-SHIFT OF THE UNUSUAL RADIO SOURCE: 3C 48. 


By Dr. JESSE L. GREENSTEIN 
Mount Wilson and Palomar Observatories, Carnegie Institution of Washington, California Institute of Technology ' 
- 5 AN ` . * > 


D 
Dr. THOMAS A. MATTHEWS 
Owens Valley Radio Observatory, California Institute of Technology 


HE radio source 30 48 was announced to be a star! 

in our Galaxy on the Basis of its extremely small 
radio diameter’, stellar a oe on direct photographs 
and unusual spectrum. spectroscopic study at 
Palomar by Greenstein during the past year gave only 
partially suooeesful identifications of ite weak, broad 
emission lines; the possibility that they might be per- 
mitted transitions in high stages of ionisation could not 
be proved òr disproved. Hydrogen was absent but several 
approximate coincidences with He II and O VI were 


The discovery by Sshmidt (a preceding article) of much 
broader emission lines in the apparently stellar radio 
source; 30 278, suggested a red-shift of 0-16 for 80 278 
if the lines were interpreted as the Balmer series. In 
30 48 no such series was apparent; measurable linee still 
do not coincide with the hydrogen series. However, the 
possibility of a very large red-shift, which had been con- 
sidered many times, was re-explored successfully. 30 48 
has a containing one very strong emission feature 
near 48832 which is 85 A wide and about 10 other weaker 
foatures near 23 A in width. The sharper lines are listed 
in Table 1 in order of decreasing intensity. Some broed 
lines or groups of lines between 50 and 100 A width may be 
red-shifted hydrogen Imes. F 

Table 1. IDENTOTCATIONS AKD OPAMEYED EED-SHIPTS 
Wave-length 
ar A lab. 


Soures 2*/2 lab 

opis 123) re Mg I « 1:3007: 
4685 0 2416 [Xe Y] 13076 
S00 $28): — [0n] 13679 
4575 3248 a rsen 
5889 2308 è “Ser - 
* 4065-7 1975 : e V] LIN : 


The weighted mean red-shift d2/2. is 3675 + 0-0008, 
an apparent velocity of +110,200 km/sec, . The slightly 
i value for 12975 of [Ne V] is compatible with 
the uncertainty of + 9 A in the wave-length predicted 
by Bowen’. The Mg II i resonanoe , doublet 
haa a small additional displacement to longer wave-lengths, 
possibly caused by self ion in an expanding shell; 
it is the emission Ime in the rocket-ultra-violet 
spectrum of the Bun. The forbidden lines are similar to 
those in other intense io radio sources. . >`- 

So large a red-shift, second only to that of the intense 
radio source 30 295, will have important implications m 


ocoamological speculation. A very interesting alternative, 
that the source is a nearby ultra-dense ster of radius 
near 10°km containing neutrons, hyperons, eto., hàs been 
explored and seems to meet insuperable objections from 
the spectroscopic point of view. The small volume 
for the shell required by the observed small ient of 
the gravitational ial is incompatible with ‘the 
‘strength of the forbidden lmes. js 

The distance of 30 48, interpreted as the central core of 
an explosion in a very abnormal galaxy, may be estimated 
as 1-10 x 10* parsecs; the visual absolute magnitude is 
then — 24-0, or — 24-6 corrected for interstellar absorption. 
The minimum correction for the effect of red-shift is of 
the order of 2 v/o and a value between 4 and 5 times v/c 
is probable for a normal’ . The absolute visual 
magnitude of 30 48 is then brighter than — 25-2'and pos- 
sibly as bright as — 26-3, 10-80 times greater than that 
of the brightest giant ellipticals‘ hitherto recognized, 
which are near — 22-7 and another factor of five brighter 
than our own Galaxy, near — 21:0. 

As a radio source at & distance of 1-1 x 10° parseos 
30 48 is not markedly different from other known strong 
radio sources like 80 295 or Cygnus A. The one feature 
in which it does differ from most sources is in ita high 
surface brightness. This is partially due to ite extremely 
small radio sire of < 1 seo of arc’. The optical size 18 
comparable, being also < 1 sec of arc’. At the assumed 
distance such angular sizes indicate that both the optical 
and radio emission arise within a diameter of « 5500 

. The radio diameter might even be com ble 
with or lees than that of 30 71 (NGO 1068) the diameter 
of which is about 700 parsecs. However, 30 71 has 5 
orders of magnitude less radio emission. 

If we determine the integrated radio emission of 30 48 
from the observed. spectral index of the radio spectrum, 
and correct for the red-shift, we find that 30 48 is com- 
parable with 30 295, emitting 4 x 10“ erg/seo of radio- 
Tomey rini The cut-off frequencies were ? x 10° 
ojs and 10: o/s. The lower limit is indicated by the 
obeerved radio spectrum and the upper limit is an assumed 
one. - 

The absolute magnitudes of the galaxies connected. with 
30 $95 and Cygnus 4, corrected for interstellar absorption, 
are M, —21-0 and — 21-6 (using a red-shift correction 
of 2 v/c) or My, = —22-4,and — 21-8 (using a correction 
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of 5 v/c) respectively. Thus 30 48 radiates about 50 
times more powerfully m the optical region than other 
more normal but intense radio galaxies. In contrast, 
the absolute radio luminosity of 80 48 is the same as that 
of Cygnua A and 30 295. The unusually strong optical 
radiation may be synchrotron radiation as suggested 
(for other reasons) by Matthews and Sandage’. 
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HUMAN CANCER: MENDELIAN INHERITANCE OR VERTICAL 
l TRANSMISSION ? 


By Dx. P. R. J. BURCH 


Medical Research Council, Environmental Radiation Research Unit, 


Department of Medical Physics, University of Leeds, 
i 


The General Infirmary, Leeds 


‘HE purpose of this article is to consider whether the 

familial tendency to malignant disease should be 
attributed to genetic inheritance or to the transmiseion 
of an onoogenio virus from either parent to ring 
(‘vertical’ transmission!). It will be shown that this is 
one of those situations, rare in cancer research, where the 
available evidence is adequate to allow almost unambigu- 
ous conclusions to be drawn about an issue of fundamental 
importance. 

Following many demonstrations of the vertical trans- 
mission of leukssmogenio viruses in mice, Grose’ has 
recently stated: ' . . . one could therefore regard the 
development of cancer, leukmmia, or that of any other 

_ [the printed form is not ‘any other’ but ‘another’: it is 

presumed that ‘any other’ is intended] malignant tumour, 
as the result of an activation, frequently merely accidental 
of an oncogenic agent, hitherto masked, and carried by 
the host since birth. . .. Oncogenic agente carried in 
descendants of certain families, in humans as well as in 
other species, may have a higher pathogenic potential 
and be more readily activated than those carried m other 
families. . . . Thus canoer, leukwmia, or other mahgnant 
tumours would develop more frequently in members of 
certain families than in others". Elsewhere it is made 
clear that the ‘oncogenic t’ is a virus. 

This authoritative and influential working hypothesis 
inspires much contemporary cancer research, and is 
supported by an enormous volume of experimental 
evidence obtained from chickens, mice and rate. 

Nevertheless, it was claimed recently*, in harmony 
with previous conclusions“, that the ‘inheritance factor 
in human leukæmias usually takes the form of an apparent 
dominant ‘predisposing’ mutation of incomplete -pene- 
trance; furthermore, the several stiologies of the various 
forms of this neoplastic disease are all polygenio in 
nature’. Haldane’ in 1938 arrived at a similar conclusion 
with respect to cancer in general on the basis of Littlo's' 
statistical investigations of cancer inheritance. In rare 
families, but especially in those where the parente are 
consanguineous, childhood leukemias and lymphomas 
can exhibit apparent recessive inheritanoe*:!*, 

I have deduced: that malignancies in adult human 
beings generally develop from one or more cells containing 
& total of four specific (nuclear) gene mutations, one of 
which is often inherited, the ramainder origmating in one 
or more somatic cell lines. 

The incompleteness of the penetrance of the inherited 
mutation arises because the probability of a somatic cell 
acoumulating the fourth and final ‘carcinogenic mutation’ 
within the normal life-span is leas than unity. 

The evidence from families where the parents are oon- 
sanguineous*:!* indicates that two out of the four ‘carcino- 
genic’ mutations affect both homologous genes at & particu- 
lar locus. More indirect evidence and arguments! are 
consistent with the view that the remaining two mutations 
affecb both homologous genes st &nother locus. The 


setiology of many childhood and adolescence malignancies: 
should involve a primarily non-genetio ‘stress’ factor such 
as (1) a hormonal stimulus; (2) & pyogenio infection 
(notably pneumonia*); or (8) infection, by ‘horizontal’ 
transmission, with an oncogenic virus. Direct epidemio- 
logical Support for (3) bas lately been obtained in the 
wtiology of a malignant lymphoma in children living in 
certain regions of Áfriog!*. 


Familial Leukemia and Mutation Frequency 

By calculating (1) the size of (genetic) carrier sub- 
populations; (2) the ‘penetrance’ of an inherited mutation 
in the phenotypic form of a childhood leuksmia, the 
approximate frequency of childhood leukemia in multiple 
sibe’ can be accounted for*. Using Haldane's!* "indirect 
method” for the calculation of mutation frequencies 
(where approximate genetic equilibrium is assumed) the 
derived values for the mutation frequencies of ‘leukmmo- 
genic’ genes are closely comparable with known frequencies 
at other loci’?*4. They lie at the upper end of the normal 
range!‘ for dominant and sex-linked loci; but they include 
some effecta attributable to gross chromosomal changes. 
Thus, trisomy for chromosome 21 (mongoliam, or Down’s 
syndrome) id associated with a very high leukemia incid- 
ence in childhood* "1", and the discovery of the Oh! 
chromosome by Gunz e£ aj.!* shows that the inheritance 


of a chromosome 21 from which a portion of the short 


arm has been either deleted or translocated, predisposes 
to chronic lymphatio leukemia. 

There is another source of uncertainty that could intro- 
duce an overestimation of the mutation frequency. It 
18 assumed that only two major ‘leuksmmogenic’ looi are 
implicated with respect to each of the two groupe of 
genetically related leuksernias*. Although immunological 
evidence indicates that one specific structural locus may 
be involved in the setiology of many carcinomas", and 
although the phenomena of the Ph! and Oh! chromo- 
80meg!*:3? are consistent with specific loci being associated 
with leuksamogenesis, the possibility cannot be dismissed 
that there may be several loci of similar phenotypio 
expreasion. It is evident from the calculated mutation 
frequency that the number of major ‘leuksmogenio’ loci 
cannot be high, but it could be greater than two. (Other 
loci will undoubtedly affect the phenotypic expression 
of the major loci through their influence on factors such as 
growth, or growth-rate, but their net effect on the cal- 
culated mutation frequency should in general be small.) 

The measure of agreement between established mute- 
tion frequencies and those calculated for the hypothetical 
major ‘leukemogenio’ genes is obviously of considerable 
theoretical significance; it is rather unlikely that: it 
represents a mere chance coincidence. 


Direct Cytogenetic Evidence for an Inheritance Factor 


With regard to the theoretical mtiology of chronic 
lymphatic leukemia it was stated’: "Chronic lymphatic 
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leukssmia in adults mostly arises from one or more cells 
oonteining one inherited and three somatic mutations". 
* . . . furthermore, a different set of common alleles may 
be involved in chronic lymphatic, chronic and acute 
myeloid, and some stem-cell leukemias, together with 
certain pernicious anssmias and some cancers. . .'. Given 
the predisposing dominant inheritance, the penetrance 
in the form of a specific leukemia is typically of the order 
of 10 per cent for a normal life-span of 70 years". 

The subsequent report of Gunz et al!* now offers 
considerable support for several of these predictions. 
Their findings show or suggest: (1) an association between 
a mutation of one chromosome of the pair 21 (the CÀ! 
chromosome} and chronic lymphatic ia in adults; 
(2) the inheritance of this defective chromosome yields a 
viable karyotype (there is as yet no indication that the 
Ph! chromosome” can be inherited); (8) the inherited OA! 
chromosome is evidently a ‘predisposing’ factor—some 
adults are carriers of the defective chromosome without 
exhibiting any clinical si of chronic lymphatic leuks- 
mia; (4) if both dhion Trmnhatio and chronic myeloid 
leukemias involve a common. set of alleles, then the Ph? 
and Oh! chromosomes indicate that ab least two loci 
(one on the long, and the other on the short arm of the 
aorooentrio chromosome) are implicated `n human 
leuksmogenoeis ; (5) a chromosomal deletion or transloca- 
tion can again be phenotypically equivalent to & gene 
mutation?; (6) if the father of the ‘O’ family was a carrier, 
then the Oh chromosome also i to ‘sarcoma 
of the mediastinum’; (7) if the (No. 5) of the pro- 
positus was a carrier, then the Oh! chromosome also 
predisposes to carcinoma of the uterus and to pernicious 
anemia. 


io evidence is probably relevant to rare 
Out of eleven families Gunz e al.!* have 
oo) fa avanga a m Ea e a ie a 
chronic lymphatic leuksmia, they have found only two 
where members exhibit the Oh! chromosome; itis therefore 
still possible that the normal mode of leukemia and cancer 
'inheritenoe' ia neither a gross chromosomal-, nor & gene- 
mutation, but & vertically transmitted oncogenic virus. 

To test this more general hypothesis ib is necessary to 
examine evidenoe relating to large, for example, national 
"populations. 


This 
families only. 


Leukemia Pedigree Evidence 

Gross" pointe out " . . . However, transmission of 
certain oncogenic viruses $& utero, or immediately after 
the birth of the hoste through the milk of nursing mothers, 
or by contact infection from t to the new-born 
offspring, would aleo be includ in the general pattern". 
We ghould expect, therefore, that transmission will 
oocur with far greater frequency from the mother than 
from the father, and indeed it has been shown™ that 


transmission of the Gross and Moloney viruses in mio - 


occurs only via the mother. Videbaekt and Guasch™ 
collected (independent) pedigrees of human ''leukmmio 
families” from the literature and their own investigations. 
Videbaek'g* collection (his Fig. 8) indicates that leuksernia 
was apparently ‘transmitted’ via the father in 16 instances 
and via the mother in 21. Guasch’s™ collection (his 
Tables 15-18) shows 18 examples of ‘transmission’ vis 
the male, and 18 via the female. These small numbers 
therefore show equal frequencies of ‘transmissian’ from 
the father and from the mother. This evidence is at 
variance with Gross’s suggestions, but consistent with 
Mendelian autosomal inheritance to a remarkable (if 
somewhat fortuitous) degree. 

A similar pattern of ‘transmission’ is found when all 
cancers are considered. Table 1 contains a summary of 
Little’s* analysis of the incidence of cancer (all types) 
among the sons and daughters of cancerous fathers or 
mothers (four categories in all). The alight exces of 
‘transmision’ from the mother is not statistically signifi- 
cant. 
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Table 1. INHERITAKOE OR TRAXSNIMAION OF Caxcm ot MAX* 


No. 

Cancerous No. Ko. expeoted Ratio: 
parent investi investi- cancerous on chance No. observed 

gated gated besis Ro. expected 
Father Sons - 455 14 0-85 16-5 19.61 
Father Deughters 788 10 1-08 
Mother _ Bons 505 12 119 1011,04 
Mother Daughters 504 27 1-59 17-1 


case-finding in Little's sample (taken from the Office) was 
better than the national & and hence all eolumn) may be 
too There ts no reason, , to a sex bias in the canoer 

‘Little gives no explanation of the eax-ratlo for the offzpemg of 


It could still be claimed that human oncogenic viruses ` 
inti i i as in the 


Broad “Aspects“of Cancer Mortality 

If age-specific total cancer mortality rates aro plotted 
as a function of time, these are more or leas steady in 
England and Wales among the lower age-groups, during 
the period 1915-53 ™: a similar phenomenon is observed 
in the United States mortality statistios™ over the period 
1900-53. It must be admitted that it is diffloult to 
know what significance oan be attached to such statistica. 
They are complicated by advances in diagnosis and 
therapy, and the changing influence of environmental 
carcinogens. In the case of childhood leukemias, other 
complexities have been demonstrated. Stewart and 
Barber? have directed attention to an impressive inverse 
correlation between mortality-rates from pneumonia 
and leuksmia in children during the period 1912-59. This 
phenomenon will be discussed at the end of this article. 

Complications apart, a steady incidence-rate of pre- 
xygotio cancers over the years is to be on the 
basis of Mendelian inheritance. In situations of genetic 

ilibri the selective mortality among carriers 
before and during the reproductive phase is balanced 
by the introduction of new spontaneous mutations into 
the population. A general increase (decrease) in the 
mutation-rate would, of course, raise (lower) the incidenoe- 
rate of pre-xygotio malignancies until a new equilibriam 
would eventually be attained. 

Consider in this context Gross's working hypothesis* 
of the vertical transmission of oncogenic viruses. To 
maintain an equilibrium incidence of cancer in the 
population by such a mechanism it is necessary for the 
virus host (mother or father) to transmit the oncogenic 
virus, on-the average, to slightly more than half their 

i (The selective mortality among recipients up 
to and during the reproductive age requires thab more 
than half the offspring should be affected at birth—or 
during the iod of infective contact with parente.) 
It is obviously impossible to achieve & stable equilibrium 
through vertical transmission. A slight average deviation. 
upwards from the ‘equilibrium transmission faction’ 
would lead to an initially exponential increase in the 
proportion of hoste in the population until ultimbtely all 
members of the population would be affected. On the 
other hand, a slight departure downwards would lead to 
an exponential decrease in the proportion of hosts and 
their eventual disappearance. Any temporary equilibrium 
would be highly unstable. 

Abandoning Groes’s particular h is, this leaves 
open the logical possibility that every individual is in 
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fact a host to onoogenio viruses (of equal pathogenic 
potential from one individual to another) and that these 
are necessary to cancer development, but additional to 
all the genetic and other factors previously described’. 
On present evidence, this logical possibility is superfluous. 


Evidence from Studies of Twins 
On Mendelian theory, if one monozygotio twin is & 
genetic carrier the co-twin will also be a carrier. For 
the common case of apparent dominant autoeomal 
inheritance of a single ‘carcinogenic mutation’, if one 


dizygotic twin is a carrier, the average chance of the 


co-twin being a carrier ıs 0-5. Neglecting post-zygotic 
cancers, the frequency of concordant cases of cancer in 
monozygotic twins should therefore be twice that in 
dizygotic twins. The phenomenon of post-zygotic cancers 
will, on the average, all non-carrier twins equally, 
and this will ‘dilute’ the ratio, to make it slightly leas 
than 2. On Gross's vertical transmission hypothesis 
(ad hoc assumptions apart) the cancer concordance-rates 
should be identical in both types of twins. The resulta 
in & recent investigation were combined with four 
previous investigations to show that the average (un- 
corrected) concordance-rates are 9-8 cent for 255 
monozygotic twins and 5-1 per cent for 704 dizygotic 
pairs; the difference is significant at the 0-01 level of 
confidence“. The nominal ratio of concordance-rates 
(1:9) provides further remarkable Support for the hypo- 
thesis of Mendelian inheritance of ‘cancer predisposition’. 
(It should be noted that in these studies the average 
penetrance of an inherited carcinogenic mutation in the 


phenotypic form of any cancer is +/9-8 per cent = 0-8,.) 
Conclusions 


working hypothesis of human carcinogenesis quoted at 
th icle is, as & general proposition, 
Nevertheless, the possibility cannot be 
excluded that it may be PEpHo DS in particular (but rare) 
instanoes. In & modified form of the vertical transmision 
hypothesis described here (with every individual a host 
to similar oncogenic viruses) the hypothesis is, on present 
evidence, superfluous, but not necessarily false. this 
modifled hypothesis, vertical transmission viruses could 
logically constitute familially neutral oncogenic factors 
additional to the genetic and other factors described here, 
previously’ and in the next article}, 

Two outstanding enigmas remain. 

(1) Why should the vertical transmission of oncogenic 
viruses be such a conspicuous feature of the satiology of 
malignancies in amall, short-lived animals, and so incon- 
spicuous in man? It ie suggested that the solution to 
this problem is an immunological one, and it will be 
discussed in an article to appear in the next iasue of 
Nature. 

(2) Although two large-scale statistical surveyst:4.17 
yield tly unambiguous evidence of an abnormally 
high incidence of leuksmia in the relatives of leukwmio 
subjecta, three other surveys!"**.** give no indication of 
familial leuksmia. Quite apart from theories of carcino- 
genesis, these apparent contradictions are disturbing in 
themselves, and the failure of three statistical investiga- 
tions to reveal a familial tendency to leukemia runs 
contrary to all the evidence relating to particular leukemic 
families. Much of this latter evidence cannot be explained, 
even remotely, on a chance basis*’. 

Videbaek’s survey was carried out in Denmark, and 
he found 17 confirmed cases of leukssmia in the families of 
209 loukæmic patiente, and only 1 in the familhes of 200 
matched, healthy controls. Busk’s"® orrticiams of this 
investigation have been answered by Videbaek**. Accord. 
ing to the present theory, the maximum ratio of familial 
leukemio incidence in the two groups should have been 
about 10, although the probable ratio is appreciably 
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lower. However, even if the ‘true’ ratio is as low. as 5, 
it is still consistent with Videbaek's small numbers. 
Bteinberg!*, acting on Busk’s*® criticiam, dispensed with 
controls, and compared the leukemia mortality (assessed 
by mterview and correspondence) in the families (grand- 
parente, parents, aunts, uncles and sibs) of 249 children 
who had acute leukmmia with the ‘expected mortality’ 
based on 1940 and 1950 statistics. No mgnifloant differ- 
ence was found (based on only 4 cases of familial louke- 
mia). However, the crude death-rate from leukmmia in 
the United States increased by more than a factor of 4 
between 1921 and 1951 '?, and little significance can be 
attached to Stemberg’s conclusions regarding his statistical 
investigation. To minimize errors associated with cohort 
effecta (however caused) and faulty memory recall, the 
use of a carefully matched control group as advocated by 
Videbaek* would appear to be indispensable to this type 
of investigation. 

Morganti and Creeseri®* carried out such an investiga- 
tion, with controls, in Italy. In the families of 476 
leukemio probands, they found only 3 cases of leukemia, 
as compared with 2 cases in the families of controls. 
In Guasch’s" personal investigation in Spain, one case of 
leukwsmia was found in the 2,290 members of the families 
of leukemic patients and four in the 4,340 mombers of 
the families of controls. Both these surveys, therefore, 
give no indication of & familial tendency to leukmmis. 
However, a fascinating aspect of Morganti and Cresseri’s 
study** is the demonstration of a significantly higher 
incidence of non-leuksmic malignancies in the families of 
leuksamic patiente gs com: with controls. The ratio 
they found ms 1-3 (228/175 cases). Videbaek found a 
slightly higher ratio (1-4) and concluded ''that there 
exists a relation between leukemia and canoer”. 

In the terms of the present theory*, a gene mutation 
that strongly predisposes to leuksmia development 
also markedly increases the susceptibility to certain other 
cancers. (As already mentioned, other genes will have 
some influence on the carcinogenic process. In mice, the 
agouti locus which affects growth-rate and total growth 
also influences the incidence of tumours, the 
faster-growing, larger mice having, as would be expected, 
the higher incidenoe*'. Furthermore, various hormones 
(especially the sex hormones) are known +o modify the 
carcinogenic procees, and it 1s obvious that these agents 
must be influenced by genes other than the major 'caroino- 
genic’ ones.) Where the numbers of cases found were 
high enough to impart statistical mgnificance, Morganti 
and Oresseri’s data therefore indicate that the proportion 
of “euksmogenic-carcinogenic genetic carriers" was 
higher in the families of leuksmic patients than in tho 
families of controls. One of the prmcipal reasons why 
Morganti and Cresseri** and Guasch"® were unable to find 
statistical evidence for the genetio factor jn leukemias 
demonstrated by Videbaek* and by Stewart‘ is the low 
mortality from leukemia in pre-1950 Italy and, Spain, as 
contrasted with pro-1945 Denmark, and with England. 
Scotland and Wales during 1953-55. A low overall 
mortality rate, is, of course, equivalent to a lower expecta- 
tion of mortality per individual. Hence in countries with 
a low overall incidence of leukrmmian, the ‘teat’ populations 
need to be much larger’ to demonstrate the existence of 
pre-rygotio leukssmias in the presence of a ‘baskground’ 
of post-zygotic leukemias. The following discussion will 
amplify this point. 

An mterpretation of the marked differences in leukemia 
mortality rates between different countries has been 
proposed"; but a brief recapitulation will be given here. 

*"Leuksemio mutations’ in the malignant oell must 
abrogate the normal control of cellular differentiation and 
mitosis. It is proposed that some degree of impairment 
existe in the pre-leukswmic genetic carrier and, as à conse- 
quence, the immune defence mechanism is weakened. 
This hypothesis readily accounts for the inverse correla- 
tion mentioned earlier between pneumonia and leukemia 
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mortality in children™; but it is proposed" that adult 
‘leukmmic genetic carriers’ are likewise more prone than 
non-carriers to death from certain infectious and parasitic 


diseases. On this view, in countries where there is a high : 


incidenoe of these diseases, there should be a low mo 

from leukemia and aleukemia because of selective - 
ity from infectious disease among ‘leukmmic genetic 
carriers’. The truth of this prediction is illustrated in 
Fig. 1. Furthermore, changes of mortality from infectious 
disease within a given country, over the years, should be 
followed by inverse changes in mortality from leukemia. 
The truth of this second prediction is well known, and is 
illustrated in Fig. 2 with respect to statistics for England 
and Wales. (The mathematical form of these relationships 
will be exceedingly complicated.) In this context it is 
noteworthy that patienta with diagnosed chronic 
lymphatic leukemia generally exhibit hypogamma- 
globulinemia**:*? and frequent infectious complications*’. 

Hence, in environments where mortality from infectious 
disease is high, mortality from pre-xygotio leukemias 
should' be low: Mortality from -zygotic leukemias, 
on the other hand, should be tively unaffected—the 
immune defence system in non-carriers will not in general 
_be impaired—oconsequently the ratio of pre-rygotio to 
post-xygotic leukwmias will be greatly dimi in 
countries where there is a high mortality from infectious 
disease. We now see why Videbaek* in Denmark—the 
country with the world's lowest recorded mortality rates 
froth infectious disease and the world’s highest mortality 
rates' from loukesmia—was able to deteot the familial 
tendency to leukemia in a statistical survey, whereas in 
Italy and Spain, countries with a relatively high mortality 
from i ous disease, no such effect was detectable. - 

Nation-wide surveys are clearly necessary to elucidate 
the genetics of all forms of malignant disease through an 
analysis of pedigrees. It'is very difücult to escape the 
conclusion ‘that among the many sstiological factors in 
human carcinogenesis there exists a genetic basis. 

Note added im proof. Dr. F. W. Gunz and his colleagues, 
Christchurch Hospital, New Zealand, have investigated 
87 per cent of all cases of loukmmia arising in New Zealand 
during the period of their investigation. In a private 
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l RELATIONS BETWEEN MOTHS AND PREDATORS 


1046 
! 
Department of Zoology and 
HE visual ive adaptations of the Lepidoptera, 
and the selection pressures which have given rise to 


them, have.been the subject of intensive study in the 
course of the past ten years. On the whole, researches in 
those flelds follow three main lines of attack. In the first 
place, 16 is necessary to provide evidence of more than 
anecdotal value for the actual efficacy of & supposed 
adaptation; in this respect, adequate experimentation 
has become possible largely through the oombination of 
_Satisfactory experimental design with the precise obeerva- 
tion of the behaviour of predators which modern ethology 
allows. Secondly, those features of the predators’ 
behaviour whioh have foroed the evolution of the proteo- 
tive adaptation need detailed behavioural analysis. 
Lastly, the evolutionary possibilities of tbe prey—predator 
interaction require -a genetic analysis if they are to be 
sufficiently understood. : 


1: few in i 


ecologists who followed Sm E. B. Poulton, and. who 
doubted whether even the most obvious adaptations were 
more than tho products of morphogenetio or evolutionary 


; the eyeapot patterns of others have been 


adjusted to the patterns which they bear, and the pre- 
sumption that behayiour and correlated visual pattern 
are mutually necessary to confer protective advantage 
hes been: demonstrated experimentally for each of the 
three categories listed. here. In addition, it has been 
Rhowaner tho mmehility aid ape Oey OPa 
insecta exploite the searching behaviour and li 

i ity of avian predators, while the detailed 
accuracy of their proeryptio resemblances corresponds 
to the preaision of the visual discriminations which birds 


coloured, often under conditions of single trial learning. 
There is also a suggestion in recent work that some poten- 
tial predators may be equipped with built-in responses 


to aposermstic patterns. 

In the last oategory of enalysie. Kettlewell has determ- 
ined that the melanio form of Bison betularia is controlled 
by an autosomal dominant, and has traced its rapid 
spread through the British population over the past 
hundred years. In this case, selective advantage is con- 
ferred by the proorypais of the black form of the moth 
when reeting on tree-trunks contaminated by "mdustrial 


` 


By Dx A. D. BLEST 
Comparative Anatomy, University College, London 


soot. There is an intriguing poambility that the supportang 
gene complex of the melanio dominant has also undergone 
seleotion to enable it to confer a physiological advantage 
over the typical form, but the evidence is inconctusive. 
There are also a number of recent studies by P. M. Shep- 


amply demonsizated, and the faot of their, existance 
iently explained. Can work of this kind be made 
to yield further resulte of any great importance to evoln- 
: t I 


arbitrarily defined. —. 

Type (1) may be illustrated by two examples, the first 
of which can barely bo differentiated from the simple kind 
of direct selection usually studied. Cryptic moths havo 
evolved colour patterns which match the backgrounds 
against which they usually rest. In-a tropical environ- 
ment which presents a florid speciation and the opportun- 
ity to compare several closely related species grouped in 
different habitete, such matching may be critically 
observed. In Panama, i notoedontids and 


diurnal 
removed by some 6° C from the lowest effective work- 
img temperature of the flight muscles of Lepidoptera 
(85° O for sphingids*). Consequently, even heavy bodied 
saturniids and sphingids are able to make fairly efficient 
escape flights from rest when they are disturbed. Corre- 
lated with this ability is a poor-maintenance of protective 
display in all but the most & matic species. Presumably 
a fast otoa po flight is more to succeed than a display 
which may or may not bo effective. In sposematic small- 
bodied arotiids, these transient displays are usually held 
for no more than & few seconds. At the higher altitudes, 
with diurnal temperatures which are lower by some 
further 8? O, the satumiids and arctiids are found to 
have well-defined and sustained displays. This would 
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appear to be a genuine and selectively determined differ- 
ence, for cooling the lowland forms does not notably 
improve their display performance. The general range of 
environmental temperatures appear to be oritical in 
determining the evolutionary course taken by protective 
display behaviour in flying insecta. 

The last category is, perhaps, more speculative, and 
also more difficult to analyse. It is a familiar fact, for 
example, that a 


No. 4872 


on, 
exert rather widespread effects on the ecology of the early 
stages; it might be axpected to impose a ively greater 
food-intake, and longer larval history to 
accommodate it. effecta do not seam to have been 
searched for critically, and their confirmation would be 
of some interest. There are, too, more complex poasibili- 
ties. One of them relates to the status of a non-feeding 
adult insect after it has completed a reproductive role in 


its population. 2 ee piony ptio Mp TE MED 
post-reproductive ival oan only prejudice the safety 
of ite fellows, for it remains available to train one individual 
predator to find them. For this reason, group selection 
might be predicted to shorten post-reproductive survival 


in 


reprodu i 
its still reproducing fellows, for it 
can train more than one predator to ignore them. Selec- 
tion in this case ghould reproduotive sur- 
vival, and allow more latitude in time to the ive 
process. Recent evidence from hemileuoine saturniids 
observed in seasonal tropical evergreen forest has tended 
to confirm these ictions, and has suggested an exten- 
sion of them: the aposematic species have behaviour 
which is stable in time from until death, 
proeryptio species show great behavioural instability, and 

me progressively more excitable as they grow older. 
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vulnerability to predation remove them from their 
o aliens oven Carlier than their life-spans under ideal- 
conditions would imply?. 

Effects of this kind require the operation of group 
selection, and the extent to which this is } in 
Nature is still controversial. Olearly, certam obvious 

i lack of mobility in the popule- 
tions concerned, and the synchronous emergence of 


predators, 


of 
ther structure 


average life-span. 
generated by the 
reduce the availabili 4 
tion, the outcome could conceivably 


sufficiently tough to last the I 
If, ane & counter-selective foroe, 
of the pattern to reinf oroo reoogni- 
í be that actually 


and they may prove to underlie the 


resemblance 
mimicry stand out and invite, perhaps, too easy explana- 


ti ~ : 
p: k which formed the basis of some 
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COMPUTERS AS BOTANISTS 


Substance of a Friday Evening Discourse delivered at the Royal Institution on October 26 


By Pror. W. T. WILLIAMS 
'  Untversity of Southampton 


N any day and age some scientific opinions have been 

leas acceptable than others. Galileo found himself in 
difficulties as & result of holding currently unfashionable 
views on the manner in which the universe conducted 
itself; and m Galileo’s day you suffered, if suffer you did, 
at the hands of the Church or State. Nowadays, it has 
been wisely remarked, if anybody burnt a scientist at the 
stake ib would be his fallow-scientists; for the modern 
counterpart of the phenomenon is that some scientific 
activities are professionally leas respectable than others. 
A recent example is the melancholy argument over extre- 
sensory perception, where the dispute seems to have been 
less over whether or not it actually happens, than as to 
whether a reputable scientist ought to investigate ib at 
all - : 


Another sclentiflo activity which is at present in some 
disrepute is that which involves the extraction, from a 
complex mass of data, of some form of underlying pattern 
or general iple—an activity which occupies the time 

1 Seas aes : 


in this respect are far from 


sciri a. e 
im clear as to how they do it, 
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ard es selon elo to-foaoh Eo crocs to: cehets, ‘Tt is 
int thas-the myth that pattern-making is a 
Ries science is vulnerable; pr eee aioe thee 
the proces can be reduced to a set of rigorous mathemati- 
cal transformations, we can make it objective, universally 
available and respectable. A computer may be regarded 
ab a model of some aspects of the human brain. Can a 
programme be ‘written for a computer which will enable 
ib, when given & set of date, to extricate its underlymg 
pattern ? 
Consider the problem of.eetebhshing tbe pattern in an 
area, of vegetation, where what is required is a. sub- 
division of the area into regions as different from each 


other- as possible. A human ecologist will-do this by. 


over the area, using—not always consciously— 
many erent items of information, and drawing exten- 
sively on his past experience. If the process is to be made 
objective, we must control the information reaching the 
ecologist; he must not be allowed to see the area himself. 
We will instead provide him with information concerning 
a series of amall sample areas (‘quadrata’) arranged in a 
grid over the whole area, and this mformation will consist 
solely of the presence of named plants. His task will be 
more diffloult, but not impossible; but he may still be able 
to draw on his &nee by using his knowledge of the 
habitat proferences—of plante with which 
is familiar. Tho information must therefore be still 
farther reduced: the plant species must be given code 
numbers or letters, and their names not divulged. Is 
the problem still soluble ? y 
work of N 1 and. Goodall! showed that in 
pp n Nordhagen pointed out that the existence 
ee ee ee 
of the b species to occur in groups which are, or 
tend to be, mutually exclusive; and that the existence of 
some degree of association or dissociation between any 
peir of species would be evidence of & discontinuity m the 
aree. Goodall pointed out that if an appropriate statistical 


\ 


His work implied that tt should be 
possible to establish which of the columns or rows of the 
matrix, that is, which of the plant species, contamed the 
most information; and he pointed out that a division of 
the area into those regions containing, and those not oon- 
taining, this species should delimit those regions which, go 
far as & single species could provide the information, were 
moet different. Our contribution at So was 
to suggest a means by which this species could be identi- 
fled*, and the entire process of analysis could then be 
transferred to & computer, and was in fact programmed 
for the Ferranti Pegasus computer. 
The was tried out on three test areas. Details of 
the results can be found in the literature‘*, and for the 
of this article the briefest will suffice. 
Tz tho frt of ted aroas—a strip of New Forest heathland 
near Beaulieu Road Station—my colleague and I hoped 
that the would extract and delimit patches of 
Host a ee qued Quan, Metis Tt did 8o, 
stigmatizing these as of only minor im rtance, -but 
first indicated that the area should be divi neatly into 
two. More detailed examination of the site showed that 
the computer had defined & soil difference—the 
between Barton Sand and Platean Gravel—which was 
far from obvious on the surface. _ The computer waa, of 


course, perfectly right in to this the greater 
importanfe; for tb is a permanent difference, whereas tho 

urning changes, though more spectacular, are transitory. 
handheld Dr. Lambert and I selected 


_@ very strikingly zoned area of the heath, ranging from 
dry heath to bog. Here we wore reasonably confident 
that not even the most fallible botanist could err; and we 
were comforted when the computer produced precisely 
the same results’ as our own. 
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The. last of-the test areas was tho now classic Rockland- 
Claxton: level, in ‘the Norfolk Broads. This had been 
surveyed some years earlier by Dr. Lambert with the 
af a gron ORA And hoe per mepe- p 
were fully accepted by eeologists—related the major 

heterogeneities to differences in soil and grazing’. Tho 
computer’ DIE the soil, paid no- attention to tho 
grazing; firmly divided the area along an 
aes ae line—which this time was. manifestly the 
pariah boundary.  Historiéal investigation provided 
the reason for this ecclesiastical interest: the 1840 tithe- 
maps show that by that’ date one of the parishes had 
drained ite land, the other had not. The difference was 
still detectable in the vegetation. For good measure the 
computer made a further division, between different 
pairs of students; there had been, it appeared, some 
uncertainty about the identification of grasses. ' 

All in all, the resulta fulfilled, and even exoeeded, our 

ions. In two of the cases the computer did 
better than the human beings; in the sense that it revealed 
discontinuities which had been overlooked by ita human 
colleagues, but which on investigation proved to be of 
major importance. There ig, then, no doubt that patterns 
can be extricated by computers by mathematical opera- 
tions on the data; this should be a great relief to biologiste, 
ainoe it is to-day regarded as a mark of prestige if one’s 
scientific activities, whatever they may look like to the 
casual observer, can be claimed to be, in reality, & slightly 
recondite branch of mathematics. ` 

But does tho faot that a computer can beat a human 
being at an essentially human activity carry any sinister 
long-term implications? In science fiction, which is the 
literature of extrapolation, there is to be found the reour- 
rent theme of the omniscient computer which ultimately . 
takes over the ordering of human life and affairs. Is this 
possible? I believe it is not; but I also believe that: the 
arguments commonly advanced to refute this possibility 
are the wrong ones. First, rt is often sgaid that computers 
‘do not really think’. Ths, I submit, is nonsense; if 
computers do not think, then nor do human beings. For 
how do I detect the process of thinking? I present 
data—say, an examination paper—to a student, which he 
scans with a photoelectric organ we call an ‘eye’; the 
computer soan Ha data with e photoslooteio organ. wo eall 

a ‘tape-reader’. There is then a when nothing 
obvoda Happens: tiouph slactstoal à can be demon- 
strated on the monitor-tube of a computer or on the 
corresponding device—an electroencephalogram—for the 
student. Lastly, information based on the date is tran- 
soribed by means of.a mechanical organ called a ‘hand’ 
by the student and a ‘teleprinter’ by tho computer. In 
other words, as Gilbert Ryle’ pointed out, the only evid- 
ence we have that people think is what they do, our 
observations of their actions; and the actions of man 
and machine differ only in the appliances thoy use. 

Secondly, it is said that computers ‘only do what they ` 
are told’, that they have to be: for every 
computation they undertake. But I do not believe that I 
was born with an innate ability to solve quadretio equa- 
tions or to identify common members of the British flora; 
I, too, had to be programmed for these activities, but I 
happened to call my programmers by different names, 
such as ‘schoolteacher’, ‘lecturer’ or ‘professor’. 

Lastly, we are told that computers, unlike human beings, 
cannot i their own resulte. But i on is 
always of one seb of Information in the li bg nage a 
of information; it consists simply of p an 
pattern in two seta of data. The mathematics of oing 
this is cumbersome, but well known; the computer would | 
be perfectly willing to do the job if asked. 

There are, of. course, real differences. The memory 
store of the human brain, though slow and uncertain of 
acoess, is vastly larger than that of any computer yet 
Paa ae: bus this is not a fundamental differ- 

ce, and will become loss important as computers geb 
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: Moreover, computers tend to think in straight 
linea, like the signal reaching a television tube; they do 
not immediately apprehend it, as the human brain can, as 
a two-dimensional of moving images. This 
is merely because the in brain contains many separate 


digestive 

the like. These ly them with drives, impulses, needs, 
mental activity. I do not intend any reference to same 
sort of psychological ‘compensation’; I mean only that 
I may undertake additional mental aotivity-—more work— 
in order to obtain money to buy a refrigerator, because 
I enjoy food; or to buy a mink ooat, to clothe someone I 
wish to please. Computers, being only brains, live in a 
cold world, free from all such and free, therefore, 
from the desire to think; and we shall be safe from their 

ination so long as we continue to build them solely 
as brains. If we go further—if we aspire to give them 
reproductive systems, digestive systems and all the faoili- 
ties for sensuous enjoyment, then they will no longer be 
computers but genuine ‘robots; and the world of Karel 
Čapek, Isaac Asimov and Arthur Olarke will be around us 
at last. . 
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remains. Computers, even in the very human field of 
pattern-making, 


would then become something that men never do. 
something men never do soon becomes i men 
never teach; and all our knowledge of the manifo skills 
of computing could be lost within a few generations. Bo 
one vital question remains: has the human computer, 
Le gr ripas any advantages over his electronic counter- 
part? answer to this question has long been current 
ei oom ie bane ere MOM TAS > 
o 


he may well retain oven into the far-distant future. First, 
given his abilities, he weighs less than any computer yet 
designed or even envisaged: ood 


energy requirements, 
drink, are intensely 
are collectively minute when compared 
electronic computer. Thirdly, and lastly, and perhaps 
most important of all, man is the only computer yet 
designed which can be produced entiraly by unskilled 
labour. ` : i 


1 Nordhagen, R., Shr. norsks VidensAbed., 1917, 1 (1919). 


* Wims, W T., and Lance, G. X., ‘ature, 188, 1755 (1058). 
i Wam, W. T., and Lambert, J. M., J Ecel., 47, 88 (1950) 
+ Wiliams, W. T., and Lambert, J. IL, J. Eol., 48, 089 (1060). 


- TEACHERS OF ENGLISH AND THE LITERACY OF SCIENTISTS 


By Pror. R. S. SCORER . 
Department of Mathematics, Imperial Collage of Science and Technology, University of London 


NIS REA ee M nido aud 
that it was mainly up to teachers of science and 
technology to give the guidance and impose the standards 
necessary for their studente to improve their written 
English. He gave examples of errors of grammar typical, 
of their writings, mostly indicating rather trivial effects 
of carelessness: sentences incomplete or tenses changed 
in the middle, bad punctuation and spelling, and so on. 

All the errors he mentioned were fairly easy to spot, 
easy to correct, and of a kind which the teacher ‘could 
easily mark; but they were all irrelevant to the main 
problem of ing scientista to write better English and 
exprees th more fluently. - 

. The damage is done in the classes called ‘English’, and 
is not the fault of science teachers who scoept low stan- 
dards. I oen best illustrate from my own ienoe as 
a schoolboy one of the ways in which respect for English 
as a subject is destroyed; and I should say, lest a counter 
argument be sought, that there is no analogy in the lack 
of enthusiaam some students hive for mathamatios (which 
may, perhaps, be compared with Latin), for English is 
my just as much as the English teacher’s. One 
esaay I wrote was oriticized as being "too much like a 
Dody Herald leader". I was given no help in how to 
express views which, in those days of the ‘Hunger 
Marchers’, my generation held very strongly indeed. I 
was even criticized for my vehemence. i 

The subject seb the following week was “The English 
Sunday”. In response to my teacher, and drawing on 


my upbringing in a cathedral city, I concocted an inoon- 
sequential blather about cake, church bells, and chimneys, 
contrasting them with Continental commercialism. With- 
out conviction about the sentiments expressed nor 
believing that the topic was important, I was awarded & 
prize, for this performance in hypocrisy and, by some 

Now science is about: veracity and understanding. 
Bolentista are not barristera, though they sometimes 
rather foolishly allow their emotions to get them into the 
position of advocate when their own ideas are attacked. 


. To be rewarded by my teacher for my exercise without 


conviction had not helped me to sort out in words on 
paper the complicated ideas -boiling up and the ideals 
pone inside me. It illustrates how easily teachers can 

ill "English' as a subject by setting subjects in which the 
pupil cannbt involve himself. They imagine that it is 
better to think up than thmk out ideas. They encourage 
padding, for it is commonly accepted that on reaching 
the top of the fourth page of an essay the pupil has at 
least done what he is allowed to call enough, whatever ite 
quality. This takes all, yes all, the poetry frorh writing. 

The teacher's task is to got the studente to seb down 
live theses (live, of course, to the pupil, not necessarily to 
the teacher), to polish until it: cuts: cleanly into the 
reader’s imagination. They should invite descriptions of 
experiments in the science laboratory or of a football 
game just played, comment on an outrageous piece of 
current news or an imaginary case of moral injustice within 
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the law, inquiries into the causes of accidents, advice on 

g & camera, accounts of almost anything for which 
the writer has some genuine feeling. Any pupil who 
responds will find occasion enough for drudgery when 
later he aspires to achievements which will require it, 
and he need never be assigned to it. The teacher should 
get the whole class to consider how to improve, the 
effectiveness of each pupil's effort. What a change this 
would be from essays on characters in with 
marks for spelling, punctuation and all the other corri- 
genda of the grammarian. 

Driven to cynicism for the fun of it, I occasionally 
made discoveries. On one occasion, in answer to the 
Invitation to write on “The Best Time of Life", I opted 
Bud ago. (My views wore recently endorsed in a 
3.B.O. 80 programme on growi old.) Convic- 
tion was evolved in a mood of rebelion iie tho 
usual tedious story: the easay bad many shortcomings, 
but apart from grammar, it was criticized for insincerity. 


chosen thesis I was reprimanded for ‘trying to be clever”, 
which convinced me that I had succeeded, wherefore I 
could not at the time see the shortcomings of the essay. 
An Interesting point about Mr. Kirkman’s examples 1s 
that in each case it was immediately clear what the 
writer meant, though a moment’s thought was necessary 
to spot the error for which it was . The outrage 
against the rules of grammar evidently annoyed Mr. 
Kirkman who, being himself unable to understand the 
intended meaning, blamed the bad grammar rather than 
his own lack of knowledge of the subject-matter for the 
pels adds P euentu. He should not thab 
e t to be intelligible if the grammar 1s 
correct. Thus Carlyle writes, '"'he man so nourished and 
- decorated, thenceforth named royal, does verily bear 
rule; and is said, and even thought to be, for example, 
‘Pp conquests in Flanders’, when he leta him- 
self like luggage be carried thither: and no light luggage; 
Ag ore of road". Full of thought, concentrated 
and d tfal to one who understands, but certainly 
obscure and of questionable grammar to one who does 
not. Imagine Mr. Kirkman’s reaction to a laboratory 
experiment described in this style. Oorrection of the 
grammar in the cases quoted by him would only ensure 


that so far as the grammarian was concerned the words - 


tical correctness does 
not pecan meaning, still leas significance. Nonsense 
can made grammatioally correct; and grammatical 
correctness has even caused meaning to be sought in- 
words which contained none, as in the example from 
Esekiel given later in this essay. 

Any ordinarily educated person can easily learn the 
habit of correct grammar with practice. Some errors 
remain only because students have not been taught how 
to re-read what they have written. This has nothing to 
do with the problem of becoming articulate on pa r. 
In mathematics and science the pupil is enoo to 
say what he neede in the least possible space. In mathe- 
matics particularly, provided the logio is correct, the 
briefest formulation is often the best. We have no sym- 
pathy for padding, or “leisurely periphrasis” as Mr. 

kman approvingly oells it. We have symbols for 
whole sentences the intelligibility of which depends on 
hard-learned familiarity: it is not merely a but 
a shorthand which cannot be translated epe din 
language because many other symbols and sophisticated 
ideas stand between it and ita origins in the oommonplaoe 
world. The mathematica student is therefore used to 
EA whole series of steps in an argument presented 
dn & page. Equal logical content in a political, 
religious, or legal argument would occupy perhaps several 
pages which would take an hour or more to write. 

The unpractised writer has great diffculty in visualizing 
all the steps in a long verbal sequence as clearly and 
simultaneously as he can see them in a mathematical 


could have meaning; but 
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argument contained physically on one piece of paper. It 
takes such a long time to write out that he cannot easily 
keep olear in his mind where he has got to at each moment; 
he easily forgets the intended asides and reinforcements. 
It is probable that most teachers suggest the ing of 
rough notes; but which of them dissects the pupil’s 

essay, reshaping it sympathetically over and over again 
until all unn: content is removed ! More important 
—which of them does this with eesays on subjecta they 


know the pupils feel EROR abont 1 

Experienoed authore cannot Bee mistakes in 
printers’ proofs because they know too well what was 
intended, and it is only worth a student’s while checking 
for grammar if some considerable time is allowed to 
elapse since the writing was done. In tutoring mathe- 
matics studente, I have, frorn time to time, asked them 
to write essays on non-mathematical topics in order to 
give them practice in writing. They make plenty of trivial 
grammatical mistakes, but these should be tolerated with 
a amile: they can easily see them if I keep their work 
from them for a week or two. But often what was in 
their minds lies only between the lines and is only fully 
exposed by discussion of the essays. One idea is expressed 
two or three times while another is forgotten. Obviously the 
hand and the mind have not learned to move at the same 
speed, and the mind sees implications in the written words 
which are not apparent to a reader new to the matter. 

English teachers have no casy task in training pupils 
to express their intended meaning clearly and i- 
vocally. Except in mathematics the meaning volea in 
the reader's mind depends not only on what is written 
but also on the reader. 'The extreme example of this 
occurs when reviewers accuse authors of advocating . 
points of view which they have actually expressly rejected. 
The reviewer is anxious to categorize the author as 
hastily as he can (we all do this, but are not usually in 
such a hurry as a reviewer) and his eyes and mind become 
fixed on sentences which seem to label the author with 
one or two ‘-isms’ well known to the reviewer. The 
author has probably written the book in the first place 
because he finds these very ‘-isms’ unsatisfactory; but it 
it is easier to read a new book and write it off as being a 
good or bad exposition of familiar theses than to search 
the depths of the writer’s mind. 

Some things are indescribable however 'good one’s con- 
trol of language. It is a common experience of scientista 
who have have been intimately concerned with a matter 
which has become news to see nonsense made of it by ‘Our 
Science Correspondent’ who, in the profession of jour- 
nalism, has learned fluently to form sentences according 
to the rule of grammar which are only seen to be meaning- 
less by those who know what he was trying to understand. 
Occasionally meaning gets through to those with sufficient 
knowledge of the topic. Thus Ezekiel, believing the Lord 
to be descending m heaven in & cloud to summon 
him, describes a thunderstorm with a tornado: 

*... Now as I beheld the living creatures, behold one 
wheel upon the earth beside the living creatures, for each 
of the four faces thereof. The appeararice of the wheels 
and their work was like unto the colour of beryl: and 
they four had one likene: and their appearance and 
their work was as it were & wheel within a wheel. When 
they went, they went their four sides: they turned 
not when they went. for their rings, they were high 
and dreadful; and they four had their rings full of eyes 
round about .. ." and so on. This kind of writing is 
described by loyal theologians as ‘‘obecure’’, the implica- 
tion being that we cannot penetrate the depth of Ezekiel’s 
vision. One could alternatively say that the vision was 
very shallow: How could it be otherwise for an observer 
who understood neither rotation, nor condensation, nor 
electricity, nor wind? Moreover, how impossible for a 
translator who himself does not understand a tornado, nor 
even suspects that this was the basis of the vision, to 
render meaningfully into English ! 
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One is led to suspect that a teacher of English can hope 
to find only the superficial deficiencies in scientific 
unless he learns more about the subject-matter. Perhaps 
Mr. Kirkman is right after all in passing responsibility to 
the science teachers because most English teachers cannot 
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bear it. But tho scientist’s taak is so often rendered well- 
nigh impoasible by English teachers who inoculate pupils 
interested in science with a distaste, or at least a disdain, 
for the subject known as ‘English’. 

1 Kirkman, A. J., Nature, 198, 807 (1962). ' 


: OBITUARIES 


Dr. P. Rosbaud 


Wirn the death on January 28 of Dr. Paul Rosbaud, 
at the age of sixty-six, one of the most lovable personalities 
in the world of science has passed away. He was not an 
active research scientist but was engaged in scientifle pub- 
lication. There cannot be many contemporary authors 
of acientiflo books who have not met him some time. He 
was friends with many leading scientists, mainly physicists 
and chemists, and to some of them he was very close. 

Born in Austria, he studied i in Germany. 
Early in the 1930's he joined the big soientiflo publishing 
firm of Springer in Berlin as scientific editor, and there he 
began his fruitful publishing activities. Most of the 
important standard works in physios and chemistry pub- 
lished by this firm at the time must have passed through 
his hands, and he was undoubtedly responsible for the 
writing of many. One of his most fateful activities was m 
1938 when, after a telephone call from Prof. O. Hahn, he 
decided to have a paper published in Dis Naturwissen- 
schaften Hahn's discovery of nuclear fission. 
Thus this i t fact was made known to the world 
shortly before the War. 

In 1088, tho Naxi period began, which ho loathed from 
the very before the Second World 
War he had to sen his wife out of Germany—she went to 
England as a refugee—but Rosbaud stayed in Berlin. He 
did not want to take one of the few posts then available 
to refugees. His office in Berlin became a meeting place 
for disaident scientists. He was always ready to help 
as much as he could those im trouble. During the War he 
was in constant danger of his life, owmg to his manifold 
anti-Nazi activities; but he judged the Nazi police cor- 

: ib was more cruel than i t. In the middle 
of the War he secured the release of two French scientists 
from a prisoner of war oamp for “the purpose of translating 
a scientific book into French” (after obtaining Joliot- 
Curie’s consent that they would not be accused of ool- 
laboration after the War). 

When the War ended, all the Allies knew his worth, 
and several Powers tried to get him. Hoe wanted to go to 

d and was flown there. d became the 
country of his adoption and he loved it. Soon he began 
his publishing activities again. First, he was partner of a 
new scientific publishing house but later he made himself 
independent, working as & free lance. He was soientiflo 
adviser to many big publishing firms throughout the world, 
mediating between author and publisher. His contact 
with authors was always personal and this 
enabled bo be uniduety up to date in the davelopmishta 
of science. In his small unpretentious office in London, 
8.W.1, with the kind landlady who was always ready with 
a cup of tea for the visitor, everyone must have felt at 
ease. His intelligence, vividness and dry humour won 
the heart of everyone of good will. Hoe was tolerant of 
every honest opinion but very intolerant of injustice, 
underhandedness and so on. 

In 1961 he was awarded the Tate Medal of the American 
Institute of Physics for his services to science. 

The post-war development of salience was not entirely 
to his liking, and he worried & lot about it. He did not 
like the alliance science had made with mili authori- 
ties. Nor was the pretentious scale on which science was 
to be furthered quite to his taste, and he disliked the 
attitude that sponsored it. He saw the danger involved 


^ 


when science became too much mixed up with the interest 
wer or mere material advantage. 

a cee 1962 he was 
Pugwash Conferences in London (in which he nominally 
did not participate) discussing the world’s problems with 

rnc T E He fell ill in November. 
It out to be leuksmia. Up to the last he thought 
of his friends. He died peacefully on January 28. 

W. Herries 


y seen at the 


Prof. N. R. Sen 


Naaa RANJAW Sen, who retired in 1959 as Ghosh 

gum of applied mathematics at the University of 

after holding the chair for thirty-five years, 

died on January 13. He was honorary research professor 

at the Indian Association for the Cultivation of Beienoe, 
Calcutta, at the time of his death. 

Bon of Shri Kalimohan Sen and Shrimati Bidhumukhi 
Devi, he was born on May 28, 1894. He was educated at 
Dacca Collegiate School, Rajshahi School and Rajshah 
College. Later he studied in Presidency College, Calcutta, 
and at the University of Caloutta, and he took his M.8o. 
degree in 1916, and D.Boe. in 1921. Afterwards he 
ceeded to Germany, whare ho worked with Prof. Max Von 
Laue. Shortly after to India he was appointed 
Ghosh professor in the University of Oaloutta, where he 
worked ceaselesaly to create a school of research in 
applied mathamatios which in the course of years spread its 
influence in all parte of India. 

His researches embraced several flelds. He did interest- 
ing work on some intricate problems on spherical harmon- 
ios early in his career. In the early ‘thirties he worked on 
wave mechanics, including Dirac’s relativistic equations. 
He also worked on cosmological problems. Later he turned 
te relativistic effects in stellar bodies and algo (a little after 
the advent of Bethe’s law of energy generation) to the prob- 
lems of stellar constitution. the ‘fifties he started 
working on turbulence and other problems of fluid mechanics. 

To his students and colleagues Sen was a model of 
aingle-minded devotion to work, and the team of enthusias- 
tio teachers which he built up in his department in Cal- 


institutions, worked as & powerful force and pioneered a 
dii dieit ot taah and aimdy- One would also often 
‘see him on holidays holding small study groups in his 
house, squatting on a mat, reminiscent of an ancient Indian 
teacher with his disciples. 

He was greatly interested in the problems of teaching 
mathematics at school-level, especially in relation to 
the teaching of higher mathematics. In the ‘thirties he 
started a small laboratory for numerical computation 
for his M.Bo. students. For some years before his retire- 
ment he was working to set up a small hydrodynamic 
laboratory with a flume and & wind tunnel. 

He was the fountain-head of inspiration of *he Cal- 
cutta Mathematical Society. With the help of hard- 

working editorial secretaries he did his best to raise the 
standard of the Bulletin of the Society. 

Though essentially of retirmg tem + and averse 
to committee work, he responded to the demands of the 
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NEWS and VIEWS 


The Royal Soclety of Edinburgh : New Fellows 
Tux following have been elected Fellows of the Royal 
Society of Edinburgh: Mr. A. J. Aglen, fisheries secretary, 
t of Agriculture and Fisheries for Scotland; 
Sir William Arbuckle, secretary of the Scottish Education 
Department; Mr. J. W. Atwell, managing director, G. and J. 
Weir Holdings, Ltd., Glasgow; Prof. J. Baddiley, professor 
of organic chemistry, Kmg’s College, University of Durham, 
Newcastle upon Tyne; -Dr. R. A. , senior principal 
scientific officer, Agricultural Research Council Unit of 
Animal Genetics, Edinburgh; Mr. A. J. Brook, lecturer 
in botany, University of Edinburgh; Prof. J. Bruce, 
Regius professor of clinical surgery, University of Edin- 
burgh; Mr. J. D. S. Cameron, president of the Royal 
College of Physicians, Edinburgh; Mr. W. Dickson, senior 
science master, Wateon's Boys’ College, Edin- 
burgh; Dr. A. J. Hale, senior lecturer in pathology, St. 
Thomas’s Hospital Medical School, London; Prof. J. 
Hawthorn, professor of food science, Royal College of 
Science and Technology, Glasgow; Dr. J. B. Helliwell, 
senior lecturer in mathematica, Royal College of Science 
and Technology, Glasgow; Dr. P. N. Hobson, head of 
Microbiology t, Rowett Research Institute; 
Prof. A. Iggo, professor of veterinary physiology, Royal 
Dick Veterinary School, Edinburgh; Mr. G. 8. Johnstone; 
principal geologist, H.M. Geological Survey (Scotland); 
Mr. P. P. Love, director of research and development, 
Glacier Metal Co., Wembley; Prof. W. T. Marshall, 
Regtus professor of civil engineering in the University of 
Glasgow; Dr. D. Martin, senior lecturer in mathematics, 
University of Glasgow; Dr. W. Q. Biller, principal 
ecientific officer, Agricultural Research Council, Poultry 
Research Centre, Edinburgh; Mr. D. G. Sopwith, director 
of the National Engineermg Laboratory (De t of 
Scientific and Industrial Research), East ide; Mr. 
T. A. Stuart, principal scientific officer, Department of 
Agriculture and Fisheries for Scotland, Freshwater 
Fisheries Laboratory, Faskally, Pitlochry; Dr. R. L. M. 
Synge, biochemist, Rowett Research Institute, Bucks- 
burn, Aberdeen; Dr. O. J. Taylor, &ctmg head of the 
Forestry De t, University of Edinburgh; Dr. J. 
Tingley, in soil science and head of department, 
University of Aberdeen; Dr. H. W. Wilson, director of 
the Scottish Reactor Centre. 


The [961 Corday Morgan Medal and Prize: 
Prof. F. Sondheimer 


Pror. Franz SONDHEIMER, professor and head of the 
Organic Chemistry Department at the Weizmann Institute 
of Science, Rehovoth, has been awarded the Chemical 
Bociety's 1961 Corday—Morgan Medal and Prize, in con- 
sideration of his contribution to the chemistry of natural 
products, inoluding his notable synthesis of the steroidal 
sapogenins and his studies of the synthesis and properties 
of unsaturated macrocyclic compounds. This award, 
consisting of a silver medal and a monetary prize, is made 
annually to the chemist of either sex and of British 
nationality who, in the judgment of the Council of the 
Chemical Society, has published during the year in ques- 
tion, and in the immediately preceding five years, the 
most megitorious contribution to experimental chemistry, 
and who has not, at the date of publication, attamed the 
age of thirty-six years. 


The International Commission on Radlological Protec- 
tlon 


Tre following have been elected officers and members 
of the International Commission on Radiological Pro- 


tection for the period 1962-65: Chairman, Dr. E. Eno 
Pochin (U.E.);  Vice-Ohatrman, Prof. L. Bugnard 
(France); Members, Mr. W. Binks (U.K.), Prof. Otto 
Hug (Germany), Dr. H. Jammet (France), Dr. Bo 
Lindell (Sweden), Dr. John F. Loutit (U.K.), Dr. K. Z. 
Morgan (United States), Dr. H. J. Muller (United States), 
Prof. Rolf M. Bievert (Sweden), Dr. O. Gordon Stewart 
(Canada), Prof. R. 8. Stone (United States), Dr. Lauriston 
8. Taylor (United States); Soientific Seoretary, F. D. 
Sowby. The Commission’s secretariat has recently been 
transferred from Stockholm to Clifton Avenue, Sutton. 
Surrey, England. . 


The Water Resources Bill 


Towazps the end of the report stage of the Water 
Resources Bill in the House of Lords, the claims of amenity 
were strongly pressed in discussion of an amendment 
moved by Lord Henley in favour of a Lakeland River 
Authority. The Bishop of Carlisle, Lord Chorley, Lord 
Oonesford and Lord Hurcomb all referred to widespread 
concern that the amenity interests of the Lake District 
would not be sufficiently respected by Lancashire and 
Cumberland River Boards on which the dominant intereat 

resented was that of interest as consumers. Earl 
Jellicoe, while unable to accept the amendment, was at 
pains on behalf of the Government to reassure the House 
that the Government was really determined that the 
amenity interest should be adequately protected and that 
this was better served by treating areas concerned as a 
single unit as proposed in the Bul. He further pointed out 
that since Clause 13 provided for the appointment of an 
amenity member to the Water Resources Board, it was 
almost certain that the Board would be alerted of all 
important schemes and that the amenity member 
of the Board would watch such schemes in the interest 
of amenity. Special references to natural beauty were 
to be found m Clause 19 dealmg with minimum accept- 
able flaws, and there was a new sub-section in Clause 52 
dealing with the transmisaion of applications for licences 
to the National Park Planning Authorities. Besides 
the amenity clause itself (93), there was tho saving 
for the town and country planning legislation in Clause 
63 (3) and there was a new clause recognizing the 
special responsibility in this field of the Nature Con- 
servancy. Earl Jellicoe said that he himself had pro- 
posed an amendment making the Water Resources Board, 
in addition to the river suthorities, responsible for 
securing economy, and he thought that all these enact- 
ments would ensure that amenity was always in mind at 
all stages of the river authorities’ work and in the counsels 
of the Water Resources Board. They would ensure that 
the views of the local National Park Planning Authority 
were made known to the river authority and taken into 
consideration by that authority. They secured that 
decisions on planning permission for the construction of 
works were not taken by the river authorities but either by 
the planning board or the Minister himself, and on a 
controversial application the final decision would rest with 
the Minister. He claimed that it was impossible for any 
river authority to ride roughshod over local opinion in this 
question of natural beauty and amenity. 


Working Party on Materlals Sclence and Technology 


A Worxme Party on Materials Science and Technology 
has been formed under the auspices of the Institution of 
Ohemical Engineers and the inaugural meeting has been 
held. The interests represented included paper, concrete, 
rubber and plastics, in addition to metals, ceramics and 
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glam. It was unanimously decided that every attempt 
should be made to o0-0 te with other ipa concerned 
with materials. It is ter stage, oon- 


Working Party is constituted as follows: 
Holliday (Shell Chemical Co., Ltd.); Honorary Secretary, 
Dr. P. E. Evans (Manchester College of Science and Tech- 
nology); Members, Dr. N. E, Astbury (British Ceramio 
Research Association), Prof. J. G. Ball (Imperial Oollege 
of Science and Technology), Dr. T. H. Blakeley (The 
Morgan Crucible Oo., Ltd.), Prof. R. W. Oahn (University 
College, Bangor), Dr. A. R. Collins (Cement and Concrete 
Research Association), Prof. A. H. Cottrell and Mr. J. A. 
Charles (University of Cambridge), Dr. J. I. Oox (A. 
Boake, Roberts and Co., Ltd), Prof. R. W. Douglas 
(University of Sheffield), Dr. E. Eastwood (English Eleo- 
trio Oo., Ltd.), Dr. G. A. R. Hartley (Courteulds, Ltd.), 
Dr. J. M. Hutcheon (U.K. Atomio Energy Authority), 
i ial Motel Industries (Kynoch), 

ae ‘Johnstone (University of 

Nottingham), Mr. A. way (B.T.R. Industries, Ltd.), 
of Aeronautios, Cranfield), 
Mr. J. Luckins (British Paper and Board Industry 
Research Association), Mr. D. S. Mahon (Plastics In- 
stitute), Dr. J. W. Martin (University of Oxford), Prof. 
E. W. J. Mitchell (University of Reading), Mr. N. O. 
Moore (Pleasey, Ltd.) Dr. P. Murray (U.K. Atomio 
Energy Research Establishment), Dr. J. F. Nye (Univer- 
sity of Bristol), Mr. O. E. Phillips (National Engineering 
Laboratory), Dr. L. H. A. i Pilkington Brothers, 
Ltd.) Dr. J. A. Pople (National Physical Laboratory), 
Mr. R. Llewellyn Rees (Central ioi 

ok 


tion). 
Economic Planning In France 

French Hoonom4o Planning describes briefly and clearly 
the origm and development of economio planning m 
France from the First (Monnet) Plan for modernization 


and equipment, 1046-58, to the final approval of the 
Fourth Plan (Pp. 12. London: Ambassade de France, 


economy, perticularly poate pat industries, agri- 
culture and housing. The Third Plan, 19058—61, set out 
to restore the balance of the economy, which had been 

by over-rapid progress under the Second Plan. 
parhüphleé also describes briefly the bodies responsible 
for planning, including the Commissariat Général du 
Plan and the Modernization Commissions, the procedure 


adopted in drawing the Plans and the psychological 
and other factors which contribute to the effectiveness of 
the Plans. 


U.S. Natlonal Institute of General Medical Sciences 
Tua National Institute of General Medical Sciences, 

with Dr. Clinton O. Powell aa ite director, has been founded. 

This brings the total of the National Institutes of Health, 
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U.S. Public Health Service, Bethesda, to nine. The now 
i Was the Division of General Medical 


responsible for administering, fostermg 

research in the sciences basic to medicine and biology, to 
io health, and to certain clinical sciences and. bio- 

medical studies not within the responsibility of the other 

eT 


Natlonal Sclence Foundation Support for Research on 
Information Retrieval 


ACCORDING to Soieniflo Information Notes, December 
1902-January 1963 (No. 6, Vol. 4), an experimental study 
supported by the National Science Foundation showed 
that it is both practicable and desirable to convert the 
terminol used in some information systems to that 
being used by another and that the methodology devel- 
oped can be applied to the preparation of a practical tool 
for the conversion. Under a Foundation 


data provided for articles in Chemical 7 ing Progresa 
—both published by the American Institute of Chemical 

i ing—are also being studied by Harner and Oo., 
Washington, D.C., partly with the view of providing 
insight into the construction of thesauri and their eff- 
ciency a8 retrieval tools. The American Anthropological 
Association is conducting & rapid but thorough investiga- 
tion of ita publishing situation: (1) to determine the extent 
and nature of existing stockpiles of data and manuscripta 
in anthropology and the reasons why they have not been 
published, (3) to explore means for distributing such 
unpublished material; and (3) to suggest ways of integrat- 
ing and organixing the flow of anthropological materials, 
whether published or not. 


The British Library of Political and Economic Sclence 
Tus annual report, 1961-62, of the British Library of 
Political and Economic Science records progress in the 
transfer of books to the Library Depository established 
at Egham by the University, but staffing difficulties 
badly handicapped the work of the cataloguing depart- 
ment at senior and junior levels . 15. London: British 
Library of Politioal and Economio Science, 1902). Aoquisi- 
tions during the year totalled 7,958 treatises, 1,450 
Sa aerial 8,551 non-serial Government publications 
(excluding British Parliamentary Papers and United 
States Public Documenta) and 8,711 current serials. 
Bound volumes acquired totalled 11,405, 241 volumes of 
pamphlets bound bringing the total to 11,646, from 
which 252 were withdrawn or transferred to the Lending 
Library. Some 5,000 volumes of current soquisition were 
bound and 5,594 were bound, re-bound or 
The total of bound volumes in all libraries at July 31, 
1962, was 482,208 of which 11,848 are in the Lending 
Library, 9,253 in study rooms, and 5,019 in the Shaw 
Library. i on treatises amounted to £8,135 
with £1,157 on binding, on pamphlets £148, on non-serial 
periodicals and other 


in force on July 81, 1963. 


~ 
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Volatile Fruit Flavours 


Tu report of a symposium held in Berne during 1962, 
one of & series o i by the Scientific and Technical 
Commission of the International Federation of Fruit Juice 
Producers, summarizes the t advances made in the 
chemistry and technology of fruit aromas since the advent 
of gas-liquid chromatography (Volatile Frust Flavours. 
Pp. 440. Zurich: Juris-Verlag, 1962. Obtamable from 
International Fruit Juice Union, Eschenz TG, Switzerland. 
40 Sw. Fr.). The papers presented, reviews or original 
papers, are in English, French or German with tri-lingual 
summaries. Of the 38 articles, 28 deal with the chemistry 
of aroma components or with their commercial recovery 
from fruits and juices. The developments so far have 
already led to significant improvements in the quality of 
juice products; the more detailed examination of aroma 
components ia now beginning to make possible a more 
quantitative assessment of quality, though sensory testa 
stall remain the final criteria. 


Investigations of Infra-red Spectra 


Dr. R. N. Jonzs, president of the Coblentz Society, 
has written to the Editor saying that, with the ion 
of the Carnégie Institution of W , the Coblentz 
Society haa arranged for the re-publication of the Carnegie 
Institution Monograph No. 35, Investigations of Infrared 

. In this is published the original research work 
of Dr. W. W. Coblentz, who first established the poten- 
tialitiea of infra-red spectroscopy as a tool in organio 
chemical research, and who died in Washington last 
September at the age of eighty-eight. The Monograph, 
which was originally published in 1905, has long been 
out of print; it is believed that it will be of interest to 
many moleoular pista outeide the immediate 
circle of the Society members. A limited number of 
copies are still available at a price of 3.5 dollars, and can 
be obtained from Dr. H. B. Kessler, secretary of the 
Coblentz Society, the Perkin-Elmer Corporation, Nor- 
walk, Connecticut. 

The Coblentz Society was formed in 1954 with the view 
of bringing physiciste and chemists concerned 
with the development and application of infra-red spectro- 
scopy and has ite headquarters in the United States. 


The Sun during the International Geophysical Year 


Da. M. A. ELLEON, senior profeasor in the School of 
Cosmic Physics at the Dublin Institute for Advanced 
Studies and editor of Volumes 21 and 22 of the Annals of 
the International Geophysical Year (1.G.Y. Solar Actwity 
Maps, DI and DII), which were reviewed on p. 1287 of 
the September 29, 1962, issue of Nature, has written to 
the Editor of Nature as follows: “In the review . . . there 
was no mention of the greatly reduced price available to 
individuals who certify that the Maps are for their own 

mal use (£18 as against £54 to Institutions). 
Such orders must be addressed to IGY Solar 
Pergamon Prees, Headington Hill Hall, Oxford, England". 


Course In Nuclear Magnetic Resonance Techniques 


A SPECIAL advanced course on ''Nuolear Magnetio 
Resonance in Molecules of Moderate and High Molecular 
Weight" will be held during April 25-26. The speakers 
include Prof. A. R. Katritzky. and Drs. R. Freeman, 
D. W. Jones, J. A. S. Smith and I. M. Ward. Applications 
in inorganio, organic and polymer chemistry will be con- 
sidered, and there will be a short seasion on commercial 
equipment. The fee for the course is 30s. Further details 
and registration forms can be obtained from the Registrar, 
Institute of Technology, Bradford 7. 


The Night Sky In April 


FuLL moon occurs on April 9d. 00h. 57m. V.T. and new 
moon on Ápril 23d. 20h. 28m. The following oonjunotions 
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with the Moon teke place: April 3d. 05h., Mars 2? N.; 

April 18d. 23h., Batu 1? N.; April 21d. 09h., Venus 
8? N. In addition to these conjunctions with tho Moon, 
Venus is in conjunction with Jupiter on April 28d. 17h., 

Venus being 0-0? B. Mercury is an evening star, and is 
conveniently placed for observation durmg the last week 
of the month, when ıt seta about two hours after the Sun. 
Venus is @ morning star, resing about an hour before the 
Sun. Mars seta at 4h. 10m., 8h. 20m. and 2h. 30m. on 
April 1, 15 and 80, respectively. It is at & distance of 
101 tmillion miles on April 15, when ite stellar magnitude 
i8 +05 and it is in Cancer. Juprter and Saturn are too 
close to the Sun for easy observation. There are no 
occultations of stars brighter than magnitude 6 visible at 
Greenwich. The Lyrid meteors are active during April 

19-22, the radiant being at R.A. 18h. 04m., Doo. + 38°; 

conditions for observation are favourable. 


Announcements 


Por. Burwp T. MaTTHIAB, professor of physics at the 
University of California, San Diego, has been awarded 
the twenty-seventh Research Corporation Award for his 
outstanding contributions in the flelds of superconductivity 
and ferroelectricity. The Award includes an honorarium 
of 10,000 dollars. 


Aw international starch conference will be held in 
Detmold during April 24-26. Further information can be 
obtained from Wolfgang Kempf, Arbeitegemeinschaft 
Getreideforschung E.V., Detmold, Am Schützenberg 9. 


Tua 1963 Oentral African Scientific and Medical Con- 
gress will be held at the Oollege of Further Education, 
Church Road, Lusaka, during August 26-80. Further in- 
formation oan be obtained from the Honorary Secretary, 
P.O. Box 844, Lusaka, Northern Rhodesia. 


Tus third European Mycological Congress will be held 
in Glasgow during August 531-Septembar 7. The pro- 
ici will include a symposium on ''Gasteromyooetee''. 

information can be obtained from tho Local 
, Third European Mycological PEET Botany 
Department, the Univeraity, Glasgow, Scotian 

Tæ British Institution of Radio Engineers and the 
Institution of Electrical Engineers are organizing & joint 
symposium on 'Automatio Control”, which will be held 
at the University of Birmingham on March 28. Further 
information can be obtained from Mr. G. K. Steel, 


Department of Electrical Engmeermg, Oollege of Ad- 
vanced Technology, Gosta Green, Birmingham 4. 


Taa Third International Meeting in Forensic Immuno- 
logy, Medicine, Pathology and Toxicology will be held in 
London durmg April 16-24. Among the subjects to be 
discussed will be the problems in relation to: aviation; 
odontology; horse doping; stains by human tissues; 
drug addiction; psychiatry; industrial toxicology; 
clmical toxicology; plant and animal poisons; poisoning 
by therapeutic substances; questioned documents. 
Further information can be obtained from the Secretariat, 
Third International Meeting in Forensic Immunology, 
Medicine, Pathology and Toxicology, 28 Portland Place, 
London, W.1. 


A SYMPOSIUM on ‘ ‘Aspects of Chemical Change during 
the and Storage of Foods", arranged by the 


Nutrition Society (Scottiah Group), will be held in the 
Royal College of Science and Technology, Glasgow, on 
April 20. The programme will include: foodstuffs as 
unstable chemical systems; catalytic destruction of 
vitamin A and carotene; chemical change in fish muscle 
during storage; flavour changes in potatoes; the en- 
vironment for chemical change in dried and frozen foods. 
Further information can be obtained from Dr. D. G. 
Armstrong, Department of Agricultural Biochemistry, 
King’s College, Newcastle upon Tyne 1. 
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THE SCENE COMMITTEE ON WEIGHTS AND MEASURES 


T ihe Ootober 1902 meetings in Paris of tho Inter- 

national Committee on Weights and Measures 
(Bureau International des Poids et Mesures, Pavillon de 
Breteuil, Sèvres, France), and its specialist sub-commit- 
tees, proposals were made which, when formally adopted, 
will result in improved or extended. bases for the measure- 
ment of length and tamperature. Included were 12 new 
secondary wave-length standards of length, and 6 pro- 
Be ee ee DRM 


It was recognized nearly a century ago, in light of 
ioreasing industrialization and the expansion of foreign 
trade, that some sort of international agreement was 
necessary in the area of physical measurements. Afet 
considerable work, both scientific and 
diplomatic, the Treaty of the Metre’ was signed in 1875 
by representatives of 17 nations (there are now 38 member 
nations). This treaty provided international agreement 
on the bases for the metric system, and established the 
International Bureau of Weights and Measures on the 
outakirts of Paris, France. The International -Bureau, 
funded by assessments of the member nations, conducts 
research in many areas of measurement, maintains physi- 
oal prototype standards, and co-operates with the national 
standards laboratories in promoting measurement accuracy 
and agreement. 

ives of the nations adhering to the Treaty 

a Cen ee ene on M M 
is called a General Conference on Weights and Measures. 
Official actions, such as the adoption of new or i 
standards, are voted on by the General 
Details of administration, and responsibility for reoom- 
mending proposed actions to the General Conference, fall 
in the province of the executive body or International 
Committee, composed of 18 individuals, each from a 
different nation. The Internationf&l Committee, which 
.has advisory committees in 6 areas of yes need 
pee ME. The actions of the 


on and temperature at the ains ear te 
outdi here - 


Secondary Wave-length Standard of Length 


The metre was officially defined by the 1960 General 
Conference’ as equal to 1650763-78 wave-lengths in 
vacuum of the orange-red wave-length of -86, 
making the wave-length of that lme about 6057-8021... x 
10-1* m. This action abrogated the platinum-iridium 
metre bar as the standard of length, and resulted in a more 
accurate standard of widespread availability. At the 
October 1062 meeting the Consultative Committee for 
the Definition of the Metre recommended to the Inter- 
national Committee 12 secondary wave-length standards 
of length. These are: 


In vacuum of eadmtum-114 
x10 m 
5087-2279 ,, 
4801-2511 ,, 
49670-4581 ,, 


The values for krypton are withm 2 x 10-*, those for 


mercury 5 x 10°, and those for cadmium 7 x 104 


of the true values, ively. These Tepresent 
@ consensus of view of all the national tories. It 
should be noted that these values have not as yet been 
&ooepted as international secondary standards of length, 
but that such action is expected probably late in 1963. 

The Consultative Committee, recognizing that further 
work remains to be accomplished in the measurement of 
length, is encouraging the development of secondary 
standards in the ultra-violet and infra-red regions, and 
examination of the use of masers; Zeeman filters, atomic 
beams and interference filters in the measurement of 
length. - 


Proposed Changes In the International Practical 
Temperature Scale 


The International Practical Tem ture Scale, estab- 
lished in 1927, is defined in terms of a series of fixed points 
and. of interpolation formule for the instruments used to 
realize the scale. Advanoes in the science of temperature 
measurement have made it le to consider changes 
to make the International ical Temperature Scale 
agree more nearly with the thermodynamic temperature 
scale, and to cover & more extended range of temperatures. 

The Advisory Committee on Thermometry of the Inter- 
national Committee has made 6 tentative pro for 
presentation at the 1966 General Conference of Weights 
and Measures. “These tentative proposals, which would 
both extend the scale and improve ita accuracy, are: 

(1) Incorporate the T, (*He) and Ts, (*He) scales into 
the International Practical Temperature Scale. At 
present, the International Practical Temperature Scale 
is undefined. below the oxygen point (90-18° K), and the 
inclusion of these two scales will provide a basis.on the 
International Practical Temperature Scale for measure- 
fear cena Lo the DG The T (*He) soale has 
been recognized by the International Committee on 
alpin and Moduros aie 1958, but it has not been 
moorporated in the International Practical Temperature 


.Beale. The *He vapour pressure scale, developed by the 


Los Alamos Scientific Laboratory, was this year recom- 
mended by the International Committee of Weights and 
Measures for interim use with the designation Tu Visi 

(2) Define for the practical scale the 
point of hydrogen to be about 20-207? K and the boiling 
point of oxygen to be about 90-17 °K. The current value 
for the boiling point of oxygen is 90-18? K. No value 
for the boiling point of hydrogen is given on the Inter- 
national Practical Temperature Scale at present. The 
term ‘about’ is included in the wording of these proposals 
to indicate that new results or re-evaluation of existing 
date may change these values between now and 1966. 

(3) Incorporate a platinum resistance thermometer 
scale in ‘the region between the hydrogen and oxygen 
points. This would extend the scale from its 
limit of the oxygen point. Platinum resistance 
meters have been used for some time in this region, and 
there appears to be sufficient data on which to base this 
extension. However, work on the proper interpolation 
method, moluding the choice of the resistance-temperature 
relation, is needed in order to make this extension 

(4) Eliminate the sulphur (444-0? C) and replace it with 
ihe xino point (at present 410-505? C, but see proposal (8). 
This action is recommended because the zino point is 
more reproducible than the sulphur point. 

(5) Change the values of the zino. Fao. :505? C), silver 
(960-8? C), and the gold (1068? C) pointa on the Inter- 
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national Practical Temperature Soale by about +0-07, 
+1-1 and +1-5 degrees, respectively. . 

(6) Replace the standard thermocouple on the soale 
with the platinum resistance thermometer. The scale is 
st present defined in terms 'of the thermocouple from the 
gold point down to 630-5? C, and the platinum reastance 
thermometer from the oxygen point to 680-5° O. As the 
platinum resistance thermometer is more precise than the 
thermocouple, this action will yield more accurate determ- 
inations of temperature, and will result (along with 
proposal 8) in the definition of the scale from the hydro- 
gen point to the gold point with platinum resistance 
thermometers. 

The U.8. National Bureau of Standards has contributed 
strongly in the past to the foundations of the International 
Practical Temperature Scale, and is now working on two 
major projeote which may affect these tentative proposals 
before submission in 1966. One concerns the gap that 
would exist in the scale between about 5° K and the hydro- 
gen point even if provisions (1) and (8) are adopted. Tho 
Buresu is developing the ultrasonic thermometer as an 


absolute device to provide a scale in this region. Pre-. 


liminary resulta with this thermometer, which is based 
on the determination of the speed of sound im helium 
gas, indicate a precision of + 0-007 deg. at 20° K ‘and 
0-002 at 2° K (ref. 4). Also, a major programme under 
way in gas may result in more accurate 
values for certain defining points on the scale before the 
1966 meeting. 


New Prefixes 


THs International Committee also adopted two now 
prefixes for denoting sub-multiples of unite. are: 
femto, 10-44, symbol ‘f’, and atto, 10-1", symbol ‘a’., The 
Bureau will follow this action of the Committee, which 
brings the list of numerical prefixes to a total of 14. The 
full list is given in Tablo 1. 


Administrative 


The ‘International Committee on Weights and Measures 
met this year for the first time with the new director of 
the International Bureau of Weights and Measures, Dr. 
Jean Terrien. Dr. Terrien is a distingui French 
metrologisb who had been at the International Bureau 
for several years. The Committee reluctantly accepted 
the resignation of ite secretary, Prof. G. Cassinis, rector 
of the Polytechnical School of Milan, who had recently 
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: Table 1 
A and Prefixes Bymbols Pronunolations 
Bub-multiples 
104 tera, T Wri 
10* og a jl ga* 
10* mgr -M měy a 
10 kilo k xr $ 
10 . heoto h hex’ t 
10- deka t da dak’ a 
103 deci d dě I 
10 centi o sn’ tI 
10+ milh m mir 1 
104 mioro " mr kré 
1034 , nano n nin’ $* 
1031 ploo p py ek* 
10-4 femto f 4 fem’ th 
1035 atto a ay c 
* These tions differ from those previously given, and are the 
pol of in to promote uniformity of pronunci ion 
t Tho ona ecc for the prefix bg iris ten 
is This prefix hes spelled deka in the U: States, Great 
Britain, G , and a few other conais onis use of thts 
with use Or Frenoh 
Si sue fo abe, thse a We 


tbe 
represenüng the multiple ten and 
recommends that this practioe be followed throughout the United States. 


become the Mayor of Milan and therefore felt compelled. 
to relinquish international committee roeponsmbilities. 
Prof. J. de Boer, director of the Theoretical Institute of 
the University of Amsterdam, was elected the new 
secretary. Other officers, elected in 1960, are chairman, 
Prof. Richard Vieweg, recently retired aa president of the 


| 
i 


1 Moreau, Henri, J. Chem. Educ., 30, 8 (Jan. 19053). 
"NBS Tech, News Buil., 44, 100 (Deo. 1960). 


á NBS Mom. 37 (Bupt Documents. 
Guvarimant Prii Offics, Washington 25, D.O., 


1 NBS Tech. Nowe Bull, (Jan. 1083). 


THE NATIONAL RESEARCH DEVELOPMENT CORPORATION 


HE Bulletin of the National Research Development 

Corporation is issued twioe-yearly and the twenty- 
first issue (October 1962) a with & new cover and 
In & revised modern format. main articles are devoted 
to descriptions of the ''"Perbury Gear” and ‘The Piezo- 
magnetic Analogue Multiplier’, both of which are the 
subject of patente, and the development of which is being 
supported by the Corporation. An improved unit utilizing 
the Perbury gear has been designed for the transmission 
of an input torque of 100 ft. Ib. over a ratio range of 4-7 : 1 
and six of these units have been built for trials on two 
re-oiroulating power test rigs at Plint and Partners, Ltd., 
of Wargrave. The resulte so far attained indicate that 
the possible industrial uses of the Perbury gear cover a 
wide range, from machine tools to test-house equipment 
and vehicle transmissions. The particular advantages 
are simplicity, compactness, high efficiency, and the 
ability to work at high rotational speeds. It is known 
from nearly 25,000 miles running experience with the 
Hillman Miny motor-car that the transmission is quiet 


at all speeds and, under normal motoring conditions, gives 
& lower fuel consumption than a car fitted with a standard 
gear-box. 

The piezo-magnetic analogue multiplier utilizes tho 
expression XY = H(X Y)! — (X — Y)'] and makes 
use of the fact that the force m a magnetic circuit is 
proportional to the square of the magnetic flux. A bender 
type piezo-electric orystal carries two soft iron armatures 
at one one on each side of the crystal. Opposite 
each of the armatures, and separated from it by an air 
gap, is & laminated silicon iron O-core. The two C-cores 
carry four identical coils, one on each limb. The input 
quantities to be multiplied are represented by -currents 
X and Y. On one O-core the coils are connected in the 
same sense and the magnetic force exerted on the armature 
is thus proportional to (X + Y)*. On the other C-oore 
the coils oppose and the magnetic force exerted is propor- 
tional to (X — Y)*. The two forces act in opposite 
directions so that the voltage output from the piezo- 


electric crystal is therefore proportional to XY. 
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multipliers measuring 1 in. diameter by 1} in. long have 
been made and with improved materials multipliers of 
even smaller size with "greater temperature stability, 
sensitivity and resonant frequency can be made. The appli- 
cations of multipliers up to the present time have been 
limited, but the trend in electronics is towards 

complex pattern recognition which utilize auto- 
correlation and cross-correlation of wave shapes, opera- 
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tions which require the use of an analogue multiplier. 
The computational power of a multiplier compares well 
mu M OL a a ee ee E E T 
width of 5 ko/s and an accuracy of | per oent it can effect- 
ively multiply two 7-bit numbers 10,000 times per seo 
and a network contaming 100 multipliers could easily do 
more arithmetic per seo than the fastest digital oom- 
puter yet built. 


THE IMPERIAL COLLEGE .OF SCIENCE AND TECHNOLOGY 


HE fifty-fifth annual report of the Governing Body 

of the Imperial College of Science and Technology * 
covers the year ended July 31, 1962, in which the number 
‘of full-time students increased by 58 to 2,785, with a 
decrease of 4 in students, and the academic 

staff increased by 25 to 444 full-time members. The report 
refers to the diffloulty in recruiting and retaining staff of 
the right calibre, mainly because of the disparity between 
academic salaries and the inducements offered by industry. 
This may seriously affect the implementation of the 
integrated academic ; but great concern is also 
expreased as to the affect of the restricted grants to be 
made available in the next quin as announced 


d 
great value. The £17-5. million ‘ceiling’ imposed on the 
ee ee 


Haze det ied eer a ae q 


, 1961-02. Bp, irs 
Teehnology, Universtiy of London, 


tated postponing the start of two of the major buildings, 


The Rector’s report notes that, during the year, students 
obtained 200 higher and 498 first degrees, science degrees 
Se I mea P a 
Bbudents awarded D.LC. included 296 technologists. 
Of the 653 overseas students, 406 were from the Common- 
wealth and four-fifths were uates. Of the 
United Kingdom students, 27 per cent came from within 
80 miles of the College. The academic staff now includes 
50 professors and 73 readers, and developments in 
fields lying on the borderline between important 
disciplines include the introduction of a course on the 
application of to medicine and biology 


year and, referring 
notes that of 87 research projecta at present 
listed by the National Research Development p 
6 originated at the College. Granta for research and 


sup- 

ring 77 projecta with an annual value of £235,000. 

notes on recent research are included in the Rectar’s 

ee ee year, arranged 

by departments, is appended. together With à list of epotial 
lecturee. 


ENVIRONMENTAL PHYSIOLOGY AND PSYCHOLOGY IN ARID 
CONDITIONS 


€ 


SYMPOSIUM on “Environmental Physiology and 
Paychology in Arid Conditions" was held recently 


of the Department of Natural Sciences of Unesco, and 
locally by Dr. B. Mukerji, director of the Institute and 
chairman. of the with Dr. J. Swarbrick of the 
Unesco South Asia Co-operation Offloe at Delhi. 


countries were represented by approximately 


ollows: the neurophysiology of heat 
human 


Unesco will publish these reviews tely and within 
the next few months. They range in subject-matter from 


ee ca T 
of cal neurasthénia. The authors include 


F. A. Fuhrman nited States, effects of heat on the action 


J. Mayer (UR Hie mid ae eH) E, DAP Shta 
(France, physiological anthropology), and F. ee 
(United States, tropical neurasthenia). Available 

jo the ypuetta parthlpants was eoview of Mie won 
of Soviet scientists on arid zone blems 

-tho U.8.8.R. Academy of Medical Boien 
from the Russian). 


related communications of value, notably by O. von Euler 
(Sweden) on the body thermostat and its setting, and 
K. Schmidt-Nielsen (United States) on comparative 
ysiology in arid climates. 
The relating to recent studies in Israel and the 
French along with similar contributions from 
Indian and Australian scientists, provided moet of the 
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participants with fresh and stimulating information. The 
Institute of Teahnology at Haifa, the Negev Institute in 
Beersheba, the alimatio unit at the Tel Haghomaer hospital 
in Tel Aviv, and the French centre for study and informa- 
tion on human problems in arid zones (PROHUZA), have 
all contributed significantly to our knowledge of heat 
physiology ; and Unesco has done well to foster, through- 
out ita major project on scientific research on arid lands, 
studies which are carried out in the fleld rather than in 
climatic chambers in temperate countries. Developing 
communities in arid regions, given a new way of life and 
new standards of hygiene, must sooner or later face the 
issues of how the local climate affecta health and industrial 
poer orca. EO WEIT Pye: Desi edo 60 

principally on expatriate European and American 
communities, are not altogether relevant. In this respect 
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the work of W. V. Macfarlane (Australia) on long-term- 
heat adaptations i in domestic stock animals is particularly 
valuable, and it is encouraging to learn that similar com- 
parative research is carried out in and at the 
Central Indian Arid Zone Research Institute in Jodhpur, 
and that the PROHUZA team has examined the indus- 
trial-employment aptitude and long-term adaptations of 
nomadic tribes in the Sahara. 

The visiting participante at the Lucknow symposium 
are indebted to Unesco and the Government of 
India, and to Dr. B. Mukerji for his hospitality at 
the Central Drug Research Institute. The published 

i will contain much valuable information and 
should stimulate continued interest in the subject in the 
Middle East and in South-East Asia. 

C. 8. LEITHEAD 
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CARDIOVASCULAR ANATOMY AND PATHOLOGY 


SYMPOSIUM on ‘Cardiovascular Anatomy and 
Pathology’, organized by Prof. R. G. Harrison and 
Prof. K. R. Hill, was held in the meeting room of the 
Zoological Society of London during November 28-29, 
1902. This symposium, which was attended by more than 
100 research e from & wide variety of medical and 
veterinary departments, reflected the growing interest in 
the functional anatomy and pathology of the cardio- 
vascular system. 

During the first morning seasion, under the 
of Prof. E. W. Walls, Prof. F. Naveron Geen (Rena 
de Compostela, Spain) described researches conducted in 
collaboration with Prof. R. G. Harrison on the effect of 
cortisone on the vascularization of bone in normal and 
piled ese female rata. These researches, like others 

the symposium, demonstrated the need for a 
Getafe analysis of the functional anatomy of organs and 
tissues when investigating ther vascularization. During 
the first four weeks after ovariectomy there is a reduction 
in the extent of vascularization of the metaphyses and 
vertebral bodies. This is not as extensive as in cortisone- 
treated rats, however, and is followed, within ten weeks, 
by an increased vascularization. The primary meta- 
physeal ischramia oan be correlated with a disorganization 
of cell columns in the epiphyseal cartilages of long bones, 
which persisted in cortisone-treated rata. These altera- 
tions in vascular pattern are accompanied by changes in 
the pattern and density of trabecula in metaphyses and 
vertebrs ; in some animals there is an obvious fragmenta- 
Aion of trabeculs in vertebral spines. 

Dr. Helen N. Duke (London) summarized her investiga- 
tions on the hsamodynamice of the pulmonary circulation. 
Factors concerned with the preasure and flow and change 
of blood volume in the circulation were discussed. The 

pressure flow is concave to the flow axis. The curve is 
affected by changes of left atrial preamre and by vaso- 
motor reactions of the pulmonary blood vessels. Increase 
of pulmonary arterial inflow rate or left atrial pressure 
increases the volume of blood in the mary blood 
vessels ; some of the increased blood vo is the result 
of capillary dilatation. It is probable that those vessels 
responsible for pulmonary vascular resistance are not 
those responsible for changes in lung blood volume. 

The functional anatomy of the vertebral venous system 
was described by Dr. J. D. W. Tomlinson (London). The 
variabiljty of the posterior vena cava, particularly among 

mammals, was clearly and beautifully demons- 
trated. The value of the azygos venous system as a 
collateral circulation for dramage of structures below the 
level of the diaphragm was also discussed. 

Dr. R. L. Holmes (Birmmgham) feine ee day 
knowledge on the anatomy of the hypo o-hypo- 
physeal vascular system, with particular relation to the 


hedgehog and ferret, and showed that there is no isolation 
of the vascular supply of one part of the gland from that 
of another or from the hypothalamus. The portel vessels 
are responsible for carrying the greater part of the normal 
blood supply to the pars distalis, and play & major part 
in the mediation of hypothalamic control over the 
pituitary. 

In the afternoon session on November 28, under the 
chairmanship of Prof. Harrison, Mr. D. Sykes eo 
reviewed some of his work on tbe blood supply of the 
human kidney. There is a segmental pattern of branching 
of the renal within the substance of the kidney 
which is, however, subject to some variation. A continu- 
ous arcuate artery does not exist. The venous pattern 
does not correspond with the arterial supply, and evidence 
was presented to suggest that blood veesels which pene- 
trate the kidney capsule are carrying blood which is 
passing oentripetelly into the substance of the kidney. 
The longitudinal sulcus, when it existe, does not corres- 
pond with Brodel’s line, which is neither linear nor 
avascular. 

Mr. D. B. Moffat (Cardiff) summarized the research work 
which he had been conductmg with Dr. Julia Fourman on 
the fine vascularization of the mammalian kidney ; he 
demonstrated the difference to be found in various 
mammalian ies, and clarified the nature of the vasa 


‘recta, which he found to be mostly composed of capillaries. 


Prof. D. F. M. Bunce II (Des Moines, Iowa) read a 
paper on the architecture of the distended arterial wall, 
and streased the differences in histological appearance of 
arteries in the collapsed and distended s state, and between 
arteriea from various sites in the body. In the teaching of 
students he had found the use of casts of the renal vascular 
tree of great value for their appreciation of the true 
nature of glomerular structure. 

Dr. J. L. Braithwaite (Liverpool) described experiments 
he had been conducting with Dr. C. J. Fairhurst on 
collateral venous drainage of the spleen. his 
original investigations on the regional distribution of the 

lenic vessels and their branches to the rat spleen, he had 
Ae that the venous drainage of a region of the spleen 
the hilar vein of which had been occluded was effected 
through & plexus of newly formed veins encircling the aite 
of ligature. Following interruption of the main splenic 
vein, collateral channels, consisting of preformed anasto- 
moses (evident at 24 h) newly formed vessels (visible at 7 
io anastomoses (which developed 


Dr. J. E. Wright (Liverpool) concluded the afterndon 
seasion by describing the effects of interruption of the 
vascular pedicles of the liver in the experimental animal, 
and compared the effects of ligation of the hepatio artery 
with thoee of interruption of the portal vein. Arterial 
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ligation was not followed by. either atrophy or necrosis, 
and was accompanied by the enlargement of casophageal 
and omental anastomoses, and a peribiliary pu of 
vessels coursing along the wall of the bile duct. terrup- 
tion of the portal vein was fatal witbin a few hours of 
operation in all oases in which the main trunk was ligated ; 
ligation of the central lobar branch of the portel vein 
resulted in atrophy of the central lobe of the liver, and 
compensatory hypertrophy of the quadrate lobe. 

During the morning session on November 29, under the 
chairmanship of Prof. W. I. Beveridge, Dr. R. Finlayson 
(London) gave a short account of the pathology and the 
incidence of arterial disease as it occurs in wild animals in 
captivity. Vascular lesions were described in fish, 
amphibia, reptiles, birds and mammals. Atherosclerosis 
is seen commonly only in some avian orders and occlusive 
atherothromboeis is extremely rare in animals. Age is the 
only faotor shown to be fairly directly related to athero- 
sclerosis, but the virtual absence of this condition in some 

i y old animals emphasizes that atheroma is not 
an inevitable accompaniment of senescence. The role of 
dietary and other factors which may play a part in the 
pathogenesis was discussed briefly. 

Dr. B. McKinney, of Makerere College, U East 
Africa, gave an account of his gus pr into arterial 
lesions discovered in free-living wild in East Africa. 
These were particularly prevalent among ruminants such 
as buffalo and antelopes, & ising result in animals 
which fed only on herbage and the fat intake of which 
would be largely composed of unsaturated fatty acids. It 
had been that ruminal di ion resulted in a 
high intake of acetic and butyric acids which might account 
for this, bat the author discounted the suggestion that this 
factor could be of significance. a 

Dr. H. M. Pirie (Glasgow) gave an account of cardio- 

io animals as seen in routine 


On the i tal and physiological side, Dr. J. 
Poole (Oxford) described his work on i tal studies 
on growth of aortio tissue in baboons. e has used tissue- 


Prof. K. R. Hill, Dr. M. Crawford (London) described the 
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epidemiology of coronary artery disease. Coronary 
artery disease cannot be regarded as a disease entity but is 
made up of two components; (1) mural atheroma; (2) 
occlusion of the lumen ; which are obviously related, but 
are different from each other. Epidemiological evidence 
shows that ooolusian of the lumen to be related, to 


be an increase in 
among the populace, but not of mural atheroma. 

Dr. Jack P. Strong (New Orleans) made some observa- 
tions on the natural history and geographic pathology of 
human atherosclerosis. A geographical study of coronary 
artery disease has shown that white males are more 
severely involved than other sex or raoe Aortic 
fatty streaks are practically universal after the first decade 


deposited in the arterial wall. He 
the main mechanisms which led to the development of the 
atheromatous plaque 


cells are capable of ing the intact endothelium. 
In contrast, when individual endothelial cells degenerate, 
lipid-bearing cells from the intima appear to extrude into 
the lumen. Ultra-microscopy also shows that two main 
cell types are present in all intimal lesions: first, foam 
cells, with complex lipid inclusions, and secondly, smaller 
calls with simple lipid inclusions. These cell types appear 
to be largely derived from the blood and aortic smooth 
muscle respectively. R. N. FIHXNES 


THE EXPANDING EARTH? 


By Pror. L. EGYED 
Geophysical Institute, Eötvös University, Budapest 


HE change of the Earth's dimensions is an old 

blem occurring mainly in connexion with mountain 

building and the moving or origin of continents. Generally, 

the first problem Lc ud contraction, while the second 
expansion of the : 

The comments made by J. G. Dennis! referrmg to & 
communication by C. H. Barnett? necessitate the summari- 
xing of the idea of expansion. According to our know- 
ledge Mantovani* was the first, at the end of the nineteenth 
century, to apply the idea of expansion to the explanation 
of the similarity of the Atlantic coast lines. 


B. Lindemann‘ was the next who derived the expansion 
of the Earth from an excess of heat generated by radio- 
active elementa existing in the Earth's interior. it has 
been shown lately*'*, heat is responsible for a vegy limited 
expansion only. The same idea was supported by 
Bogolepov’, showing ita probability on different geological 
features. 

O. O. Hilgenberg* in 1033 was the first to construct & 
contiguous sialic surface on a sphere of a diameter about 
half of that of the present Earth and consisting of the 
present continents connected by shelves. But he had to 
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cut and shift North America in his reconstruction oon- 
siderably along & f&ult line. On the other hand, he 
suggested as the cause of expansion the physically un- 
tenable hypothesis according to which an sther-like 
material from space enters into the interior of the Earth, 
and hence, the increasing internal mas increases the 
Earth’s volume also. 

J. K. E. Halm* also suggested the expansion of the 
Earth to clear up the disruption of and drifting apart of 
continents. His explanation was based on astronomical 
considerations. 

J. KeindI!* published a hypothesis according to which 
the Earth posseases & central core of a very small sixe 
located in the centre of an mon core. This central core 
consists of a very dense material (density of same ten or 
hundred thousand g/cm’) similar to that of the white 
dwarfs (that is, corresponding to a Fermi-gas) and dis- 
integrating in the course of time. He lied the expan- 
sion idea also to the lanation of ‘contmental drift’. 

Pascual Jordan" refers to a private communication by 
Joel E. Fisher, in which the idea of expansion of the Earth 
18 expressed with the aim of explaining the present distri- 
bution of continents and oceans. P. Jordan adopts this 
result in support of his projective theory of relatrvity. 

The main idea of R. T. and W. J. Walker! eesentially 
coincides with that of Keindl with the only difference that, 
instead of Fermi-gas some mysterious ‘Q-atoms’ disinte- 
grate with time and cause expansion. In the first place this 
idea strives to explain volcanism and mountain building. 

It is curious that these authors as well as those men- 
tioned later arrived at the idea of expansion independently, 


without knowledge of their predecessors. On the other. 


hand, all these authors came upon the idea of expansion in 
an effort to explain the disruption and drifting apart of 
continente. At the same time they did not try to treat 
it in & quantitative way. and often defiled the laws of 
physics. 

I have already pointed out how the idea of expansion is 
supported by ing the interior of the Earth, contrary 
to the earlier authors, who derived the idea from the 
requirements of oontinentel wandering. In the course of 
my investigations I developed & quantitative theory for 
the dynamism of the Earth, consistent with modern phys- 
cal theorieg!*-!* and geological-geophysical observations. 
While expension 1s only a special result of this theory, it 
also offers an explanation of the development of the 
Earth's surface’, also its origin" and internal evolution™. 
Moreover, the amount of internal energy is estimated. 
In the course of my investigations it was shown in different 
ways and independent geological and geophysical obser- 
vations that the most probable increase of the Earth's 
radius is 0-5—1-0 mm per annum. 

As the next representative of the expansion theory 
W. Carey™ may be considered. He arrived at the idea in 
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connexion with his orocline concept. At first, his work 
was also influenced by the continental drift The 
rate of expansion supposed by him, however, seems to be 
much higher than those values which can be considered as. 
real on the besis of physical, geological and geophysical 
data. 

In connexion with his investigations concerning Mach's 
principle, R. H. Dicke* also expressed the opinion that a 
decrease in gravity results in the ion of the Earth. 
However, I think his estimation of increase in radius is 
probably too low. 

After discovering the oceanio rifts, B. C. Heezen also 
came upon the idea of expansion as a possible cause of their 
formationt':1*, 

It must also be mentioned that J. Turo Wilson, after 
his recent article, seams to be a representative of 
the expansion conception. However, in 1958 he declared 
himself as a supporter of contraction and an opponent of 
expansion. But his recent article*' expresses no more 
than the validity of his tectonic concept even in the case 
of an Earth. 

Cox and Doell** have determined the Permian radius of 
the Earth based on an idea of mme™. It has been shown 
that the rate of expansion derived by Carey is too high and 
that the values suggested by me are between the limits of 
reality. 

1 Dennis, J. G., Nature, 196, 364 (1062). 

3 Barnett, O. H., Nature, 195, 447 (1002). 

* Yatrbridge, R. H. (private communication, 1962). 

í Lindemann, B., Ketiexbirge (Jena, 1927). 

* Cooke, M. A., and Hardley, A. J., J. Geophys. Res., 68, 3007 (1061). 
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INTERTIDAL ZONE CHANNEL DEPOSITS IN MIDDLE JURASSIC GREAT 
OOLITE SERIES, SOUTHERN ENGLAND 


By Dr. GEORGE peWRIES KLEIN 
Department of Geology, University of Pittsburgh, Pittsburgh 13 


HE Middle Jurassic Great Oolite Series of southern 

England consists of interbedded, shallow marme, 
oolitic limestone, shelly limestone, fine-grained limestone 
and olive silty claystone. Extensive development of 
oolitic limestone in the Great Oolito Series prompte one 
to mfer depoartional conditions similar to parts of the 
present-day Bahama Banks described by Illing!, Newell 
and Rigby" and Newoll, Purdy and Imbrie?. However, 
the Bahama Banks represent a complex of shallow marine 
onvironments which includos not only oolitic shoals‘ but 
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also tidal creeks and mangrove swampe*, coral reefs? and 
vast accumulations of non-oolitio Irme sand and lime mud. 
Recognition of each of these distinct environments m 
sequences such as the Great Oolite Series will enable one 
to determine paleogeography and solve a variety of 
stratigraphic problems that still oxist 1n these rocks. 

A recont investigation of the Great Oolite Beries in tho 
Oxfordshire-Cotewolds Basin by me indicates that oros- 
stratified, shelly, oolrtio limestones reported as part of & 
larger cycle by Arkell and Donovan‘ are characterized by 
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a specific vertical succession of lithologies, textures and 
primary structures. Such a limestone sequerice is also 
characterized by a downward-thickening, croes-sectional 
geometry resembling a channel. The downward thioken- 
ing is at the expense of the underlying beds. Channels 
in the Chipping Norton Limestone, the Farmington Oolite 
member of the Stoneefleld Slate, the Taynton Stone, the 
Kemble Beds and the Wychwood Beds show the following 
. vertical sequence of lithologies from the base upward: 


Table 1. PARTIAL List or LOGALITIMS SHOWTIXG CHAKXELLIXG PHENOMEKA 
AND NUMBER OF CHAXXELS IK GREAT OOLITE BERIDB. OXFORDSHIRB- 
CotswoLpe BASIN 


No. of 
Locality Gnd No 
Wychwood Beds 
T Now , Oxon SP450150 
uarry, Hast Find, Oxon 1 8S P3891538 
Upper Quarry, Gibraltar, Oxon 1 SP185177 
Toley's N ` Quarry, Blad O 1 SP450150 
s New on 
Breakspear’s Quarry, Bast End, Oxon 2 SP$89153 
Crawley Road Quarry, Witney, Oxon 2 SP$53109 
Station Quarry, Long 
2 SP436142 
Gibraltar, Oxon 2 SP485177 
Old Cement Works Oxon 2 SP495200 . 
Downs Farm, 2 3. 
, Oxon 1 8 
dee, Glos 2 SP145009 
1 mile west of intersection of A438 and 
onay ag e G 2 SP059034 
Railway Out, Kombie-Tetbury Glos 3 ST974975 
Woodleaxe Farm, West of Horsely, Glos 1° 8T817070 
Intersection af 84058 and Nymphafield 
Road, Glos. 1 STATH 
Quarry, Knockdown, Wilt 3 ST944876 
Taynton Stone 
Castle Barn , Barsden, Oxon 2 8 P3012226 
Ashford Mill Out, Oxon 3 3 P386150—S P389157 
aeron, i Oxon 3 SP*34154—-5 P7391506 
seu m EDD ZEN Hom 
"Hornsleasow , Hornsleasow 1 SP131323 


Colts: Merihee of the Btonsstisid Plate 


Hill Barn Quarry, SP175194 


Fom quat. Farmington, Glos 2 SP131109 
Eito 4-420, 1 mle north of North Leach, 
Glos 1 SP122163 
Chipping Norton Limestone 
way Department, Chipping Morton, 
oe 1 8S P820276 
Cheltenham Quarries, Ltd., Swelbwold 
, Glos 1 SP144200 
Ki A , Glos 2 8S P1702183 
Hornsleasow Quarry, Hornsleasow, Glos 1 SP131523 
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shelly limestone (0—1 in. thick), ahelly-oolitio limeetone 
(0—1 in. thick), croas-stratified, oolitic limestone (1—4 ft. 
thick), wavy bedded oolitic, fine-gramed limestone (2-4 
in. thick) and olive claystone (0-6 in. thick) (Fig. 1). 
The channels average 15 ft. in width. Table 1 records the 
total number of cycles at the best localities exhibiting 
these features. - 

The basal shelly limestone consista of imbricated, 
convex-upward oriented shells of disarticulated clams, 
brachiopods and-oysters. It lines the channel bottom. 
Tho shelly, oolitic limestone which overlies the imbricated 
shelly limestone is evenly laminated and filled with ran- 
domly oriented, disarticulated brachiopod, clam and 
oyster shells. This upper bed thins out to nothing as 
the channel margins are approached. 

A thick (1—4 ft.) planar cross-stratified, oolitio and partly 
shelly-oolitio, limestone overlies the beds deposited on 
the channel floor. The oolites average 1 mm im grain size 
and are excellently size-sorted. Some crosa-strata (about 
lin. thick) show a vertical grading from shelly limestone 
at the base to medium sand-sized oolitio limestone in the 
middle to a fine sand-sized oolitio limestone at the top. 
The cross-stratified limestone ia overlain by thin (2—4 1n.). 
fine-grained, poorly sorted, oolitao limestone which in 
some outcrops is wavy-bedded and in other outcrops is 
ripple marked and micro-cross-lammated. This wavy 

micro-cross-laminated zone is often overlain by an 
olive claystone, or was excavated by another limestone 
channel unit. 

A somewhat similar cycle oocurs in the Ham Marl 
(Fig. 2). At the ‘Old Quarries’ north of B Heath 
Clump, Oxfordshire (9.256156), the followmg vertical 
succession of lithologies was obeerved: slightly oolitio, 
quartzose limestone (1-2 ft. thick), brown siltstone 
(1}-3 ft. thick) and olive grey, platy claystone (6 in.—1 ft. 
thick). The basal sandy limestone thickens downward 
and is lined by imbricated, disarticulated clam and brachio- 
pod shells mixed with clay chips. In other outcrops, the 
basal sandy limestone was observed to thin to nothing. 





brachtopod and olay ohips, 
; (4) elayutone. Boalo m feet 


The origm of these vertical successions can be determ- 
ined by comparison with both Recent and fossil channel 
its in shallow marine environments. Van Straaten’ 

has described the lithologies, textures and primary 
structures associated with laterally migrating creeks in 
modern tidal flat deposits in the Dutch Wadden Sea. He 
observed that during low tide, such lateral emigration 
generated a lag concentrate of imbricated, convex-upward 
oriented, disarticulated clam shells. Such a lag concen- 
trate is buried and preserved by pomt bar sands during 
lateral stream migration. The point bars are afterwards 
buried by inter-channel tidal flat muds. This process was 
described as “lateral sedimentation”’. A similar sequence 
of sediments occurs in the tidal flate of the Bay of Fundy’, 


puero nesmmmmar imm 
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where, because of a difference in geomorphio setting’, 
ooarser-grained detritus is mixed in the channel-bottom 
lag concentrate; cross-stratified, sandy, point bars bury a 
channel floor lined with cobbles and clam shells. In the 
Bay of Fundy‘, the cross-stratified point bar deposita are 
overlain by ripple-marked and micro-cross-laminated, 
fine-grained. sanda. 


flat creeks and the limestone channels of the Great Oolite. 
The cross-stratified point ber sands of the Wadden fea 


Analogous vertical successions of lithologies, pri 
structures and textures have been observed by 
from channel depositas of different origin. Visher™ has 
observed that modern fluvial deposits and ancient fluvial 
sandstone in the central and western United Statea are 
characterized by a vertical succeasion containing a basal 
clay-chip conglomerate, an overlying croas-bedded masaive 
sandstone, an overlying ripple-stratified and thinly 
laminated sandstone and a capping siltstone and claystone. 
He infers that such features are diagnostic of meandering 


botto: 
cross-bedded sandsto 
ripple-bedded zane and claystone is tranquil 
Allen™:1* observed.aimilar features in the Old Red 
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Sandstone of England and drew a parallel to soveral 
meandering streams in Nigeria. Oomkens and Terwindt 
] 


Tho parallelism in the vertical succession of lithologies 
between ite from meandering on lower tidal 


suggeste that Van Straaten’s principle 


channel deposits 
of lateral sedimentation is o e under a of 
sedimentary environments present, the only possible 


Office of Cultural and Educational Exchange, University 
of Pittsburgh, for research granta towards this work, 
W. 8. MoKerrow for introducing me to the stratigraphic 
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RADIOACTIVITY OF BIOLOGICAL MATERIALS FROM 
BRAZILIAN AREAS, RICH IN THORIUM COMPOUNDS 


By Dr. E. PENNA-FRANCA and O. GOMES DE FREITAS 
Instituto de Biofisica, Rio de Janeiro, Brazil 


HE areas of the world with a high background 

radiation due to the presence of radioactive minerals 
in the, soil afford great possibilities for investigations of 
long-term consequences to biological systems of continuous 
expoeure for very long periods of time to relatively high 
doses of radiation. 

There are two types of high background areas in Brazil 
where the thorium content of the soil is high. The first 
is the region of monazite sands, along the coast of the 
States of Rio de Janeiro and Espirito Santo, where the 
towns of Guarapary, Moaipe and Cumuruxatiba are 
situated. The average level of radiation in these towns is 
respectively 78-1 pr./h, 292 uc./h and 882 po. /h (ref. 1). The 
human population in this area is estimated at 20,000. 


The second type is-the region of voloanio intrusives, 
Morro do Ferro (Iron Hill) in Poços de Caldas, State of 
Minas Gerais. It is the-moet tative area of this 
type with an average level of radiation of 1,830 pr./h 
(ref. 1). No people are living in this area. 

An extensive programme has been established by the 
Brazilian Atomic Energy Commission to investigate these 
regions. We have made some radiochemicel analyses of- 
samples brought to us by scientists working in this 
programme, in order to estimate the degree of contamina- 
tion of their materials. 

Among the thorium daughters the most important radio- 
nuclides from the physiological point of view are the iso- 
topes of radium: radium-228 (mesothorimm I) and 
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radium-224 (thorium X). Being an alkaline earth, 
radium is a bone-seeker with a long biological half-life in 
animals. Radium-224 has a physical half-life of only 
3-64 days and, once separated, it decays very rapidly ; its 
daughters are all short-lived. Radium-228, however, has 
a physical half-hfe of 6-7 years and equilibrates very 
rapidly with actinrum-228 (mesothorium II), an emitter of 
high-energy B- and y-radiations. This makes radium-228 
the greatest contributor, among the thorium daughters, to 
the internal irradiation of men and animals once they are 
contaminated by products of thorium decay. 





Fig. 1. Autoradiogranh of leaves from a tree on Iron Hall, Alnas 
11, Brasi (exposure, 40 days) 


Radiochemical separation of the radium 180topee of the 
thorium series, using barium and lead carriers, leads to the 
isolation of radium-228 and radium-224. The activity of 
radium-224 is insignificant after-about 22 days, but the 
activity of radium-228 and actmium-228 in equilibrium is 
practically constant 22-00 days after separation’. 

The method used for separation of radium, barium and 
lead from calcium, ron, thorium and other interfering ions 
were essentially those recommended by the Health and 
Safety Laboratory, U.8. Atomic Energy Commission, for 
Sr-90 analysis of strontium-90 (ref. 8). 

The separation of barium from lead was conducted by 
precipitation of the sulphates, followed. by solution in 
alkaline ethylenediamine tetraacetic acid (EDTA). By 
acidifloation, only the barium sulphate reprecipitates, 
leaving the lead complexed in the supernatant*. 

For counting the radrum-228 isolated from our samples 
we used a G.E.C. Geiger-Müller counter of low background 
(7¢.p.m.). We also counted samples of dried soil or ashed 
biological materials in a well scintillation counter associ- 
ated with a spectrometer which was able to detect y-radia- 
tion of 80 keV upwards. Since the isotopic composition 
and the degree of equilfbrium the different thorium 
decay products were not the same in the various samples 
counted, the resulta are not exactly comparable but give 
an indication of the total radioactivity t in the 
samples. Provided that the content in radionuclides from 
the uranium series is low, the results in counts per minute 
allow in first approximation an estimation of the number 
of disintegration occurring per minute, since the she eco of 
these samples were very similar. Of course ioactive 
potasium has also a contribution which is particularly 
important in plant ashes. 
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Table 1. DETERMIKATIOXS of RADIUM-218 
Type of sample Wo. of samples d.p.m./g ash apog caletum 
(a) Samples from Iron Hill 
Grass (leaves) 10 1,470-8,580 18,200—-89,400 
Grass (stems) 6 1,770-5,090 11,200—54,800 
Bovine stools 4 425-578 18,200- 24,500 
Bushes (leaves and branches) 4 2,780—5,440 12,000-61,500 
Moss 2 1,250-2,250 20,400-38,500 
(b) Samples from Guarapary 
and Mearpe 
Calf bone 2 85 61 
Calf teeth 1 12 18 
Oh!ck bons 2 8 11 
Gram 4 160-270 680-1,840 
Lobster shell 2 19 27 
Bushes (fiowers and leaves) 2. 400 1.540 
Bee wax 1 50 700 
Bees 2 5 100 
Bee mound 2 100 040 
Table 2. GAJXMA-ACTIYTTES 

Type of sample c.p.m./g ash 
(a) Samples from Iron HII! 
Boll 784—9,580 
Top soil (taken around the roots of grass) 1,060—5,060 
Grass 1,260-6,670 
Bushes 5,880 
Moss 8,300 
Yen 960—1,190 
Bovine stools 
Wushroom (taken from the gallery of the thorrum 

mme) 10,800 
Frog (caught In the gallery of the thonum mine) 21,000 
(b) Samples from Gunrapary and Meaipe 
Monaxite sand 57,500 
Calf bone 17 
Calf teeth 13 
Chok bone 4 
Grass (from Meaipe) 44-100 
Bea shells 2—8 
Lobster shell 8 
Honey (Trigona ieisira) 59-115 


s B$2sU.5 


Beach sand (Hio de Janeiro) 
Top sal (H. J.) 

Oow bone (bought in R. J.) 
Honsy (bought in R. J.) 
Grass (R. J.) 


- 00 M 00 2 


ar 


The efficiency of our y-radiation detector for radium-228 
in equilbrium with actinium-228 was 28 per cent. 

For comparison, some samples from a normal area, Rio 
de Janeiro (soil, sand, vegetation), or marketed in Rio de 
Janeiro (honey, cow bone) were counted m the same condi- 
tions, as well as potassium. 

Chemical analysis of top soil from Iron Hill (carried out 
at the Laboratorio da Producao Mineral, Rio de Janeiro, 
by Dr. C. Pires Ferrera) gave contenta of thorium 
dioxide ranging from 0:08 to 0-68 per cent in six different 
samplee. 5 

The great differences in the degree of contamination of 
biological materials from Iron Hill and from the coastal 
area could be due to differences in the solubility of the 
monazite sands and the thorium minerals occurring in the 
first area (thorium fluor carbonates), and also to the very 
regular distribution of the monazite sands in the region. 

In comparison with the external radiation-levels in the 
monazite sand zone, these preliminary results indicate that 
the internal irradiation of plants and animals due to radio- 
active contaminants should be relatively unimpertant. 


1 Roser, F. X., and E ee Paper presented at the WHO Meeting of 
Investigators in the d Sade in Areas of Natural Radiation, 
anerro (December -15, . 
? Fresco, J., Jetter, E, and Harley, J., Nwolsonies, 10, 60 (1052). 
3 Health end Safiy e U.S. Atom. Energy Commn., Manual Standard 
Procedures, (1900). 
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EXCIMER FORMATION IN POLYCYCLIC HYDROCARBONS AND THEIR 
DERIVATIVES 


By Dr. J. B. BIRKS and L. G. CHRISTOPHOROU 
The Physical Laboratories, University of Manchester 


XCIMERS are excited dimers, formed by the 

association of excited and unexcited molecules: they 
are dissociated in the ground-state!. In solutions of 
aromatic compounds the presence of fluorescent excimers 
is characterized by the ce at high concentrations 
of a new, structureleas emission band at long wave-lengths 
which is not accompanied by any in the abso: 
spectrum. Excimer fluorescence was initially thought to 
be a property confined to pyrene and ite derivatives’, but 
recent studies by the authors’ and others*-* havé shown 
that it occurs m many polycyclic hydrocarbons and their 
derrvatives. The purpose of this article 1s to summarize 
the present data, which indicate that excimer formation 
is the rule, rather than the exception, in this claas of 
compounds. 

The fluorescence spectra of the polycyclic hydrocarbons 
and derivatives listed in Table 1 have been examined in 
concentrated solutions at room temperature. The com- 
pounds are classified in terms of the number of benzene 
rings in the parent polycyclic hydrocarbon, and according 
to whether excimer fluorescence has been observed or not. 

Anthanthrene and perylene solutions were earlier 
reported? to show new absorption bands at high concentra- 
tion, which were attributed to the formation of stable 
dimers. Subsequent measurements on specimens of 
higher purity bave shown the initial results to be moorrect. 


Table 1. BOLUTIONS AT ROOM TEMPERATURE 


No exemec 
Ref. fluoreseence Ref. 


(8) p-rylene (6) 


ene (8) 


triphenylons 
p fae tea p sne (BP)] 


£-mopropy] BP 


* pu B 


9,10-dtmethyl BA 


. 

i 
f 
p 


. photo-dimers. 


PTT Ae DAP VM exoimer emision peaking at 
594-nm wave-length. e excimer fluorescence of pery- 
lene in solution at room temperature is very weak, but the 
crystal fluorescence spectrum, & broad structureless band 
peaking at 580-nm wave-length, is clearly indicative of 
excimer formation. 

The difference between ihe fluorescence spectra of a 
compound in dilute solution and in the crystalline phase is 
a further source of evidence for excimer formation, 
provided the crystal lattice structure is favourable for 
interaction between adjacent excited and wmexcited 
molecules**. The crystal fluorescence spectra of pyrene, 
5-methyl 1:2-benzantbracene, 8-methyl 1:2-benzanthra- 
ocene, perylene, 3:4-benzpyrene, 1:12-benxperylene and 
&nthanthrene!*!! are all characteristic of excimer emussion, 
thus oo the solution data on these compounds 
(Table 1). The crystal spectra, of 20-methyl cholanthrene, 
coronene and ovalene indicate that these compounds also 
form excimers. 

Several of the compounds listed in Table 1 also show 
exorner fluorescence in the pure liquid state. These 
include benzene, toluene, 1-methyl naphthalene, 2-methyl 
naphthalene, 1,6-dimethyl naphthalene and pyrene. 
This method of detecting excrmer formation is being 
currently extended to compounds of low solubility. 

Studies of the rise and decay times of the monomer and 
excimer fluorescence of solutions have shown that the 
excimer formation process is reversible, and that the 
relatively low quantum yield of excimer fluorescence in 
solutions of some compounds at room temperature is due 
to the high rate of non-radiative dissociation of the 
excimer. This dissociation rate decreases markedly ’on 
cooling, with a resultant mcrease in the excimer fluores- 
cence yield, provided that the solvent remains sufficiently 
fluid at reduced temperature not to inhibit the diffusion- 
controlled excimer formation process. A major increase 
in the excimer fluorescence yield of a 5 x 10 M naphtha- 
lene solution in toluene has been observed on cooling from 
21° to — 62° C (ref. 7). Acenaphthene in toluene solution, 
which has negligible excimer emission at room tempera- 
ture, exhibita excimer fluorescence on cooling”. 

There are thus three distinct methods by which the data 
on excimer formation obtained from observations on 
solutions at room temperature may be supplemented or 
extended: from mvestigations of crystals, liquids and 
low-temperature solutions. It would therefore be prem- 
ature to conclude that any compounds which do not 
exhibit solution excimer fluorescence at room temperature 
may not do so under more favourable conditions. It is of 
interest, however, to consider the factors which may inhibit 
exoimer formation. 

In anthracene and many of ite derivatives, the dimeric 
interaction is so strong that the compounds form stable 
occurs at the 9 and 10 positions 
in the two molecules forming the dimer, the central rings 
losing ther aromatic character m the process. It 18 
interesting to note, however, that the formation of stable 
dimers in 9-methyl and 9-ethyl anthracene does not 
exclude the observation of exexner fluorescence at solution 
concentrations above 2 x 10-* M (ref. 9). 

9,10-disubstitution in anthracene prevents the forma- 
tion of stable dimers, and this has been attributed to the 
effect of steric hindrance’. Similar sterio hindrance is 
probebly responsible for the inhibition of excimer forma- 
tion in p-xylene and in the 9,10-disubstituted anthracene 
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and 1:2-benzanthracene compounds. Except in these 
cases, substitution does not appear to interfere with 
excimer formation (Table 1). i 

Förster? has proposed certain conditions for excimer 
formation in solution, namely, the existence of a weak 
(Lay lowest excited singlet state in the monomer adjacent 
to a strong (iLs) excited singlet state. Most of the 
compounds m Table 1 which exhibit excimer fluorescence 
in solution satisfy these conditions. In phenanthrene 
the 12. — Lb energy separation is relatively large 
(~ 5,100 om) and probably exceeds the Le — Le 
splitting, so that the ‘Le state in the excimer lies above 
the 1L» state of the monomer. This factor has been 

to account for the absence of excimer fluores- 
cence in phenanthrene solutions’. The absorption spectra 
show that the !Le — ‘Zs energy separation is also large in 
triphenylene, 3:4-benzphensnthrene, 3:4:5:6-dibenzphen- 
anthrene and picene, thus providing a similar explanation 
for the absence of solution excimer fluorescence. The 
f-values and separation of the !L4 and !L« states in the two 
remaining compounds in Table 1, 1:2:5:6-dibenzanthracene 
and 1:2:7:8-dibenzanthraoene, appear marginal for excimer 
formation. 

The Förster conditions are not rigorous, and do not 
exclude the possibility, under favourable conditions, of 
excimer formation and fluorescence in compounds which 
do not satisfy them. A low excited singlet state with a 
strong transition moment from the ground state is required 
to provide the necessary interaction strength for excimer 
formation, but, although a lower weak singlet state is 
desirable to give a long life-time for the diffusion of the 
excited monomer molecules, it does not & to be 
essential. Thus 2,5-diphenyloxazole, which & very 
short monomer life-time of 2-0 nsec in xylene solution, 
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ing to a strong lowest excited smglet state, 
exhibits excimer fluorescence in high concen- 
tration solutions. ; 

To summarize, it appears that excimer formation may 
be inhibited in the following circumstances: (1) when 
the interaction is so strong that stable dimers are formed, 
although excimer fluorescence may still be observed 
simultaneously in some compounds of this type; (2) when 
there is steric hindrance at the positions corresponding to 
the ends of the interacting dipoles ; (8) when the transition 
from the ground state to the lowest excited singlet state 
of the monomer is weak, and there is no strong transition 
sufficiently close to provide adequate interaction for 
excimer formation. 

Woe thank Prof. F. Bergel and Prof. M. 8. Newman for 
the gift of compounds, and the British Empire Cancer 
Campaign for a grant in support of this work. 
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PRECURSORS OF CARCINOGENIC HYDROCARBONS IN 
TOBACCO SMOKE 


By Dr. E. GIL-AV and Da. J. SHABTAI 
Daniel! Sleff Research Institute, Weizmann Institute of Science, Rehovoth, Israel 


NUMBER of suggestions have been &dvanoed! on 

the mode of formation of polycyclic aromatios in 
burning tobacco, on the tacit assumption that the thermal 
reactions involved are essentially unaffected by the 
simultaneously occurring oxidation prooees. In particu- 
lar, tobacco paraffins! and cigarette paper! have been 
considered as precursors of the carcinogenic 3,4 benzo- 
pyrene (8,4-BP), since they form on pyrolysis small 
amounts of the latter compound. However, many organic 
materials have been shown? to yield some 8,4-BP at 
elevated temperature. Comparative experiments under 
smoking conditions have been reported' only in the case 
of cigarette paper, and it has been concluded‘ that the 
contribution from this source is not significant. 

Terpenes have been mentioned as precursors by 
Wynder and Wright, but without giving any supporting 
date. In this article we wish to presant evidence for 
the role of terpenio tobacco components in the forma- 
tion of aromatics. 

Earlier work* has led us to outline & scheme for the 
thermal aromatization of hydrocarbons at 550—750? O, 
based on the interaction of dienio breakdown products. 
The reaction mechaniam proposed involved mainly the 
intermediate formation of butadiene, followed by dimer- 
ization to 4-vinyleyclohexene and subsequent evolution 
of the latter into mono- and polycyclic aromatics. The 
polycyclic fractions formed in our experiments were not 
submitted to detailed analysis. Badger e al.‘, however, 
have shown recently that the pyrolyms at 700° C of both 
butadiene and 4-vinyloyelohexene resulte in considerable 


amounts of polycyelios and, particularly, in significant 
yields of 8,4-BP (0-84 and 0-48 per cent by weight of the 
total liquid product, respectively). 

A simular pettern is emerging for the thermal reactions 
of isoprene. Staudinger and oo-workers’ have reported 
that at 700°-800° C the latter gives an aromatic ter, from 
which a number of polycyclic compounds were isolated. 
Recent experiments’, carried out in this labordtory. 
showed that at 400° C and 760 mm isoprene forms a 
dimeric product composed of dipentene, l-methyl-b-igo- 
propenyloyclohexene, and a gem-type isomer, 1,4-di- 
methyl-4-vinyloyclohexene. The evolution of these dimers 
to aromatica at 450°—700° C is faster than that of 4-vinyl- 
cyclohexene and an almost fully aromatic liquid is pro- 
duced already at 600° C. The monocyclic fraction (93 per 
cent by weight of the total liquid) contains benzene 
5 per cent, toluene 30 per cent, xylenes 38 per cent, and 
‘also, characteristically, considerable amounts of C, 
alkylbenzenes (21 per cent), derived from the dimers by 
elimination of one carbon atom. 

Furthermore, aromatization of d-limonene at 450° C 
was shown by Pines and Ryer® to proceed through the 
intermediate formation of gem-dialkyleyclohqxadienes, 
which give by demethanation important amounts of C, 
alkyIbenzenes. 

Published data on the composition of tobacco smoke! 
support the view that aromatization based on thermal 
pyrolysis of isoprene occurs in burning tobacco. Indeed, 
isoprene and dipentene, as well as C, aromatics’, that 18, 
1,2,4-trimethylbenzene and 1,3,5-trimethylbenzene, have 
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been identified. 1,4(8)-Menthadiene!, which could arise 
by double bond isomerization of dipentene, has also bean 
reported. 

Isoprene constitutes 50-80 per cent of the total wn- 
saturated gaseous hydrocarbons present in tobacco smoke 
(0:87-4-2 mg/oigarette, as compared with 1 mg paraffins, 
0-035—0-13 mg acetylene and 0-04—0-12 mg butadiene)*. 
Also, the temperature at which aromatization of isoprene 
occurs most readily (600°-800° O) corresponds to that 
found in burning tobacco. 

Kennaway’ has shown that isoprene tar is strongly 
carcinogenic. Wo have now established. the presence of 
3,4-BP in tho tar. 

100 g of isoprene was pyrolysed at 600° O in an empty 
stainless-steel tube. At 3-seo contact time 94 por oent of 
the diene reacted. The liquid product (67 per cent by 
weight) was distilled at 0-5 mm, up to 150 C, leaving 
42g of tar. Part of this material was subjected to elution 
chromatography on alumina" and the combined fractions 
containing 3,4-BP further chromatographed on acetylated 
paper. Finally, the amount of 3,4-BP was determined 

y ultra-violet spootrophotometry (analytical band, 
X 385 mu.) and found to be 0-1 per cent of the tar. In 
another experiment, carried out at 610° O and 4860 
contact time the concentration of 8,4-BP in the tar was 
0-15 per cent by weight. The analytical procedure was 
checked with synthetic blends composed of anthracene, 
ehryseno, fluorene, pyrene and 3,4-BP (0-8—7-0 per oent). 
It should be noted that the amount of 3,4-BP to be 
sooounted for in the burning of one cigarette is only 
0-005-0:025;444, 8,4-BP is formed from isoprene already 
at a relatively mild temperature in accord with the estab- 
lished high tendency of dienes to undergo thermal 
aromatization":*. In contrast, tobacco paraffins! do not 
yield any trace of this carcmogen at 600° O. 

It should be pointed out that 3,4-BP content is only 
one of the factors determining the carcinogenicity of a 
ter". Roe! has reported recently that the phenolic 
fraction of tobacco smoke condensate promotes the 
carcinogenicity of 3,4-BP (for mouse skin). i 
tion justifies in some respects the attention paid to the 
presence in tobacco tar of this polycyclic aromatic in 
spite of ite low concentration. On the other hand, 
additional potent carcinogenic hydrocarbons are no 
doubt also present in the smoke, and 3,4 : 9,10-dibenzo- 
pyrene has actually been identified’. It is significant that 
0-05 per cent of the latter compound is formed from 
4-vinyleyolohexene at 700° O (ref. 6b). 

Yields of isoprene ranging from 10-60 per cent have 
been found in the thermal decomposition of terpenio 
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hydrocarbons and aloohols! at 500°—750°. Obviously, 
terpenes present in tobacco should undergo depolymer- 
ization in a similar way. Solanesol! occurs in tobacco 
leaves to the extent of 0-4 per cent. Borneol and linalool 
have also been identified! ın the leaves, whereas squalene 
(0-8y/cigarette) has been found! in smoke condensate. 
Furthermore, essential oils aro sometimes added to 
tobacoo in the course of ite processing. 

Thus, taking terpenes as the precursors of isoprene, we 
propose the scheme given in Fig. 1 as an important path- 
way for the formation of polycyclic aromatica in burning 
tobacco. 7 
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Solanesol and other 
isoprene -formers 


Isoprene 


Dipentene and isomers 


Splitting and/or condensation 
| dehydrogenation reactions | 





O,-O, Alkylbenzones condensation — , Dir aUi EE 
Fig. 1 


We thank Mise O. Funt for carrying out the analyses 
of 8,4-benzopyrene. 
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OXIDATIONS AND TRANSHYDROGENATIONS INVOLVING 
PYRIDINE-DINUCLEOTIDES CATALYSED BY 
BOVINE MILK XANTHINE OXIDASE 


By Dr. D. A. GILBERT 
Chester Beatty Research Institute, Institute of Cancer Research: Royal Cancer Hospital, Fulham Road, London, S. W.3 


HE oxidation of NADH (DPNH) by bovine milk 
,xanthine oxidase was first reported twenty-three 
years 1 while more recently it has been stated that 
NAD+ (DPN) can act as electron acceptor for the enzyme 
when xanthine is the substrate”. These reactions have 
provoked relatively little interest desprte the fact that 
tho changes in the intracellular levels of both the oo- 
enzymes and also xanthine oxidase have been cited as 
possible contributory factors of abnormal and malignant 
growth*-*. Attention has mainly been confned to 
ining whether or not a contaminant of the bovine 

milk enzyme was responsible for the catalytic oxidation of 


NADH'-». The following 1s & preliminary report on the 
resulta of recent studies on this enzymatic reaction: from 


these there remains little doubt that xanthine oxidase 
itself is the catalytic entity mvolved and that the flavin 
groups of this enzyme lorpate in the reactions. 
Ozidation of NADH. When following the aerobic 
oxidation of NADH by the decrease in 340 mp absorption, 
I have always observed an induction period?*, the change 
in optical density durmg this period Pe erort to 
the oxidation of about 5 moles of NAD mole of 
enzyme (Fig. 1). Fb is believed that this y in the 
attainment of maximum rate is due to a slow approach 
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to the steady state. In agreement with this view is the 
fact that during this period there is a net partial reduction 
of the xanthine oxidase as judged from a decrease in the 
visible absorption of the enzyme (Fig. 1; af. curve of 
Gutfreund end Sturtevant for the xanthine reaction"). 
Furthermore, the enxyme is either eventually re-oxidixed 
or further reduced socording to whether or not the NADH 
is in axoess of the oxygen acting as electron acceptor. 
: . The decrease in the 450 my. absorption of the enzyme 
during the initial of the reaction (that is, to the 
steady-state level) was found to obey first-order kinetics 
over at least 75 per cent of its course under all conditions 
so far adopted. From the magnitude of the changes 
that oan be produced, ib is clear that the flavin groupe 
must be involved. The results also confirm the view that 
enxyme no longer active toward xanthine is still able to 
oxidize NADH (refs 1 and 18). Using one particular 
enzyme the rate er ep this ohange 
(ke) and the steady state concentration of reduced 
((HH. PJ.) were found to vary with the NADH concentra- 
tion at all pH values near neutrality: under otherwise 
constant conditions, both were maximal at pH 6-7. 
The rate coefficient b, was markedly influenced by the 
nature of the buffer ion, being much smaller in iris than 
in pyrophosphate at the same pH. The changes in the 
absorption of the enzyme in the region of 600 my did not 
parallel those occurring at 450 mu; similar observations 
have been made by Gibson and Gilbert (unpublished) and 
confirmed by Bray?! in the case of the xanthine reaction. 
It is possible that the changes at the higher wave-lengths 
reflect binding of the oxygen molecule to the enzyme 
since, in the case of NADH at least, ib appears that the 
changes at 600 mu occur only when the enzyme is reduced 
beyond the steady-state level. 

In addition to the pre-steady-state investigations, I 
have also determined the effect of pH on the overall 
aerobic reaction. From the resulta obtained with one 
entyme sample it was found that the pKa versus pH 
graph’* shows a break at pH 5-9, while Vw and V, 
(Vu/Ka—the rate at infinitely low substrate ooncentra- 
tion") were maximal at pH 5-7 and pH 6-8 respectively. 

Although no qualitative inconsistencies have been 
observed when using different batches of and 
NADH, a wide variation in the magnitude of the Michaelis 
constant for the latter has been noted*!*, A similar 
variation has previously been found in the value of the 
Michaelis constant for xanthine (seo Bray” for a discussion 
on this pomt). It seems likely that the factors affecting 
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the magnitude of Ka for one substrate also affects the 
value of the constant for the other, but not necessarily in 
the same direction. Bray! has presented evidence (with 
which we are in accord) that some xanthine oxidase samples 
contain an inhibitor of the xanthine reaction, but he did 
not determine whether or not the NADH reaction was 
likewise affected. Previously, however, Bray™ observed 
that the specific activity (toward NADH) of one batch of 
xanthine oxidase decreased as the concentration of the 
enzyme was increesed. This is consistent with the presence 
of an inhibitor of the NADH reaction m the xanthine 
oxidase sample. 

The addition of NADH to concentrated xanthine oxid- 
ase results in a slow decrease in the activity of the latter 
towards xanthine, the magnitude of this effect correlating 
with the changes in the visible absorption of the enzyme 
described here. Thus, the inhibition is spontaneously 
reversible at low concentrations of NADH (that is, as 
the latter is eventually oxidized): with higher conoenirs- 
tions of pyridme dinucleotide, gradual spontaneous 
inactivation of the enzyme becomes significant and some- 
what obscures these effects. Since the diaphorase activity 
of the enzyme is unaffected by a number of processes or 
Teagents which block the xanthine reaction, it is tenta- 
tively concluded that the mhibition effect just described, 
may be attributed to reduction of the flavm groups of the 
enzyme and not merely to the binding of the NADH 
molecule. NAD+ can algo inhibit the xanthine reaction in 
& similar fashion although the effect is not so marked as 
that observed with NADH, except apparently when the 
enzyme is previously reduced by the substrates xanthine 
or NADH. Dissociation of the NAD* by dilution is slow. 

Transhydrogenations. Xanthine oxidase has been found 
to catalyse a number of transhydrogenation reactions 
utilizing NADH as substrate and various pyridine di- 
nucleotides as acceptors. Thus 3-acetyl-pyridine- and 
$-formyl-pyridine-adenine dinucleotides (APAD*+ and 
FPAD* respectively) and the corresponding hypoxanthine 
compounds (APHD* and FPHD*) were all found to be 
good acceptors for NADH oxidation even under aerobic 
conditions. At pH 7-1, certain values were obtained with 
one enzyme sample, the reduction of the anal being 
followed at 300 mu where the contribution of ‘tho NAD 
is relatively small (Table 1). 


Table 1 
NAD* K 1 m i ) 
m om 
APAD* 113 0-08 043 
APHD* 382 0-08 0-45 
FPAD* 1222 0-13 1-00 
FPHD* 665 0-18 1:00 


ADH] 147 . [Enzyme] 1-4 ; 285° O. 0-1 M pyrophosphate 
gH 7'1 (aarobie sys). d L4 M 


It can be seen that the rate of reduction of tho NAD* 
analogue is dependent an the nature of the pyridine 
substituent only while the Michaelis constant is also 
influenced by the purine moiety. The foregoing Kw values 

be compered with & dissociation constant of 400 pM 
calculated for NAD+ when acting as an inhibitor of the 
xanthine reaction. The effect of pH on Ke, Va and V, 
has been determined in the case of FPAD* reduction 
and the results found to be extremely similar to those 
obtained when following NADH oxidation with oxygen as 
acceptor. Thus tho pF. versus pH graph shows a break 
at pH 6-2 while Va and V, are maximal at about pH 6-4 
and pH 6-7 respectively. The resulta suggest that the 
reduced forms of the foregoing analogues are eventually 
ro-oxidized by the enzyme although the reactiohs involv- 
ing the isolated reduced compounds have not been studied. 

Binoo NAD+ and NHD* (nicotinamide hypoxanthine 
dinucleotide) both decrease the maximum rate of change 
in 840 my absorption when NADH is oxidized aerobically 
and also increase the induction period, it is concluded 
that these compounds also act as acceptors even in the 
presence of oxygen. The apparent mhibition arises be cause 
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the visible spectra of the reduced forms of these oom- 
pounds are identical to that of the substrate. Some simple 
3-substituted pyridini compounds did not react. 
Contamination of the NADH by NAD+ could thus pre- 
sumably influence the observed kinetics and this factor 
may contribute toward the quantitative discrepancies 
referred to here*!)7*, - 

Reaction scheme. The resulta available have been 
analysed, bearmg in mind the quantitative differences 
mentioned earlier. All the resulta seem to be consistent 
with NADH oxidation proceeding according to the follow- 
ing partial reaction scheme, where k, > k, [NADH] > 
k, œ (k, + hy): 























í l 
decreasing 
pne E E ES opii as E + products 
TR adn 0 — 
Kb Kp’ 
E'L—tES' 


In this scheme, the reactions in the vertical columns 
represent the ionizations of the enzyme due to the pH 
(assumed rapid) while those in the horizontal lines repre- 
sent the rate-determining steps in the overall oxidation 
process. Thus ES is the enxyme-subetrate complex, the 
enzyme still being in the oxidized form: reduction of the 
enzyme and oxidation of the substrate occurs to give the 
reduced uct complex, HH.P. The coefficient 
k, must be complex (and may be pH dependent) but was 
pseudo first-order under the conditions used. From 
anaerobic studies (when k, must be rero) it is concluded 

. that k, cannot be zero. The following values have been 
calculated from the y-state date already referred 
to: k,/k, = 500 L/mole; ka = 0-2 min-'; (k, + k,) = 
0-14 mina (01 M pyrophosphate pH 8-0, 3283-5? C). 
The Michaelis constant for this sample of enzyme was not 
determined, directly but the value calculated from the 

-100efficionts just given (800 uM). although rather high, 

is of the same order of magnitude as some values determ- 
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ined experimentally. It would thus seem that tho fore- 
going reaction scheme may be accepted as a guide for 
In the case of bovine milk xanthine oxidase and possibly 
other mammalian forms of this enzyme, the rates of 
oxidation of NADH, or reduction of NAD+, seem to be too 
low for the reactions to be biologically signifloant. If, 
however, these can reach the xanthine oxidase 
tn vivo, it is possible that their level could control the 
rate at which purines and/or pteridines are catabolized. 
I thank Prof. F. Bergel for his advice. ` 
This investigation has been supported by grants to the 
itute 4 


ital) from the Medical 

Research Council, the British Empire Cancer Campeign, 

tho Annes Fuller Fund, and the National Cancer Instituto 

aid National Institutes of Health, U.S. Publio Health 
ce. 


! Corran, H. B., Dewan, J. G., Gordon, A. H , and Green. D. E., Bisohem. J., 
38, 1604 (1080). ' 
Eur B., Mehler, H. È., and Green, D. X, J. Biol. Chem., 310. 140 


* Morell, D. B., Bieckim. Biophys, Acta, 18, *31 (1055). 

* Morton, B. K., Neture, 181, 540 (1058). 

D Y. , R. O., Haddow, A., and Lewin, L, Ciba Found. 
Biology af Purines, 155 (Churehill, London, 1987). 

Lamtrande, G., Bergel, F., Bray, B. O., and Gilbert, D. A., 

. C., J. Chem, Soc., 1119 (1956). 

406 (1985). 

., Bessey, O. À., wford, H. J., J. Biol. Chem., 180, 300 


- W., Richert, D. A., and Higgins, H. B., J. Biol, Chem., 834, 


o 
E 


Metabohsm, odit. 


I Nüropen 
b., 13 (Johns Hopara. Baltimore, 1956): 


B. O., Biochem. J., 73, 182 (1969). 


11 (1901). 


rue EN Diagaká Igaku Zasski, 10, 455 (1958); Chem. Abe., R, 


, Biochem. J., 73, 690 (1959). 


INTERACTION OF CHLORAMBUCIL WITH CELL SURFACES 


By J. H. LINFORD, A. FROESE and L. G. ISRAELS 
Department of Blochemistry, and Department of Medicine, University of Manitoba, Winnipeg 


^ 

M^ of the cytotoxic and mutagenic actions of the 

alkylating agente suggest that the nucleic acids of 
the cell nuclei are the probable sites for the primary 
chemical reaction which is responsible for these biological 
offects'. We have found that interaction takes place 
between chlorambucil and suspensions of human erythro- 
cytes, or of Ehrlich ascites tumour cells. No loss of 
chlorambucil from solution was evident. The reactions 
that occurred have been deduced from changes in the 
solubility of chlorambucil and from the conditions that 
caused lysis of the red cells, which indicated that only the 
cell surface was involved. , 

The compound chlorambucil in the non-ionized form 
(I) is solfible in benzene and in ethyl acetate. The hydroxyl 
derivative (II) is insoluble in benzene but is soluble in 
ethyl acetate. From an aqueous solution of (I) and (II) 
ab pH 3-6 the form (I) present is extractable by benzene 
and the amount of form (II) is the difference between the 
amounts extracted by ethyl acetate and by benzene. 
Both forms (I) and (II) are soluble in water at pH above 
7, and in ethanol'*:*. 


To prepare the reaction mixture, freshly drawn human 
blood, or ascites fluid from mice bearing Ehrlich ascites 
tumours, was centrifuged and the cells were washed onoe in 
isotonic saline. Approximately 5 ml. of packed red cella 
or 8 ml. of packed ascites cells was obtamed. 4 mg of 
chlorambucil (I) was dissolved in 4 ml. of 0-6 M sodium 
bicarbonate and this was diluted to 40 ml. with 0.11 N 
sodium chloride. The cells were added to 20 ml. of this 
chlorambuoil solution. The remaining 20 ml. was used as a 
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SUSPENSION MEDIUM - CONTROL BOLUTIOX AT pH 8 AT 87° O, AELATIYN TO L 
0:12 $ Reaction mixture recovered 
E Reactant Reagent Chloro Hydroxyl EH 
. (69) qm o 
Bicarbonato 0-06 3I 27 78 0 
Red cells 1-5 x 10*/mm* 29 38 38 
0 08 Red cell ghosts "P 25 39 36 
Red calls š 8 85 7 
Ascites cells 3 x 10* 16 6 68 
Phosphate pH 7% 0 05 M 9 8 B3 
* ‘The results are expressed as a percentage amount initially extracted 
from the aqueous phase. This was about 0-1 as calculated from the 
0 04 samples In alcohol and abouts 10 per cant less in ethyl acctate and benzene 
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control. Both mixtures were adjusted to pH 8-0 with a 
few drope of 0-5 N hydrochloric acid, and were incubated 
in a 37° O beth with occasional inversion. 

To follow the course of the reaction, three 1:0-ml. 
samples were withdrawn from each mixture at measured 
intervals of time. 9-0 ml. of ethanol was added to each 
sample to remove the protein material. The samples were 
centrifaged, the supernatant alcohol was evaporated 
from two of the samples from each mixture and the 
residues were partitioned between 0-1 M phosphate buffer 
of pH 8-6 and three 5-0-ml. volumes of either benzene or 
ethyl acetate’. The organic solvents were removed 
under reduced and the residues were dissolved 
in 10 ml. of ethanol. The absorbance of the three aloohol 
solutions from each mixture was measured at 258 my. 
The amounts of chlorambucil recovered by the three 
solvente from a suspension of ascites cells at pH 8-0 and 
from & control of pH 8-0 in the absence of cells are 
shown in Fig. 1. 

Similar results were obtamed when samples in excess of 
1-0 ml. were withdrawn from the reaction mixture, and 
wore centrifuged to obtain 1:0 ml. of supernatant solution. 
Two les of supernatant fluid from the suspension 
and two the control were adjusted to pH 3-6 with 
about 0-5 ml. of 0-05 N hydrochloric acid, then made 
up to 5:0 ml. with water. These were extracted as 
described here. A third 1-0-ml. sample from each 
souroe was made up to 10 ml. with ethanol. With this 
second. method, we studied the interaction of chlorambucil 
with red cells, red cell ‘ghosts’ and ascites tumour cells, 
and compared this with control solutions of the same 
bicarbonate and saline content. Woe also investigated the 
effect of & p te buffer in the absence of cells. The 
resulta are li in Table 1. 


extractions’, Fig. 1 also refers to this. 
When corrected for the (88 per cent) efficiency of extrac- 


per cant of the chloro form of chlorambucil (I) to the 
hydroxyl derivative (II) in 3h. 20 per cent was recovered 
as the benzene soluble chloro form. The remaining 16 per 
cent may be accounted for by assuming a reaction wrth 
the bicarbonate ion in solution to form an aloohol-soluble 
or ‘hydrophilic’ derivative, because 100 per cent of the 
initial chlorambucil concentration was recovered in 
aloohol (Fig. Ia). 

In the presence of cell suspensions, 100 per oent of the 
initial chlorambucil concentration remained in the aloohol- 
soluble form but the amount recoverable by ethyl acetate 
diminished with time relative to the control solution (cf. 
Fig. la with b). Little effect was evident on the amount 
recovered by benzene. The decrease in the amount 
recovered by the ethyl acetate extractions, in the co 
of cells, may also be attributed to the formation of a more 
hydrophilic form of chlorambucil which was soluble in 
alcohol and water but not in ethyl acetate. This deriva- 
tive was not attached to the cell and had the same abeorb- 
ance as chlorambucil because the recovery in alcohol 

the reaction was equal to the initial concentra- 
tion of chlorambucil. The decrease with time in the 
amount recoverable by ethyl acetate, relative to the 
bicarbonate-saline control, was a measure of the rate of 
formation of this hydrophilio derivative. 

Table 1 indicates that the hydroxyl derivative of the 
chlorambucil did not interact with the red cell surface ; 
some of the chloro form (I) most probably was present 
in the hydrolysed solution. An extensive reaction 
occurred with the phosphate buffer ‘control’ solution.' The 
reaction with ascites cells was more extensive than with 
the red oells. Of the solutions and suspensions tested, 
bicarbonate ion was the least reactive. The nature of the 
hydrophilic derivatives is indicated by the extensive 
reaction which occurred in the phosphate buffer ‘control’ 
solution, which may have produced a compound of type 
(III). 


oe 
CH, 0H, -0—b- o 
| on 
CH,—CH,— N px 
boon | 
CH,—OH,—0—P- 0 
s " 


The results suggest that a hydrophilic derivative of 
chlorambucil was formed at the oell surface by analkylation 
reaction involving replacement of the chloro atoms by nu- * 
cleophilic groups. hydrophilic product was, moreover, 
present im solution. Therefore, it is probable that the 
chlorine atoms in the chlorambucil were replaced by small 
nucleophilic molecules or anions from the cell surface. 

The cell envelope appeared to be weakened by the 
reaction with chlorambucil. A series of 5:0-ml. volumes 


1070 


a 


5 


Per oent of red coals lysed. 








0 02 


0-4 06 08 
Ohiorambuc!l (mg/mL) 
: 2. (Above), Hxieny of determined 
us : e fees *$ h at 87° O, of a suspension of 0 5 
of red calla in 5 0 mL of Isotonio at pH 8-5 in 
presence of coonsentration of (Below), The data 
of above curve plo as logarithm of the fraction of oells surviving in 
the preeenoe of increasing concentrations of chlorambucil 


of solution were pre whioh were 0:09 M sodium 
chloride, 0:02 M. glucose, 0-05 M. sodium bicarbonate and 
contained concentrations of chlorambucil varying from 
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0-2 to 1-0 mg/ml. 0-5 ml. of washed red cells were added 
to each volume and the suspensions were incubated at 
87° O for 0-5 h with inversion every 5 min. The exten 
of hemolysis was determined by measuring changes in 
absorbance at 550 mu. Lysis was apparent at chlorambucil 
concentration greater than 0-3 mg/ml. (0-001 M) and the 
degree of lysis increased rapidly with increase of conoen- 
tration, refer to Fig. 2 (above), No lysis was caused by 
the hydroxyl derivative (II). The derivative of (I) known 
a8 phenylalanme mustard reacted as did (I) up to 0-4 
fae lad The nitrogen mustard cyclophosphamide (End- 
oxan), which is inert in vitro, behaved as (II). 

The effect of chlorambucil which caused lysis of the red 
cells appeared to be addrtive. Two successive treatments 
of the same cells (7 x l0*/mL) with chlorambucil con- 
centrations of 0-19 mg/ml. for 0-5 h at 87° C lysed only 
2-0 per cent of the cells. A third treatment lysed another 
14 per cent of these cells. One treatment with chloram- 
buail at 0-55 mg/ml. lysed 45 per cent: of cells from the 
same stock. 

These resulta, together with the shape of the curve of 
Fig. 2 (above) and the fact that weak solutions of chloram- 
bucil caused no lysis over periods of 3 h at 37° C, indicated 
that more than one interaction of the drug with the cell 
must occur to cause lysis. In Fig. 2 (below) the data 
of this figure are plotted as the fraction of surviving 
cells against the chlorambucil dose. By analogy with the 
action of X-rays on oells*, the existence of the shoulder 
in Fig. 2 (below) constitutes evidence for a multiple hit 
mechanism of lysis. Back extrapolation of tho first slope 
of the curve indicated that two hita are required. 

The resulta suggest that a primary action of chloram- 


' bucil may be the removal of a simple chemical component 


from the cell surface. 
This work was supported by a grant from the National 
Cancer Institute of Canada. 


? Alexander, P., Third Austral. . Radiobiology, odit. Ilberg, P. L. T. 
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* Linford, J. H., Biochem. Pharmacol., 8, 348 (1961). 
* Linford, J. H., Blookem. Pharmacol., 11, 693 (1902). 
*Puek, T T., and Marcus, P. L, J. Exp. Med.,108, 653 (1086), 
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MEASUREMENT OF MOISTURE BOUNDARY LAYERS AND LEAF 
TRANSPIRATION WITH A MICROWAVE REFRACTOMETER 


By DAVID M. GATES, M. J. VETTER and MOODY C. THOMPSON, jun. 
Nationa! Bureau of Standards, Boulder Laboratories, Boulder, Colorado 


HE refractive index (n) of air at microwave fre- 
quencies is determined chiefly by the air temperature 
(T), the total pressure (P) and the partial pressure of 
water vapour (e) present. The dependence of the index 
on the last quantity is sufficiently large that Instruments 
(refractometers) which measure the index can be used to 
study variations in water vapour pressure. For practical 
purposes the index can be expressed as: 
e 
T^ 
The sensitivitios of N to the factors are given by their 
peru derivatives, whioh for typioal laboratory oonditions 
ve the following approximate values: 


P 
N=(n-1) x l0#sa7+ 6 


Since refractometers have been developed with resolu- 
tions of the order of 0-1 N and acouracy of the order of 
1 N, measurements of water vapour pressure can be made 


to corresponding values of 0-025 and 0-25 mb (approx- 
imately 0-1 and um cent relative humidity at a tempera- 
ture of 20° C), if the temperature and preasure of the 
sample can be properly determmed. In many cases total 
preasure is effectively determined by local gross atmo- 
spheric conditions. It is also relatively easy to mamtain 
the temperature nearly constant. Consequently, the 
refractometer is readily adapted to experiments in which 
changes of water vapour are to be studied. 
Several reporte are available describmg some of these 
applications. 

In the case to be described here, the refractometer is 
used for examining the moisture profile found near a free 
water surface or near the surface of organic materials 
such as leaves, animal skins, ete. 

Several types of microwave refractometers have been 
developed'“, and some of these can be purchased com- 

ially at a cost of between 5,000 and 10,000 dollars. All 
these operate basically by responding to changes which 
occur in the resonant frequency of & cavity resonator as 
the index of refraction of its contents change. The 


No. 4872 


March 16, 1963 


ORT ICE PLASTIC 
TO TUBING 
VACUUM 
Pe. d. Diagram of the sampling teohnique to draw moist air 
the hypodermie plastio oonneoting 


needle and ihe tubtng into 
por Bru Linie iain 





PLASTIC 
TUBING 


: 
: 
5 


BASE 


Water vapour pressure (mb) (aibl&rary zero) 
D 
© 











experiments deeoribed in the following paragraphs were 
performed using the types described in refs. 1 and 4. 
These instruments operate at about 9,400 Mo/s. The 
sampling cavity is a right circular cylinder 
about 4-5 am in diameter and 38-0 om 
long. Hach instrument measures the 
change of resonant frequency of the 
per pee cavity by comparing it with a 

similar reference cavity the contents of 
which are controlled (usually hermetically 
sealed and contaming dry argon). In 
the system developed by Birnbaum this 
comparison is made by sweeping the 
frequency of a klystron oscillator and 
noting the relative time between resonance 
of the two cavities. In the Vetter refracto- 
meter the reference cavity is tuned by a 
servo-operated probe to track the fre- 
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tubing. The time constant is determined by the size of 
the cavity and the time required to replace the air in 
the cavity. 

Moisture profile above a free water surface. The first 
measurements were of the moisture profile above a free 
water surface. The water was contained in a flat dish 
which was placed inside a closed box in order to avoid 
local convection effects (Fig. 2). The hypodermic needle 
probe (observed through s plastic wmdow) was lowered 
towards the free water surface a fow mm at a time and 
each setting was maintained for approximately 30 sec. 


- The change in water vapour pressure which was observed 


inta obtained at 
ue to the oiroula- 


is shown in Fig. 2. The scatter of the 
the larger distanoes ig believed to be 
tion of air within the container. 

Transpiration of plant leaves. It is important to be 
able to measure the transpiration from plant leaves with- 
out disturbing the environment of the leaf or the boundary 
layer near the surface. By placing the hypodermic needle 
against the lower surface or just off the lower surface, the 
moisture near the surface oan be monitored with relatively 
little perturbation. For some of the measurements the 
entire plant was placed within the box, while for others 
the leaf of the plant was placed inside the box with tho 
stem entering through a small opening in the aide. 
Measurements were first made on the free leaf with the 
needle against the lower surface. However, some difficulty 
was encountered with small movements of the leaf i 
extended periods of measurement which made it advisable 
to support the leaf with & flat piece of wood against which 
the leaf was taped along the edges. 

An entire bean plant was placed within the chamber 
and the measurements were made with the needle set 
against the lower surface of & leaf. A tracing of a recording 
of the transpiration from the bean leaf is shown in Fig. 3a. 
The plant was initially in complete darkness. The plant 
was illuminated with 600 ft.-candles of 


approximately 
fluorescent light incident on the leaf being investigated. 








quency changes in the sampling cavity. 
Because of the size and shape of tho 





sensor (samplmg oavity) the desired 
spatial resolution was obtained by oon- 
necting the cavity to & vacuum (or 
chambar) and drawing the air samplo to 
be measured into the cavity through a 
flexible plastio tube fitted with a hypo- 
dermic needle on the outer end (Fig. 1). 





The needle was mounted on a rack and 
Pinion so that its position with respect 





to the surface could be easily and closely 
adjusted. By using an appropriate orifloe 


between sampling 
speed (response time) and the disturb- 
ance which the probe creates in the 
fleld to be measured. With the 





ment shown in Fig. 1 the time constant 
of the system was about 80 sec; how- 
ever, a delay in of about 5 seo 
oocurs because of the volume of the intake 
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The immediate response was an apparent decrease in 
transpiration for 30 seo, followed by a slight increase for 
l min and & small decrease for another 80 seo. Then 
nearly 2 min after the initial stimulus by the fluorescent 
light an increase in transpiration began which reached a 
steady state about 20 min later which was about 21 N 
units greater than the initial level. This represented a 
change of about 21 per cent of relative humidity at 
20° C, or an increase in vapour pressure of about 5-5 mb 
in the boundary layer near the leaf surface. When the 
light had been turned off the transpiration diminished 
abruptly for 4-5 min and then levelled off at a level just 
above the initial starting-level. 

Fig. 35 shows tracings of direct recordings of the index 
of refraction of the air drawn into the refractometer 
cavity from the lower surface of a begonia leaf. The 
Measurements were started with the leaf m total dark- 
ness. A fluorescent light was turned on the leaf through 
the clear acetate window of the box and the leaf illumin- 
ated with approximately 640 ft.-candles while the mam 
plant remained in the ambient fluorescent light of the 
room. The immediate initial response was an apparent 
decrease in transpiration which lasted for approximately 
l min. Then 2-2-5 min following the initial stimulus by 
the fluorescent light, which had remained on, the tran- 
spiration steadily moreased until ıt reached a steady-state 
level 52 min later at 18 N unita above the initial level 
representing a change of vapour pressure of 3-25 mb or 
13 per cent relative humidity at 20° C. Turnmg the 
fluorescent light off and placing the leaf m total dark- 
ness resulted in an imitial slight drop in transpiration 
for nearly 80 sec, then a precipitous drop followed 
by dimimishing transpiration for the next 30 mm or 
more. 

A particularly interesting response of the begonia leaf 
to light was observed when the leaf was transpiring at ite 
maximum rate under an illumination of 640 ft.-candles 
of fluorescent light when an additional ilumination of 
about 600 ft.-candlea was put on to the leaf with a flash- 
light. The transpiration rate dropped abruptly rather 
than increasing as When the flashlight was 
turned off the transpiration rate returned to ite origmal 
value or trend. The change in vapour pressure was about 
1 mb or 4 per cent relative humidity at 20? C. The 
stomatal action involved here must be explored further, 
but the response was clearly evident. 
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Some interesting responses were observed for a begonia 
plant when the entire plant was placed in the chamber 
and tbe ar sampled from the lower surface of one of the 
leaves. The record of this behaviour is shown in Fig. $c. 
With the fluorescent light turned on the entire plant, an 
inital small increase in transpiration appeared followed 
by a slight decrease. 2 min after the light was turned on 
an abrupt increase in transpiration occurred which 
amounted to a total change of about 6-5 N unita (6-5 per 
cent relative humidity at 20° O). Although the lamp 
remained on, something shut off the transpiration just as 
abruptly as it had begun and the moisture concentration 
in the boundary layer dropped to ite original level prior 
to the stimulus by the light. 1 min after the light was 
turned off, there was once again a sudden apparent 
increase in transpiration and the moisture concentration 
of the boundary layer increased by about 5:4 N unite 
(5-4 per cent relative humidity at 20° C) followed by a 
gradual decrease. ' 

Fig. 3d aleo illustrates an example of illummating the 
entire begonia with light from the fluoreeoent lamp and 
then after 1-5 min turning off the hght. The plant con- 
tinued, with 1ta transpiration action, but after transpiring 
for about 6 min returned to ita dark state m about another 5 
min. The air was sampled from the lower surface of a single 
leaf although the entire plant was within the chamber. 

Conclusions. It is shown that a microwave refracto- 
meter can be an extremely sensitive and responsive 
device for detecting the moisture concentration within a 
boundary layer near & moist surface. The arr must be 
drawn very slowly into the refractometer. A hypodermic 
needle was used as a probe in the experiments described 
here. The boundary layer profile was measured over a 
free water surface. The transpiration from leaves was 
observed while they were subjected to various stimuli of 
light and darkness. Changes in moisture concentration 
amounting to a variation as little as 0-1 cent relative 
humidity (at 20° C) can be detested. By seducing the 
sire of the microwave cavity (for example, going to 
K-band rather than X-band) it should be possible to 
reduce the response time by about one order of magnitude 
and increase the senmtiviby. 

1 Bimbaum, G , Rev. Sex. Instr , 81, No. 2, 160 (1950). 
* Crain, C AL, Rev Scy. Instr., 23, Ko. 4, 149 (1052). 
* Bargent, Jack A. Rew Sci Instr., 30, 845 (1050). 
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ROLE OF THE PHOSPHORYLASE ENZYMES IN CARDIAC CONTRACTION : 
A PROPOSED THEORY FOR THE RHYTHMICAL PRODUCTION OF 
ENERGY IN THE HEART 


By NIELS HAUGAARD 
Department of Pharmacology, Schools of Medicine, University of Pennsylvania, Philadelphia 4 


ECENTLY, considerable evidenoe has been obteined 

that alterations in heart function are associated with 
biochemical changes in the myocardium. Of the many 
biochemical events which may be of xnportanoe in cardiac 
contraction, particular attention has been focused on the 
phosphorylase reaction. In the heart’, as well as in skele- 
tal muscle’, the enzyme phosphorylase existe in two forms: 
phosphorylase a, which is active in the presence or absance 
of adenyl$o acid (AMP), and phosphorylase ò, which 
although inactive by itself, becomes active when AMP is 
present as a co-factor. From the work of Sutherland, 
Cori e al. ıt is known that adrenaline ın minute amounts 
activates liver phosphorylase? and produces a transforma- 
tion of phosphorylase b to phosphorylase a in skeletal‘ and 
heart muscle. Sutherland and Rall’ isolated a new co- 
enzyine, 3’,5’ cyche AMP, demonstrated that this com- 


pound was formed in tissues in response to adrenaline 
and found that ıt stimulated the formation of phoephory- 
lase a. 

The work of Krebs, Graves and Fisher’ showed that one 
of the actions of cyclic AMP is to increase the activity of 
phosphorylase b kinase, which catalyses the synthems of 
phosphorylase a from the b form of the enzyme. In the 
heart the positive motropic action produced by adrenaline 
and other sympathomimetic amines has been shown to be 
correlated with an increase in the activity of phosphory- 
lase a?-4, The increased force of contraction following 
stomulation of sympathetic nerves to the heaert!? or 
admunistration of ganglion stimulating drugs!! has been 
found also to be associated with an mcrease 1n the activi 
of phosphorylase a. Most recently, Hess, Shanfeld an 
Haugaard! showed that in the open-chest rat preparation 
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stimulation or administration of acetylcholine were . 


followed by a significant decrease in the activity of 
Phosphorylase a. It is very likely that the changes in 
phosphorylase activity seen when the heart is stimulated 
or depressed reflect variations in the intracellular concen- 
tration of cyclic AMP. 

We do not at the present time know the exact role that 
cyclic AMP or the phosphorylase reaction may have in 
the regulation of cardiac activity. However. the correla- 
tion between changes in phosphorylase activity and 
changes in function demonstrated in the many investiga- 
tions already quoted, appear to just;fy the adoption of 
the working hypothesis that there is indeed a direct 
relationship between phosphorylase activity and some 
stage of the contraction cycle of the heart. Such a hypo- 
thesis is strengthened by the obeervations of Ells and 
Vincent! that adrenaline and. acetylcholine produce 
changes in glycogen content of the perfused heart. 

Because of the special properties of the phosphorylase 
enxymes, there are two ways by which phosphorylase 
activity may be regulated: Bro bare os 
brium phosphorylase b = Dipephoryiaw a produced by 
cyolio or other factors uencing this reaction, or 
(2) by changes in the concentration of AMP followed by 
an increase or decrease in the activity of phosphorylase b. 
As already mentioned, there is considerable experimental 
evidence that the first of these two mechanisms is involved 
in the action of the autonomic nervous system on heart 
function. It is proposed here that the second mechanism 
operates in the normal contractile cycle of the heart and 
that AMP may play a unique part in the regulation of 
heart rhythmicity. 

' It is proposed that AMP, produced during any stage of 
the contraction cycle, causes an increase in phosphorylase 
activity. In turn the stimulation of phosphorylase leads 
to an increase in glycolysis (or complete oxidation of 
glucose units), bringing about phosphorylation of ADP 
and through the intervention of the myokinase reaction, 
the disappearance of AMP. The essential role of AMP is 
that it produces an activation of phosphorylase and by 
this action causes its own destruction. By such a mechan- 
ism & discontinuous or rhythmical formation of high- 
energy phosphate bonds can be envisaged. 

Cain and Davies!’ recently demonstrated in convincing 
experiments that in skelétal muscle, in which creatine 
phosphoryl transferase was inhibited by dinitrofluoro- 
benzene, the energy for contraction came from ATP. 
Tt is therefore likely that in cardiac muscle also the 
primary source of energy for contraction 1s ATP. Assum- 
ing this to be the case, one may construct a picture of the 
possible chemical events in the contractile cycle of the 
heart that includes the proposed role of the phosphorylase 
reaction (Fig. 1). (1) During systole ATP is split and 
ADP is produced; (2) the ADP formed is transformed 
partially to AMP and ATP by the intervention of the 
myokinase reaction; (8) during diastole the AMP formed 


from breakdown of ATP stimulates phosphorylase b, 


causing an moreased metabolism of gen (to lactate 
or carbon dioxide + water) and an Increase in the rate 
of ee phosphate formation with consequent 
thoa of ATP 1 from ADP and AMP; (4) the conoentra- 
ton of CAMP &nd the activity of phosphorylase b decreases 
and the concentration of ATP is restored. A new cycle of 
contraction and relaxation may now start again. 
. This description of the possible biochemical reactions 
durmg the cycle of cardiac activity representa no more 
than a simplified picture of a very complicated set of 
events. Ultimate sources of energy other than glycogen 
as well as the role of ions, for example, have been ignored. 
Whatever the actual chemical events in cardiac contrac- 
tion and relaxation may prove to be, what is emphasized 
here is that AMP may serve as a link between the reactions 
which cause & splitting of ATP and the reactions involved 
in the synthesis of ATP. By the intervention of myokinase 
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or poasibly by direct dephoephorylation of ADP, AMP 
is formed when ATP is acted on by ATP-ase. The stimula- 
tion by AMP of phosphorylase b may be considered a feed- 
back mechanism whereby ATP is rapidly restored. 
According to such a concept, the enzyme phosphorylase 


‘b is involved in a rhythmical formation and transfer of 


pulses of high-energy phosphate, while phosphorylase a 
produces a steady rete of glycolysis and high-energy 

hoephate formation. This concept allows a role for both 
fonus of muscle phosphorylase and gives more meaning 
to the experiments which have demonstrated that 
alterations in cardiac function produced A a variety of 
means are associated with changes in the equilibrium 
phosphorylase b z* phosphorylase a. 

Although at the present time there is little direct 
evidence to support the theory proposed here, there is 
much information about cardiac metaboliam which is 
consistent with it. It has been shown that, except during 
strong sympathetic stimulation, the major proportion of 
phosphorylase is present in the b rather than the a form. 
In the open-chest rat, for example, control values of 
cardiac phosphorylase a range from 30 to 40 per oent of 
total phoephorylase? and in the isolated heart 
the activity of phosphorylase a is even lower!*. For 
AMP to play & part, such as that pro here, ita 
average concentration in the heart must be near the oon- 
centration for half maximal stimulation of phosphorylase 
b(5 x 10*M). Accurate values for tissue concentrations 
of AMP are, unfortunately, extremely difficult to obtain. 
since the slightest breakdown of ATP or ADP during 
the analytical procedures will produce erroneously high 
results. Nevertheless, it has been found by Fleckenstein 
ei al.1* that the concentration of AMP in the heart is 
extremely low, compared with the values for ADP and 
ATP. In our own laboratory, umng rapid freezing and 
enzymatic methods, values for AMP in rat heart ranging 
from 0-1 to 0-2 uM/g (10-* M) were obtained ( N., 
and Corson, 8. L., unpublisbod work). Ifsome exista 
in a bound form within the cell the average concentration 
of free AMP may be close to 0-05 uM/g, the amount that 
produces half maximal stimulation of phosphorylase b. 

Another indication that the concentration of AMP is 
low in heart is the observation that AMP is an extremely 
efficient acceptor of phosphate in this tiasue’’. In heart 
homogenates, oxidizing glucose or glycogen, rates of 
phosphorylation of AMP up to 7,000 uM/g/h (wet weight) 
have been recorded". An additional factor which will 
tend to maintain a low concentration of AMP in the heart 
is the presence of & very active 5’-nucleotidase associated 
with microsomes (Inesi, G., and Haugaard, N., unpub- 
lished work). Although the foregoing considerations 
provide indirect support for the proposed role for AMP 
and phosphorylase b m cardiac contraction, it is obvious 
that more direct evidence is needed. 

Efforte are being made in this laboratory to determine 
the true concentrations of AMP in the heart under a 


1074 


variety of experimental conditions and to attempt to 
correlate changes in AMP concentration with alterations 
in function. In the meantime, it is hoped that the 
concepts outlined here, even if eventually rejected, will 
help stimulate work leading to & better understanding 
of the role of the phosphorylase enzymes in cardiac 
contraction. 

This work was supported by grante from the National 
Heart Institute of the National Institutes of Health 
(H—1813) and the American Heart Association. 
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SYNTHETIC CYTOLIPIN H AND OTHER LACTOSIDES 
By Dr. A. C. SCHRAM, Dr. E. H. BYERS and Da. R. H. WILSON 


Veterans Administration Hospital and Blochemlstry 


ent, University 


of Texas Southwestern Medical School, 


HE hapten cytolipm H has been isolated from & 

cultured human epidermoid carcinoma by Ra 
Graf, Skipaki and Alonro!. Chemical degradation of the 
hapten characterized it as a simple, non-reducing glyooli- 
pin composed of sphingosine, a fatty acid, glucose and 
galactose in equimolar ratios. The carbohydrate moiety 
was identified as lactose’, pointing to & ceramide lactoside 
in H. ne 


eri ne aie ee oe 
some site of the cytolipm H meteboli and thereby be 


content of 32 per cent (measured on the acid-hydrolysis 


products of 100 ug of the compound’), and an optical 
rotation of + 21° (0-49 per cent in pyridine). Tho 
infra-red. spectrum of the compound is ically identical 


h: lamine. The lactosides of phenol, p-phenyl- 
phenol, p-nitrophenol, and p-arninopheno! were 
by and Goebel* 





of cytolipin H (solid line) and ceramide laotosido 
rr anny IRURE 


Fig. 1. Unfra-red 
(bro 


ceramide lactoside 


For immunological investigations, the p-ammophenol- 
lactoside was diazotized and coupled to bovine serum 
albumin and to egg albumin according to the method of 
Goebel and Avery’. Rabbits were immunized with a 
single intramuscular injection of 10 mg diaxophenol- 
lactoside bovine serum in, homogenized in Freund's 
adjuvant and hyaluronidase’, and boosted 6 weeks later 
with an intravenous injection of 65 ug of the same pre- 
paration of diazophenollactoside bovine serum albumin. 

ei al.! showed in inhibition investigations that 
the carbohydrate residue of cytolipm H had the configura- 
tion of lactose. Oytolipin H is non-reducing, and there- 
fore the lactose moiety must be linked through an acetal 
bond to the ceramide moiety. Of the two hydroxyl 
groups on the sphingoaine molecule, terminal 

i ) hydroxyl group is most likely the one mvolved 
in the bond. This is the kind of structure assigned to 
oerebroeidee, and the infra-red of oytolipin H 
(Fig. 1) is very similar to that of cerebrosides’. 

Tho : ; 


of galacccephzagoli pios reported by 
iro and Flowers'* would yield a | y droephingoeine 


of the tans configuration of a HO=OH double bond. 
Therefore, it that natural cytolipm H must 
The fatty acid residue of cytolipm H has not been entirely 
characterized; but it is unlikely that a speciflo fatty acid 
is required for haptenic activity’. 


even though ceramide 
will contain a mixture of fatty acid residues. 

Since the synthetic ceramide lactoside contams about 
82 per cent carbohydrate, this compound has only ono 
lactose entity per molecule. A lactoside linked to the 
secondary hydroxyl group of ceramide is rather unlikely, 
since the hydrogen of & secondary hydroxyl group is 


group is & group. 
This argument is substantiated by the fact that the lacto- 
side of N-(2-hydroxyethyl)-doooeanoamide (which is the 
lactoeide of a primary hydroxyl group) has an infra-red 
to that of oytolipn H and of 


The main differences between the spectra of oytolipin 
H and of ceramide lactoside are found in three places 
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(Fig. 1): around 1,725 om-!; between 1,200 and 1,400 cm-t; 
and between 850 and 950 om-. The absorption at 1,725 
om- is due to a trace of ester, attributed to some acetate 
reaidue on the carbohydrate moiety. . As ester carbonyl 
absorption is very strong, the intensity of the peak ahows 
that only & trace of acetate is present. The differences 
in the 1,200-1,400 orm! region are probably due to 
differences in the fatty acid residues of the two com- 
pounds. It has been our experience that lactosides of 
different fatty acid amides of 2-hydroxyethylamine differ in 
that part of the spectrum. As an example, Fig. 2 shows 
the relative differences in the spectrum of the lactosides 
of N-(2-hydroxyothyl)-dooosancamide (ime D) and of 
N-(2-hydroxyethyl)-oleamide (line in comparison 
with the Corresponding part of the of ceramide 
lactoaide (line B) and of cytolipin H (line A). The single 
peak present at 1,252 om~ in linee B and D strongly 

a saturated straight-chain fatty-acid residue for 
ceramide lactoside. Indeed, ceramide obtained by the 
same enzymatic hydrolysis and from the same source 
‘has been shown to contain mostly lignocerio acid’. The 
' peak at 969 om-! for both cytolipim H and ceramide 
lactoeide shows that both compounds do have some degree 
of unsaturation (sphingosine), barring interference from 
the carbohydrate absorption, which is so heavy in that 
part of the spectrum. 

The absorption maxima at 874 and 892 om^ in the 
spectrum of ceramide lactoside are due respectively to the 
D-galaotoaidio and B-gluoo«idio Imks’*. The spectrum of 
lactose itself (Fig. 8, lime E) shows those two peaks at 
876 and 897 am-!. Thoy are present in all the lactosides 
which have been synthesized, though the intensity of the 
B-gluoosidio bond absorption is increased in tho lactosides, 
presumably by stabilization of the acetal bond after 





2. Infra-red spectra in the region of 1! 1,400 am~, of cytolipin 
i ee CPC Es 
En Re 
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replacement of the hydrogen by another radical (methyl, 


~ eto.). 


The methyl lactoside had an optical rotation of + 6:4°. 
B-Mothyl lactoside has been to have an optical 
rotation of +6-3° (ref. 13), showing that the B-lactomide 
had been obtained exclusively. The other lactosides all 
exhibited relatively negative optical rotations, varying 
from —12-7° (n-propyl lactoside) to +6-4° (methyl 
lactoside). Since all showed the characteristic maximum 
a ion in their infra-red spectrum between 880 and 
892 cm-!, the optical rotations support the labelling of 
the compounds as B-lactosides. 

The complement-fixation tests which were so useful 
in the isolation and characterization of oytolipm -H 
cannot prove the identity of cytolipin H and ceramido 
lactoside. Since it was found that lactose is the determin- 
ant site of this hapten any lactolipid would elicit a positive 


were positive in rabbits immunised against the 
diaxopheno bovine serum albumin, as one would 
expect from animals immunized against & lactoside 


hapten. This showed the presence of a lactoside group 
in the compounds which elicited & positive akin reaction 
Ring preoipitin testa proved that the lactose structure 
had not been affected during the handling in the synthetic 
urea: lactose and all lactosides tested exhibited 
inhibition of the precipitin reaction between antiserum 
and diazophenollactoside ‘egg albumin, while other 
Absolute proof of identity of cytolipin H and ceramide 
lactoside has not been established. But the accumulation 
of data from synthesis, infra-red spectrum analysis, and 
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immunology shows that the synthetio compound is a 
ceramide-B-laotoaide, and is very similar, if not identical, 
to cytolipin H. 

We thank Mr. A. P. Boer and Mr. V. Jurevies for their 
assistance. We also thank the Lederle Laboratories 
(Pearl River, New York) for gifta of lecithinase D, from 
Clostridium 1 type A toxin; Mr. 8. Rosenberg 
(Sylvana Chemical Oo., Orange, New Jersey) for gifte of 
lecithinsphmgomyelin aludge; and the Wyeth Pharma- 
ceutical Co. for gifts of hyaluronidase (‘Wydase’). 

This work was supported in part by National Institutes 
of Health grant E-3852 and American Cancer Society 
grant T-2486. 
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STRUCTURAL REQUIREMENTS FOR PUROMYCIN INHIBITION 
OF PROTEIN SYNTHESIS 


By Dr. DANIEL NATHANS* and Dr. AMOS NEIDLE 
The Rockefeller Institute, New York, and Columbia University, New York 


HE antibiotio puromycin! has been found to inhibit 

protein synthesis in a wide variety of organisms and 
tissuee**, Its structure (Fig. 1) has a striking resemblance 
to that of amincacyl-sRNA, as first recognized by Yarmo- 
linaky and de la Haba‘, who showed that the antibiotic 
inhibits amino-acid transfer from sRNA into proteins. 
Along with inhibition of protein synthesis puromyoin 
induces the formation of small peptides from the ammo- 
acids originally attached to sRNA™'. Although growth of 
the peptide chain an the ribosome appears to be inter- 
rupted by puromycin’, ita action is not yet entirely 
understood in biochemical terms. In the course of 
studies on protein synthesis from aminoacyl-sRNA in the 
B. coli ribosomal system™, we have examined the effect of 
analogues and isomers of puromycin in this system in the 
hope that a definition of the structural requirements for 
inhibition would help m understanding its mode of action. 


N(CH;3)2 


Š l | 
ost-cr-ce€ ocn, i MESS 
1 


NH; NH, 
Fig. 1. Structure of purom and tbe adenosine end 
E apti S AQ) 


Most of the compounds tested were the gift of Dr. Leon 
Goldman of the Lederle Laboratories, American Cyanamid 
Corporation, Pearl River, New York. The remainder 
(synthetic puromycin and the r-phenylalanyl, r-prolyl and 
LI-phenylalanyl-p-methoxy-r-phenyla|anyl analogues) were 
synthesized from the aminanucleoside of puromycin (or in 
the case of the peptidyl analogue, from puromycin) and 
the corresponding carbobenzory amino-acid by the method 
of Baker eal.4. The 2’-isomer of puromycin was obtained 
by coupling the oorrespondmg 2 -aminonucleoside 
(9 -( 2’ - deoxy - 2’ - amino - § - D -ribofuranosyl) - 6 -dimethyl - 
aminopurme, obtained from Dr. Goldman) with carbo- 
benroxy-p-methory-r-phenylalanine. The product, which 
was not crystallized owing to the small amount of starting 


* Present address: Department of Micro , the Johns Hopkins 
uii Baal te leidas Palio Macr. 


material available, had the same Ry es puromycin in three 
chromatographio systems and the same electrophoretic 
mobility at pH 47. These perties differed markedly 
from the starting 2’-aminonucleoside, the mobility of which 
was identical to that of the 8'-aminonucleoeide. Also, the 
absorption spectrum of the 2-isomer of puromycin, 
purified by paper P je sea in butenol-acetio acid— 
water, was the same as that of puromycin. 

Resulta of the inhibition studies are given in Table 1. 
Each compound was tested both in the regular system 
with sRNA eeterifled with all amino-acids, includmg 
“4C-leucine“, and in the polyuridylate system of Ni 
and Matthaei with “O-phenylalanyl-sRNA. Though the 
latter system seems somewhat leas sensitive to puromycin, 
the resulta in the two cases are practically identical. In 
addition, many of the compounds were tested with rat 
liver pre u and smmilar resulta obtained. As 
indicated in Table 1, the effect of each compound on the 


enzymatic formation of Popudoe and free amino-acids 
(‘aloohol-soluble products’) aminoacyl-sRNA (ref. 8) 
has also been determined. 


With the reservation that in some instances only a single 
compound of & given type has been tested, the major 
conclusions with regard to the structural specificity of 
puromycin may be summarized as follows: (1) Both the 
aminonucleoside and amino-acid are required. (Yarmo- 
linsky and de la Haba previously observed that removal of 
the purme base resulted in loss of activity*.) (2) The 
ammonucleoside must be substituted at the 8’-position. 
(3) The amino-acid must be of t-configuration. (4) Aroma- 
tic ammo-acid derivatives are by far the most potent, 
whereas derivatives with certain amino-acids are inactive. 
(5) Compounds with a dipeptide side-cham are inactive. 

The greet differences in activity of compounds with 
different amino-acids were unexpected. One might have 
anticipated that any analogue with a natural amino-acid 
would be equally effective since each of these compounds 
would resemble an amimoacyl-sRNA. As noted, however, 
substitution with some amino-acids (glycine, proline) 
leads to analogues with no activity ; substitution with 
others (r-leucine) gives alight activity ; and the presence 
of phenylalanine (with or without a p-alkoxy group) or 
tyrosine results in marked activity. The basis for this 
specificity is unknown, but could reflect a tighter binding of 
the aromatic amimoacyl derivative to the inhibited mte. 

The fact that the phenylalanyl analogue is & more 
potent inhibitor of both phenylalanine and leucine 
incorporation than is the leucyl analogue suggests that the 
amino-acid substituent does not confer specificity for the 
inhibition of moorporation of that particular amino-acid. 
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Table 1 Table 4 
eniin ri y eeii PER pee pent nhh 
- % x X % Pirayan aa rz a a 
n aleohol- m aleohol- Lousy! analogue 10* 57 67 
Compound Cone. inhib- soluble = inhibi- soluble Proly] analogue 10> EST! 0 
a" Hon. prodata Won CDrodueté Incubation conditions were similar to those giren In the legend of Table 1. 
Puromyan 107 78 ?0 83 28 7 
ao 9o z p = roline incorporation, whereas the proline analogue has 

Pr arn) io ^ w E uoc itle or no effect in either instance. 

Altered The striking difference in activity between the 2 and 8° 
¥-puromyetn 10-* 0 0 3 1 substituted nucleosides deserves comment, since it might 
v- TE M d $ M be related to the specific poeition of the amino-acid on the 

Eur A 10* 0 0 0 0 adenosine of s«RNA:!*. Such an interpretation, however, 
orem w 2 u S » must await the determination of the exact position of the 
$'-ammonnelomse 10 * — — 0 0 amino-acid in esterified sRNA. 

WD As shown in Table 1, the amount of aloohol-soluble 

Altered aide-chatn formed in the of various 

analogue io 55 ' 13 » = correlates well with the degree of inhibition of protein 

107 94 *0 90 40 by & given compound, thus substantiating the 
Oy ey 10, = "i 4 18 conclusion that the enzymatic formation of small peptides 
E UT MEE 2 9 n 2 from aminoacyl-sRNA is intimately related to the 
EN ia 16-4 l ; 3 T mechanism by which puromycin saibite protein syle 
zi w e 12 8l E Finally, the speciflo structural I ta for inhibi- 
eyptopbany! io 6 0 i 7 Hon egest thet puscisein aote uy md v n aT 
I-leocyi analogno 107 0 Dice 19 centre an enzyme or to a ribonu involved in 
I-peolyl analogue 10~ e a 10 0 the last steps of protein synthesis. — considering the 
10+ — — 9 2 reactions which occur’, the possibility that puromycin 
Mueren ue 8 s 0 H 1 interacts with the peptide bond-forming enxyme is an 
Pedes Wo thank Dr. Fels Lipmann jasc, 
- _ Le We thank Dr. Fritx Li and Dr. Heinrich Wi 
piene ere NC is f in whose laboratories this work was carried out, for their 
I i 6 e ux T interest and advice. 
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conditions were similar to those given ther., $, 400 (1961). ig E : 


p E 


ribosomes ; 
0-0005 M GTP; 0-01 i 3 x pyruvate kinase ; 
0-01 A eee ; 0-012 MgC; © A Kc ode bir HOL Hre 
+RNA only with 1:0-phenylalanine (1,890 6. un 
i in the leucine 


; 1:2 x 10 opm/ 
amo) were t; and mg of amino- 
EORR 5,360 c.p.m. 34O-leuntne (1-6 x 10* o.p.m./ ). 

10 mtn at 30*, 130 
10 per cent 
counted, 


volumes of cold ethanol con 1 of 
ecotate was added and an the tant 

tate was then extracted with 5% TOA at 00° for 15 mtn, 
washed, and as described . In absence of minbitor, 


refers to the per oent of added 
that due to ochemioal dea 


Also consistent with this is the observation (Table 1) that 
the tyrosine analogue inhibite phenylalanine inoorporation 
in the polyuridylate system. This lack of ifloiby is 


again seen in the experiment reported m Table 2; the 


leucyl analogue is equally effective in reducing leucine and 
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EFFECT OF RNA FROM NORMAL HUMAN BONE MARROW 
ON LEUKAMIC MARROW IN VIVO - 


Laboratory of H 


By Dx. S. DeCARVALHO 
, Doctors Hospital and Laboratory of Cancer Virology and Immunology, 


Development Corporation, Cleveland, Ohio 


chemical evidence, is being utilized to demonstrate specific 
proteinopoietio activities of native ribonucleic acids 
AE from different cellular systeme. It has been 
shown that RNA from yeast cells adapted to copper 
specifically protects unadapted strains against lethal doses 
of oopper!, and that a new type of RNA appears in yeast 
cells when catalase synthesis is Induced by exposure to 
oxygen’. 


True redifferentiation of mouse ascites tumour cells by 
RNA from normal calf liver may have been obtained by 
Niu. On the other hand, normal mouse kidney cells 
treated by RNA from the ascites tumour oellg were able 
to induce local tumours in mice*. We have shown that 
RNA from human leukemic and tumour cells can be 
cytopathogenic for cultures of primary lines of human 
oella**' and ancogenio and leuksamogenic for animals’. The 
interplay of normal and malignant RNA with malgnant 
and normal cells obtained with the Novikoff tumour model 
points towards the possibility of redifferentiating human 
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malignant cells with human normal RNA?®-. 5 
information transfer between sickle hsemogiobin-producing 


by Weisberger. Significant reduction in tumour takes 
Harel e£ al. by the effect of normal 
mouse liver RNA on FLS ascites carcinoma cells of the 
Swies mouse. Proof of penetration of labelled RNA into 
normal and tumour oelle was obtained by Schwarz et al.*!. 
The foregoing evidence led to the hypothesis that RNA 
from malignant cells is biologically different from RNA 
from nan-malignant cella and that the degree of differenti- 
ation or undifferentiation of malignant cells might 
reflect the relative amounts of normal and abnormal RNA. 
Abnormal RNA would be unable to direct specific 
protein synthesis; enzyme deletions . and antigenic 
simplification, both found in malignant cells, could be the 
indirect result of the unfitness of the abnormal RNA. Of 
the two classes of RNA now described by Sibatanı the 
high metabolically actrve, low in guanidine content and 
the leas metabolically active, high in guanidine content, 
the last was reported a few years ago to be predominant 
in malignant celle", ; . 
A pattern for alterations of normal RNA under carcino- 
genic influences (viral, physical, chemical) may have been 
set by the experimenta of Tsugita and Fraenkel-Conrati 
and Siegel”, and the findings of Alderson. The trans- 
formation of cytosine into uracil in the RNA of thé tobacco 
mosaic virus by nitrous acid resulted in a mutant produo- 
ing a protein differing from the natural TMV protein in the 
replacement of proline by leucme in a certain location. 
It is recalled that a similar differance in one single amino- 
acid is all that distingui hæmoglobin Æ from sickle 
hæmoglobin and other hæmoglobins. Similar mutagenic 
alterations on the TMV RNA were brought about by 
4-nitroquinoline-N-oxide**, a substance which is leukemo- 
genic for the mouse by mechaniams suggesting endoviro- 
ins? 


geneeig**, 

Deperting from the hypothesis that malignant oells 
remain undifferentiated because of a deflaiency of normal 
proteinopoietic RNA, an attempt was made to supply these 
cells $^ stiu, with RNA extracted from normal cells. 
Leukssmic marrow and RNA from normal bone marrow 
seemed an ideal system for such experiment. 

It must be emphasized that the aim of the work recorded 
here is to examine some biological properties of the RNA 
from normal marrow, specifically to determine if the 
hematopoietic information it cantains can be transferred 
by a sort of sub-oellular h ing of a late to 
other cells. This work bono ed Aum: thera- 
peutio or pharmacological implication, and it is presented 
for the posible biological consequences rather than for 
ita content of clinical repercussions. 

RNA from human normal bone marrow. Non-leuksamic 
bone marrow was obtained from a 48-year-old white male 
presenting a history of epigastric distreas which on X-ray 
was shown to be due to herniation of gastric mucosa 
through the pylorus. The following were his hamatological 
parameters: Hematocrit value 52; hæmoglobin 16-80 
£ per cent; red blood cells 5,200,000 per mm?; white 
blood cells 8,000 per mm!; differential count in the peri- 
PHeral blood: neutrophils 57 per cent, lymphocytes 42 
per cent, and monocytes 1 per cant. 

25 ml. of marrow were drawn from a sternal puncture in 
2-5 ml. of 3-8 per cent sodium citrate. This marrow 
contained a total of 1-75 x 10° cells per ml. and the 
myelogram was within normal limita. 

RNA from this marrow was extracted by phenol. The 
alcohol- ipitate was redisolved in isotonic hate- 
buffered saline at pH. 7-1. The final concentration of RNA 
was adjusted to 90 ug/ml. This preparation was filtered 
through 08 Selas porcelain filters and kept at —20? C for 
24. h when it was thawed to 2° O for use. 

Leukaméic patients’ histories. H. M., 57-year-old white 
male. Admitted for the firat time an October 28, 1959, 
because of petechis and small eochymoses over chest and 


` 


NATURE 


March 16, 1963 ' vo. 197 


limbe. Three weeks before admission started noting easy 
fatigue and tiredness, pallor of skin and mucoes, petechim 
and small ecchymoses and ullar infiltrations over the 
akin of chest and legs. His lod date wer: hæmoglobin 
8-65 g per cent; red blood ocells 2,560,000/mm?; white 
blood cells 11,400/mm!; 52 per cent stem cells, 30 per cent 
lymphocytes, ll per cent neutrophils, 1 per cent plas- 
mocytes; 40,000/mm? plateleta, O reticulocytes. The 
sternal bone marrow was hypoplastic and peucicellular 
with partial megaloblastio OL maa of the erythro- 
poiesis. The leuksamic cella, representing about 15 per 
cent of all elementa, were of myeloblastoid resemblance. 

The treatment from October 30, 1959, to Maroh 14, 
1960, had consisted of transfusions, methyl-prednisolone 
and 6-mercaptopurine. 

During the period of treatment the hæmoglobin ogoil- 
lated between 8 and 12 g per cent, the leucocyte count 
from 14 to 40,000/mm? and the platelets from 40 to 
80,000/mm* with 25-90 per cent of leuksmio cella. No 
remissions were ever achieved, although the general 
condition was satisfactory, the patient was asymptomatic, 
ambulatory and even resumed part-tmne wor Two 
weeks before this experiment, all treatment was dis- 
continued. Tables 1 and 2 contain marrow data a few 
minutes before the experiment started. 


Table 1. MYELOGRAMS OF PATUDTT H. M. (% oF 500 CELLS OOUXTHD) 


2 days after 1st 
Pleo of Before normal RNA instillation of 10 days after 
instille ton normal A normal RNA 
Sternum ^ Leukemie cells i s i 
Myelocytes 7 145 2-0 
Moegakai yocytes 0 15 05 
Pleee of Before buffesed 2 days after 10 days after 
ine tile aon buffered saline buffered saline 
Tao bons Leakemic cells 


Table 2. AIrxLOGRAX OF Paron M. H. (% OF 500 CELLS COUXTED) 


Place of Before normal RNA 2 days after 10 days after 
instillation normal ENA normal RNA 
Bternum Leukseenio cells 99 5 9 i 
` Myelocytes 0 19-5 06 
Megakaryoeytes- 0 15 0 
Pace of Before buffered After buffered 10 days after 
msta saline sabne buffered saimo 
Ilac bone Leukemie cells E E 100 
Myeoaytes 0 0-5 0 / 
Mogakaryooytes 0 0 0 


laboratory findings on admission were : obin 7-5 
g cent; red blood cells 2,160,000/mm*; white blood 
cells 4,100/mrm? ; of the last, 50 per cent were myelo- 
blastoid anaplastic stem cells and 5 per cent basophils. 
The bone marrow was cellular and monomorphic, 95 per 
cent of its cells bemg leukemic cells. Treatment consisted, 
until 2 weeks before this experiment, of transfusions and 
antibiotics. 

Inira-osseous instillation of normal marrow RNA. A 
puncture was made in the middle of the secand sternal 
piece. Marrow was i for morphological study. 
Through the same needle 1 ml. of the normal RNA prepara- 
tion was injected. At the same time a was made 
in the right iliac crest at a point 1 am ind the anterior 
superior spine at an angle pointing to this spine. Marrow 
was obtained for morphological study followed by injection 
of 1 ml. of phosphate-buffered saline as control. Later 
aspirations of marrow were made in the same marked 

laces. x 
P Diferential counts represent percentages of oelle in 
Wright stained smears. Each value is the average of 
three different counts. Absolute total counts were made 
from a suspension of 2 ml. of marrow diluted to 10 ml. with 
citrate-buffered saline. Counta were made in Levy- 
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directly in cell ions with the violet light microsco 
method described by Wilkins and us" making use of the 
specific hem absorption in the Soret band. This method 
permitted to check the accuracy of the indirect absolute 
estimations which we found to represent an approximation 
of + 7 per cant. 

Tables 1 and 2 summarise the cellular camposition of 
the marrows obtained before and after instillation of 
normal marrow RNA and control-buffered saline. 


in 10 ml. of b 
manubrium 80 days after the first RNA instillation in the 
second sternal piece. Samples of marrow were taken 
before and 2, 6, 10 and 14 days after this reinstillation. 
Table 8 gives the results. 


Table 3. HELATIYE AXD ABSOLUTE DIFTERENTIAL ONLL OOUNTS OF 
MARROW CELLS OF PATIXWT H.M. AFTER BXOOND BEINFTILLATÍON OF 
900 sa OF NORMAL HUMAX MARROW RNA IN THE MAKUBRIUM 


Insulation 
10 
Bel 


me ate BTA 
nd the. Raabe, Rel Abe 


14 


Cells HeL 
Leukmenie cells 91 37 2 01 ?0 06 40 12 90 36 
Brythroblasts 65 O25 05 2 56 10 36 1 6 Of 
AMyelocytes 15 01 31 O9 3*1 O6 13 O4 4 02 
Megakaryocytes 0 0 2 06 2 01 05000 0 0 
Total absolute 

cell numbers 3-6 2-0 26 40 


405 
Relative counts : Percentages [n 
Absolute counts . killions In 2 mL of marrow 


Fourteen days after the second instillation of RNA, 
when the local marrow had reverted back again to a full 
leuksernio stage, intravenous injections of 1,800 ug of RNA 
were made three times at two-day intervals. No change 
was detected in the peripheral blood counts or in an iliac 
marrow sample taken 8 days after the last mtravenous 
injection. 

Morphological studies and differential cell oounta of the 


marrows of the two leukmmic patients clearly indicated a - 


local hemopoietic response following instillation of the 
RNA from normal marrow. For reasons not well under- 
stood, this hemopoietic response either fades away or 
it is completely obscured by the leukmmic_proliferation. 
There seams to be a relationship between the amount of 
RNA instilled and the degree of hmamopoietic response as 
well as the period of time for reversion to the previous 
leuksmic stage. When 90 ug of RNA were instilled, only 
a slight hwsmopoietic response was noted with reversion to 
the statu quo ante within 10 days. When 10 times that 
amount was re-instilled, a full hmmopoietic response was 
obtained in 2 days with progressive decline within 14 days. 
Failure of -intravenous administration of RNA to 
induce marrow changes may probably be accounted for by 
quick inactivation in the circulation by ribonuclease or 
inhibition by strong combination of the RNA with plasma 
Gierer and Schramm? have indicated that highly purifled 
RNA from tobacco mosaic virus is largely inactivated by 
proteins in serum. However, injections of tumoral and 
leuksemic RNA have been succesaful in inducing disease in 
mice'*-*, thus indicating persistence of activity after 
injection. It may be that these ions are not so 
highly purified as those of Schramm and that residual 
protein affords some degree of protection. Ellemf' and 
we found’ that in testing the cyto icity of RNA 
ations, it is very i to wash off the medium 

of the tissue culture to operate in conditions of 
osmolality, pH, temperature and time for absorption 
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which ‚proved the most favourable to the nucleic acid, 
while extracellular. The foregone conditions were to & 
certain extent reproduced jn method of intra-caseous 
instillation and this fact probably accounts for the success 
of local application and the failure of the intravenous 
administration of the RNA. : 

While it is poesible to obtain these conditions 4n vitro, it 
will probably be necessary to learn how to reproduce them 
in vivo before we will be able to bioassay specific proteino- 
poietic activities of the ribonucleic acids from different 
sources. 

A third patient provided the opportunity for further 
probing into the possibilities of protecting RNA intra- 
venously injected. | 

W. B., a 40-year-old male, was diagnosed of acute stem- 
cell leukemia about three months after the first symptoms 
of weakness and fatigue. The patient bad not received. 
any form of treatment, not even transfusions. By the 
time of the experiment the hematological findings were: 
sternal bone marrow: 95 per cent leukemic - cells; 
hemoglobin 7-00 g per cent; red blood cell 2:8 x 
10*/mm?* ; white blood cell 4 x 10*/mm* of which 80 per 
cent were leuksamic cella, reticulocytes 0 per cent, platelets 
2 x lO*/mm*. \ 

An intravenous infusion of 1 g of calcium disodium 
versenate in 150 ml. of 5 cent glucose in water was 
dripped for 1h. "Urine collected before, during this time, 
and in the following 2 h was assayed for calcium content, 
and showed an elimination of 1/5 of the total previous 
blood calcium. Blood calcium-levels, however, did[not 
show appreciable differences due to bane calcium mobilizas- 
tion in accordance with reported findinge™. Magnesium 
in the blood dropped from 3 to 0-7 mg per cent. 

The last was particularly the one intended to be 
decreased since it is the activating oligoelement of ribo- 
nuclease. - 

Immediately following the last drops of the chelating 
agent 1,480 ug of RNA in buffered versenate saline 
obtained fram pooled normal human bone marrow were 
injected intravenously. 

The same ure was repeated for 3 days. 1-2 h 
after the EDTA-RNA administration, chills and temporary 
elevation of were noted. Table 4 summarizes 
the hsmatological findings in the first 2 weeks of observá- 
tion. The hematopoietic response by the systemic RNA, 
as shown by the moderate reticulocyte elevation and 
hæmoglobin build up, was maintained for about the same 
time as that observed in the local stimulation by regional 
instillation of RNA. 


Table 4. Hyrsor oF IKTRAYNNOUS EDTA FOLLOWXD'BY NORMAL MARROW 
RNA ox LHUXAMIO BLOOD 


Retioulo- 
Day Hb RBO WBO cela Platelsts cytes 
(g X) (10% mm*) (10° mm”) (% of WBO)(10‘/mm*)  (%) 
0 70 2.8 50 80 0 
05 7-0 28 57 85 0 
70 3-0 28 40 1 
5 78 3-2 18 30 10 
5 8-10 $4 10 l4 
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The question of whether the 
represent specific hemopoietic 
leuksamic cells by a hemopoietic RNA template or if they 
represent non-specific hemopoietio stimulation of reticu- 
lum cells by the preperation cannot be solved until RNA 
from organs other than bone marrow is used m the same 
way. Local changes of megaloblastio into normoblastio 
marrow were induced by Horrigan” following local 
instillation of vitamin By. In 1927 Larsell ei al.™ injected 
nucleic acid preparations from erythrocytes of the fowl 
intravenously into rabbits and into 11 ansmio patients. 
Marked hemopoietic stimulus was noted as judged by 


1080, 


peripheral blood cell counts. -With the method of pre- 
paring the nucleic acids used by these a degradation 
of the nucleic acids and heavy protein contamination was 
to be expected and thus transfer of intact lates may 

bably be excluded. Non-specific stimulation of the 
ly the mechaniam of action in this case. This and 


similar works established the basis for the therapeutio use, - 


now 
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CHANGE OF HUMAN CHROMOSOME COUNT DISTRIBUTIONS 
WITH AGE: EVIDENCE FOR A SEX DIFFERENCE 


By PATRICIA A. JACOBS, MURIEL BRUNTON and W. M. COURT BROWN 
Medical Research Council, Clinical Effects of Radiation Research Unit, Western General Hospital, Edinburgh 
AND 
RICHARD DOLL and HARVEY GOLDSTEIN* 


Medical Research Council, Statistical Research Unit, University College Hospital Medical School, 
London, W.C.I 


N previous communications we reported that the 
proportion of aneuploid cells in cultures of human 
leucocytes increased with the age of the subjeot!, and that, 
at any given among adulte, the proportions did not 
differ apuredisbly between persons with and without 
cancer*, We now have much more date, and also have 
evidence that there is a difference between the sexes both 
in the manner in which the proportions of aneuploid cells 
change with age, and also in regard to the chromosomes 
affected. 


- Altogether data are available for 8,380 cells from 247 
subjects with normal types inclusive of those re- 
previously. These cells have bean obtained from 

lood cultures by the technique of Moorhead 
et al’. For each aneuploid cell an attempt has been made 
to describe the missing or additional chromosomes. The 
distribution of chromosome counts is recorded in Table 1 
for each age-group, and divided ing to chromosomal 
sex. The proportion of aneuploid cells (expressed as a 
percentage of the diploid cells) increases with age in both 
sexes; but the rate of increase in the proportion of 
hypodiploid cells differs between the sexes.. Comperison 
of the regression coefficients in the linear regression 
formule (Table 1) shows the coefficients for men and 
women to differ significantly (P < 0-01). Furthermore 
the male Mata are satisfactorily explained by a linear 
regreasion, whereas i ion that the female 
date would be better fitted by a io curve in which the 
rate of increase is low under the age of 45 years, high 
between the ages of 45 and 64 years, and low again at ages 
over 65 years. Under 45 years of age, the trend in the 
* Research Amistant, Department of Statistios, Untrersity College, London, 


Table 1. DINTRIBUTION or salir ty OOUNTS BY AGB AND CHROMOSOMAL 


No. of cells with a% 

Age group No.of Mean No, of of oelis 

QT.) subjecta age* od <45 40 >46 < 4$ 

0x 10 110 300 1i $287 2 $83 070 

$ 54 1 998 370 13 34 3 307 085 

15-134 — 2* WS 090 86 O18 5 3:30 O53 

25-44 — $5 29-01 0990 40 941 (0 415 006 

2008544 8 3771 26 18 230 i b 1:67 

M 45-4 — 14 4977 697 34 558 7 611 Lf5 
55-4 — 10 58-50  À 300 10 fib 6 6491 218. 

6574 10 7047 320 B 2% 5 7838 171 

à %+ M 340 30 ^ 307 12 Q7 891 

Allage 123 36316 4471 £10 4109 53 522 1-26 

y 0-14 9 TA 270 6 22 02 t9 0-76 

15-234 — 38 10-08 0968 83$ 990 (5 345 OM 

25-34 98 .19-74 000 19  Bé0 11 £37 1-38 

35-4 13 5908 4521 19 47 6 445 14 

d 45-64 16 57-07 UT] B 588 & O10 OM 

65-74 11 06849 S0 37 ? 1 1171 0-9 

75+ — 14 81:72 418 46 386 16 1203 4-40 

Alages 124 39-06 3,900 103 5,069 47 585 1-38 

R on of the percen: of: (0) onis (XY) 
- 228 0l hi ocells QD. lela 03; 
un ad gh ge age praua d 
AD): y= + 0-05. ch of the differs 

tly from zero. For (1) - (If, P< ; for (1v) P = 0-04. 


* Wetghted for the number of calls counted. 


female data is similar to that for males, and oan be fitted 
by the linear equation y = 0-056» + 2-08. - 

In examining the types of chromosomes involved in the 
formation of the aneuploid cells, an attempt has been made 
to assign the missing or additional chromosomes to one or 
other of the following six groups, based an the Denver 
classification. Where this has been possible a cell is said to 
have been fully analysed. In a number of cells a full analysis 
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was not possible, but a partial analysis oould be made. 
Such cells in males were included with thoee fully analysed 
even though the chromosome could only be ascribed to the 
M/L group, and in females where the chromosome could 
only be ascribed to the S group (S,-8,). 


Chromosomes Group 
21, 22 and Y B 
16, 19 and 20 Sa 
17 and 18 Sa 
13, 14 and 15 ü 
6-12 and I 
1-5 L 


In group L, autosomes Nos. 1, 2 and $ can of course be 


recognized as individual entities, but so few cells contained 
an abnormal number of L autosomes that this refinement 
of the aneuploid 


with a chromosome count of 48 or leas have also been dis- 
carded as many or all are likely to be artefacts due to 
rupture of the cell. The distributions of the counts in the 
remaining cells are given in Table 2 ; the results show that 
the propartion of hypodiploid cells still increased with age, 
and that the regression coefficients still erage Ba 
cantly (P < 0-01). In this and the subsequent Bes 
the numbers of hyperdiploid cells were found to be too 
small for any valid conclusions to be drawn. 


Table f. DISTRIBUTION oF OHROXOgONE COUNTS BY BAX AXD AGE AFTOR 
OERTADI F AXEUPLOID ONLLS* 


RXOLUMOX OF GROPI O 
"Peroentage of 
Ohiomo- Age group No. of oelhs with Oei Oolls with 
Gr.) counts hypodiplold d 
sex «49 >46 ooants 
0—14 17 3 1-65 0-25 
15-24 18 5 1-96 0-52 
25-44 45 3 $81 0-57 
rr 45—564 24 2. 4-32 0-47 
55-74 21 1 9-70 08 
75+ 20 10 6-52 2-81 
All ages 155 24 3-00 0-064 
0-24 20 4 2-18 0-62 
25-34 ?0 2 2-09 O21 
IX 35-4 18 10 3-30 0-85 
-H 21 ` 5 4-90 0-90 
65-74 20 - 6 6-87 0-88 
75+ 33 7 8-00 228 
All ages 187 33 3-05 0-79 


ee ee eT ad celis, vex P ^ y = 0-0305 + 2-30 
n * * üy different 


* Bee text for definition. The number of their mean and the 
marae tort for ete The time Gann ams given in Table’. 


‘Inspection of the data suggested that in males an undue 


proportion of the hypodiploid cells was missing an S, 
chromosome, wheroas:in females an undue proportion was 
lacking an M chromosome. In fact the proportion of these 
cella not only increases with age (Table 8), but also these 
cells acoount for nearly all tho ion on previously 
observed. If these cells are ex ed then the regression 
of the remaining hypodiploid cells on age becomes 
extremely small, and the coefficiente do not differ signifi- 
cantly from zero in either sex (males, y = 0-006z + 2-15; 
females, y = 0-0052 + 1-41). 

The resulta reported here are open to criticism on the 
grounds that the observations were not made on & repre- 
sentative sample of the general tion. The subjects 
were comprised of healthy volunteers, hospital m-petiente, 
sea of children with chromosome abnormalities, ete. 

o offset this difficulty a study is in progress of a group of 
subjects, selected at random from the lista of general 
practitioners. This investigation will eventually include 
men and women of all ages from 15 years and upwards, but 
so far data only referable to those of 65 years and more are 
available. These, however, confirm the findings alreatty 
noted for this group, and in this study every oell has been 
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Table 3. DISTRIBUTION OY HYPODIPLOID CNLLS-LAOKIXO S, AND af 

CHROMOSOMES BY AGE AND CHROMOSOMAL Sux 

Age group Celle lacking only 5, chromosomes 

Chr. sex OT.) Number % of Diploid cells 
0-14 4 0-03 
4 (0-43 
35 44 6 O51 
rx tug 144 
55-74 8 1:41 
.754- 10 8-26 
‘All ages 40 0-05 

* Cells lacking only Af chromosomes 
0-24 0-76 
25-34 5 0-52 
II 35-4 10 1:88 
5-H 10 233 
65-74 15 2 5:106 
T+ 27 7:58 
Al ages r 76 "08 


Y $ 

Both regression a e a ps nu MA. (P < 0-01) 

fully analysed. Examination of 1,050 cells from 35 males 
(mean age 71-69 years) shows 9-26 per cent to be aneuploid 
and that the proportions increase y for the 
age-groups 65-69, 70-74 and 75 years and over, being 
respectively 7-14, 10-09 and 12-15 per cent. 48 cella with 
45 chromosomes were available for analysis, 27 of which 
were missing an S, chromosome ( number on the 
In 12 of these cells the missing 


(mean age 73-49 years) again confirmed the earlier findings. 
The proportion of aneuploid cells was 11-50 per cent end 

this proportion did not change 
groups 65-69, 70-74, 75-79 an 80 years and over, the 
relevant proportions being 11:37, 12-68, 11:94 and 10-20 
cent. 95 cells with a count of 45 chromosomes were 
available for analysis, of which 81 were mi an M 
(expected u re of ran 
tial agreement between the earlier 


Tt seems reasonable to postula | 
increases in the proportion of aneuploid cells with age, 
which in males is mainly due to the loss of an S, chromo- 
some and in females to the loes of an M chromosome, 18 Jn 
fact largely due to divisional errors involving the Y 
chromosome in men and the X chromosome in women. 
Direct evidence is available for the Y chromosome as m 
good preparations it is identifiable, and therefore its 
absence is recognizable. Direct evidence for the involve- 


of the study tion. 
te that the obeerved 


labelling. It may well also be relevant that the major 
involving an M chromosome in women occurs at 
the time of a sharp decline in sexual activity. 
males and females the findings could be explained: 
(1) if there was a special liability for cells to lose a sex 
chromosome, or (2) if all chromosomes were liable to be 
involved, but that the cells with an abnormal number of 
autosomes were at a disadvan: and failed to survive, 
or (8) if both possibilities together. f 
We thank Dr. J. Williamson and his staff of the Edin- 
burgh Geriatric Hospital Service for access and assistance 
with patients. We also thank Dr. R. Scott and his staff 
of the Edinburgh University General Practice Teaching 
Unit, and the following general medio prastitioners : 
Drs. W. G. Butters, T. E. Di n, A. Irons, J. 8. Milne, 
A. I. Richardson and I. 8. Stokoe. 
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CHEMICAL COMPOSITION AND TERMINOLOGY OF SPECIALIZED 
ORGANELLES (MELANOSOMES AND MELANIN GRANULES) 
IN MAMMALIAN MELANOCYTES 


By Dr. M. SEIJI, Pror. T. B. FITZPATRICK and R. T. SIMPSON 
Department of Dermatology, Harvard Medical School 
AND 


M. S. C. BIRBECK 
Chester Beatty Institute for Cancer Research, London 


Development of Melanin Granules 


E the past few years, investigations of the fine atructure 
of the melanooyte have altered the concept of the 
natare of this cell. Birbeck, Mercer and Barnicot! were 
the first to point out that melanocytes contain 4 system of 
membranes similar to those seen in secretory cella. They 
have also observed that the melanin granules present in the 
cytoplasm of the melanocyte are not of uniform structure, 


but appear at any given moment to be in varying stages of, 


development. ‘The granules appear to start as hollow 
vacuoles in which a tenuous material appears m the form 
of a folded lamella. . . . This material is rapidly 
thickened and defined by the deposition of more dense 
material. . . ."*. Later investigations of the fine structure 
of melanin granules have confirmed and extended these 
findings**. 

At the fifth International Pigment Cell Conference m 
New York, an investigation was desoribed?? m which 
particles isolated from pigmented tissues by ultraoentzi- 
fugal, density-gradient methods had been studied by both 
biochamical techniques and electronmicroscopy**. The 
results of this work have made it possible to outline the 
succeasive steps in the development of melanm granules. 
Because melanin granules were found to be specialized 
organelles which differ from mitochondria not only in 
structure and development but also in chemical and 
enzymatic composition, a set of new terms was proposed. 
for the various stages of their development. Introduction 
of these new terms is justified by inadequacy of the single, 
inclusive term, ‘melanm granule’, to describe with precision 
the structural and chemical metamorphoees which take 
place in the granule durmg melanisation. In Fig. l are 
outlined the essential features of pre-melanosomes, 
melanosomes and melanin granules—the three specialized 
organelles found in melanocytes. 

It is believed that three stages can be recognized in the 
formation of the melanin granule—the final product of the 
melanocyte (Fig. 1). 

(I) A first stage in which polypeptides are synthesized 
and condensed into the secondary and tertiary structures 
of the enzymatic protein molecules. 

(II) An intermediate stage in which the enzyme mole- 
cules are arranged in structural form—the pre-melanosome. 
The enzyme molecules are aligned in an ordered pattern. 

(III) A third stage in which melanin biosynthesis 
begins and melanin accumulates inside the pre-melano- 
some. During this stage, the granule contams tyrosinase 
activity and is a malanosome. 

The final product, m which melanization is complete, 
and in which no tyrosinase may be detected, is a melanin 


During stage IL, the arrangement, shape and size of the 
pre-melanosomes are thought to be both Bpecies- and 
site-dependent. Melanin is not yet synthesized at this 
stage. During the early parta of stage III, the lameller 

* Present addres: Department of Dermatology, Juntendo Medical 
Bahool, Bunkyo-Ku, Tokyo. 


pattern of the pre-melanosome can still be seen in electron- 
micrographs, but as the process of melanization continues, 
the lamellar pattern gradually becomes obliterated by 
deposited APEA and an amorphous melanin granule 
eventually results. As melanm gradually forma within 
the melanosome, the tyrosinase activity of the melano- 
ingly decreases : in other words, melanin 
formation and tyrosinase activity are inversely related". 

Melanin rd to be synthesized $n vivo predominantly 
durmg stege : nevertheless, active tyrosinase may be 
recovered ın vitro from the small-grapule fraction. It 1s 
possible that extraction of the enzymatic protein resulta in 


ite activation. There 1s reported to exist in insects an 
mactive enzyme called pro- i which may be 
activated both in vivo and 4n vtiro* 1. Melanin cannot 


be seen in electronmicrographs of rough or smooth mem- 
branes, yet small amounts may be present, but not 
detectable, because melanm and the other cytoplasmic 
structures have a similar density. 

This series of developmental must hereafter be 
considered in any study of the mechanisms of ' 
melanin formation, whether they are hormones, ultra- 
violet light or disease states. 


Chemical Composition of Melanosomes, 
Melanin Granules and Mitochondria 


Stem!* has examined the chemical composition of 
melanin granules isolated from the choroid of the eye of 
the ox and has oo his data with thoee obtained. 
from the mitochondria of rab and mouse liver. It has 
seemed worth while to compare the chemioal composition 
of the *melanosomal' and ‘mitochondrial’ fractions isolated 
by differential and density-gradient techniques as & means 
of clarifying the biochemical characteristics of these two 
distinctive componenta of the melanin-forming cell. In 
evaluating resulta, however, one must remember that the 
so-called ‘melanosomal’ fraction may contam both 
melanin granules (as defined here) and melanosomes. 

The B-16 mouse melanoma and the Harding-Paseey 
mouse melanoma used in the experimenta reported here 
were serially transplanted in 0-57 and Bwise strain mice 
respectively. The entire, actively growing tumours were 
excised when their diameter reached 1-0-1-5 om and 
promptly homogenized in 0-25 M sucrose at about 0° C. 
All subsequent proceesing occurred in a cold environment 
(about 3° 0). The homogenate was centrifuged at 700g 
for 10 min. The resulting ‘low-speed’ supernatant, when 
centrifuged at 11,000g for 10 mim, yielded a sediment 
which was ded in 0-25 M sucrose and recentrifuged 
at 15,000g for 10 min. This sediment was again suspended 
in 0-25 M sucrose to make the ‘large-granule’ preparation 
used as starting material for density-gradient oemtrifuga- 
tion. Densrby-gradient sucrose columns were prepared in 
the tubes of the Spinoo swinging-bucket rotor (SW-39-L) 
by layering 0-5 ml. of eight different concentrations of 
sucrose solution in serial order with the most concentrated 
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S Fx. 1. BTAGEB IN THE DEVELOPMEKT OF MELANIN GRANULES 
Name and size Morphology Biochemical composition 
Ribosome (100-150 Å) . BNA + protein 
Golgi vesicle (0-06) è Phospholipid + protein 
Intermediate vesicle (0 5) €) Phospholipid + protein 


Premelanosoma 
(07 x 0-8«*) 


' Tyrosinase + melanin 


Melanosome (07 x 0-3«*) 


Melanin granule 
(07 x O8e*) 


A 
e LU, 


from Swbesilular Localisation of M. 
The Pigment Coll: Moleoutar, Biological 


layer at the bottom of the tube. Thay were ties ‘allowed 
to stand overnight (about 18 h) so that the gradient might 
become smooth. The sucrose concentratians used for the 

of melanosomes were 2-0 M, 2-4 M, 2.2 M, 
2.0 M, 1-8 M, 1-6 M, 1-55 M, and 1-5 M ; for the separation 
of mitochondria, the concentrations were 2-0 M, 1:8 M, 
1:6 M, 1-55 M, 1:5 M, 1-4 M, 1:2 M, and 1-0 M. Immedi- 
ately before centrifugation, 1 ml. of freshly prepared 

ule ion from mouse melanoma was 
layered carefully over the top of each tube. After centri- 
fugation at 103,000g for 60 min, the melanosomal fraction 
and the mitochondrial fraction were isolated from their 
respective centrifuge tubes by a centrifuge-tube cutter. 
The fractions thus obtained were then subjected to 
chemical analysis and their tyrosinase, succinoxidase and 
glutamate oxidase activity were measured. 

The ical technique of Schmidt and Thannhauser", 
modified by substituting perchloric acid for trichloroacetic 
acid, was used for the extraction of lipid and ribonuoleio 
acid. Phospholipid content was estimated from the 
phosphorus content of the lipid fraction. Phosphorus 
content was determined by Fiske-Subbarow's method’. 
Ribonucleic acid content was calculated from the phos- 
phorus content of the RNA fraction. To determine the 

content, the protein was precipitated by 

an equal amount of 10 per cant trichloroacetic acid 

to sample. The precipitate was e down, washed 
onoe with 5 cent trichloroacetic , and dissolved in 
LN edim hydroxide mintán. The nitrogen content of 
this alkalino solutign was determined by the method 
described by Johnson in 1941: The zinc content was 
estimated by Vallee’s method". 
was estimated y by measuring the oxygen 
consumption, using a 10:1 mixture of L-tyrosine and 
as substrate (1-77 u moles) in M/10 phosphate buffer 
(pH. 6-8)". Succinoxidase activity was estimated respiro- 
metrically by measuring oxygen 


Pee oe 
tamate oxidase activity was estimated respirometric- 
ally by measuring oxygen consumption in the presence of 








Melantn + Toeesurable Final product of melanocyte 
tyrosinase peltvity 
Shimao, Birbeck, 1 
end Ge opc, St Dy bes Y» haee d. 6.100. 497 (ow pak dead, LC RR 
ATP, DPN, nicotinamide, magnesium chloride and 


cytochrome c (ref. 24). 

- Table 1 contains analytical data obtained from melano- 
soma] and mitochondrial preparations isolated from B-16 
and Harding-Paseey mouse melanoma by methods de- 
scribed here**. As oan be sean, the composition of the 
melanosomal fraction contrasts sharply with that of the 
mitochondrial fraction as regards content of each com- 
ponent studied. The melanoeomal fraction contains much 
more zinc than the mitochondrial fraction. Although the 
role of zinc has not yet been clarified, the fact that it does 
play & part in the formation of melanin is increasingly 
evident™. The high xino content of the melanoeomal 
fraction seems to be specific for that fraction. The RNA 
content of the mitochondrial fractions examined agrees 

well with the figures reported by Behneider and Hoge. 
boom", Bignifloant is the great conirast 
between the low content of RNA and phospholipid in the 
melanoeomal fraction and the high content of these 
substances in the mitochondrial fraction. RNA has been 
shown to be essential for biosynthesis of protein within the 
Table 1. AWALYTIOAL DATA SHOWING THE MARKED DIFFERENCES BETWHEK 


MTTOOHONDEIAL AND MELANOBONAL FRACTIONS OBTADCAD BY ONEWTRITUGAL 
TECHNIQUES 








EB 


(al. 
+ 
$ 
0 
0 
0 
0 
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oll. The low RNA content of the melanosomal fraction 
is evidence that, so far as protein biosynthesis is concerned, 
melanosomes are probably very inert components of the 
melanin-forming cell. 

A recent examination of the in vivo incorporation of 
leucine labelled with carbon-14 provides more direct 
evidence that the role of melanoeomes in protein bio- 
synthesis is very small as compared with that of mito- 
chondria. In these experiments, animals were treated and 
fractionation carried out by methods already deecribed?*: 
The specific radioactivity of melanosomal and mito- 
chondrial fractions obtamed from melanoma excised 1 h 
after injection of leucine-!40 was 37-8 and 308 o.p.m./mg 
protein respectively. In other words, much lees leucine- 
40 was incorporated by melanosomes isolated from B-16 
mouse melanoma than by mitochondria from the same 
tissue. 

Tyrosinase, the oxidative enzyme responsible for 
melanin formation in mammals, is localized for the most 
part in melanosomes. Moeesureable amounts of tyrosinase 
activity were not found in the mitochondrial fraction 
isolated from mouse melanoma. 

The amount of succinoxidase activity found in the 
mitochondrial fraction from the same source (Table 1) is 
comperable with that reported in he ma by Schneider”. 
In"’comparing the figures shown in Table 1 with the figures 
obtained from other normal and neoplastic tissues, it is 
necessary to be aware that Harding-Paseey and B-16 
mouse melanoma are composed of both melanoma cells 
and phagocytes, and that cell particles isolated from these 
tumours may be derived from both types of cells. The 
tissue may contain 40-60 per cent phagocytes. In a few 
of the i reported here, succmoxidase and 
glutamate oxidase activity were detected in melanoeomal 
fractions isolated by oentrifugation, but in almost negli- 
gible quantities. When melanosomal fractions containing 
this very small amount of succinoxidase and glutamate 
oxidase activity were purified again by density-gradient 
centrifugation (sucrose concentrations 1:5-2-0 M), a very 
faint white band could be observed at the position in the 
tube of fraction 2 (ref. 24). After centrifugation in the 
high-density gradient (1-5-2-6 M sucrose), fraction 2 was 
found to contain mitochondria. No suocinoxidase or 
glutamate oxidase activity was observed in the purified 
melanosomal fraction. Therefore, the traces of succin- 
oxidase and glutamate oxidase activity detected in the 
melanosomal fraction may be interpreted as evidence of 
contamination with mitochondria. 

The resulte reported here support the concept that 
melanosomes are distinctive sub-cellular particles which 


` 
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differ from mitochondria ; are unique in their localization 
within the cytoplasm of melanin-forming cells ; contain a 
specialized metabolic pathway in which tyrosine is 
converted to melanin; and appear to be quite inert 
sub-cellular particles without biological function except in 
the formation of melanin. 

We thank Prof. K. Ogata of Niigata University School 
of Mediome, Niigata, Japan, for useful suggestions 
(pnecruung the work with leucine-4O and for his help with 

e i ta on tn vivo in oration of this radioactive 

experimen corp 
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ENCEPHALOPATHY IN MICE FOLLOWING INOCULATION OF SCRAPIE 


BRAIN 


By Dr. J. ANTHONY MORRIS* and Dr. D. CARLETON GAJDUSEKT 
Natlonal Institutes of Health, Bethesda, Maryland 


CHRONIO, progressive, degenerative disease of the 

central nervous system has been induced m mice 
inoculated with brain material obtained from a sheep with 
naturally acquired scrapie. There was a remarkable 
parallel between the bizarre clinical manifestations and 
course of the experimentally induced disease in mice and 
the clinical pattern of scrapie in sheep. Furthermore, the 
neurologigal signs and histopethological lesians seen in our 
affected mice were similar to those observed by Chandler 
in mice mooulated with passage material from goats with 
induced scrapie'*. In addition, Ohandler's observations 
of a scrapie-like degenerative disease of the central 


* of Btandards 
t for E EAT Se Latent and Temperate Virus Infections, 
Na Institute of Neurological Diseases and Blindness. 


nervous system in mice inoculated with scrapie goat brain 
material was, in the course of this work, confirmed. 

A Cheviot ram which belonged to a flock in Ilinois first 
showed signs of scrapie at 4 years of age and died with 
advanced disease on October 1, 1961, after 5 months 
of ilmeas. Post-mortem examination was performed 
promptly and materials obtained for virus isolation and 
histopathological study. Microscopic examination of the 
brain revealed demyelinization, neuronal degeneration, 
satellitosis, neuronophagia, glioms and vascular thickening. 
Occasional neurones showed vacuole formation. These 
fndmgs were considered consistent with the histologio 
lesions of scrapie and confirmed the clinical diagnosis in 
this instance. The brain of this Cheviot ram, which had 
been stored at — 70° O for 40 days, served as the moculum 
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for viral studies. A finely ground 10 per cent suspension 
of the brain in physiological saline was clarified by low- 
speed centrifugation and the used immedi- 
ately after i Mice of 5 different breeds 
weighing 8-10 g, and, in addition, suckling Syrian ham- 
sters, were injected intracerebrally with 0-03 ml, or 
intraperitoneally with 0-1 mL, of the test material. After 
9 months, when none of the hamsters had developed 
disease, they were inadvertently discarded. Table 1 
summarizes the resulta obtained in mice inoculated with- 
the sheep material. 

. IXOGDDENCH AND INOUBATIOK PERIODS or BORAPIBR-LIKR Dismiss 
IK Mick OF FIVE BREEDS INOCULATED WITH BORAPIR BHEHP BRAIN FROM 


Breed No.of Inoubation period k after 
year 
muoe inoculated Harilest ‘Latest scrapie-Ike disease Survivors 
GP ant 1 Blok 
Swim, FIH 9 1 s : QE 
CDF 14 ` 7 8 10/141 4 Biek 
C7 [Black 10 6 - 10 04 0 


* $ of these affected mice were killed for passage and hustological examtina- 
T 1 of these 8 affected moo was killed for passage and histological examine- 
15 of these 10 affected mice wore killed for passage and histological 
§ 2 of the 6 affected mioo were killed for and histological examtna- 
Hon j £ othar ee af months are not mouded among 
the d dead from disease, 

Disease appeared as early as 2} months after inoculation 
in some mice, and as late as 10 months after inoculation in 
others. In the ODF, and O&7/Black mice the shortest 
incubation period was twice as long as in the Swiss and 
OFW mice. A few of the animals were killed for patho- 
logical and auto-immune h itivity investigations 
for 


when the animals were disturbed by handling or by. 


axposure to bright light or to noise. Vibration or touch 
stimulation resulted in exceemive response in the affected 
mice as with unaffected animals. However, this 
circling also occurred spontaneously without provocation. 
In addition to these manifestations an increase in scratoh- 
ing, scraping and licking activities suggested a parallel to 
the reactions seen in sheep with scrapie and attributable 
to itching*. These activities of the mice led to excariation 
of the ears, lumbosacral region and snout, with frequent 
logs of hair, bloody scabbing and ulceration. Hyper- 
extension of the neck was common, and the gait became 
waddling, with lowered hindquarters. This latter was 
associated with spastic hind limbs which were held n 
strong adductian when the mouse was ded by the 
tail, while the fore-limbe retained Sorat. Tanala? tone. 
The tail was stiff and when bent into abnormal shapes 
ipsc rad acad ge haem a ST With the onset of 
neurological ai a ive deterioration of nutrition 
developed. Ihe ies borima emaciated and hyper- 
excitability decreased. Soiling of the abdominal coat, 

ing urinary and fecal Incontinence and persistent 

iam were often present. 

The brains of several of the mice have been examined 
histologically and, after being stained with Cajal’s 
gold chloride, revealed & marked astrogliosis and 
moderately severe loss of neurones, with some vacuolated 
neurones and others pyknotio and shrunken in cerebrum, 
cerebellum and med: oblongata. Inflammatory lesions, 
guch as are usually associated with acute encephalitis, 
vere nob present. Dr. Philip Paterson of the New York 
"University, i a personal cammunication, stated that he 
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found no detectable anti-brain oomplement-fixing anti- 
bodies to normal mouse brain antigen in the sera of 
inoculated mice in varying stages of the disease. More- 
over, he saw no evidence of histological change suggesting 
allergic encephalomyelitis in the animals (see Table 1 for 
list of mice killed). E 

Tnocula prepared from brain tissue of 6 other American 
sheep, diagnosed as having scrapie, have thus far failed to 
produce scrapie-like disease in our mice. In addition, 
mice inoculated with non-scrapie sheep brain, as well as 
non-inoculated shelf mates, have remained free of neuro- 
logical dimease for more than & yeer, and have served as 
controls. None of these animals has exhibited neurologic 
signs of illness ; nevertheless, they are still under obeerva- 
tion, some for 18 months since inoculation. 

Brain material from an experimentally infected scrapie 
goat, received from Mr. I. H. Pattison of the Agricultural 
Experiment Station, , Berkshire, was inoculated 
into mice of the Swiss NIH and Swiss GP breeds. This 


nervous 
described by 
intraperitoneal or mtracerebral inoculation with incube- 
tion periods ranging from 6 to 17 months at dilutions up 
to 10 of the original goat brain. Carefully removed 
supernatant from 16,000 r.p.m. centrifugation for 30 min 
produe ae hc 107 but not at greater dilution. 
itz filtrate of this high-speed supernatant produced 
disease at only 107 dilution. 
Remimsion and exacerbation of the disease has been 
evident in two mice inoculated with goat brain material. 
These developed the syndrome of clumsy gait with spastic 
hind extremities and the slow movements and ‘drowsy’ 
behaviour of the scrapie-like disease, and then, after & 
period of 64 endl 48 days, respectively, of thi process 
disease appeared to recover completely. first of 
these animals remained well for 74 days and then again 
developed the same syndrome. This recrudescence 
lasted for only 7 days, when the animal died of the 
diseaso. The other animal appears well 157 days after the 


Becond in mioe of mouse brain material from 
both the brain and goat brain-induoed diseases has 


yielded no disease as yet; however, the longest observa- 
tions have thus far been for only 4 months since inocula- 
tion. There is, as yet, no serological or immunological 
test for scrapie, hence it has not bean possible to relate our 
experimental encephalopathy in mice to the natural 
disease in sheep. However, Ohandler has recently 
demonstrated that material from mice suffering from his 
scrapie goat brain induced iu es nd produces 
typical scrapie when inoculated back into goatat. 

Breeding experiments to determine whether the disease 
socie sen De gonady eae a 
in progress. e are also performing experiments to 
determine whether neutralizing antibody develops in 
affected sheep or mioe and to investigate whether immune 
tolerance may exist to the scrapie agent inoculated tn 
utero or early in neonatal life, as is the case in lymphocytic 
choriomeningitis in mice with subsequent persistent 
infection’. ` 

The apparent genetic or congenital transmission of 
scrapie in nature in sheep, the marked differences in breed 
susceptibility, the remarkable stability of “the scrapie 
agent, especially its resistance to boiling, and slowly 
progressive character of the essentially non-inflammatory 
disease in the central nervous system, and some clinical, 
epidemiological and neuropathological similarity between 
scrapie in and kuru disease in man in New Guinea*’' 
account for the intense interest of scrapie in medicine, 


1086 


virology, genetics and veterinary medicine. This chronic, 
Progressive, degenerative disease of the central nervous 
system in mice inoculated with scrapie sheep brain (or 
scrapie goat brain), which resembles naturally occurring 
scrapie closely in both clinical aspects and neurohisto- 
pathology, offers a challenging e i tal model for the 
study of the etiological agent and for the pathogenesis of 
slow infections of the central nervous system. 

We thank Drs. J. M. Hejl, J. L. Hourigan, E. M. Jones, 
T. P. Koudelka, P. H. Kramer, H. A. Waters and their 
associates of the U.S. Department of Agriculture, for their 
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co-operation in supplying us with the scrapie sheep brain 
material. 
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ROLE OF PHOSPHATIDES IN NON-ENZYMATIC BROWNING 


By H. S. BURTON and D. J. McWEENY 
Food Sclence and Plant Health' Division, Ministry of Agriculture, Fisheries and Food, London, S.W.1 


investigations into the browning reactions taking 
Ii in dried foodstuffs, it has become clear that more 
than one type of reaction is involved. At moisturo-levelg 
above 6 per cent sugar/amino reactions probably pre- 
dominate m moet cases, and the pathways mvolved have 
been dealt with elsewhere!-*, 

When the products are very dry it appears that oxida- 
tive effects due to splitting of unsaturated fatty chains 
may occur, probably by free radical reactions. 

Vegetables oontain various quantities of phosphatides, 
but little seems to have been reported on them or their 
effecta on ing reactions‘. 

Channon and Chibnall’ found that cabbage contained 
about 0-14 per cent ‘phosphatidic acid’ (converted to a 
dry-weight basis), but they used an extraction process 
whereby phosphatides in physical association with carbo- 
hydrates or proteins were not extracted. Rewald' stated 
that potatoes contained up to 0-17 per oent phosphatides, 
calculated on the dry matter. Hanahan and Chaikoff?, in 
their examination of dehydrated carrot, found that on 
dehydration the unsaturated fatty acid figure was reduced, 
but in their extraction of phosphatides from cabbage, they 
found a phosphatide content of about 1-5 per cent, 
corrected to a dry-matter basis, and, moreover, that the 
phosphatidic acid isolated earlier by Channon and Chibnall 
was an artefact produced from the phosphatides. Phos- 
phatides can occur closely bound to both sugars and 
proteinaceous compounds, and should the fatty chains 
split on oxidative attack at a double bond, the resultant 
carbonyl compounds will react with any amino-groups 
present in the system, and join in a polymer-formmg 
reaction of the type already described elsewhere t:10.11, 
Much of the browning occurring in phosphatide systems 
is probably, therefore, of the oerbonyl/amino type (of. 
Lea on unsaturated fatty compound brownimg!3), which 
is perhaps the reason why sulphur dioxide and sul- 


phitee were found, by us, to be good retarding agente 


for the browning of phosphatide systems. The wn- 
saturated fatty acids will undergo browning reactions 
when incubated with aqueous glycine; for example, linoleic 
and linolenio acids gave chromophores on incubation at 
40° C which were more soluble in the fatty acid than in the 
aqueous phase, whereas the saturated caprylic acid under- 
went no colour change whateoever. The presence of 
potassium metabisulphite retarded colour development in 
the unsaturated fatty acid systems. 

In our experimental work on phosphatide browning the 
reactions were carried out in aqueous dispersion. ‘Lecithin 
was used asthe phosphatide after isolation in orystalline 
form, from egg-yolk, as described by Saunders’. After 
recrystallization from methyl ethyl ketone the lecithm 
was measured volumetrically in solution in this solvent, 
the solvent being blown off rapidly by a stream of air 
passed over a known volume of the solution in the reaction 
bottle. ' 


The browning system consisted of lecithin, either alone 
or together with glycine, aliquots of each being treated 
separately in separate vessels with one of a Tange of 
additives respectively. These additives had previously 
been found to be, or were suspected by us as being acoeler- 
ators or inhibitors of chromophore development in brown- 
ing systems. They were added to the lecithin dispersions 
to give a concentration of 80 mg lecithin per 5 ml. of water 
and 800 mg glycine was added to the appropriate mixtures 
where the effect of glycine was to be examined. Potassium 
metabisulphite was added in 10-mg and 50-mg quantities, 
88 were ascorbic acid, potassium pyrophosphate and 
ferrous sulphate. Calcium chloride (100 mg), aneurine 
(5 mg), ascorbic acid (100 mg) and sodium acetate (5, 20, 
and 50 mg) were alao tested. In further experimenta gly- 
cine was replaced by ita ethyl ester, and by phenyl glycine, 
which was largely insoluble in the solutions. The reaction 
veesels were tightly stoppered and incubated at 40° O. 

The rate of colour development was estimated visually, 
mainly because of the non-homogeneity of the system, and 
since both we and Hodge“ support the, view that the eye 
can be a more sensitive evaluator of the browning than. the 
colorimeter in such systems, where the hues obtained are 
often different and the degree of dispersion may vary. 

Using the same additives, there were marked differences 
in chromophore development to that oocurrmg in the 
corresponding glucose/glycine system, some of which 
appear to be indicative of mechanisms operating in 
browning reactions. In the presence of added phosphate, 
the rate of colour development in sugar/amino systems 
increased, whereas a slight reverse effect was obeerved in 
the phosphatide/amino system. The accelerating affect 
noted in the sugar system!*'75 paralleled the higher 
polarographic readings obtained in the presence of phos- 
phate by Cantor’ and also the subsequent faster develop- 
ment of conjugated unsaturation!’, and thus seems to be 
a refloxion of the initial sugar stability in the solution. 

In this respect it is noted that Pomeranz e£ al. have 
found", by an empirical method, the same order of 
browning for various sugars as we had already found and 


. predicted’* on theoretical grounds. The presence of 


calcium chloride had little or no effect on the phóe- 
phatide/amino system whereas it had a retarding effect on 
sugar/amino browning!*. This again indicates that the 
main effect of calcium chloride is connected with ite 
reaction with the sugar component. Simon!" has shown 
that calcium chloride retards the browning of certain 
dehydrated vegetables, but no indication has so far been 
given as to how the calcium compound achieved this 
result. Calcium chloride may form complexes (believed 
to be in certain ring forms, or presumably conformations) 
with the sugars, but it may also combine with diketonee, 
amino compounds, pyrrole derivatives and phosphates. 
These differences between the effect of phosphates and 
calcium chloride on the two systems in aqueous solution 
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appear, therefore, to be important, smoe they suggest that 
the main effects of calcium and of phosphate are more 
closely connected with the changes—probably rate- 
determining: ing in the sugar in the early stages 
prior to chromophore development’, than with the 
potentialities in reactions occurring later in the browning 
If calcium is present in the early stages as a 
sugar complex, it will most certainly affect the later rate 
of dehydration of the sugar residue. Further evidence for 
believing that the effect of calcium chloride is mainly 
connected with sugar structure is derived from our 
investigations on ita effect on straight carbonyl /amino 
systems, which the results described herem on 
the phosphatide/amino reaction, but which is dissimilar 
to the effecta exerted on aldose/amino systems. 

The addition of sulphites or sulphur dioxide retarded 
the phosphatide/amino reaction, the degree of retardation 
being greater the larger the quantity of sulphite used. 
This was expected, since it probably acts in the manner 
discussed by Burton, McWeeny and Biltoliffe*-* in the 
carbonyl/amino system formed, the sulphite protecting the 
carbonyl group and reacting with centres of unsaturation. 

Experimente in which lecithin was incubated at 40° O 
in glucose and in glycine separately showed quite clearly 
that the colour development was much more rapid in the 
presence of glycine. Lecithin and glucose, without 
additive, gave no colour after 8 months at 40°C, but in 

' the presence of glycine the initial chromophores appeared 
within five days and even in presence of 10 mg of sodium 
metabisulphite the initial chromophore bur ns in 20 
days, and become a deep orange shade in 30 days. The 
i of the nitrogen function for the rapid develop- 
ment of browning in carbonyl systems has beon emphasized 
previously*'ti*:1, In the gluoose/glycine 2-0 M w.r.t. 
glucose and 0-5 M w.r.t. glycine the degree of browning was 
greater with rising lecithin content over the concentrations 
studied, that is, 10-100 mg lecithin /7-5 ml. ginoose/glycine. 

The addition of ascorbic acid caused more browning to 
develop ; in the absence of glycine, however, the effect of 
the ascorbic acid was much leas than im its presence, 
demonstrating quite clearly that sscorbic acid browns 
quite rapidly with glycine, and fitting in with our previous 
findings that the browning of ascorbic systems is rapid in 
the presence of a nitrogen function. Ferrous hate 
caused an even more rapid browning reaction in the 
leoithin/glycine system, an insoluble brown pigment 
forming within a few days. Easterification of glycine led 
to a reduced rate of browning, while phenylgtyame reacted 
in heterogeneous mixture with lecithin to give & dark solid 
which eventually became a black~tar; metabisulphite 
retarded this reaction for a very long time, which may be 
explained as & normal reaction of sulphite at carbonyl and 

Jed with the lower availability of 

or reaction in the solid state. 
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with 
slightly the time before colour developed. 

We are now aware that sulphite can very easily become 
attached at sites of unsaturation ; Dodge? thought that 
the hydrolysability of the sulphonates depended on the 
location of the double bond, and we have been able to 
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show that sulphite, added to a system containing un- 
saturated compounds, readily reacts at the unsaturated 
centre, and may become organically bound in a stable 
i to be the explanation for the 
lo loas of sulphite after addition to 
foodstuffs when assayed by the Monier—Williams pro- 
cedure, since ib is not converted to sulphateti*, 

Tt is of interest to mention that an unaccountable loss 
of sulphur dioxide (about 30 per cent) occurred during 
sulphitation and drying of cabbage at tho Low Tempera- 
ture Research Station, Cambridge. We have checked 
this experiment using sulphur-85 as & tracer, and have 
found that there was no loss of volatile sulphur-35 oom- 
pounds, despite the low Monier—Williams recovery figures. 
In view of Hanahan and Ohaikoff’s results, it might well 
be that the added sulphite had combined with unsaturated 
lipids, known from their work to be present in cabbage, to 
a much greater extent than in other vegetables dehydrated 
at the time. There seems little doubt that the fatty acids 
and-chains become substituted at unsaturated centres, and 
more sulphite is needed to prevent cabbage from browning 
than is needed, for example, for potatoes. 

In i ts not reported here we found that 
sulphur-35 metabisulphite, added to other vegetables 
during scalding (blanching), appeared in pert in the lipid 
fraction very Boon after scalding, and in model systems 
not only become attached to the unsaturated compounds, 
but also retarded their browning with glycine. 

It would seam that the browning reactions of phospha- 
tides and ly of unsaturated fatty acids are largely 
due to the production -of chromophores folowing a 
carbonyl/amino reaction, and that its inbibition by 
sulphite is due to interference by the sulphite in tbis 
reaction to prevent chromophore development". 

We wish to thank Mr. J. F. Hearne for his enoourage- 
ment. This work is financed under U.B. Publio Law 480. 
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EFFECT OF 2:4-DINITROPHENOL ON CARBON DIOXIDE 
FIXATION BY A THIOBACILLUS 


By D. P. KELLY and P. J. SYRETT 


Department of Botany, University College, London 


qe ed rapidly oxidizes thiosulphate and 
other sulphur compounds to sulphate, the oxidation 
being coupled to , carbon dioxide fixation! Carbon 
dioxide fixation is mainly by reactions similar to those of 


the Calvin cycle in photosynthetic celle*-*, and presumably 
requires a supply of reducing power, such as reduced 
idine nucleotide, and adenosine triphosphate’. It has 
‘suggested that thiosulphate is first oxidized to 
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tetrathionate and that other polythionates are formed as 
intermediates in the oxidation to sulphate; adenosine 
triphosphate might then be formed by ooupled oxidative 
phosphorylation. Peck’, however, has recently proposed 
that the first step in thiosulphate oxidation is the reductive 
cleavage of thiosulphate to sulphide and sulphite. Bulphite 
combines with adenoaine monophosphate and is finally 
oxidized to eina the oxidation being accompanied by 
& substrate phosphorylation, which is insenaitive to 
2:4-dinitrophenol. If these reactions occur in intact cells, 
par hia ps formed from thiosulphate must also be 
oxidired to sulphate by an unknown pathway. Simcoe the 
substrate phosphorylation studied by Peck is msensitrve 
to dinitrophenol, while any oxidative phosphorylation 
might be expected to be sensitive to this inhibitor, it waa 
of interest to investigate the effect of 2:4-dinitrophenol on 
carbon dioxide fixation by a Thiobacillus. 

The used was isolated from canal water and 
most closely resembles Thiobacillus thioparus’. Cultures 
were grown in a liquid medium containing 1 per oent 
thiogulphate and serated for 12 h after thiosulphate 
exhaustion. The oalla were collected and ded in 
0-1 M phosphate buffer, pH 7-0 or 7-2, to give either a thin 
suspension (about 0-2 mg dry wt./mL) or a thick suspension 
(about 2-5 mg dry wt. /ml.). Experiments were carried out 
in Warburg flasks at 30° O in the presence of 140-bicarbo- 
nate and were started by tipping known quantities of 


1400 fixation (counta/100 sec) x 10* 





Time (min) 3 


Fig. 1. Coupling of “00,-fixation to thiosuiphate oxidation by a thin cell 

U E uptake: lower : 400, 

Selon, “Gant ofat crass) Sonal an tice Enis aor 
oxygen uptake for complete oxidation = mm* 
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2 fue oy dun at core main of oxygen uptako 
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10O, fixation (per oent control) 
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8x107 
2 + 4-Dinitrophenol concentration (A) 
3. The effect of f:i-dinttrophenol “O00, fixation coupled to 
tafe (open aras] or tidoalgias (lack arida) ordin thiek 
suspensions. 40 «moles each substrato were The 
broken shows the calculated “O0,-firation coupled to thiosulphate 


pletely oxidized (Fig. 1). Oarbon dioxide fixation is 
inhibited by low concentrations of 2:4-dinitrophenol which 
either do not affect or stimulate rate of oxygen uptake 
(Fig. 2). 

Sulphide is also rapidly oxidised provided that not too 
much is added and that thick cell suspensions are used. 
This oxidation can also be coupled to carbon dioxide 
fixation but the fixation differs in two respecta from that 
i uen to thiosulphate oxidation. 

leas carbon dioxide is fixed per molecule of sub- 
strate oxidized when sulphide is the substrate instead of 
thiosulphate. In experimenta in which care was taken to 
add equimolar quantities of sulphide and thiosulphate and 
complete oxidation was checked by sulphate analyses at 
the end of the experiment, carbon dioxide fixation with 
sulphide as energy source was 62-5 + 4-9 per cant of that 
with thiosulphate as substrate. Yet both a molecule of 
sulphide and one of thi te require two molecules of 
oxygen for complete oxidation to bud, Secondly, 
carbon dioxide fixation linked to sulphide oxidation ig 
more sensitive to inhibition by 2:4-dinitrophenol (Fig. 3 
and Table 1). For Mn 10+ M dinitrophenol gives 
60 oent inhibition carbon dioxide ion with 
sulphide as substrate, but only 40 per cent inhibition with 
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Table 1. AFFECT OF ÉÍ4-DINTTROPHEKOL OX '*OO,-FIXATION OOUPLED TO 
TAR COMPLETE ON OF SULPHIDE OR BY THICK ORELL 


BUSPENZIONS OF THIORAGILLUS 


The 
ts given. 4-0 





Sulphate analysts at the end of experiment 2 gave 113 per cent recovery 
sulphur from both sulphide and thiosulphate. At the end of experiment 
recovery was 107 per oemt. 

t 


thiosulphate. The differenoe is consistent and extends 
over a of dinitrophenol concentrations. 

The i ition of carbon dioxide fixation by low oon- 
centrations of dinitrophenol, which do not inhibit the 
oxidation of sulphur VER a pra suggests that oxidative 
phosphorylation is invo in the i between 
carbon dioxide fixation and substrate oxidati If, as 
appears not unreasonable, carbon dioxide fixation oan be 
used as an index of hi te production, 
oxidative nhosphorviationa, bibles y dinitrophenol, 
may be relatively more important in the’ oxidation of 
sulphide than of thiosulphate. 
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ammoles of each substrate were oxidised. : 
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sulphide oxidation are sensitive to dini 
therefore only two-thirds of those coup 
oxidation are similarly sensitive, we can calculate the 
carbon dioxide fixation expected by cells oxidixing 
thiosulphate in the presence of dinitrophenol; the 
calculated values are not dissimilar from those observed 
(Fig. 8, broken line). : 

Thus our results suggest that both oxidative and 
subetrate-phoephorylations are coupled to the oxidation of 
thiosulphate by Thiobacillus. ; 

Woe thank the Department of Soientifio and Industrial 
Research for a grant to one of us (D. P. K.). - 
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A THERMOSTABLE H/EMOLYTIC FACTOR IN SOYBEANS 


By YEHUDITH BIRK, A. BONDI, B. GESTETNER and I. ISHAAYA 
Faculty of Agriculture, Hebrew University, Rehovot, Israel 


T is a well-known fact that raw soybean oil meal is not 
utilized efficiently by the living organi&n. Tho 
nutritional value of the meal can be raised by adequate 


heat proome, as soybeans contain growth-depressing 
materials which are destroyed. by heat. Among these 
alleged anti-nutritional factors are the i whioh 


are generally characterized by their bitter taste and 
foam-forming and hæmolytic &ctivities!. The aim of this 
work was to examine the effect of heat processing, under 
conditions found as most favourable for elevating the 
nutritional value of the meal for chicks and rata, on the 
hemolytic activity of soybean saponin extract. Simcoe 
soybean saponin extract inhibits the proteolytic 
activity in vtiro of wm casoneum larval midgut 
enzyme solution and also trypsin and a-chymotrypem’, 
it was of interest to examine the effect of autoclaving 
on these inhibitory activities as well. 

Soybean saponin extract was from ether- 
extracted soybean flour, Lincoln variety, by a combination 
of two methods? as follows: 200 g soybean flour were 

in 2 L ethanol 80 per cent, stirred for 12 h at 
60-60° O and the residue was re-extracted after filtration 
with another 2 1. ethanol 80 per oent. The ethanol was 
removed from the combined filtrates by distillation in 
vacuum to 400 ml. Accompanying materials and pigments 
were removed by extracting the solution with 200 ml. 
portions of ethyl ether until the latter was colourless. To 
the remaining aqueous solution 20 g sodium chloride and 
hydrochloric acid to pH 4:0-5:0 were added and the 
solution was then shaken with 300 ml. and 150 ml. 
butanol, successively. The combined butanol extracts 
were washed twice with 50 ml. sodium chloride 5 per cent. 
The washed butanol phase was concentrated to dryness 
yielding 4 g crude material. 1 g of the dried preparation 


` 


was suspended in 100 ml. water and treated with 1 g 
calcium monoxide. The precipitate formed was separated 
by filtration, ded in 50 ml. hot methanol 80 per 
cent and neutralized with hydrochloric acid. The resulting 
turbid solution was filtered and the filtrate concentrated 
to 0-75 of its volume. 50 ml. water were then added and 
the soybean saponin that precipitated was collected by 
procedure was applied for preparation of soybean saponin 
extract from autoclaved soybean meal. Heat processing 
of soybean meal and of soybean saponin extract was per- 
formed by autoclaving at 15 lb. pressure for 20 min. 
The following designations were used for tho various soy- 
bean saponin extracts: SBSH, extract from raw soybean 
meal; SBSE, extract from autoclaved soybean 
meal; SBSE, autoclaved SBSH,. The nitrogen content 
of each preparation was about 0-18 per cent. All three 
preparations could form foam easily when shaken in an 
aqueous solution. 

The hamolytic activity of soybean saponin extract was 
determined by Kofler’s method* as modified by O'Dell 
ei al.*. 1 ml. solution of soybean saponin extract in 0-3 M 
p te buffer pH. 7-4 was mixed in a test tube with 
1 ml. suspension of previously washed ram red blood 
cells. The mixed ion was allowed to stand at 
room temperature for 20 h. Full hemolysis waa defined, 

ing to Büchi e£ al.’, as absence of ipjtate at the 
bottom of the test tube, and the hmmolytic index, as 
weight of reaction mixture divided by weight of soybean 
saponin extract assayed. 

The inhibitory effect of soybean saponin extract on the 
proteolytic activity of Tribolium castaneum larval midgut 
enzyme solution and on a-chymotrypain ( i 8 
times, salt-free, Worthington Biochemical Corp.) has been 
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examined by tho casein digestion method at 280 my'. 
Larval midgut enzyme solution was prepared according 
to Birk and Applebaum’. 

Paper-chromatographic separation of soybean saponin 
extract was performed on Whatman No. 3 MM filter paper. 
The paper was washed; prior to chromatography, with 
solvent—butanol/ethanol/ water (6:2:8) and dried 
in the hood. Soybean saponin extract solutions in 80 per 
cent ethanol were then applied and chromatographed 
(ascending direction) in the same solvent. The chromato- 
grams were dried in the hood at.room temperature and 
then at 100° O for 80 min. The spota were detected by 


dipping the paper in the Carr Price reagent (saturated - 
80. 


ion of antimony trichloride in-chloroform) and heating 
for 5 min at 100° C. Co ing spots were cut out 
from the duplicate chromatograms, which had not been 
dipped in the reagent, and eluted with warm 75 per cent 
ethanol. The ethanol was removed by distillation and the 
residues were examined on hamolytio activity and on 
inhibition of larval midgut enzyme solution and a-chymo- 
trypsin. 
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A from the various origins have no hæmolytio activity. 
All the other three spote of each preparation are hamo- 
lytic. The hemolytic index of the spots designated D is 
about 2,000 and of those designated C about 400. Com- 
ponent B, however, seems to be affected by heat pro- 
cessing, as the hemolytic mdex of B from SBSH, is more 
than 10,000, the hamolytic index of B from SBSH, is 
even higher, and that of B from SBSE, is about 5,000. 
‘These results indicate that the sensitivity of component 
B, when SBSB, is autoclaved, accounts for the lower 
hemolytic activity of SBSH, (Fig. 1). Spots B, O and D 
of all three soybean saponin extract preparations exhibit 
considerable imhibition of the proteolytic activity of 
Tribolsum larval enzymes and chymotrypsin. _ 

Summarizing its hemolytic activity, it appears safe to 
claim that soybean saponin extract is highly hemolytic 
(hemolytic index ~ 10,000) as com with saponins 
from other sources’*. This activity is not affected at all 
when soybean meal is autoclaved under optrmal conditions 
and may still be classified as very high in SBSE,. 

This work is financed by grant No. FG-IS-—112 from 
the U.8. Department of Agriculture. 
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ASTROPHYSICS 


Deficiency of Metals in Population II Stars 


I proross the following ‘as an explanation for the 
deficiency of heavy elementa in Population II stars. 

Consider the ionization potentials of the elaments. A 
.. brief list is given in Table 1 for representative elements. If 
we assume that there is a certain amount of ionization of 
interstellar matter, it is clear that the heavy elements, with 
rare exceptions, will have & considerably higher probability 
of being ionized than will the light élemente. It is com- 
monly believed that the galaxy possesses a magnotio fleld 
of 103—10-* gaus’. Therefore, elementa which are ionized 
are effectively contained in the galactic disk, where the 
field exista, while neutral particles have relatively little 
diffioulty in escaping from the surface of the galactic disk 
towards the halo regions. This escape is particularly easy 
for hydrogen and helium atoms in the high velocity tail 
of the Maxwell velocity distribution; gravitational attrac- 
tion somewhat aids the magnetic field in preferentially 
retaining heavier elements. Moreover, the elements 
which are retained need not be ionized for all time— 
should they become ionized at any instant of time, the 
magnetic field will halt any outward motion they might 
have. Consequently, it is reasonable that interstellar 
matter should be increasingly depleted in the metals as the 
distance from the disk increases, and stars formed in the 
halo region must be deficient in the metals. This, in fact, 
is what is observed since the metal-poor Population II 
stars? show a deficiency in the motals which increases with 
galactic latitude’. There is a similar dependence on the 
space velocity of sters!. 

This interpretation removes & major diffioulty which 
attends explanations depending on nucleogenetio develop- 
monta, for those explanations require a steady growth with 
time in the proportion of helium and heavy elementa in the 

1C. In fact, old Population I stars, such as those 
of M67 (refs. 8-10), and very young stars, have oesentially 
identical metal contents'!-1*, In addition, there is some 
evidence that Population II stars have a normalebundance 
of helium?? which is incompatible with the nucleogenesis 
theory of stellar chemistry. I argue that the paucity of 
metals in Population I stars is not evidence that the 
galactic abundances have changed with time. 

The present model suggests that neutral gas escaped 
from the 10 disk, but this admittedly presents a 
serious problem of how that (low-density) gas could con- 
dense into stars. A more reasonable picturo is that of 
Eggen e£ al.*, who discuss formation of the Population II 
stars in terms of matter left bebind as the nascent galaxy 
collapsed. I suggest that the collapsing gas contained 4 
magnetic field which helped drag ionized matter, that is, 
the metals, into what is now the diak. In this case, the 
metals were left behind whenever they became noutral, 
sgo that some metals were present in the matter which 
formed the Population II stars. Ionization became 
increasingly umportant as stars formed because of the hot 
radiation from them. ‘Thus all elements with small 
ionization potentials have remained trapped in the galactic 
diak since the earliest days of star formation, and the distri- 
bution of the metals with height above the galactic plane 
is readily understood. 


à 


I thank Prof. G. P. Kuiper and Miss B. M. Middlehurst 

for stimulating discussions of this topic. ; 
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t of Physiog, 
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PHYSICS 


Mean Life and Mass of Elementary Particles 


Tua weak interaction constant G may determine the 
mean life of some elementary particles.” If the muon mean 
life of 2-212 x 10-* sec is equated to (1/2 xa) (4,'A/G) then 
G equals 1-48x 10-** erg cm? (a is the fine structure 
constant and i, is the Compton wave-length of the elec- 
tron). The charged pion moan life equals 1/4 (X,*A/G) or 
k while the £- hyperon mean life equals ak. Three types 
of particles may exist corresponding to the presence ofa 
with exponente of —1, 0, or +1 in a function giving the 
mean life of the partiole. 

The weak interaction constants may be similar to the 
Rydberg constants (E =a?/2 à.) in that they depend on & 
centre of mass factor. However, for present purposes this 
can be neglected. 

Table 1 lista the observed mean life of some elementary 
particles together with the mean life calculated from the 
multiple of k listed. 

! 
Table 1. PARTICLE Mean LIFE (880) 


Interaction 
Particle Observed * Calculated factor 
at 2-55 x 10° 2-54 x 10* b 
K,. 61 x 10* 6-1 x 10° 2k 
K; 1x 103* 0-9 x 10% ait 
E- 16 x 10™ 185 x 107* ak 


* Handbook of Chemistry and Physics (1062). 


Particle mean life and particle structure should be 
related. If dimensional units are defined so that the mass 
of the electron equals 2x then the components of particles 
can be represented by rest masses of 1/2a, 1/2 a and 2r 
(refs. 1 and 2). The neutral kaon with two different 
lifetimes may oonmst of two different arrangements of 
these units. For example: ; 

K,°= 4{6n/2a + 1/2a)+ 4x[2a + p ERE I 


K,°=4(81/2a) — [4([2a — 27) — 1/24] = 974 electron 


Table 1. First IOMMATION PorENTIALS (LP.) (MV) FOR VARIOUS ELEMXXTR 


Hiement "m He N o EF Ne 
145 13 6 17:4 219 


Bi Or Mn Ga Br I Ba Eu | Hg 
81 68 T4 6-0 5-7 


105 52 57 
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The pions and the charged kaon may be similar to K,* in 
structure (ref. 2). 

The hyperons may have structures similar to the K,’ 
perticle because of the similanty in mean life. For 
example: - 

neutron + muon + 47/24 = A = 2,182-5 electron masses 

neutron + muon + 2(47/2a) + 1/2a = X* = 2,330-4 electron 


masseg 

neutron + muon + 2(4r/2a + 1/2a) = E- = 2,341-3 electron 
- masses 

proton + muon + 2(4x/2a) + 1/2a = 4+ =2,327-9 electron 
InasBeB8 


The resonances can also be represented as combinations. 
For example: 

proton + 3(4r/2a + 1/2a)+4n/2a=1,235 MoV=N* 

proton + 4(41/2a + 1/2a) + 2(4x/[2a) 21,388 MeV = Y * 

2n*+ 4(4x/2a) = 550 MeV =7! 

2n¢+ nt H- x74 mu* 4-mu-e 760 MeV = p° 

The pion resonance does not involve charge formation. 
Eliminating & charge gives: 

3(4xj2a — 1/2a) = 198 MeV 

The proton may consist of two resonant states represen- 
ted by an average mass of: 

4{2((47/2a) — 1/2a) + muon] = 938-2 MeV = proton 


Apparently a charge with rest mass of 27 can acquire a 
rest mass of 4r/2a or 1/24. Oombinations of these unite 


form the resonances and the elementary particles. 
SAMUEL 


C. Horwina 
200 E. Rose Valley Road, 
Wallingford, Pa. 
1 Horning, 8. O., Nature, 195, 687 (1961). 
* Horning, 8. O., Netus, 197, 309 (1963). 


Seasonal Variations of Casium-137 in Air 
at Ground-level during [960 and 1961 

MBASUREMENTS on radioactive fall-out in air and rain- 
water in different parte of the world from 1954 onwards 
showed that during late winter and spring an increase in 
specific activity was observed. This increase waa attribu- 
ted by Stewart! and Machta?! to seasonal effects while 
it was attributed by Martell’? mainly to the testing 
schedule of polar explosions. The presence of ‘spring 
peak’ was observed in India and other countries from the 
measurements made in the spring of 1960 as there were no 
teats between November 4, 1958, and February 18, 1960. 

The spring increase in the concentration of omeium-137 
in the air at ground-level recorded at Bombay during 
1957-60 has already been published‘. The peaks in 
oseum-137 activity were observed at Bombay during the 
period Februgry-May in the years 1957-60. In ref. 4 the 
peaks in cæsium-187 activity observed at Srinagar, Delhi, 
Nagpur, Calcutta, Bangalore and Ootacamund during 
1900 were also . As two French tests were 
conducted in February and April 1960, respectively, tho 
spring increase observed in 1960 had to be confirmed by 
similar meagurementa in 1961. 

Binoe the level of activity in the air during 1961 was 
very small, samples from 4 northern stations (Srmagar, 
Delhi, Gangtok and Calcutta) and 4 southern stations 
(Nagpur, Bombay, Bangaloreand Ootecamund) were pooled 
to determine whether the seasonal effects could be observed 
during 1961. Fig. 1 gives the levels of cæaium-137 in the 
ground-leyel air for the northern stations, the southern 
stations and the average levels for all the stations. It can 
be seen from Fig. 1 that ın the month of September 1960 
the levels of csesium-137 in the air had reduced to lees than 
10-5 c.fm* ar. After September 1960 an increase is 
observed. In the northern stations the peak is observed 
in the month of April 1961 and in the southern stations 
two peaks are obeerved in January and May 1961 respec- 
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2 1.  Oewuum-137 concentrations tn the air at ground-level. 
a, Northern stations average, b, southern stations average; o, avorage 
for all stations 


tively. It 1s significant that the peak-levels of activity 
during 1960 and 1961 are nearly the same in the southern 
stations and the 1961 peak-levels in the northern stations 
are even higher than the 1960-levels. 

The mechanism of spring increase is not fully understood 
and different explanations have been offered. Lindblom* 
has obeerved spring peaks at Stockholm and Edsvalla in 
Swedén during 1961 and the peak levels at these two 
stations during 1961 were as high as the levels during 1960. 
Kuroda‘ has also observed an increase in strontium-90 
concentration in spring rains during 1961, the magnitude 
of which is com le with that in 1960.. He has 
attributed this to the descent of radioactive fall-out from 
upper stratosphere to the lower stratosphere. 

K. Q. Vora 
C. RANGARAJAN | 
G. SARADA 
Air Monitoring Seotion, 
Atomic Energy Establishment, 
Trombay, Bombay, 78. 
1 Btewart, N. G., et al., Atomio Hnergy Ros. Bet, HP/R 2854 (1957). 
1 Machta, L., Health and Safety Lab. Esp., No. 43 (1958). ' 
> Martell, B. A., Sewmes, 189, 107 (1069). 
iri G., Bhatnagar, V. B., and Rangarajan, O., Natwre, 191, 747 


* Lindblom, G., Natwie, 193, 866 (1002). 
* Kuroda, P. K., æ al., Soiencs, 187, 091 (1901). 


; Production of Liquid Drops 

DuzrNG an investigation into methods of producing 
small, uniform-sized drops the following observations 
were made on the mechanism of drop formation when 
influenced by the application of high voltage. 

Drops of water were produced from a vertical stainleas- 
steel, hypodermic needle, 0.27 mm bore and 0-48 mm 
outside diameter. The tip of the needle waa ground flat 
and thoroughly cleaned before use. Water preesure was 
provided by & constant liquid head. 

In the case where gravitational forces alone applied 
drops grew to a diameter of about 4 mm before becoming 
detached from the tip, this occurring once every 3—4 sec. 
On the application of smoothed, positive, high vol 
(about 4 kV) there was a marked change in the mechaniam 
of drop production. In ordinary light water appeared to 
leave the tip of the needle in & continuous, narrow jet. 
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This effect was reported by Vonnegut and Neubauer! in a 
qualitative paper which did not attempt to, desaribe the 
formation of the individual drops. 

When such a jet is viewed in stroboscopic light it is 
apparent that it is composed of a series of smal) drops 
(about 800, diameter) produced at a definite frequency. 
The frequency is sometimes caused to vary by factors 
gach as change in the liquid properties and the condition 
of the atmosphere into which the drops are sprayed. 
However, the frequency can be maintained constant by 
making fine adjustments to the applied voltage. 

Observation of the tip of the needle under a low-power 
microscope, with stroboscopic back lighting, indicates that 
the process is highly repetitive. This is evident from the 
sharpnees and steadineas of the image when the strobo- 
scopo is synchronized with the object motion. Photographs 
1-18 (Fig. 1) record the peculiar manner m which the 
drops are produced. These photographs are not all of ono 
particular cycle but are & collection of stills taken at 
random over a period of 5 min and put into order after 
printing. They represent & sequence of eventa which 
recur at a rate of 300/geo. 

The water behaves in a manner which would be expected 
of a liquid of very low surface tension, there being only a 
very short retention time at the tip before the drop is 
ejected. The shape of the liquid at the tip also ahows a 
great departure from sphericity. : 

The proceas can be explained qualitatively by consider- 
ing the opposing effect to surface tension of electrostatic 
charge at the surface. - i 

In the early stages (1-2) the shape of the advanomg 
‘hquid front is almost spherical but continual flow of the 
water and gravitational force on the accumulated liquid 
soon produce an elongation, creating a small radius of 
curvature at this front (8-5). Here a higher charge density 
at the high curvature reducea surface tension more than 
elsewhere on the surface. Consequently water flows 
through this weak aree at an increasing rate (0—7), creating 
a sharp-nosed filament (8-9). As this lengthens the more 
usual prooees of jet break-up commences and ‘necking’ 
occurs (9-10). When the filament breaks away, the 
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curvature of the liquid ining on the needle is suddenly 
decreased (11) and the liquid withdraws for a brief 
period (12) until flow of liquid through the needle 
causes the process to start again (13-1). 

Secondary drops which may be produced from the thm 
tail of the parent drop are repelled, by electrostatic forces, 
at an angle to the primary drop stream depending on the 
relative drop sizes. This angle is large enough to allow the 
secondary drops to be removed without affecting the 
primary stream. Thus, the system produces a continuous 
stream of uniform-sized drops of controllable frequency. 
The drop size may be varied by altering the flow rate. 


O. JOHNBON 
Department of Chemical Engineering, 
King’s College (University of Durham), 
Newcastle upon Tyne. 
1 Vonnegut, B., and Neubauer, L., J. Cell. Soi., 7, 616 (1052). 


Occurrence of Maximum and Minimum 
In the Princi Magnetic Susceptibility 
versus Temperature Curves 
Ix an examination of the temperature variation of 
principal magnetic susceptibilities of paramagnetic salts 
of the iron group of elements from room temperature 
down to about 80° K, it has bean found in certain cases 
that the square of the effective magnetic moment (p!) 
value comes down so rapidly with the decrease of tem- 
perature that the i ity actually 
shows & maximum in the susceptibility versus tempera- 
ture curve. The condition for the occurrence of such a 
maximum can be easily investigated. 
By definition, gh x yT, where x is tho gram molecular 
a ~ 
susceptibility. Now Fr = ag at TR At the temper- 
ature ding to the maximum  sugoeptibil 
ay far «hould be exes, Thus when the alope of the pF 
curve exceeds the value p!/T, the thermal coefficient of 
susceptibility, namely, dy/dT', should be positive, whereas 
i it is negative. This criterion 
can be expressed. ically in the 
followmg manner. ider any pomt Q 
on the p*-T curve. Then the temperature 
variation of lity at Q will be 
positive if the slope of the curve exceeds 
the line joining Q and the origi (T = 0, 
p!- 0). This condition is satisfied for 
the lowest of the three principal magnetic 
momenta in the hexahydrated cobalt 
selenate crystal, and the corresponding 
susceptibility shows & maximum at 
about 180° K, below which the suscepti- 
bility decreases with the lowermg of 
temperature. Another namely, 
copper acetate monohydrate, also shows 
` similar maximum in all three princi- 
- pal susceptibilities owing’ to the fact 
that the effective moments for the 
three directions came down rapidly with 
the fall of temperature. The p!—T' curves 
for all the three principal directions of 
this crystal have slopes higher than 
that given by the foregoing equation. 
Besides having & maximum suscept- 
ibihty in the susceptibility versus 
temperature curve described *here, the 
curve oan also exhibit a minimum 
under suitable conditions. Such a mini- 
mum has been observed, for example, 
in samarium salts at about 400° K. 
The ground-state of Smt+ is 'H,, 
The multiplet interval between the 
lowest componente for samarium is 
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nob large, so that ib is not only the level for which J 
is 5/2 but the immediately higher level (J = 7/2) will 
also be occupied. Now the higher level corresponds 
to a considerably larger magnetic moment than the 
lower level. Starting from low temperatures, aa the 
temperature is raised contmually there will come a 
stage when the population in the upper level will 
Increase rapidly. The a moment per ion will 
thus increase sufficiently quickly with the rise of tempera- 
ture to overbalance the direct influence of temperature. 
If p} be the value characteristic of the lower level and pt 
of the higher level, then as the temperature is raised the 
values of p* will rise from pi to i1(p!- pi). Suppose that 
In the p'—T' curve at the point Q of inflexion the slope of 
the curve is greater than the oritical value deduced here, 
then evidently there will be two pointe A and B where 
the slope will have the critical value. If T4 and 
Ts be the i temperatures, then dy/dT' 
will be normal, that is, negative for temperature T'«T', 
Or >Ts, whereas for tem in the interval 
T,«T «Tg eee will be positive. The temperatures T'4 
and Tg will thus be the positions of the minimum and 
maximum of the curve. If p! is zero, that is, if the lower 
level 18 non-magnetic, the susceptibility will fall 
continually as we lower the temperature from T'4 without 
exhibiting & minimum. 
B. C. Guna 


Department of Pure Physica, 
University College of Science, 
Calcutta. 
! Guha, B. O., Proc. Roy. Soo., A, $06, 853 (1051) 


GEOPHYSICS 


Examination of Irregular Sub-surface Structures 
by Seismic Refraction Methods 


THE great volume of modern refraction data has 
revealed the inadequacy of what waa, until recently, the 
usual method of interpretation, that is, the process of 
fitting a series of straight linea to the travel-time obser- 
vations, and of interpreting the resulti diagram in 
terms of a plane-stratified crustal model. Sometimes the 
artificiality of such models is revealed within the area of 
a single survey. On other occasions, discrepancies have 
appeared when structures postulated to explam date from 
neighbouring &rees have failed to agree at the survey 
boundary. 

One approach towards greater generality is that which 
has been discussed by Willmore, Scheidegger and 
Bancroft!:* from which the postulate of plane stratification 
is eliminated. Instead of this, it is assumed that there is a 
surface in the ground below which the travel-time is a 
function of distance only, and that one can identify the 
packet of energy which passes downwards from the source 
to this ‘marker-layer’, is refracted into it, and 18 then 
refracted again to the receiver. If the marker-layer is not 
assumed to be plane, one has to solve sete of equations of 
the form: 

hy =a, +a; +f( Ay) (1) 
where the subsoripte + and j refer to the source and received 
respectively, 4; is the travel time, and Ay is the distance 
between the feet of the perpendiculars drawn from the 
source and receiver to the marker-layer. It is shown that 
the constants a,, a; are simply related to the lengths of the 
corresponding perpendiculars, and that they are almost 
independent of azimuth. In a preliminary solution, we 
use the great circle distance between the #4 source and the 
Jte receiver as a first approximation to Aj, and the solu- 
tion yields a first approximation to the velocity in the 
marker-layer and to the contours of the interface. In 
successive approximations, corrections can be mtroduced 
to allow for the affecta of quite steep dips in the marker- 
layer, and for curvature of the refracted rays. The equa- 
tions can be solved for extended networks of sources and 
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detectors, without requiring that the elements of the net 
should conform to any particular pattern. 

In another approach, which has been discussed by 
Hagedoorn’, Hawkins‘ and others, the sources and 
receivers are laid out in the form of a linear profile ahot 
from both ends. The quantities a, ay are derived, in this 
special case, by a very simple arithmetical procedure, and 
the configuration has the advantage that all the ray paths 
lie close to a single vertical plane. By subtracting a; and 
a, from the travel-trme to each detector in turn one can 
follow the progrees of the refracted wave front along a 
particular line in the surface of the refractor. It is assumed 
here that there is no significant average increase of velocity 
with depth, which would cause the wave to plunge deeply 
below the boundary. When this is done, any irregularity 
in the apparent progress of the wave front can be accoun- 
ted for by postulating local variations in the velocity 
below the marker-layer. However, the completeness of 
this solution is obtamed at the cost of losmg control over 
the experimental uncertainties, because the number of 
constants fitted to the system has become equal to the 
number of observations available. 

It now appears possible to combine the advantages of 
both systems by having a two-dimensional net, with a 
sufficient number of sources and receivers to give good 
statistical control over the constant terms, and deriving an 
average marker velocity in a first approximate solution. 
For any pair of detectors which are approximately in line 
with a given shot, one can derive an estimate of the local 
crustal velocity by forming the quantity: : 

bliy — as) 2) 
B( Ay) 
Similarly, one oan derive the local velocity below pairs of 
shot pointe as being equal to: 


(hs — a4) 8 

7 B(A) 9 

If these local estimates fit into a regional pattern, succes- 
sive approximations to the structure can be built up. 

All these methods depend on the possibility of recogniz- 
ing onsets from a particular crustal stratum and this will 
not necessarily be easy in the case. It is therefore 
very desirable to include groups of fixed elements in 
the system, and so to plan the operation that observations 
from these groups of elements are obtained for waves 
which have travelled a number of significantly different 
distances. Special studies of the data from these small 
groups will determine the apparent velocity of any given 
phase, and whether this apparent velocity depends on 
distance. If this scheme is to be successful, adequate 
attention must be paid to the resolving power of the fixed- 
element array in terms of apparent velocity. This 
requires that conservative estimates of error in determin- 
ing arrival timee should be combined with mformation 
theory to yield the neceesary array-length, sampling point 
interval and sampling density to avoid ambiguity. In 
this way, we may 8 the method of distinguishmg 
non-linear terms in f(Ay) from the affecta of regional 
variations in velocity. 

It is unnecessary to elaborate further at this stage, our 
object being mainly to emphasize the fact that the 
numerous special techniques which are now being de- 
veloped all embody the same general principles. In par- 
ticular, the theory indicates that all methods which yield 
a complete solution must satisfy the following conditions: 

(a) Each recording site should be occupied for the 
observation of waves from at least two sources in different 
azimuths, the distances bemg such as to permit the 
observation of corresponding phases for all sources. Con- 
versely, each source should be observed by a number of 
detectors. 

(5b) To eliminate an arbitrary constant which appears in 
the equations, one or more source pointa should be used as 
recording sites for waves from other sources. 


voL 197 | 


March 16, 1963 


The literature contains numerous descriptions of investi- 
gations in which structural conclusions are advanced, but 
in which the foregoing conditions have not been satisfied. 
In all guch cases, assumptions such as plane layering, or 
zero average dip of the marker, have been introduced, 
even if they have not been i explicitly. We 
should further ize that, if the conditions cannot be 
satisfied in a single fleld operation, the possibility of com- 
bining date from past or projected operations should be 
borne in mind. 

It would appear that something 
approach oen be applied to any set of dete in which an 
observed quantity can be represented 
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continuous function of another obeerved quantity and a - 


number of constant terms. In particular, we might 
obeerve the surface waves spreading from a number of 
sources. At any one frequency, the phase should vary 
linearly with distance, and discrete phase-shifta may exist 
at each source and receiver. Each ‘phase term’ should be 
capable of further analysis into & part characteristic of the 
source mechanism or the detecting equipment, and & part 
characteristic of the crustal structure. The phase velocity 
extracted from the analysis should have the same signifi- 
cance as that derived in conventional phase-velocity 
studiea, but should gain in accuracy from the localization 
of effects at the sources and receivers. The amplitude of & 
given phage should also be susceptible to study in the 
same way. 

The three types of study which have been suggested 
are all applicable to the calibration of the permanent 
seiamograph arrays which are now being used for the 
detailed investigation of seismic wave trains. On a larger 
scale, priate investigations should yield time, phase 
and ampli corrections applicable to the conventional 
seismogreph stations of the world network. 


. P. L. WiLLMORH 
The Royal Observatory, Edinburgh. ` ` 
Evamusm Haran 


Dallas Seismological Observatory, 
Southern Methodist University, Dallas, Texas. 
R. P.. Maven 
University of Wisconsin, 

Geophysical and Polar Research Center, 

Madison 5, Wisconsin. : 
! Wilmore, P. L., and Bancroft, A. M., Geophys. J. Roy. Astro. Geo., 4, 

419 (1061), 

! Soheidegger, A. IL, and Willmore, P. L. Geophysics, 88, 9 (1957). 
* Hagedoorn, J. G., Geepkye. Proepecting, 7, 158 (1960). 
1 Hawkins, L. V., Geephyeics, 86, 806 (1061). 


GEOLOGY ; 
A Potassium/A Age Determination from a 
Islan Inller 


Tax potsemtam/otgon ege of pyrene Tor en logre 
determined. ] 

The eclogibe from which the pyroxenes were extraoted 
oocurs on the north-east shore of Loch Duich, Ross-shire 


augen structures in garnet-biotite-gneiss. 
bimineralio rock green 

(omphacite) and bright red garnets. The terture is 
equigranular with individual crystals about half a oenii- 
metre in diameter. This particular specimen was selected 
for dating because neither of the minerals shows any signs 
of alteration, unlike most specimens of ealogitio rocks 
collected in the same area which show meta- 
morphic affeota!. The rock was crushed and the pyroxenes 
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extracted by the use of a Frans electro-magnetic soperator. 
No heavy liquids were used in the separation. 

ux birra and estimation were made by tho 
stan technique of isotope dilution. Potassium oxide 
content was determined using a flame photometer. Six 
separate were made, the figure 0-060 par cent 
E40 given in Table 1 being the average of all six. 


Table 1. HasuLts or AGR DETERWIKATIOK 
Peroent Vol.ofradi- Age and 


K,O atmo- genie argon expen 
Material Ref. (per oont) spheric oon- mm mental 
tammation  X.T.P.yg error 
Pure alino- 293£ 4 0 060 T1 0-004616 — 1,5151 104 
pyroxene Myr. 


KA/A16 
Age ae72 X10 yr. 1,70 584 x 10-4 yr.^ 


Apart from errors arising from uncertainties in potas- 
sium oxide and argon content, it has been recently shown? 
that pyroxenes oan sometimes contain excess radiogenic 
argon-40. It is thought that this argon is incorporated in 
lattice defects at the time of crystallization, though not all 
pyroxenes exhibit this effect. 

If this sample of clinopyroxene does contain a signifi- 
cant amount of excess radiogenic argon ite true age would 
be leas than the 1,515+104 million years yielded by the 
measurement. It could be supposed that the mineral was 
last ized m the Caledonian (420 + 15 million years) 
folding, during which it incorporated excess argon-40 from 
the surrounding rock. Work on micas from Morar, 
Knoydarb and southern Ross has shown that oertain 
parta of the-area were affected little by the last (420+ 15 
million years) folding (Brown and Miller, in p ion). 
It is considered, therefore, that this partic olino- 
pyroxene has not been contaminated with exoces radio- 
genio argon and has yielded an age which corresponds to a 
specific geological event. 

This new age determination is of interest for the light it 
throws on the history of the Lewisian rocks of the Glenelg 
inlier and ite relationship to the history of the Lewisian 
rooks of the Caledonian foreland. 

In the Glenelg inlier the Lewisian and Moinian rocks 
outerop as alternating belts running in a north-south 
direction (Geol. Surv. Sheet 71, ). The locality 
from which the eclogite used in the age determination was. 
obtained lies within the eastern outcrop of Lewisian rocks 
where eclogitio rocks are associated with eissea. 

With the evidence now available* it is possible to oon- 
ne eS ee 
structural events which affected the Lewisian of the 
eastern part of the Glenelg inlier: 

(1) Early metamorphism—granulite facies (eclogites)}— 


1,5154 104 million years (this communication). 


(2) Retrograde metamorphism—amphibolite facies 
(eclogite amphibolitized?). 

(3) First folding (F,)—reeponsible for the interbanding 
of the Lewisian and Momian rocks cirea 740 million years‘. 
Certainly older than 6560 million years (Brown and 
Miller, in p ion). 

(4) Later folding(.F, and F,)—ebout 420 million years':*. 

The episodes of folding (8) and (4) here affect both 
the Momian and the Lewisian rocks so that they can be 
considered to form part of the Caledonian orogeny. The 

metamorphism (2) has also been considered a 
result of the Caledonian orogeny by Olough and Alderman 
but direct evidence is lacking. e early metamorphism 
(1) has been previously considered to be of Boourian V 
on the supposition that the high-grade metamorphic 
including the eclogites, found at Glenelg could be oorre- 
lated with the pyroxene granulites of Scourie in the 
Lewisian of the foreland. z 

The new date from a Glenelg eclogite falls well within 
the range of dates given by Giletti et al. for the Laxfordian 
of the Loch Laxford area. This evidence therefore intro- 
duces the possibility that the early high-grade metemorph- 
ism of the Glenelg area should be correlated with the 
Laxfordian rather than the Scourian. 
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Woe are aware that a sigle date from an area with a 
complex structural and metamorphic history does not 
constitute proof of age and the date given in this communi- 
cation can only be considered a minimum age. But it is 
emphasized that the minerala of the specimen of eclogite 
used in this age determination show no signs of retrograde 
alterations, unlike most of the eologitio rocks in the same 
neighbourhood. ý 

The possibility of a Laxfordian age for the Lewisian 
rocks in the eastern part of the Glenelg 1nher invites com- 
parison with the Lewisian rocks of South Harris recently 
described by Deernley'. The marked similarities in 
lithology and metamorphism between the Lewisian rocks 
of South Harris and those of Glenelg have long bean appre- 
ciated. The recent work of Dearnley and the new data from 
Glenelg make possible a closer comparison (Table 2). 


Table 2 
South Harris" Bast Glenelg 
Sedimentation Sedimentation * 
Beourlan First ulite faces Kot definitely identi- 
molamorphimn 
= lax e= d rer end 
comp. 
Early Laxfordian ^ Beoond e facies Granulite faces 
metamo phism 
Late Laxfordian Retrograde meta- Retrograds mota- 
morphunn morphism 
Caledonian Foldmg (Fu F, and 
FQ) associated 
effects 


* The evidence from Glenelg does not preclude a post-fecurian for the 
deposition of the Glenelg sediments. ^ psi 


J. A. MOLER 


Department of Geodesy and Geophysics, 
University of Cambridge. 
A. J. BARBHB 
N. H. KExrPTON 


Chelsea Collego of Science and Technology, 
London, 8.W.3. 
1 Alderman, A. B., Quart. J. Geol. Soo., 08, 488 (1920). 
* Hart, 8. R., and Dodd, R. T., J. Geopkye. Res., 67, 2098 (1902). 
J. G., Quart. J. Geol. Soo ,113, 487 (1968). 

» and Watson, J., Quart J. Geol. Soc., 114, 231 (1959) 
. Mag., 08, 85 (1961). 
* Giletti, Bap; Moomba, 8.. and Lambert. R. Bt. J., Quart. J. Geol. Soo. 117. 

B., Quart. J. Geol. Soe.,119 (in the prosa). 


scrape Variations of Oxygén-18/ 
Oxygen-l6 Ratio in Surface Snow and Ice 
rom Queen Maud Land, Antarctica 


THE work recorded here is & continuation of that repor- 
ted in Nature! on the isotopic composition of Antarctic 
8DOWB. 

The ratio of oxygen-18 to oxygen-16 has been measured 
in some hundred samples of surface snow and ice in the 
region of the King Baudouin Station (70° 26’ 8., 24? 19’ E... 
and taken from an area extending from the coast to the 
southern slopes of the Sor-Rondane Mountains, situated 
300 km to the south. Information concerning the 
and morphology of this region has been published”. 

These samples were collected during the Belgian Ant- 
arctic Expeditions of 1959 (Commandant F. Bastin) and 
1960 (Commandant G. Derom). 

Detailed results will be published elsewhere. We report 
here only those resulte relative to samples of which the 
thickness represents one or more years of accumulation, in 
order to minimize the seasonal variations. 

The ratio of oxygen-18 to oxygen-16 is expressed, as in 
previous publications, by 3, in parte per thousand of 
relative variation with respect to the standard mean 
ocean water *(SMOW). 

Fig. 1 shows the locations at whioh samples were taken 
and the values of 8. Each value corresponds, in general, 
to the average of several neighbouring samples of similar 
isotopic composition. 
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Big. 2 shows the variations of 3 as a function of the 
altitude at which the sa&mplee were taken. We have 
added two pointe taken from other publications: the point 
from the South Pole &ocordmg to Epstein and Sharp’, and 
& group of pointe corresponding to Victoria Land, and 
measured by Roth, Nief and Botter. The latter pointe 
have been estimated from the average content of deuter- 
ium reported by Lorius*, and the altitudes reported by 
Stuart and Heine’; the deuterium concentrations have 
been translated into 8 accordmg to the relation found at 
the King Baudouin Station in 1958. 

Despite the poor statistical value of samples of which 
most represent only one year, the values of 3 follow well 
the general scheme of variations of isotope composition of 
precipitations’*. It is known that the value of 3 depends 
principally on the temperature of precipitation. In the 
Antarctic, the average annual temperature is essentially a 
function of the altitude. 

Table 1 indicates that the four classical geographical 
zones of the Antarctic are characterized by clearly dif- 
ferent values of the 3 of precipitations. 


TABLE 1  AYERAGE OXYGAK-18/OXYGNX-16 Ratio oF SURFACE Sx0W 
FROM THE FOUR GEOGRAPHIO ZONES—PARDIXOR68 RAGXHILD Ooast 


Zone ð (BMOW) averages 


Bea ice * and foe-shelf (68*—70* B.) — #2 

Continental slope (70°-71° 30’) —929 to —?0 
Mountains (71*-71* —26 to —87 
Pola plateau (78°. —87 to — 650 


* Bnow preorpitated on the loe-peck. The soa 106 Itself shows 4 of + 1. 


The most-pronounced difference is between tho ice 
formed on the plateau and that formed on the continental 
slope. The variation of 3 in the 300 km separating the 
coast from the mountains is as great as the variation over 
the whdle of the polar plateau. This corresponds to the 
increasing spacing of the curves of equal elevation, equal 
temperature and equal accumulation when proceeding 
from the coast toward the centre of the continent. 

It wil be important to make a network of measure- 
menie of 3 of surface mows extending throughout the 
continent, as well as measurements of 3 as a function of 
the depth at diverse pointe of the Antarctic ice-cap. These 
data could provide important information on the large- 
scale displacements of the ioe-cap (see, for example, ref. 10 
in referenoe to Greenland). 

We take from the present work two examples of inform- 
ation which can be derived from the application of isotope 
methods on a more local scale: 

(1) The sample of ice LD comes from a region of the 
continental slope where the bare 100 is exposed over largo 
areas, at more than 60 km from any rocky outerops. The 
origin of these fields of bare ice is still controversial. In 
this particular case, the isotopic composition ($e — 22) 
indicates that this 10e does not come from the polar 
plateau, but that ıt must have been formed at the expense 
of snow precipitated in the same rone (assuming that 1t has 
never experienced strong evaporation). 

(2) The entire zone of the Bor-Rondane Mountains shows 
traces of important glacial receasions. Although moet of 
the glaciers of the northern slopes no longer connect with 
the plateau, ıt is probable that in the past the 10e-cap ran 
over the mountain . . 

It can be seen (Figs. 1 and 2) that all the samples takon 
from the northern slope of the range have about the same 
isotopic composition (3— -—30), whether it is bare 10e 
from the ablation zones, or surface snow representing 
recent precipitation. These ices, then, were formed from 
local precipitations, and do not represent poasible romain- 
ders of the ice-cap, dating from before the recession. 

Only the sample GU has a clearly more negative 3 (— 39). 
This value is in good agreement with the geographical 
facta. In fact, this sample 18 the only one which comes 
from an outlet glacier (the Gunnestadbreen), still ın con- 
nexion with the plateau and presenting a measurable 
surface flow (maximum displacement of the order of 
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Tis. 1. Geographical distribution of surface samples and annual average 10/140 ratio 
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Yoredale Cyclothems of Northumberland 


Im discussion of Yoredale oyolothems insufficient 
attention has been paid to the degree of change between 
successive environments of deposition in thinly bedded 
sequences. There is general agreement that the study of 
cyclothemic and oyclical sedimentation is primarily 
an investigation of the sequence of the environmental 
changes that take place. If it is accepted that this is so 
regardlees of how long a new environment may persist or 
how widespread it may be, then the full implications of 
such a statement must be appreciated. For example, in 
the case of a sandstone—limestone junction the change from 
a sandstone to a limestone two feet thiok is exactly equiva- 
lent to the change from an identical sandstone to an 
identical limestone thirty feet in thickness. That is to say, 
the change in environment is of the same degree in both 
cases and that this change ocourred in a 
distinct period of time. The duration 
for which the new conditions were main- 
tained is of no consequence in this context 
since this indicates the history of the 
rock after the all-important event had 
taken place. 

Tho Yoredale Series is interpreted as a 
sucoeasion of cyclothemic units each of 
which approaches, or can be related to, 
an ‘ideal’ or ‘complete’ cyclothem in 
which the beds succeed one another in | 
a series from limestone, through shale, 
sandstone, and seat-earth to coal. To E 
illustrate the difficulties encountered in z 
attempting to interpret the Yoredale 8 
sediments of Northumberland in terms 5 
of such & concept an example is taken 
from the “section of Middle Limestone 
Group strata at Beadnell (National Grid, 
ref. 46 236293) on the Northumbrian 
coast> In Fig. 1, a plot is made above the | 
mid-horizontal line of the various rock 
types arranged in succession from one 
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environmental extrame to the other in accordance with 
the standard cyolotham, and the changes of environment as 
inferred from the succession of rook types are consecutively 
numbered 1-28 along the top of the diagram. Below the 
mid-horizontal line the thicknesses of the beds are indi- 
cated by vertical lines. It would appear that this sequence 
can be interpreted in several different ways as detailed hero: 

(1) The traditional interpretation would be to consider 
the beds from 1 to 27 as a single cyolothem; this same 
sequence might more recently be referred to as & ‘major’ 
cyclothem. 

(2) Two cyolothems may be distinguished, from beds 
1—11 and 12-27 respectively, that ig, beginning a new oyolo- 
them with each limestone that follows a change of high 
degree in environment. 

(3) Three cyclothams may be recognized, from beds 
1-11, 12-17, and 18-27, if the fossiliferous calcareous 
sandstone is interpreted as a marine horizon. 

(4) Four cyclothamio unite fram beds 1-11, 12-17, 18-23, 
and 24-27, may be recognized, if in addition to the last 
case beds 24-27 are considered to represent a cyolothem 
with the calcareous member missing. 

In the first of the interpretations made here, all the 
sediments from one thick limestone to the next are 
pinipan as @ single oyolothem in the traditional manner. 

ch a disordered grouping cannot be accepted as a cyolo- 
themio unit. In recent years!, distinction has been made 
between ‘major’ and ‘minor’ cyclothems, whereby rela- 
tively thin or minor cyclical repetitions of strata are oon- 
ceded near the top of & larger and embracing major 
cyolothem. This interpretation is equally difficult to 
accept aince the thin limestones of the ‘minor’ cyolothems 
should be regarded as equally significant environmentally 
ag the thick limestone which defines the ‘major’ cyolothem. 
Any grouping of beds 1-27 in terms of a cyclothem, ‘major’ 
or otherwise, is identified only by the presence of thick 
limestones; thiok limestones are named, are important 
commercially, are conspicuous in the field, are important 
stratigraphical marker horizons, but they do not represent 
especially important unite in a oyolioal series. 

The three remaining subdivisions of the sequence 
shown in Fig. 1 form a series recognizing in turn a thin 
limestone, a fossiliferous calcareous shale, and finally the 
position where & marine horizon might have occurred, ag 
logical pointe in the succession to define the hmite of 
oyclothemic unite. Such interpretations realize the 
overall importance of the changes which oocur m the 
environment and are not primarily subject to considera- 
tions of thickness. However, following this line of argu- 
ment, further oyclothems might be recognized wherever 
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Fy. L Sequence from the Helwell to the Acre limestones at Beadnell, Northumberland 
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there is an interruption of the ‘ideal’ gradual change. It is 
clear that once cyclothema are referred to with oertain 
members ‘missing’ or ‘absent’ then a process is begun 
which if taken to ita logical conclusion fragments the 
sequence to the point of meaninglesaness. Nevertheless, in 
the literature to-day, cyclothems are described as ‘modi- 
fled’ or ‘reduced’; beds are referred to as ‘missing’, 
‘restricted’, 'abeent?, eto. Referenoe is made to ‘typical’ or 
‘usual’ and ‘unusual’ cyclothems in which the standard 
taken is the ‘ideal’ sequence and in no sense is this & oom- 
parison with an actual rock sequence or an * average’ rook 
sequence. Repeatedly authors point out the inadequacy 
of their successions to realize theoretical conceptions and 
80 one is led to the conclusion that attempts to app the 
cyclotham hypothesis to such successions might 
SRE Apes ping of rock types as equatable or com- 
parable entities by admitting variation in ‘detail’ from an 
ideal, instead of realixing the full implication of the actual 
existence of such ‘modifled’ sequences. That is to sey, 
Pe ee ee ee ee qe 
te’ but that the application of such ‘ideals’ is 
inappropriate. 
K. A. Q. SEELS 
t of Geology, ` 
University of Glasgow. 
1 Johnson, G. A. L., Pree. Yorks. Geol. Soc., 3, 88 (1969). 


METEOROLOGY 


A Secondary Source of Water Vapour in the 
Upper Atmosphere : 

Tr early pioneering work of Dobson, Brewer and 
Cwilong with frost point hygrometers indicated that over 
South England the water-vapour content of the strato- 
sphere betwoen 12 and 15 km is extremely small in all 
seasons, being about 2 mg/kg (frost pomt temperature 
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being-about — 80°). Subsequent measurements of hu- 
midity between the same levels over & geographical region 
extending from Norway to equatorial Africa revealed the . 
interesting fact that in all seasons and in moet -of the 
locations the moisture content of the lower stratosphere 
is very small. On the basis of such observations, which led 
to the concept of a uniformly dry stratosphere, Dobson 
et al.’ postulated the existence of & meridional circulation 
in the stratosphere Involving the poleward movement of 
very oold saturated air near the equatorial tropopause and 
its descent over high latitudes. This theory has been 
amplified further by Ramanathan’ and Murgatroyd and 
Singleton’. On the other hand, a large number of obser- 
vations made over the North -American continent and 
Greenland ‘during 1959 and 1960 using automatically 
registering frost point hygrometers indicated a very wide 
range of frost point temperatures from — 67° to — 80°O 
(refs. 4, 5). Similar observations made over Japan indioate 
that on many occasions the water-vapour ratio 
increases with height in the stratosphere*. Rohr ui 
using a balloon- bornesampling system, hasrecently reported 
high humidity mixing ratio of 820 mg/kg at a height of 
30 km over the United States, this height being a record 
for the determination of humidity. recent obser- 
vational resulta, which indicate a rather complex distri- 
bution of water-vapour, suggest that the earlier concept of 
& uniformly dry stratosphere needs re-examination. 

Quite apart from the data provided by individual 
soundings involving elaborate equipment, no routine 
climatological data on humidity in the stratosphere were 
available until very recently. The monthly mean humidity 
date (based on at least ten individual observations each 
month) of a number of stations from the U.B.8.R. 
and a few from Sweden for levels up to 100 mb have been 
given in the Monthly Olimatio Data for the World pub- 
lished by the U.S. Weather Bureau. An analysis of these 
data covering the period January 1901—May 1962 reveals 
the following interesting features: 
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(1) The highæt concentration of water-vapour in the 
lower stratosphere is found near the summer pole and 
attains values of about 200—300 mg/kg at the 100- 
mb level (16 km). 

(2) There is a systematic annual cycle in the water- 
vapour concentration at all stations to the north of lat. 
45^ N. with a maximum in summer and a minimum in 
winter. 

(3) The amplitude of the annual variation is the highest 
near the summer pole and decreases with decreasing 
latitude. 

(4) Water-vapour mixing ratio increases with height for 
the greater part of the year at the high-latitude stetions. 

(5) The annual cycle of mixmg ratio in the Antarctio 
stratosphere 1s mmilar to those in the Arctic in the appro- 
priate season. 

(6) At stataons to the south of about lat. 45° there is a 
reversal in the phase of the annual ‘cycle. 

Fig. 1a shows the annual variation of the monthly mean 
mixing ratio at Mys Cheliuskin (77° 48’ N., 104° 17’ E.) 
during the period April 1961—May 1962 for three different 
levels, 300, 200 and 100 mb. The summer values of 
mixing ratio amounting to more than 300 mg/kg at 16 km 
in May 1s the highest ever reported anywhere in the lower 
stratosphefe and 13 about 100 times greater than the value 
in the early British observations. Independent confirma- 
tion of the summer increase of humidity is afforded by 
Fig. 1b, which illustrates the data of Mirny Observatory, 
Antarctica (60° 83’ S., 93° 00’ E.), where summer conditions 
prevail in January and February. The decrease of annual 
amplitude with latitude is illustrated by Fig. 2, which 
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(b) OSTERSUND (SWEDEN) 
Lat. 63°N 
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(d) ALMA ATA (USSR) 
Lat 43' M 
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Fg. 2 Annual variation of humidity-mtxing ratio at four stations af different letitudes (1061). ——, 100 mb; ---, 200 mb 


shows the resulte in respect of 4 different stations covering 
the latitude range 00? N. to 43? N. It is interesting to 
find that at Ostersund (Sweden), where instruments of 
different makes are used, the annual pattern is the same 
as at the Russian stations to the north of lat. 45° N. At 
latitudes lees than 45° N. the annual variation seems to 
follow a different pattern, as would be seen from Fig. 2d, 
which pertains to Alma Ata (48° 14' N., 76° 56’ E.). The 
mixing ratio at 100 mb is a minimum during July-Septem- 
ber whereas that at 200 mb is a maximum in the same 
period. 

The features in respect of Alma Ata can be explained 
broadly in terms of the known features of upper air 
climatology of the Asian region together with some kind, 
of meridional circulation. But the other observed 
features cannot be accounted for by the prevailing concept 
that the whole of the water-vapour in the lower strato- 
sphere haa ite ultimate source in the Earth’s surface. A, 
clue to a posable secondary source of water-vapour in the 
upper atmosphere is afforded by the recent theory put 
forward by de Turville’ that the entire hydrogen content 
of the Earth's oceans could be of solar origin. According 
to this, the protons contained in the solar wind get 
trapped by the Earth's magnetic field and after a process of 
accretion throughout the estimated age of the Earth 
finally get oxidired as water. Frith’, following up this 
theory further. has that the water-vapour 
formed at high levels could be transported downwards by 
turbulence. In support of this, it has been cited by him 
that the noctilucent clouds found in the mesosphere at 
80 km as well as the mother-of-pearl clouds found 
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occasionally in the middle stratosphere (25 km) could 
both be formed by the condensation of water-vapour 
carned downwards from the higher levels. Such a concept 
involving & secondary source of water-vapour in the upper 
atmosphere could qualitatively account for some of the 
new features revealed by the recent data on stratospheric 
humidity. Since relatively large values of humidity occur 
only to the north of lat. 60° and only during the sunlit 
period of the year, it is tempting to suggest a photo- 
chemical origin for the water-vapour in accordance with 
the equation: 
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OH + H H,O 


From available data on the of the night 
airglow, there 18 evidence for the presence of OH radical at 
about 70 kilometres where there is an appreciable amount 
of atomic hydrogen also. The dominant circulation in the 
upper stratosphere and the lower mesosphere during 
summer is & vast circumpolar anticyclone of great persis- 
tence!®. : : : 
might be effective in transporti the water vapour 
downwards from the mesosphere to the lower stratosphere. 

B. RHANGARAJAN 
Meteorological Office, Poona, 5. 
1 Dobson, G. M. B., æ al., Proc, Bog. Soc., A, 185, 470 (1046). 
‘Ramanathan, K. R., Ind. J. Mei, Geoph., 18, $01 (1961). 
* Murgatroyd et al., Quant. J. Roy. Mat. Sec., 87, 125 (1961). 
4 Gütnlek, M., J. Geophys. 9 2887 (1961). 
., J. Geophys. Res., 06, 5, 1487 (1081). 
. Tamo. Japan, 7, 91 (1962). 
599 (1062). 
1061). 


uj 
we 


* Hayashi, H., J. Acro. 


s de Turville, O. XL, Neture, 190, 
* Frith, R., Nature, 181, 1181 (1961). 
1° Warnecke, G., Berkner Wetterkarts (Berlin, 1961). 
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Barometer and Wind Fluctuations in North- 
West Europe, 1796-1950 


BanowwrRio series from manuscript and printed 
sources were recently utilized for the preparation of mape 
of annual anomalioe. From these maps it was poesible to 
determine the preasure at the Wash (53° N., 04? E.) since 
1708 and preesure gradiente (sinoe 1790) between positions 
400 km south-south-weet and north-north-east and 400 km 
east-south-east and west-north-west (corresponding to 
west and south calculated components of surface wind). 
In Fig. 1 the mean values for ten-year periods of pressure 
and pressure gradients are shown. The ‘SW wind’ is a 
measure of the cloeenees of tbe isobars directed west- 
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1635 were 
explained in & 
Annaler (44, 303; 1962). The 

determined without 
found to be 


he order of 
18 per cent from west and 8 per oent from south. The 
true’ surface wind at a typical land station comes from 
the south-west, not west-south-west. The vector anoms- 
les of the wind, if one year is compared with another, were 
nevertheless found to follow Buys Ballot's law in the usual 
way, and are directed from the west-south-weet when the 
isobaric anomaly linee lie west—east. Using empirical 
relationships with the wind components in percentages. 
it was possible to ‘calibrate’ the preasure gradient curve 
as indicated at the right-hand part of Fig. 1, and to 
determine the pressure- ient fluctuations quantita- 
tively in the seventeenth and eighteenth centurres. 


. D. J. SoHOVE 
St. David's College, 
Beckenham, Kent. 


RADIATION CHEMISTRY 


. Radiation-Induced lonic Reactions: 
Cyclopentadiene Polymerization 

RzomNT investigations! on the radiation-induced poly- 
merization of certain monomers have provided evidenoe for 
the production of ionic a8 opposed to radical initiation. 
The po ization of such monomers can be initiated by 
Friedel-Crafts catalysts, and cyclopentadiene‘ falls into 
such & class. Pure, rigorously dried (silica-gel treated) 
tadiene was irradiated with cobalt-60 y radiation 
(dose-rate 2-27 x 10"? eV g~ min”). At —78-5° C a gel was 
formed after conversion of 1-6 per cent of the monomer to 
polymer. The results of carbon, hydrogen analysis fitted 
an empirical formula of O,H,. The gelling dose was 8:5 x 
1017 eV g-!, and the subsequent inoreased rate of polymer 
formation corresponded to the removal of 17.760 + 1,621 
(S.D.) monomer molecules per 100 eV. This was linear 
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with dose up to at least 40 per cent conversion. At 0° C 
the yields were lower and suffered a high of irrepro- 
ducibility (G(-monomer) range of 1,518-12,750). At 22° O 
& dimer impurity could not be excluded owing to ita spon- 
taneous thermal formation‘, but polymerization did ensue 
1n one experiment with an overall G(-monomer) yield of 
10,600 at 15 per cent conversion. In the absence of silica- 
gel drying the yields were substantially reduced. Tho 
efficiency of the reaction at low temperature, and the 
necessity for rigorous drying" to attain high yield are 
criteria for the non-participation of radical processes. 

The infra-red spectrum of the radiation-induoed polymer 
1n & potassium bromide disk was similar to that of polymer 
prepared by stannic chloride catalysis in chloroform at 

5° O (ref. 5). The repeating unit of the latter polymer 


has been formulated as: 
; or 
(1) (11) 


Nuclear magnetic resonance analysis of a solution of a 
sample of catalysed material in carbon tetrachloride 
favours structure I. A similar analysis of a radiation- 
produced sample which formed a swollen gel in the 
solvent suggests a structure: 


OF 


(410) 


Owing to line-broadening, hyperfine structure was nob 
observed so that the assignmente must be regarded with 
BOme reserve. 

In formulating a mechanism for & radiation-induced 
polymerization it is primarily necesaary to explain the 
modes of charge.separation and stabilization. The pro- 
duction of a stable carbonium ion from an initial radical- 
ion has been accounted for by proton transfer‘, ion- 
molecule reactions? or ion re arrangementa’, Capture of 
the conjugate electron on solid sub-microscopic particlea®:” 
is one favoured postulate for production of a stable nega- 
tively-charged entity. Oarbanion formation? has also 
been proposed as a possibility, and in the case under dis- 
cussion such a negative ion can be envisaged in the follow- 


ing possible scheme. 
The primary process is: 
eo ———- Ho E te 
HOCH HC. .-CH 
Ha Ha 


(IV) 
followed by an ion-molecule reaction with monomer: 


cH HC— çH HC — CH, 
v. ++ dl I — I» be, + gp og 
Not HOCH HL HAH 
Hi Hs Ha C 
(V) (VI) 


Afterwards VI captures the electron on ite return to the 
neighbourhood of the positive 10n to form the very stable 
cyolopentadienyl ion which acts as the counter-ion. V ora 
re-arranged form then initiates propagation more readily 
than it undergoes neutralization. The energy require- 
ments for, charge separation may be derived from the 
onergetio primary event and from the oontribution of 
polarization foroes. The rapid gelation and insolubility of 
the whole polymer in solvente suggests a cross-linked 
structure arising from branching during propagation’. 
This might result from hydride-ion transfer between 
propagating chains or between such chams and formed 
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polymer’; an alternative would be the occurrence of 
proton transfer to the remaining double bond in a repeating 
unit of a neighbouring chain. 

I thank Mr. T. L. Jones and Dr. R. K. Webster for 
carrying out the nuclear magnetic resonance analysis, and 
acknowledge an initial suggestion by Dr. T. F. Wilhams 
and the encouragement and advice of Dr. W. G. Burns and 
Dr. W. Wild. 
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CHEMISTRY 


l Improved Efficiency in Gas Chromatography 
by Molecular Sieve Flour 


Ir has been demonstrated that columns packed with 
54 molecular sieve flour di 


was produced with an equal-dimenmon column packed 
with 28 per cent molecular sieve flour coated on 60/80 
mesh red ‘Chromosorb’. The molecular sieve column pro- 
vides only 97 plates oo: with 562 plates for the mixed 
column. Expressed as hei equivalent to a theoretical 
plate, this represents a decrease from 20-6 mm to 3:5 mm 
and a six-fold increase in efficiency. Separations were 
at room temperature with flow-rates near 50 ml./min 
of helium. Tho campis easi wil of ce, 

X 

` 06 


Recorder response (mV) 








2 1 2 1 


+ Time 
ds 
"i OR (2). A, Mo 


showing the separation of (1) and 
kavo 0090 meth ,B molecular sieve flour 
The mixed ‘flour’ column worked effectively with light 


hydrocarbons as well as with permanent gases. 

The —200 mesh 54 molecular sieve flour was ob- 
tained from Chrom-Line Laboratories, Kansas City. 
It was dispersed on ‘Chromosorb’ by mixing two 
parts ‘Ohromosorb’ with one part molecular sieve 
flour. The mixture was rolled in & cylindrical container 
for 18 h and then screened. The material which passed 
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a 60 bub was retained on an 80- mesh screen was used as 
the column ing. Of the original $8 wt. cent 
added to the mixture, 28 wt. per cent of the flour was 
retained on the ‘Chromosorb’. 

KARL J. BoMBAUGH 


Spencer Chemical Co., 
Research and Devel t Division, 
Merriam, 


1 Kyryaoos, G., and Boord, O. H., Anal. Chem., 89, 787 (1967). 


Electron Paramagnetic Resonance Spectrum 
of the Acetyl Radical 


Tue electron io resonance (EPR) spectrum 
of the acetyl radical, CH,0O, has been detected during and 


laced in the 
arian V-4500 


spectrum, ton 
66 + 5 Moje, was attributed to the methyl radical, since 
the observed hyperfine splitting and g-valuel (2-0027 + 
0-0008) are in excellent agreement with previous work!* 
on the methyl radioal. Tho features of the spectrum due 
to the methyl radioal decreased slowly in intensity when 
the lamp was turned off, reaching half-intensity in approxi- 


ma 15 min. The remaining whioh is 
believed to be that of the acetyl ioal, did not decay 
significantly after switching off the lamp, but on warming 


to approximately 140° K ina V-4547 variable temperature 
accessory, it decreased rapidly in ity without 
. change in shape. The interaction is that of 
three protons with equal couplings of 47 + 65 Mojs, 
appreciably less than that to be expected from equivi lent 
protons B to a x-electron radical centre’. Acetyl, which 
spectroeoopicelly, is & 
a-electron radical analogous to the formy! radical reported 
recently*. The g-value of the acetyl spectrum was found 
to be 2:0055 + ©0008 and the comparatively high maxi- 
mum-alope line-width of 15 Mo/s probably reflects & small 
anisotropy in the coupling constants, rather than in the 
g-value, since the spectrum of acetyl was quite accurately 
centro-symmetric. - 
The presence of both acetyl and methyl radicals in 
irradiated, condensed biacetyl is consistent with the 






1 ] 


IOO Mc/s 


METHYL 


ACETYL 
Wig. 1. BPR spectrum of ulira-viclet-photolysed biscetyl at 77° K 
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mechanism of Noyes et al.^*, who proposed the primary 
decomposition step at 2700 A to be: 

OH,COOOOH, + hy +2a0H,CO * + (3 — 34)0H,00 (1) 
where OH,CO* decomposes almost immediately into 
OH,+00. Their evidence suggested that a was 0-5, and 
therefore (1) was kinetically indistinguishable from: 

CH,00000H,—O0H,0000 + CH; (3) 
followed immediately by: 


. CH,0000—-0H,00 +00 (3) 

In our i ta the obeerved concentration of 
acetyl radicals was at least five times that of the methyl 
radicals, and evon allowing for the disap ce of 
methyl radicals during irradiation, an upper imit of 0-25 
can be placed on a of reaction (1). Therefore under our 
conditions reaction (2) cannot be the only primary decom- 
position step. 

If the acetyl radical concentration were sufficiently 
high, a methyl radical could be formed on absorption of a 
second quantum of energy by an acetyl radical: 

OH,CO 4- — OH; + 00 (4) 


Tf, as is generally believed, radical recombination reac- 
i the 


migra’ 
methyl radicals is in progress, 
being extended to include higher ketyl radicals. 
"We thank Dr. R. J. Ovetanovié for his interest. 
J. R. MORTON 
W. E. FALOONHR 
Apollo’ Chemistry Division, 
‘ational Research Council, - 
Ottawa, Canada. 
* Ool, T., Pritchard E O., Davidson, N. R., and MoConnell, H. M., Mol. 
', 1, 406 (1958). 
3 Jen, O. K, Foner, 8. N., Oochran, B. L., and Bowers, V. A, Phys. Re., 
Tis; 1160 (1988). 
* Hostel, 4c Morton, J. R., and Whiffen, D. EL, Trans. Fared. Soo., 57, 
‘ g Be A Chem. Pkye., 38, 
5 heats, G. F., and Moyes, jun., W. À., J. Amer. Chem. Soc., 77, 1431 (1055). 
* Noyon, jan., W. A., Porter, G. B., and Jolley, J. B., Chem. Hem., 56, 49 


Estimation of Small Amounts of Sulphate 
by Precipitation with Radioactive Barium 


IN the course of work on the metabolism of sulphur 
amino-acids in malnourished infante ib was necessary to 
measure total sulphate concentration in large numbers of 
urine samples. The urine from these patients ig very 
dilute, so that to obtain accurate results by the classical 
gravimetric or titrimetric methods it would be necessary to 
use large volumes. This is inconvenient, since for the 
oxidation of organic hur the urines have to be digested 
with concentrated aci By precipitating with barium 
chloride containing radioactive barium, and measuring 
the radioactivity in the precipitate, the estimation could 
be made on 0-J-0-5 ml. urine. 

To a sample of 0-5 ml. containing 0-5-20 uM sulphate 
are added 1—2 ml. of barium chloride reagent. 1ml. ofthe 
reagent is enough for quantities of sul hate up to 5 uM; 
for quantities between 5 and 20 uM 2 should be added. 
The consists of 0-08 M barium obloride in 1 N 
hydrochloric acid and 60 per cent ethyl alcohol. To this 
is added 4*Ba Ol, about 0-05 po.fml., ing on the 
sensitivity of the counter. The aloohol is added to reduce 
the solubility of the barium sulphate’. If the solution is 
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not acid, precipitation is incomplete. After this was done 
it was found that an excess of acid significantly increases 
the salubilty of barium sulphate’. In practice, however, 
the effect seemed to be negligible, and is allowed for if 
sulphate standards are included in each batch of measure- 
ments. 

The sample and barium chloride reagent are mixed by 
shaking, allowed to stand for 1 h, and centrifuged at 4,500 
r.p.m. for 10 min. The supernatant is decanted and the 
tube allowed to drain. The aides of the tube and the 
surface of the precipitate are then rinsed with 1 ml. of non- 
radioactive barium chloride reagent. It was found that 
washing the precipitate decreased the recovery and made 
the results more irregular. In one experiment the amount 
of supernatant trapped m the precipitate was measured by 
precipitating sulphate with e solution of non-radioactive 
barium chloride containing radioactive silver nitrate. The 
activity trapped m the precipitate was nogligible. 

After rinsing, the activity of the precipitate ıs counted 
in a scintillation counter with a well crystal. The whole 
operation 18 carried out in one tube, so that the posi- 
bilties of loss are minimal. The amount of barium-1$3 
added to the reagent is adjusted to give a count-rate of 
about 2,000 c.p.m./u M sulphur. 

In 21 consecutive measurements of 2-10 uM sulphate the 
mean difference between duplicatea was 1:4 per cent 
(max. 8-8 per cent). In 8 consecutive measurements of 
0-5-2 uM sulphate the mean difference was 3 0 per cent, 
or 1:5 per cent 1f one aberrant pair of readings, differmg by 
12 per cent, is excluded. 

In 3 experimenta to test linearity, the resulte shown in 
Table 1 were obtained. 


Table 1 
xM. 80, No. of Percentage of Peroen 
present samples Counts per mm counts at 0-5 «al eror 
05 4 1,028 100 — 
10 6 2,058 200 01 
20 6 4,102 404 10 
40 1 7, 172 40 


In acid solution the other constituents of urine did not 
interfere with the precipitation of sulphate. 8 samples of 
infante’ urine were taken at random, and aliquots of 0-5 
ml. added to 0-5 ml. of standard solutions containing 10 
and 20 uM sulphate per ml. The mean recovery was 
101 per cent. 7 

It appears, therefore, that by this method amounts of 
sulphate down to 0-5 uM can be estimated with an 
accuracy of + 2 per cent. 

D. Proov 
J. O. WATERLOW * 


Medical Research Council, 
Tropical Metaboliam Research Unit, 
University of the West Indies, 
Jamaica. 


* Present addres De t of Chemical Pathology, 8t. Mary's 
Hosprtal Medical School, » W.2. 
! Kolthoff, I. H., and Sandell, HB. R , Quanhiaitre Analyses (Macmillan. 
Kew York, 1088). 
* Bertoluni, R. J, and Barnev, J. B., Amal. Cham , £2, 281 (1057). 


Tetrahedral Co-ordination in BIs-N-isopropyl 
Salicylaldiminato Nickel II 


SAOOONI e£ al.! have recently reported that preliminary 
investigations indicate a tetrahedral arrangement of 
ligands about the nickel atom in the etic bis-N- 
isopropyl salicylaldimmato nickel II. This was based 
on the isomorphism of this compound with the cobalt 
and zmc analogues, and the large (~ 7 A) distance between 
nickel atoms, which precludes a polymeric octahedral 
structure such as found for acetylacetonato nickel II 
(ref. 2), or bxs-dimethylglyoximato nickel II (ref. 3). 

We have gmoe collected three-dimensional date by tbe 
equi-inchnation Weissenberg technique and have pro- 
ceeded with structure determmation. We are still 
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refining the structure and at this stage R = 0-004. The 
arrangement of the ligands about the nickel atom is a 
distorted tetrahedron. 

Current bond distances about the nickel atom are: 


Average Mi—O distance is 190 
Average ME AT distanna 18-107 


The two salicylaldımine residues are eaeentially planar, 
the mean deviation of atoms from the least square planes 
of the two bemg about 0-025 A. The angle between the 
planes is 81°. 

M. R. Fox 
E. O. LINGAFELTER 
Department of Chemistry, 
Unıveraty of Washington, 
Seattle 5, Washington. 
P. L. Onion 


L. Baccony 
Istituto di Chimica Generale ed Inorganica, 
Université di Firenze. 
Italy. 
Saccon, L., Onoll, P. L., Paoletti, P., and Oumpolini, M., Proc. Chem. 
&oc., 7, 255 (1001). 


* Bullen, G. J, Mason, R., and Pauling, Peter, Nature, 180, 201 (1001). 
* Godyoki, L. Edward, and Rundle, R. E., Acta Cryet., 6, 487 (1953). 
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Apparent Molecular Weight of Insulin in 
Dilute Acid Solution 


Taa molecular weight of the smallest unit of the insulin 
molecule occurring in dilute acid solution has been in 
doubt for some time. Most data from experimental 
methods, such as ultracentrifugation!, light scattering? 
and osmometry’, indicate a minimum value of about 12,000. 
Some evidence, however, has accumulated for the exs- 
tence of an insulin molecule of molecular weight of about 
6,000 under acidic conditions‘. This corresponds to the 
insulin unit the molecular weight of which obtained from 
the amino-acid sequence is 5,760 (ref. 5). A number of 
investigators have indeed observed such a value in non- 
aqueous solvent/water mixtures‘, in media favourable to 
dissociation’ and in aqueous solution at alkaline pH 
values’. 

We have measured the apparent molecular weight of 
1ngulin in acid solution over a range of concentrations from 
approximately 0-8 to 0-02 g/100 ml. using the technique 
of sedimentation equilibrium. A Spinco model E ultra- 
centrifuge, equipped with a Rayleigh interference optical 
system and both 12-mm and 30-mm cells, was used. 

The resulte of our study are shown in Fig. 1, which 
refers to four different insulin solutions. The insulin was a 
crystalline preparation containing an unknown amount of 
zinc, prepared by the Commonwealth Serum Laboratories 
(batch number 43). The solvent in all cases was an 
aqueous glycime-hydrochloric acid-sodium chloride 
buffered solution of ionic strength 0-1 and pH 2-00. 
Solutions 1, 2, 3 and 4 had initial concentrations of 
approximately 0-5, 0-2, 0-1, &nd'0-05 g/100 ml. respectively 
and were centrifuged at speeds of 17,980, 17,980, 29,500 
and 29,500 r.p.m., respectively, until equilibnum was 
reached. Since column heights of only 2-3 mm were used 
equilibrium was reached ın lees than 18 h. The tempera- 
ture of the rotor was held constant at 25:0 + 0 2? O. The 
four solutions were prepared from a concentrated (1 g/100 
ml.) stock solution of msulin that had previously been 
dialysed for 72 h against a hundred times ita volume of 
buffer with a change of buffer at 48 h. After dialysis the 
pH of both insulin solution and diffusate was 2:04. The 
refractive index increment of the stock solution com- 
pared with the diffusate was determined by means of the 
refractometer described by Cecil and Ogston*. 
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The four solutions for centrifugation were prepared by 
weight dilution of portions of the stock solution with 
diffusate. Diffusate was placed in one compartment of 
the double sector ultracentrifuge cell. Dow-Corning ‘558’ 
silicone oil was added to the solution compartment to 
provide a curved bottom. The equilibrium Rayleigh 
patterns were photographed and the plates measured on & 
toolmakers’ microscope. Schlieren photographs at 90° bar 
angle were also taken to facilitate determination of the 
positions of meniscus and cell bottom. From these results 
and knowledge of the refractiye increment, the equilib- 
rium concentration distribution of solute in the cell was 
calculated in terms of fringe number (J). By means of a 
least procedure, a quadratic expression for the 
dependence of InJ on r* was obtained. (r = distance in 
the cell from the centre of rotation, in cm.) Substitution 
into the first derivative of the latter expression allowed 
calculation of the apparent molecular weight for a series 
of r values and thus for a series of concentrations by 
means of the expression?’ : 


2RTdlnJ 
(1 — vp)etdr? 


taking a value of 0-72 (ref. 11)for v,the partial specific 
volume. i 

For a thermodynamically ideal polydisperse system o 
uncharged macro-molecules for which the refractive 
index increment depends linearly on the concentration of 
solute, this equation would yield a weight average molecu- 
lar weight. These conditions do not strictly hold for 
insulm and we can consider that Mapp is only an approxim- 
ate measure of the weight average molecular weight. 

It is apparent from Fig. 1 that over the concentration 
range studied the apparent weight average molecular 
weight of insulin is strongly dependent on concentration, 
ranging from about 7,500 at 0-02 g/100 ml. to about 
16,000 at 0-85 g/100 ml. This behaviour is consistent with 
the belief that under the conditions of our experimenta 
insulin existe in a state of dynamic association. It also 
appears that in the limit of zero concentration a molecular 
weight of about 6,000 would be obtained. 

Marcker!! has that the insulin dimer (of 
molecular weight 12,000), which is the predominant form 
of the molecule in acid solution at moderate concentra- 
tions, is formed by means of a double disulphide bridge 
between two monomer (of molecular weight 6,000) units, 
with & disulphide exchange reaction allowing rapid 
equilibrium between monomer and dimer to occur. He 
also that the reaction is mediated by mercap- 
tide ions. ‘The resulta presented here would seem to 
disagree with the disulphide exchange reaction explana- 
tion since the concentration of mercaptide ions would be 
very low at pH 2-04, yet a rapid, reversible equilibrium 
appears to exist under these conditions. Furthermore, in 
experiments with mixtures of oystine and oxidized 
glutathione at pH 2 1 et al. have found no 
evidence for disulphide exchange between these model 
compounds. 

We thank Dr. E. T. Adams, jun., of the University of 
Wisconsin, for discussing his resulta with us prior to 
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publication, and Prof. D. O. Jordan, of the University of 
Adelaide, for his advice. P. D. Jurrazv 
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BIOPHYSICS 


Examination of Optically Excited Amino- 
acids by Electron Spin Resonance at Very 
Low Temperature , 


INVASTIGATIONS carried out in our laboratory! on the 
optical behaviour of serum-albumin protein &nd of ite 
main constituenta have not given any serious evidence 
of the photo-conductor behaviour of the protein. Things 
are exactly as if oech amino-acid, talnng off a fraction of 
the quantum it absorbs selectively, reacted independently 
from ita partners. The time of radiative deactivation by 
alow fluorescence is the only factor varying with the 
association process and the chemical purity of the aggregate. 

Combining electron spin resonance with optical excita- 
tion, Allen and Ingram recently demonstrated the exis- 
tence of a metastable state that they considered character- 
istic of the condensed state of their compound (semi- 
conductivity of hydrated proteins irradiated by ultra- 
violet at low temperature)’. 

Now combining electron spin resonance and optical 
excitation we experimented again: we wanted to see 
whether, under certam conditions, it was possible to 
obtain a signal for the amino-acid alone. The uniformity 
of the quantic behaviour observed during the purely 
optical experimentation then occurred again. 

Samples of phenylalanine and tryptophan, in micro- 
crystalline form, were placed in quartz tubes which 
were vacuum-tapered. Irradiation at temperatures close 
to that of liquid nitrogen was made directly in the cavity 
of the 100 ko/s Varian spectrometer for times varying from 
a few minutes to 1 h, the sources being mercury steam arcs 
at low preasure (emission maximum at 2537 A) and at high 
pressure (emission maximum at 8650 A). Interferential or 
chemical filters were added to determine more accurately 
the spectral zone chosen for examination. 

The main results, mostly qualitative, were as follows: 
(1) Radiations centred. on 2537 A produced a progressive 
narrow electron spin resonance si , not yet explained. 
of a factor g close to 2 (Fig. 1). is signhl, obtained at 
liquid nitrogen temperature, remained after the end of the 
optical excitation and of the resulting radiative deactiva- 
tion. It was thermostable and seemed to proc&ed from & 
non-reversible radiation damage, analogous to that produc- 
ing ionizing radiations*. Under the conditions of our 


_ experiment, the signal was only produced by optical excita- 


tion at very low temperatures. Consequently, it seemed to 
result from the photochemical evolution of excited elec- 
tronic states, artificially accumulated. 
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Fig. 1. Irradiation of phenylalantne (4 = 2587)A) 


"ocv 


offer warming to room temp 
Fig. 2 Irradiation of tryptophan (å = 3650 A) 


(2) Radiations centred on 8650 A uced an electron 
spin resonance signal, similar to the Brat, conditions being 
equal. It could be imputed to the intervention of shorter 
wave-length radiations, sufficiently filtered. But its 
intensity now varied with temperature: uf we heated the 
sample up gradually, a sharp decline occurred from 
—150° C. After heating up to normal temperature, a 
new Measurement at — 196° C revealed the existence of a 
residual signal expressing quite certainly an irreversible 
radiation damage (Fig. 2). 

Indeed the chemical purity of our samples could be 
challenged: the primary importance of this factor in 
olectron spin resonance is well known and especially 
when the spectrameter was used, as in this case, at a hi 
e of sensitiveneas. But this restriction could 

uced by the reproducibility of the resulta with amino- 
acids of different origin and particular care given to the 
man ing of the quartz tubes. 

To avoid radiation damage of the experiment with 
radiations centred on 3650 A, we tried to improve their 
selection in limita possible within the sensitivity of the 
spectrometer. 

If, as we hope, the electron spin resonance signals already 
obtained were speciflo for amino-acid molecules or for 
their crystalline state, the following conclusion can be 
drawn: radiations centred on 3650 A produce a metastable 
dynamic configuration, diferent from the excited con- 
figurations producing quick radiative deactivation ineluct- 
ibly at —196° C, and also drfferent from thermostable 
configurations resulting from the photochemical evolution 
of the preceding ones. 

This conclusion accords with the theories inspired by 
the optical behaviour of amino-acids referred to at the 

inning of this communication. 
eee Pomes Dovuzou 
Marros Prax 
CLAUDE ROPARS 
Laboratoire de Biophysique du Muséum National 
d'Histoire Naturelle, 
61 rue Buffon, Paris 5. 
1 Douzou, P., and Franog, J. O., J. Chim. Phys. (In the proas). 
* Allen, B. T., and D. J. B., tn Free Hed1onis in Biological Systems, 
215 (Academie 1900). 
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BIOCHEMISTRY 


Actomyosin-like Protein in Mitochondria 
of the Mouse Liver 


IncuBATION of mitochondria isolated from normal oella 
or cancer cells liberate two substances into the medium— 
& lipoprotein and adenine nucleotide. When separated. 
from the mitochondria and added to the soluble cell frac- 
tion, these have been found to exert a highly stimulating 
effect on glyoolysis*. In the case of mitochondria from 
normal cells, liberation of both these factors has been 
shown to depend on reversible changes in configuration of 
mitochondrial membranes.  Pre-inoubation of mito- 
chondria with adenosine triphosphate, magnesium ions or 
ethylenediamine tetraacetic acid—that 18, agenta vok- 
ing shrinkage of mitochondri poved to duntidh qs 
prevent liberation of the stimulating factors and their 
retention within the mitochondria. On the contrary, 
pre-incubation with inorganic phosphate, caloium ions or 
potaasium chloride, known to cause membrane relaxation 
and swelling of mitochondria, increased the release of the 
stimulating factors into the mediumLt, 

This evidence led to the assumption that release of 
glycolysis-stimulating factors within the cell was related 
to functioning of the enzymatio contractile system of 
mitochondrial membraneeL!. On the other hand, it had 
been suggested by Lehninger that intermediate enzymes 
of the coupled mechanism of respiratory phosphorylation, 
occurring in mitochondrial membranes, represented 
‘mechanoenzymes’, similar to actomyoain‘: This promp- 
ted our attempt to isolate actomyosin from mitochondria, 
the origin of which was not muscle tissue. 

After mechanical disruption, mouse liver mitochondria 
were extracted with Weber’s solution at 0° for 24h. The 
extracted protein displayed considerable ATPase activity, 
increasing on the ition of dinitrophenol, magnesium 
ions or flavin adenine dinucleotide. The Weber extract 
was used in experimenta with polymerization of acto- 
myosin. Owing to the protein content and viscosity 
being low in the extract, we proceeded to determine the 
presence of actomyosin on the addition of extraneous 
myosin 4 as ‘primer’. Rabbit muscle myomn A, added 
to the Weber extract of liver mitochandria, caused a drastic 
increase of viscosity (more than 5-fold). Fig. LA shows vis- 
coaity of the resulting complex to be much higher than the 
total viscosity of ita components. Addition of ATP to the 
solution caused the complex to dissociate and protein 
viscosity to diminish. Dissociation of the complex 
proved to be reversible, so that demonstration of the poly- 
merization—dissociation reaction could be repeated with 
the same solution (Fig. 1B). When the actomyosin 
formed had been dropped into water, the addition of ATP 
produced a different mechanical effect—intense retraction 
of the gel and extrusion of water, apparent to the naked 
eye (Fig. 2). Addition of muscle actin to the extract from 
mitochondria failed to raise ite viscosity. 
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Fx. 1. Variations in relative viscosity with actomyosin 
disgociaiion. Tixtrast ltver mitochondria 


from ( myosin A 
. Protem content: LE&i1 78 per ont; , 0 002 
ture, 22* O. B, Bame; arrows 
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Pitteate addition of ATP, 1 
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Fag. *. Byneresis of actomyoain—water gel exposed to ATP (x c. € 5) 


Although the actomyosin complex has only been 
revealed on addition of exogenous myoain A, it seams 
reasonable to consider the complex to be performed 
within the mitochondria, as: (a) polymerization occurs on 
the addition of myosin A ina very small quantity insufficient 
for forming a complex even with muscle actin; (b) the 
structural protein, extractable from mitochondria, dis- 
plays ATPase al elope being activated by the same 
substances as aso from actomyoan. . 

The presence of an actomyosin like protein in liver 
mitochondria must play & part of outatanding importance 
in their functioning. Owing to the reversibility of 
changes in configuration of actomyosin molecules, inter- 
action between actomyosm and ATP may be a&coom- 
panied by two correlated processes m mitochondrial 
membranes. In the first ple ce respiratory energy coupling 
intermediate- enzymes sasumes a kinetically favourable 
spatial distribution, promoting high rate of synthesis of 
ATP. On the other hand, this may affect regulation of 
the release from mitochondria of the glycolysis-stimulating 
factors and in all probability of other agents as well. 
When the ATP-level within mitochondria is high, stimu- 
latmg factors are maintained by the actomyoain bond 
preventing their release from mitochondria, so that 
glycolysis fails to oocur. As the ATP-level decreases, the 
configuration of the actomyosin molecule changes, the 
stimulating factors are released from the bond and 
liberated into the hyaloplasm, glycolysis seta in, resulting 
in restoration of a normal intracellular ATP-level. 

Attempts to detect the actomyosin-like protein in 
mitochondria from cancer cells have failed (Fig. 10), 
although tumour cell mitochondria display marked oon- 
tractility. It may be sssumed that, in tumour cells, 
mitochondrial membranes, as well as external membranes*, 
have a geneticelly determined abnormal structure, their 
permeability being independent of contractility. 

B. A. NEIFAKH 
T. B. KAzAKOVA 
^ . Laboratory of Enzymology, 
Department of Biochemistry, 
Institute of Experimental Medicine, 
Kirovaki Prospect 69/71, 


Leningrad, U.8.8.R. 
! Kesfakh, 8. å., Karakova, T. B., Melnikova, M. P, and Turovaki, Y. B., 
Dok: Nauk 8.9:8.H., 186, 227 (1061). 


1 Werfakh, 8. A., Gartakhoki, V. 8., Kaxakova, T. B., Melmkova, M. 
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Interaction of Œstrogens labelled with 
Carbon-l4 with Pyridine Nucleotide in 
the Presence of Peroxidase 


Tam discovery by Stotz ei al. that the injection of 
physiological doses of œstrogens into ovariectomized rate 
produces large increases in the activity of uterino peroxi- 
dase and that several tissues with high rates of cell 
renewal also have high peroxidase activity has aroused 
interest in the possible role of this enzyme in cellular 
proliferation and growth. In work** on horseradish 
peroxidase, ib has already been shown that this enzyme 
could catalyse the interaction between and 
certain amino-acids and proteins under aerobic conditions, 
and this communication deals with a similar reaction 
involving the pyridine nucleotides. 

(1640) cestrone (810,000 o.p.m. in 10 pg) dissolved in 
5 ml. phosphate buffer pH 7-4 was incubated under 
oxygen with DPNH (6x10+ M), ese chloride 
(107* M) and horseradish peroxidase (10 ug), for 24 h at 
87? O, and the amount of radioactivity remaining in the 
aqueous medium after extraction with ether was determ- 
ined. This was repeated under various i tal oon- 
ditions and with different compounds. In addition, each 
ethereal fraction was examined for œstrone or ita meta- 
bolites by chromatography followed by sutoradiography 
as described previously’. The anaerobic incubation was 
carried out in an evacuated Thunberg tube. 

The results in Table 1 show that horseradish peroxidase 
in the presence of DPNH or TPNH is able to convert 
œstrone (and other phenolic cetrogens) into water- 
soluble, ether-insoluble compounds in relatively high 
percentage yields. The ether extracta contained several 
unidentified radioactive metabolites and virtually none 
of the added remained intact. No producte of 
either kind were formed 1f the reduced pyridine nucleotides 
were omitted, showing that DPNH and TPNH are directly 
imvolved in the reaction and are not merely acting as 
water-soluble carriers. 


Table 1. PNEROEXTAGE OOWYERAION OF !*C-ENTRONRRA TO WATER-SOLUBLE 
FrURR-INSOLUBLE PRODUCTS BY PEROXIDASE E THR PRESENCA OF 
MUOLBOTIDES UNDER VARIOUS EXPERIMENTAL CONDITIONS 


of added. 
Mxpertmental conditions Morena cabe eet 
in medium after 
Normal incubation * 
DPKH omitted 
nO, omrited 


Inoubated for 1 h 


Inoubated for 5 h 
TPNH substituted for DPNH 
DPN or TPN suübsiituted for DPNH 


MnCl, omrtied and incubated with HiOs (10-4 AD) 

DPRH replaced by ‘related’ t (2 mg) 
and Inoubated with H, 07 

iO-cairadiol substituted far œstrone (b h tn- 


BB o. StoronnBRSSRUSE 
OR a O-UC0£4$-Ó7»-wmNo065600 


paration (5 mg) 08 


Incubation mbrtare: 10 ostrone, 10 ag, MnO, 
DPNH, 6 x 10 ML, m 6 ml. Conditions as described in tert, 
ttnamide, adenine 


* 
103 M; 
+ DEN, TPN, ATP, BNA, DNA, nio , guanine, thymine, 


, 


No changes occurred under anaerobic conditions or if the 
peroxidase solution was boiled, and catalase was found to 
be strongly inhibitory, suggesting that hydrogen peroxide 
is involved in the reaction. In addition, the lower yield of 
water-soluble products obtained when the infubations 
were carried out in the absence of manganese could be 
restored by the addition of hydrogen peroxide (10-* M). 
It appears, therefore, that horseradish peroxidase acting 
as an aerobic oxidase can utilize DPNH or TPNH to 
generate hydrogen peroxide and that afterwards, be- 
having like a true peroxidase, it can convert oestrone to 
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metabolites which are either water-soluble themselves or 
capable of combining with the pyridine nucleotides. 
However, DPN or TPN could not replace DPNH or TPNH 
in the reaction in the presence of added hydrogen peroxide, 
and this finding deserves further investigation. A number 
of other compounds having features in common with the 
nucleotides (see footnote to Table 1) were tested but none 
had any effect. 

, Only when water-soluble products were formed could 
compounds other than the added oestrogen be detected m 
the ether extracts and theeo were all found to be more 
polar than œstrone and, with the exception of one com- 
pound, more polar than osstradiol-178. Very little, if any, 
of this last steroid was formed. 

Similar incubations with a lyophilized preparation 
(5 mg) of owtrogen-stimulated rat uteri, which in the 
presence of ese and 2,4-diohlorophenol was shown 
to have high DPNH oxidase activity, did not result in the 
formation of water-soluble products from metrone. In 
addition, this material did not give a pomtive reaotion* 
with guaiacol, which suggests that the oxidase and peroxi- 
dase activities of cetrogen-stimulated rat uteri may be 
separate m contrast to horseradish peroxidase where both 
functions appear to be intimately connected. Hollander 
and Stephens’ found that these two enzymatic activities 
were lost from uterine homogenates at different rates on 
storage, but their results indicate that the oxidase was more 
labile than the peroxidase. : 

: Finally, it should be mentioned that the resulta with 
horseradiah peroxidase aro not in conflict with those 
obtained by Williams-Ashman et al.', who managed to 
recover virtually all their added cetradiol unchanged after 
incubation under similar conditions, since their erperi- 
ments were of relatively short duration. 

We thank Drs. V. P. and N. Hollander for & gift of rat 
uterme DPNH oxidase and Prof. R. L. Noble and the 
National Cancer Institute of Canada for their interest and 
support of this work. 

- P. H. JELLNOK 
LouisEm I&wrw 
Cancer Research Centre. 
University of British Columbia, 
Vancouver. 


1 Luoss, F. V., Neafeld, H. A, U 


, Uttecback, J C , Martın, A. P., and Btotz, 
E, J. Brot Chem., 814, 776 (1065). 


1 Neufeld, H A., Tova A. N , Lucas, F. V., Martin, A. P., and Stotz, E , 
J. Biol. Chem., 853, 509 (1068). 


* Jellmok, P. H., and Irwin, L., Nature, 198, 660 (1961). 

1J ri y^ FL, and Irwin, L., Canad. J. Biochem. and Physiol , 40 450 

* Jellinck, P. H., FHoakem. J., 71, 665 (1069). 

*Jermyn, M. A., Netwre, 189, 488 (1968). 

' Hollander, V. P , and Stephens, M. L., J. Biol. Chem., 834, 1001 (1059). 

MA, H G., mman, à, and Klavins, M, Nature, 184, 
i / 


Interference by Ammonium Sulphate with the 
Estimation of Proteins by the Biuret Reaction 


Tum procedure of Gornall, Bardawill and David! ıs 
widely used for the estimation of proteins, the only fre- 
quent modrfication being adjustment of the volumes to 
permit mixing of reagents and reading of the extinction 
directly in the oells of a spectrophotometer. Gornall, 
Bardawill and David! state that ‘ammonium ion i8 & 
disturbing factor in the biuret reaction’, but provide no 
quantitative data. Some information on the interference 
has been provided by Henry, Sobel and Berkman’; but 
these workers used two biuret reagents of different compo- 
sition and instead of a pure protein used serum as a 
standard. The extent of the interference of ammonium 
ion with the biuret reaction does not appear to be widely 
known. Thus, Dixon and Webb* claim that “few of the 
non-protein materials likely to be present affect the 
estimation, and it is particularly useful because it is 
insensitive to ammonium salts”. 
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Crystalline egg albumin (Sigma Chemical Co., St. Louis 
18, Mo.) was dissolved in 0-16 M sodium chloride to a 
concentration of 10 mg/ml. Biuret reagent was repared 
according to Gornall, Bardawill and David!. pst 
solution (0-2 ml.), freshly filtered, saturated (20*—22?) 
ammonium sulphate and sufficient 0-15 M sodium chloride 
to bring the volume to 1-5 ml. were mixed and 1-5 ml. 
biuret reagent was added. The mixtures stood for 30 min 
at 20-22°. The extinction at 540 my was determined in a 
Shimadzu QR 50 spectrophotometer, using a blank oon- 
sisting of 1-5 ml. 0-15 M sodium chloride and 1-5 ml. 
biuret reagent. The extinction values for duplicate teats 
with constant protein content and ing final concen- 
trations of ammonium sulphate are shown in Table 1. 


VOL. 197 


Table 1 
Concentration of ammontum sulphate ın final Extinction et 540 ma of 
reaction mixtue* as duplicate tests 
Per oent saturation Molanty 
0 0 0 191, 0 190 
1 0-04 0:192, 0-101 
2 vi 0 06 0-185, 0-185 
3 0-12 0:175, 0 176 
4 0-16 0-151, 0 150 
5 0-20 080, 0-028 
6 0-24 0-083, 0 030 


* 2 mg of protein per test. 


It is clear from the resulta in Table 1 that a conoentra- 
tion of 0-08 M ammonium sulphate in the final reaction 
mixture already interferes appreciably with the recovery 
of protein, even though the level of protein selected for the 
tests was near the upper limit of the range in which 
extinction at 540 my is linearly related to the conoentra- 
tion of protem. 

This work was supported by the National Health and 
Medical Research Council, Canberra. 

P. Q. STANLEY 


Welloome Laboratory of the Unit of Clinical Investigation, 
Royal North Shore Hospital of Sydney, 
Crow’s Nest, New South Wales. ; 
r Gornal, A. G., BardawiL, C. J., and David, AL M., J. Bil. Chem., 177, 761 
* Henry, R. J., Sobel, O., and Berkman, 8., Anal. Okem., 99, 1401 (1987). 
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Composition of Normal and Pathological 
Cutaneous Elastin 


ELASTIN, a fibrous protein invariably associated with 
collagen'!!, has been quantitatively measured in a variety 
of mammalian tissues**. The amino-acid composition of 
elastin prepared from various animal sources including 
aorta’, lung* and hgamentum nuche' has been reported 
and the elastin content of human dermis has been determ- 
ined**. The purpose of this work was to determine the 
amino-acid composition of human dermal elastin and 
compare it with that of the elastin-like proteins found in 
increased amounts in chronically sun-damaged skin 
(actinic elastosis) and pseudoxanthoma elasticum’. 

Human skin was obtained at necropsy from two 
Caucasian adulte Actinic elastotic skin was removed 
under local ansethesia from the forearm of two volunteers 
with a Brown dermatome (obtained from Dr. C. C. 
Tindall, Kisermmee, Florida). Pseudoxanthoma elasticum 
skin was obtamed from a 46-year-old White female who 
died of & cerebral vascular accident with progressive 
deterioration (obtained from Dr. 8. Polt, Duke University 
Medical Oenter). All hair was carefully removed by 
shaving and subcutaneous fat trimmed away. Skin 
specimens were frozen in liquid nitrogen, ground in a 
Wiley mill, and extracted three times with 0-1 N sodium 
hydroxide in boiling water bath for 15 min*. Between the 
first and second extractions the skin specimens were 
ground in & glass hom . The suspensions were 
centrifuged at 20,000g and the residues air-dned 
on filter paper after washing with acetone and ether. 
Aliquots were desiccated in a vacuum oven for 8 h 
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and then in vaouo over phosphorus pentoxide at 110° C for 
dry-weight determination.Duplicate aliquote of pathological 
elastin were hydrol under nitrogen for 24 h at 110° O 
with redistilled 6 N hydrochloric acid. Duplicate aliquots 
of control samples were hydrolysed in vacuo at 110° with 
redistilled 6 N hydrochloric acid for 24, 48 and 72h. All 
ammo-acid analyses were carried out on a Spinco model 
120 automatic amino-acid analyser. Total nitrogen was 
determined by micro-Kjeldahl as well as by combustion ; 
total ash was determined by combustion (performed in the 
Galbraith Laboratory, Knoxville, Tennessee). Amide 
nitrogen waa determined after hydrolysis at 100° and 
atmospheric pressure for 2 h, with N hydrochloric acid 
followed by steam distillation and titration. 
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Table 1. AXIXO-ACID COMPOSITION oF HUMAX DERMAL HLASTIX 
Amlno-acid $00 En pam: 00 Bebe 
€ [1 as 
o ii of total 

Alanine 25-10 20-02 7302 
Arginine 101 091 1-00 
Aspartie 001 0 53 0-37 
Glutamie amd 3:30 297 1 87 
Glyane 28-85 2193 31 40 
Hydraxyproline * 1-66 1-48 1-02 
Isoleucine Y- 3-48 2-50 
Leucine 8-57, 759 6-29 
eae 120 1-06 1:30 

Jalanine 406 302 10908 
Prolme 15 03 12 07 10 61 
Berne 1:53 127 116 
Threonine 1-46 1-40 l11 
Tyrosine 455 410 198 
Valine 17:43 14-75 12-10 
Amide t 027 1:31 
Total 118-04 97-53 98 94 


Values aro extrapolated to rero time or maximal for 24, 48 and 72 h 


* Determined separa by the method of Neuman and Logan (ref. 13). 
+ Boe text for redo tex 
Table 2. RESIDUES PER 1,000 TOTAL HRERIDUES 
Pendo- Bovine 
Normal human  Aotinio  xanthoma ligamentum’ 
: dermal elastin elastioam. nuchs* 
Alantne 233 230 5 212 237 
E ID 310 330 200 360 
Vv 123 108 106 185 
‘Leucine 54-2 608 61-6 69 
Ieoleucine 255 247 2$ 19-5 
Proline & 108-5 00-4 98 111:7 
Phenylalanine 20 4 20` 25-7 37 
Tyrosine 701 vea 225 8 
Serine 121 18 19 13-5 
Threonine 11:5 16-6 15-5 13 
Arginine 48 7 24 8 
Lysine 67 13 35 35 
Aspartic acid 38 15 12 8 
Glutamie acid 335 54 55 31 
Hydroxyproltne t 105, 105 105 12 


Amtno-acid composition of normal and pathological human dermal 
and tboma values are average of 

two samples. Controls represent best or extrapolated values from 24-, 48- 

and 72-h duplicate ` 

* and Dew (ref. 7) 


reported by . 
t Performed separately by the method of Neuman and Logan (ref. 13). 


Kjeldahl nitrogen on & dry-weight basis gave 10-20 and 
16-70 per cent for two control samples. Total nitrogen by 
combustion gave 16-04, 16-20 and 16-08; 16-04 on duplicate 
samples of two control specimens. Ash was 3-32 and 3-28 
per cent respectively. Amino-acid analyses in all nstahoes 
gave 95 per cent or better nitrogen recovery by weight of 
material put on the analyser; typical results are presented 
in Table 1. Table 2 summarizes the resulta and compares 
these results with published analyses on bovine ligamen- 
tum nuchs elastin’. 

The identity of the abnormally increased dermal fibres 
stained by classic elastic tiasue stains in actinic clastosis 
and pseudoxanthoma elasticum has been the subject of 
considerable controversy!:1*. The non-extractable col- 
lagen (insoluble collagen) in actinic elastosis has reduced 
amountsof proline and hydroxyproline relative to nitrogen 
suggesting that it is degraded". In peeudoxanthoms 
elasticum, however, there 18 a alight reduction in the total 
collagen, but no evidence for degradation’. The fibrous 
proteins isolated in this work by hot alkali extraction of 
normal human skin and human skin involved with actinic 
elastosis and peeudoxanthoma elasticum have quite 
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similar amino-acid compositions. These amino-acid 
compositions are also quite similar to elastins from other 
sources prepared differently. Based on solubility charac- 
teristics, amino-acid composition and elastase suscepti- 
bility?" it seems unlikely that the elastin-like proteins 
found in actinic elastoais and peeudoxanthoma elasticum. 
are derived from collagen. 

This work was supported in part by National Institutes 
of Health grants AM-05812-02, 6 T1 AM 5335-2, M 2109, 
and H 3582 and a grant from the Procter and Gamble Co. 
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Glucuronide Formation and Transport of 
Various Compounds by Gunn Rat Intestine 
In vitro 


Tus ability of the mucosa of the gastrointestinal tract to 
form glucuronides has been previously reported’. The 
function of such conjugate formation in the intestinal 
mucosa has not yet been clarified. It has been variously 
suggested that glucuronide formation by this tissue may 
play an important part in detoxification’, in mucopoly- 
saccharide formation‘, or in the absorption of various 
substances from the intestinal lumen''*. A genetically 
determined deficiency of the enzyme responmble for the 
transfer of glucuronic &oid from uridine diphosphate 
glucuronic acid (UDPGA) to various acceptors has been 
detected in the livers of homozygous Gunn rate'*. The 
work reported here was undertaken to determme whether 
there is a similar deficiency of this enzyme (UDP trans- 
glucuronylase) in the mtestine of the Gunn rat. The 
results provide further evidence for the similarity between 


Table]. GLUCUROKIDE FORMATION BY PREPARATIONS QF SMALL IXTESTIXAL 
MUOOMA FROM NORMAL AKD QUEM HAT? i» sro 





Source of intestinal usce eet de formed 
mucosa suem 
formed (uM/g) myrM/mg nitrogen) 
Normal Wistar rat 
Mucosal (10* 0063 + O0f1 06 + 19 
te 8 0007 + 0-002 2B t 13 
nucle 6 0 0 
Fractions ) mitoobondria (6, 0 001 10 
muerosomes (6 0004 + 0002 18+ 8 
supernatant (6 0 . 0 
rat 
Mucosal stripping (10 0-004 + 0002 10+ 6 
homogenate 0 0 
nuclei 6 0 e) 
Fractions ) mitochondria (6 0 0 
mierosomes (6 0 0 
supernatant (6 0 0 


Incubation media. For sirippings, substrate 0-05 M tris buffer, 


pH 78 and 002 M glueose; for cell fractions, substrate 
plus 0 025 M 0-025 M. ins er, PH 78, UDPGA 21 x 10* M 
and HDTA 000 
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Table 2. TRANAPORT OF VARIOUS COMPOUADS BY HYERTED BAOS OF NORWAL AND GUNN Rut ITESTINA 
Trilodothyroacetio acid 
| " Gunn Oontrol 
Radioactivity in " 
1 2:97 
Eadioacttvity out i i 
Moles mL/100 mg 11x 10°M 2-35 x 10° M pa 
opt Geno ml 09 x 10 M 21x102M HM 
Inoubetion medium : 0 134 M NaCl, 0 011 M KOI, 0 008 M sodtum buffer pH 7-4 ee ee 
thyroecetic acid, "I-labeled T-monolodotyrogme, and 1*O-]abelled , was added af a concentration of 2 x 10-* 


glucuronide gynthesis in the intestinal mucosa and liver? 
and for the importance of glucuronide formation in the 
transport of various substances by rab intestine in vitro. 

Various preparations of mucosa from normal and Gunn 
Tate were examined for their ability to form glucuronides 
of O-aminophenol and of 4-methylumbelliferone. Male 
Wistar and homozygous Gunn rata weighing 100-120 g 
were fed until they were killed by decapitation. The small 
intestinal mucosa was stri by scraping and 76-150 mg 
of tissue was incubated with either 0-2 uM of 4-methyl 
umbelliferone or 0-55 uM of O-aminophenol (in 0-01 M 
ascorbio acid) for 60 min at 37:5? O in 5 per cent carbon 
dioxide : 95 per cent oxygen. Whole homogenates and 
cell fractions of mucosa were prepared in 0-25 M sucrose 
and aliquots were incubated with the same two substrates 
for 40 min at 37-5? O in an atmosphere of nitrogen. 4- 
methyl umbelliferone glucuronide was estimated by a 
fluorometric technique’ and O-aminophenol glucuronide by 
the method of and Btorey!*. The results are 
presented in Table 1. AN the preparations from mucosa 
of Gunn rate had a markedly reduced ability to form 
glucuronides. Following homogenization of strippings of 
normal mucosa, glucuronide synthesis was reduced by 
about 85 per cent. An increased UDPGA irement 
following homogenization probebly resulta from hydro- 
lysis of UDPGA by UDPGA pyrophosphatase. Ethyl- 
enediamine tetraacetic acid was found to retard the 
la m of UDPGA as previously noted by Pogell and 

oir)", 

The active transfer of a number of substances from the 
mucosal to the serosal surface of everted sace of rat intes- 
tine has been shown to be dependent on glucuronide oon- 
jJugation’.**, With a number of thyroxine analogues, 
such as triiodothyroacetic acid (TRIAC), an ethereal 
glucuronide is formed, and all the radioactivity &ooumulat- 
mg in the serosal modium is in the form of this conjugate’. 
With testosterone, the accumulation of radioactivity in 
the serosal medium resulta from the formation of & 
glucuronide of 3-a,178-androstanediol!". In the case of the 
amino-acid r-monoiodotyroeine (MIT), 5-80 per cent of 
the radicactivity m the serosal medium can be recovered 
as an ethereal glucuronide of MIT. a wee 
that the formation of a labile N-glucuronide may be 
mvolved in the transport of this amino-acid although no 
direct evidence of such conjugation has been obtained*'*. 
The ability of sacs of Gunn rat intestine to transport these 
various substances has been examined to test further the 
hypothesis that their active transfer is dependent on 
glucuronide conjugation. 

Everted s&oe of normal and of Gunn rat intestine were 
incubeted with TRIAC, MIT, or testosterone as previously 
deecribed':*1*,  Gluouronide production was estimated 
following separation by paper chromatography (using 
secondary butanol/ammonia (150 : 50) for TRIAO and 
MIT and Bush B, solvent system for testosterone). The 
results are presented in Table 2. Using both TRIAO and 
testosterone, the final ratio of radioactivity in the serosal 
medium fo that in the mucosal medium of aace from Gunn 
rate was lees than 50 per cent of normal. With MIT, on 
the other hand, the concentration gradienta were consis- 
tently greater with sacs from Gunn rata although the 
quantity of phenolic glucuronide of MIT which could be 
detected in these sacs was leas than normal. These 


resulta do not resolve the question of whether the form- 
ation of labile N-glucuronides is involved in the transport 
of amino-acids, since the ability of Gunn rate to form 
N-glucuronidee has recently been shown to be normal". 

These investigations provide support for the view that 
the biosynthesis of glucuronides in intestinal mucosa 18 
similar to that in liver. They also provide further evidence 
that glucuronide formation plays a major part in the 
active transfer of thyroxine analogues and certain steroids 
by the mucosal cell. 

This work was supported by U.S. Public Health Service 
grants A-2019 (I. M. A.) and 4-1506 (D. F. T.) 
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Solvent-Induced Changes in the Absorbancy 
of Isolated Chloroplast Fragments 


IN a previous peper!, we described changes in 
absorbency which occur when leaves of green plants are 
subjected to certam alcoholic or acetonic treatments. In 
order to obtain further evidence as to the nature and 
possible significance of these changes in absorbancy, this 
work has been extended to a treatment of isolated chloro- 
plast fragmenta. 

Chloroplasta were p: from leaves of Nicotiana 
tabacum (Habana 38) according to the method described 
by Arnon e al.'. The final pellet contaming the 'purified' 
chloroplasts was then suspended in 0-05 M phosphate 
buffer at pH 6-7, precipitated by centrifugation, and 
resuspended in the same buffer. The resultmg suspension 
was checked by microscopic examination to ascertain a 
low starch and debris contamination. Such preparations 
gave essentially the same response to alcoholic treatment 
after as long as 12 days’ storage at 2 to 4? C. Absorbancy 
measurements were made in a recording Beckman DK-2 
spectrophotometer at room temperature. The absorb- 
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Table 1. OBAXGRS IN THE HHIGHTS OF 
E or Tras OF 


Time in min Hthanol 52% (v/v) 


NATURE 


ABSORBANOY MAXIMA OF CHLOROPLAST FRAGMENTS iT 662-678 MA AND 740 My AB 4 VUXOHON 
BEYERAL TREATMENTS 


Methanol 65% (v/v) ‘Mothenol 05% m + 


1111 


Boiled, then methanol 


65% (viv) 
662-78 740 662-78 740 008-78 740 662-78 740 _ 662-78 740 
0 0-300 0-000 0-200 0-000 0-380 0-000 e800 0-000 0-200 0-000 
15 0-090 0-000 0-000 0-110 0-270 0-000 0-300 0-000 7 0-090 0-000 
30 0-070 0-120 0-060 , 0140 0-250 0-000 0-300 0 000 0-060 0-000 
45 . 0-050 0-150 0-060 0-150 0-250 0-000 0-200 0-000 0-060 0-000 
eo 0-040 0-180 0-040 0-100 0-250 0-000 0-300 0-000 0-050 0-000 
ane 0-040 0-180 0 040 4-160 0-250 0-000 0-300 0-000 0-060 0-000 
ethanol addedt 0-200 0-000 - 0-196 0-000 0-280 0-000 0-295 0 000 0-300 0-000 
*5 x 10* M cuprie ] È 
multiplied by the dilution factor zo that values are directly comparable with preceding measurements. Ethanol added following the 


ancies were corrected for light scattering as previously 
described!. 
When redistilled methanol is added to a chloroplast 
ion at room tempergture to a concentration of 
65 per cent-(v/v), resulta such as shown in Fig. 1 are 
obtained. After a short lag, the main absorbency bend of 
chlorophyll in the red region decreases within 1 h to a value 
often representing as little as 15-20 per oent of the original 
peak sbeorbancy. Results of a similar i t are 
shown in Table 1. After about 30 per cent of the absorb- 
ancy of the chlorophyll in the red region has been lost, & 
new absorbancy maximum at a wave-length near 740 my. 
begins to appear. At the completion of this reaction, as 
much as 80 per cent to 50 cent of the original chloro- 
phyll absorbancy has thus None of these changes 
is observed with methanol concentrations above 80 or 
below 60 per cent. Similar resulta are obtained with 
ethanol at a conoezitration of 52 per cent. The rate of 
appearance and amount of 740-my absorbing material 
formed is affected by pH. At pH 5 or below little 740 my. 
absorbing material is formed, while a pH of about 8-5 
appears optimum. ` 


` Choroplasts 





; dotted line, 75 min after addition 


_ Amt methanol concentrations between 70 and 75 per oent 
a similar loes in ohl yl absorbancy near 662 my is 
observed but without the formation of a 740 my abeorb- 
ancy maximum (Table 1). At these concentrations of 
methanol, the absorbancy of the chlorophyll is shifted 
from about 678 my in buffer alone to 002—868 my in the 
presence of the aleohol. At 65 cent methanol, where a 
740-my maximum is formed, the chlorophyll absorbancy 
maximum is shifted to only about 670 my. Since the 
absorbancy of chlorophyll at these higher wave-lengths is 
due to its binding in the plastid gtructure’, these resulta 
indicate that the changes resulting in the formation of the 
740 mp &beorbancy maximum proceed without completely 
extracting the chlorophyll from its natural environment. 

The validity of this conclusion was demonstrated in the 
following way. Chloroplast ta were in 
75 per cent methanol and allowed to bleach (Table 1). 
These mixtures were then centrifuged at 2,500g for 15 min 
and the precipitate suspended in 65 per oent methanol. 
The addition of ethanol to the supernatant and to & 
portion of the resuspended precipitate indicated that 
most of the ‘bleashed’ chlorophyll precipitated with 
the chloroplast fragments and was, therefore, stil in a 
bound form. The material in the precipitate, however, on 

ion in 65 per cent methanol gives rise to a 740 my. 

ncy maximum. ‘Thus, chlorophyll remains bound 

to portions of the chloroplast structure at higher aloohol 

concentrations than those which are required to produce 
the 740 mp absorbancy maximum. 

The loas in chlorophyll absorbancy when these chloro- 
plari fragments are suspended in 75 per oent methanol may 

as great'as 80 per cent of the initial value and is oom- 
pletely reversible. The reversal may be accomplished by 
inoreasing the concentration of the organic solvent whioh 
brought gbout the bleaching or by extracting the chloro- 
phyll with any suitable solvent. Simcoe no 740-my 
absorbing material is formed under these conditions, these’ 
results demonstrate that a bleached form of chlorophyll ie 
being formed in these mixtures and is reversed by the 
addition of more solvent. If, following such & treatment 
in which the chlorophyll abeorbency first disappears and 
then reappears, the mixture is rediluted with water to an 
appropriate solvent concentration, the formation of the 
bleached form of chlorophyll proceeds anew. 

An additional change in chloroplast fragmenta treated 
with alcohol under these conditions is observed on micro- 
scopic examination of the material. By doing particle 
counts on equal dilutions of these ions and 
estimating the size of the particle examined, it is possible 
to show that the chloroplast fragments from non-treated 
preparations are three to four times than those 
receiving alcoholic treatment. Such a result is consistent 
with the requirements for obtaining a crystallization of the 
materials in these fragmenta as discussed in & previous 


s ; : 

ce the formation of a bleached form of chlorophyll 
appears to be either an oxidation or a reduction of the 
parent molecule‘, the ability to obtain such & change with 
a natural constituent of the chloroplast in the presence of 
methanol might be of considerable i in the study 
of the initial stages of photosynthesis. This is true 
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whether this change'be mediated through enzymatic action 
ar through direct chemical Some evidence has 
been obtained which suggests that the formation of this 
bleached form of chlorophyll in these experimenta may be 
an enzymatic process (Table 1). Chloroplast fragment 

- preparations placed in & boiling water bath for 5-7 min do 
not show this loss in chlorophyll absorbency or the forma- 
tion of 740 my absorbing material. The initial chlorophyll 
absorbancy peak nevertheless shows a shift from 678 mu 
to 670 mp m nse to-the addition of 65 per cent 
methanol, just as it does in non-boiled samples. Cuprio 
chloride, at a concentration of 5 x 10-* M or higher, alao 
inhibits the loas of chlorophyll absorbancy and preventa 
the appearance of material absorbing at 740 mu. A 
aimilar concentration of this salt has been found necessary ~ 
to inhibit the ‘Hill reaction’*. No absorbancy changes 
occur when ahloroplast-methanol mixtures are placed at 
— 26°0. Although the high concentration of aloohol 
necessary to obtain these . appears to be very 
unphysiologioal, it should be recalled that at least two 
other enzymes attributed to the chloroplast require similar 
conditions for activity. They are phosphatidase o*'* and 
chlarophyllase!. 

These resulta provide conclusive evidence that the 
solvent-induced changes described in a previous paper 
are due to chlorophyll and fragments of the plastid 
structure. The decrease in size of these chloroplast 
fragments which accompanies the formation of the 
740 mu absorbancy maximum is consistent with the 
assumption that this change involves a crystallization of 
the chlorophyll molecules. A reversible bleaching of 
chlorophyll as a result of _these treatmenta is clearly 
demonstrated in these in ions. The relation of this 
bleached form. of chlorophyll to the formation of a 740 mu 
&beorbing band is such that the bleached form may be an 
intermediate. The effecta of boiling, cupric chloride and 
low temperature suggests that an ensymatio reaction is 
responsible for the production of this bleaching. 

This in tion was aided in part play Pe ner iiim from tho | 
Jane Ooffin Childs Memorial Fund for 


JAOQUES AGHION 
- EvnHLYxNZE Poroma 


Laboratoire du Phytotron, 
Centre National de la Recherche Scientifique, 
Gif-sur-Yvette (Seine et Oise), France. 
Jamas A. LIPPINOOTT* 
Department of Biological Sciences, 
Northwestern University, 
Evanston, Illinois. 


*Balow ot the Jane otin his Memorial Fund fr Medien) Reser 


ia oe pen , Porcile, BL, and Bertsch, W. F., Arch. Diockem. 
9à, 17 (oes) 
Auson D: honc) Mod and Whatley, F. R., Biockim. Biophys. Acts. 


PEDE Tight and Life, edit, by MaHlroy, W. D., and Glass, B. (Johns 

Prem, Baltznore, 1957), 

* Rabtnowltoh, H. L, Photosynthests and Related Processes, $ (T) (Interscience 
Publishers, Inc., New York, 1960). 

* Kates, H., and Gorham, P. R., Cenad. J. Biochem. Physiol., 35, 119 (1057). 

* Kates, IL, Canad. J. Biochem. Physiol., 38, 127 (1957). 

7 Ardao, O., and Vennesland, B., Piani Physiol., 35, 308 (1900). 


Argininosuccinic Acid in GEmigdeng Seeds 
of Vicia faba L. 


Tua ornithine cycle amino-acids have been determined 
in ungerminated seeds and 6- and 14-day-old seedlings of 
Vicia faba L. grown without an external source of nitrogen. 

The amino-acids were identified by: (1) their elution 
characteristics from ‘Zeo-Karb 225’ (200-800 mesh, x 9 
per cent); (2) their Ry values on two-dimensional paper 

. using 80 per cant (w/v) aqueous phenol as 
the first solvent and n-butanol/acetic acid/water (58 : 
180 : 20 v/v/v) as the second; (8) colour teste for arginine’; 
argiminosuocinio acid; citrulline’. 


NATURE 


March 16, 1963 


Argininosuccinio acid was separated from the free 
amino-acids of extracts of 500 g ungermmated beans 
using & 60 x 2-8 cm column of ‘Zeo-Karb 225’ (200—800 
meah, x 9 per cent), deaalted by the method of Mueller* 
and identified using the following oriteria. 

(1) It was eluted from cation exchange resins aa the 
anhydride forms and emerged as a discrete peak between 
leucine and tyroeine!. 

(2) Ohromatography with 80 per cent (w/v) aqueous 
phenol gave two spota with ninhydrin, the Ry values of 
which, 0-27 and 0-47, corresponded to those of ‘active’ 
argininosuooinio acid and ite anhydride respectively‘. 

(3) The anhydride gave a colour in the Jaffe reaction‘. 

(4) It behaved as a dicarboxylic amino-acid on paper 
electrophoretograms using pH 8-5 pyridine, acetio acid, 
water, buffer (10 : 0-4 : 90 v/v/v) and a potential of 13 V/om 
(20 m.amp). 

(5) It was acid stable, but on refluxing with strong 
barium hydroxide gave equal amounta of aspartic acid 
and ornithine‘. 


Table 1. Caci de Npusdur pores Quaeso Pedal dicio Maris 
or 100 Q FXNREK-DEIND UNXNGERMDNATED BUAS, 6 AND 14-DAY-OLD 
Lamas OF Visis fabs 
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BEND 
The amino-acids were determined oo a plea tear ieally ) after separation 
ad cation LXSDRE ERA Tesina nade those used by Moore 
Aen D 
Amtno-aold 0 days 6 days 14 days 
Arginine 1,123 652-53 107-83 
Argminosnooinis acid 653 TESA 
Qttrultine 0 0 [.- e! 
Ornithme 0 0 31-60 


In view of these findings, it is of interest that the enzyme 
br mci dimus which reversibly catalyses the formation 
ic acid from arginine and fumaric acid, 

fas ese cae ae jack bean meal’, 
and green pea, ryegrass and wheat!*. The ooourrenoe of 
arginmoeuocinio acid together with the other acids of the 


ornithine cycle supports the previous ion 
ae , at least, of the ornithine cyole is invol in the 
liam of planta as well as animala. 


g "When erue labelled Sith cerba Ld sue vacuum- 
infiltrated. into disks of 10-day old ootyledon, subsequent 
extraction and chromatography of the free amino acids 
showed that ic acid and proline were the 
first amino acids to become labelled. With increasing 
length of time of incubation of the tissue with HO-ergininoe, 
ornithine, citrullme, glutemio acid, lo acid add 
finally alanine and y-aminobutyric acid, became radio- 
active. The importance of these amino acids in the 
metabolism of inating seeds of Vicia faba L. will be 
discussed fully m a later publication. 
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Alteration of Steroid Dehydrogenase 
Synthesis in a Mutant of Pseudomonas 
testosteroni 
Marous and Talalay have deeoribed two nicotinamide- 
adenine dinucleotide (NAD) dependent steroid dehydro- 
genases obtained from induced culture of Pseudomonas 
testosteront (American Type Culture Collection 11996). 
The a-enzyme catalyses the oxidation of 8a-hydroxy 


March 16, 1963 


steroids while the &-enryme reacts with the 3$- and 178- 
steroids. Extracta of the cells grown in the 
presence of testosterone exhibit both types of activities. 
The enzymes may be from. one another by 
careful ammonium. te fractionation and can then 
be used as reagents or quantitative determination of 
their respective substrates. 
A culture of the i 
American Type Culture 


No. 4872 


was obtained from the 


From October 1959 until 
organism on basal medium plus testosterone were stored 
without transfer. When a transfer was made in April 
1961 the growth was examined and found to be con- 
taminated with other bacteria. The culture was plated 
out by dilution and the Pseudomonas isolated and recul- 
tivated in pure culture. "When a batoh of cells from this 
isolate was collected, dried, extracted and assayed for 
dehydrogenase activity, ib was found that tbe cells were 
testosterone while androsterone 


storage of these cultures on slants from April 1061 until 
October 


Oglture 
stored on agar slants has continued to yield both enzymes. 
In testing, extracte of cells were prepared by grinding 
100 mg dried cells with an equal weight of alumina 
5-0 mL. 0-08 M phosphate, pH 7:2, 0-001 M ethylenediamme 
tetraacetic acid. 0-1 ml. of such an extract when diluted 
1-10 produced an &beorbanoe 
i 0-010-0-050/min with either steroid. The 
extracts from the altered cells, while always active on 
androsterone, never produced any change in absorbance 
with testosterone, even when undiluted. Extractes of 
fresh cells from slante showed the same behaviour as the 
dried cells. 


Tt was concluded from the foregoing observations that & 


mutant strain bad been formed in the contaminated 
culture which maintained its genetio marker for the lack 
of the B-activity. Its usefulness rome [gee in the 
application of these enxymes as id reagents as 
here. 

owever, further testing of extracts of the mutant cells, 
Lu an as described here, revealed, to our surprise, 
istinot activity in dilutions of 1-25 with dehydroepi- 
androeterone (88-hydroxy- A*-androetene-17-one), produo- 
ing an abeorbanoe of 0-020—0-030/min at 840 mp. 
teste, under identical conditions, with testo- 

sterone as the substrate, failed to reveal any activity. 
The chance contamination of the dehydroepiandro- 
sterone was ruled out by purity determinations, including 

"ees rei dn 

These suggest that the mutant cells Contain a 
B-steroid dehydrogenase, different from, and more highly 
specific than, that reported previously or that the earlier 
described roid dehydrogenase contains two oom- 
ponents, each specific for the 38- and 1"7B-hydroxyl groups 
respectively. On the other hand, the explanation may 
be more complicated, for example, the mutant may pro- 
duce a completely different enzyme such as an isomerase 
specific for the 3-position and the product may then be 
subject to the a-steroid dehydrogenase. i , there is 
the remote possibility of elaboration by the mutant of & 
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factor inhibitory for the testosterone enzyme. These 
matters are presently under study. 
We thank Mr. Nick Denny for culturing the cells and 
performing the isolation of the mutant. 
JoskerH D. TELLER 
Worthington Biochemical Corporation, 
Freehold, New Jersey. - 
` ; M. BosGiovANMI 
University of Pennsylvania. 
1 Marons, P. L, and Talalay, P., J. Biol. Chem., 818, 661 (1956). 


Zinc Toxicity in Brewer's Yeast 
Zo toxicity is known to reduce tho levels of the ham 


cated that this concentration of xino was suffi 
reduoe the rate of growth by half. After 24-h incubation 
the was centrifuged down, washed in and suspended 
in 5 vol. of de-ionized water. 

Studies on oxygen uptake, and aerobio and anaerobic 
fermentation demonstrated that all three systems were 
affected by ionic xinc. 

Table 1. OXYGEK UPTAKE AND FERNENTATIOK IN YAST 


Normal ino toxie' 
culture culture 
8 16-5 
ER eon Val CO "in dy Sri 134 
'Anaerobie fermentation (al. 1) 2-6 16-0 


Manometer vesssis contained 1 ml. yeast suspension pios 1 ml $ per ond 
giuoose m main compartment, and 0-2 ml. 2 N potassium hydroxide 
(er) nonae in I for orya studies; for aeroble fermentation, 
hydroxide was and replaced with  N acid; 
anaerobio fermentation, 0-1 ml. potassium cyanide was to the 


T are arithmetic means of levels in three separate cultures. 

Cytochrome oxidase assays were performed on a oel- 
free extract of yeast obtained using a Hughes press. The 
results demonstrated a decreased level of the oxidase in 
xino toxicity. 


Table $. Orroammoms Oxipíss LEYELS IN Yussr 
. 


Normal culture 311 
"Zino torie’ culture 151 
Manometer fiasks contained the following 01 mL 
0-01 M teiraacetio acid, neutralized to pH 7-0 with sodium 
02 ml 7 x 10- M oytochrome and ml. of oxtract 
In the and 6-2 ml. 5 per cent (w/y) 
m side-arm. final volume was made to 0-1 M iris, pH 7-3 
Mixture was equilibrated for 10 min, contents 
sumption meemured over 25 min. 


mpéion messmed d ratio means of Jevels in three separate cultures. 


This communication provides evidence that excessive 
zino may interfere with the levels of hem enzymes in 
plant as well as animal species. 

Ithank the Swan Brewery Co., Ltd., of Perth, Western 
Australis, for supplying cultures, end Prof. E. J. 
Underwood for his advice. 

The work was financed by a Medical Research Grant of 
the University of Western Australia. 

I. J. WrrHAM 
Department of Biochemistry, . 
University of Western Australia, 
Nedlands, Perth. 
1 Van Rem, B., Arch. Biochem. Biophys., 48, 337 (1953). 
1 Sastry, E. Bivarama, and Barma, P. 8., Mature, 188,. 533 (1966). 
* Walters, L. 8., and Thisieton, M. B., J. Inst. Brewing, 69, 401 (1963). 


* King, B-J., and pw t: D. P., M: in Medical Biochemistry, 
ed., 67 (J. A. Ohurohil and Sons, 1066). 
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Influence of the CEstrous Cycle and Ovari- 
ectomy on the Phospholipld Content of the 
- Pineal Gland in the Rat 


Axona the various roles attributed to the pmeal 
gland in mammals the most important seems to be its 
influence on the function of the hypophysis and gonads. 
However, the resulta obtained by different investigators 
are contradictory!. In order to obtain same knowledge 
of the possible relationship between the pineal gland and 
the gonads, the histological and histochemical picture 
of the gland was examined during the wetrous cycle and 
following ovariectomy. 





















Own REC TOMY 
AT 8 wys 





10 12 14 16 


^ 8 
Weeks 
Fig. 1. Outline of the expermmenta; each ber represents six animals 


In the experiments recorded here 4 series of virgin 
female rate were used (Fig. 1). In series I, 24 animals 
were killed at the age of 10-5 weeks in different phases of 
the cwbrous cycle: 2 groups of 6 animals at di-oxtrous, 
6 at pro-costrous and 6 at met-cetrous. In series IL, 18 
animals were ovariectomized st the age of 4 weeks and 
killed in groups of 6 rats each: the first group 3 days, the 
agcond 28 days, and the third 45 days after ovarieotomy. 
In series IIT, 24. animals were ov&ricotomized at the age 
of 8 weeks and killed in 4 groups of 6 rata each: the 
first one 8 days, the second 17 days, the third 31 days 


and the fourth 52 days after ovariectomy. In series IV, - 


24 animals, serving as controls to series II-and IIT, were 
killed at di-owtrous in groupe of 6 rats each: the first 
group at the age of 4 weeks, the second 8 weeks old, 
the third 10-5 weeks old and the fourth 15:5 weeks old. 

The pineal glands were stained with sudan black B, 
after previous controlled chromation*. This technique is 
supposed to be specific for phospholipids. By means of a 
Zeiss integration eyepiece following the method de- 
scribed by Hennig*, the phospholipid content expressed 
a8 & ace percentage was determined in sections of 
the pineal gland. The integration eyepiece contains a grid 
showing a number of testing points. e number of times 
phospholipid. dropleta were hit by these testing pointe was 
counted,- and fram this number the surface percentage 
could be calculated. The way the method has been used m 
this problem must be looked on as being semi-quantitative. 
The results of the measurements in series I are plotted 
in Fig. 2; that of the measurements in series TT, TII and IV 
in Fig. 8. For each of 6 animals the meen value 
of the phospholipid contant pro-pineal gland was calculated 
and indicated in the graph by'& dot. Besides this the 
highest and the lowest value in a group were also plotted. 

As is shown in Fig. 2, just before ovulation the phospho- 
lipid content of the pineal gland is lowest. It increases 
after ovulation, reaching ips maximum at di-oetrous. In 
Fig. 3 the animals of series IV demonstrate ‘that the 
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phospholipid content of the pineal gland decreases witl 
increasing age, at least during the period of life investi 
gated. Ovariectomy at 4 and 8 weeks gives a steep rim 
of the phospholipid content though this rise is , mor 
pronounced after ovariectomy at 8 weeks (series IIT 
than it is after 4 weeks (series II). Apart from an increase ir 
pineal phospholipids due to ovariectomy, series IT anc 
AIL show that the phospholipid content decreases during 
the ageing of the animals. The curves of the ovari 
ectomized animals run fairly parallel to that of the 
controls. i 

Although imterpretation of the ‘resulta is rather 
premature, some remarks seem worth while. As can be 
seen from Fig. 1, the obvious fluctuation in the phospho 
lipid content of the pineal gland is linked to the cestrou 
cyole, that is, to the state of activity of the ovaries. Thi 

'is supported by the fact that ovariectomy invariably 
causes an increase in pineal phospholipid content. Tt 
remains to be investigated whether this effect ig duet 
either a primary gonadal or & primary hypophysea 
influence. . 

Each first group of series II and III was killed 3 day: 
after ovariectomy. It is remarkable that the increas 
of pineal phospholipids is much lees in series II (ovari 
ectomy at 4 weeks) than it is in series III (ovariectomy 
at 8 weeks). The mean values for controls and experim 
ental animals at 4 woeks are 32-72 per cent and 36-2! 
per cent respectively; at 8 weeks 20-60 and 32-60 per oent 
the differences being 3-5 and 6 per cent and the ratio 
being 1-4/1-3 and 1-6/1-3 respectively. Apparently th: 
influence of ovariectomy is leas at 4 weeks. Probably 
this difference is due to the fact that the endocrine 
apparatus, responsible for reproduction is leas a&otivx 
at 4 weeks than it is at 8 weeks. 

As stated before, the curves of the ovarieotornixex 
animals and the oontrols run fairly parallel in Fig. 3 
Apart from the animals belonging to series III whicl 
were killed at 10-5 weeks, the mean values of th 
phospholipid content of the pineal glands of both experim 
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. 3. The pineal phospholipid content after ovariectomy and in oon- 
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ental series can be connected by an almost straight line. 
Apparently ovariectomy causes a change in activity of 
the pineal, as concerns the accumulation of phospholipids, 
which 18 not merely due to operation trauma. The results 
obtained strongly suggest that it ia due either to depriv-_ 
ation of ovarian hormones or to overproduction of gona- 
dotrophic hormones, as is shown by the fact that the 
effect is not a temporary one. The exact interrelation 
between epiphysis, hypophysis and gonads, as well as 
the part the phóepholipids played in this interrelation, 
remains still to be investigated. 


i J. ZwHans 
Department of Anatomy and Embryology, 
State University, 
Groni 
The Netherlands. . 
1 
ip, Tula tl edo Ms Dr De Prat eet perra 
?Hüfüunan, H., J. Histochem. Oytoohem., 8, 1 (1064). 
*Henni, A., Zoi-Werkreitsokrift, 80, 5 


Regulation by Calcium of Parathyroid 
Growth and Secretion in vitro z 


EvripmNOB.that the concentration of calcium in the 
blood directly controls parathyroid activity has been 
obtained in whole animals!*. Gaillard* found that para- 
thyroid glands could be maintained in organ cultures and 
that the medium in which these glands had been cultivated 
could stimulate bone resorption. These findings prompted 
me to examine the effect of changes in calcium concentra- 
tion m the medium on parathyroid growth and secretion 
in vitro. ` 

Parathyroid glands,’ dissected from 13-day chick 
embryos, were cultivated on & layer of agar held at the 
surface of a fluid medium by a metal screen cut to fit a 
amall embryological watch glass. The culture fluid 
consisted of 80 per cent rat serum in a chemically defined 
nutrient medium‘. Parathyroid glands were also dissected 





TX. L Rec of low cadetum (4) and high 
(experiments 1). Note mitoses (arrows) 
an adult ra$ (expertment 5). 
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Table 1. EFFEOT or CALCIUM OONCENTRAUON IN THE MEDIUM OK XEELATPIYA 
ABUNDANCE OF CYTOPLASM (O|N BATIO) DX PARATHYROID GLAXDÉ 
" Medtum 1 
ealotum 
eonoen- Ko. 
' tration ^ ot 
-(m.molea/L) ghands (meant S.E. P value 
Hp. 
chick 10 4 2:18+0-14 
DH 4 1471007 «001 
Tp. 2 
chick 0-8 4 2 5010-15 i 
33 5 1-28 + 0-08 SU 
. o7* 3 2 65 0-09 
mum x 
dul rat (dialysed 02 4 14831012 «005 
- serum) 07 3 1831 0-04 0-01 
S t1 4 1-89 0-04 0-0 
2-7 3 1:10 +04 j 
Top, 
duli rat Oot 4 2-2? +010 
00 7 i519) ipe 
^ 16 4 2114011 
Raat rat 13 4 3-11+0 06 
31 4 2-014 0-16 «001 


* Pins 2 5 mM/l. magnesium chloride, < + Plus 31 mM/L strontium chloride. 


from adult, male rate (140—200 g). These were placed on 
millipore filter and cultured as above except that 50 per 
cent rat serum in a modified Eagle's medium was used. 
Concentrations of calcium, inorganic phosphorus, mag- 
neaium, and strontium were varied, sodium bicarbonate 
was 25 m.moles/L, and the explants were cultivated under 
5 per cent carbon dioxide, 95 per cent oxygen. After 48h 
the glands were fixed in Zenker’s fluid and serial sections 
were cut. These were examined for mitotio rate, cell size, 
and the ratio of cytoplasmic to nuclear volume (C/N 
ratio) as determined by Chalkley’s method‘. . 
Although the O/N ratio varied in different experiments, 
in any one experiment it provided an index of the relative 
stimulation or suppression of cytoplaamic growth by the 
media used (Table 1). After cultivation in a medium low 
in calcium concentration, explants of parathyroids from 
chick embryos and adult rate showed abundant cytoplasm 
(Fig. 1). A high medium caloium concentration caused a 
marked decrease in the amount of cytoplasm with but 


medium paired parathyroid gland cultures from a oblek embryo 
culum (D Anoan maton is also seon In parathyroids fram 
and eosin , X £00) 
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little change in nuclear giro. In embryonic chick glands a 
significant difference ın mitotic rate was observed. In 
Exp. 1 there were 1-3+ 0-1 mitoses/1,000 cells in glands 
cultivated in low calcrum medium, compared with 
0-6+0-1 mitoses/1,000 cells in high calcium medrum. In 
adult rat glands mitosea were rare. When calcium con- 
centration wes decreased to 0-2 m.mole/l. using dialysed 
serum (Table 1, Exp. 8) cell disruption and a decrease in 
cytoplaamic volume occurred. At higher calcium con- 
centrations there was an inverse relationship between 
calcium and O/N ratio. The cytopliam was lees abundant 
in this experiment than in others, perhaps because some 
growth factor was lost from the serum during dialysis. 
Ohanges in calcium concentration did not affect O/N ratio 
in cultures of either embryonic or adult thyroid, kidney, 
and lung. Increasing inorganic phosphate concentration 
from 1 to 3 m.molee/l. when calcium concentration was low 
did not result in further stimulation of the glands. Replace- 
ment of the calcium by magnesium to maintain a constant 
divalent cation concentration did not prevent the low 
calcium effect (Table 1, Exp. 2). Addition of 8-1 m.molee/l. 
of strontium had lees suppressive effect than a much 
smaller (0-9-1-6 m.mole/l.) increase in calcium concentra- 
tion (Table 1, Exp. 4) 

The secretion of cultivated parathyroid glands was 
measured by an tn vitro assay technique recently developed 
in our laboratory”. The aasay is based on the ability of 
pee extracta to stimulate resorption of embryonic 

in organ cultures. The embryos were obtained from 
pregnant ,rata which had been injected with caloium-45 
three days prior to death. Paired shafts of 18-19-day radius 
or ulna were cultivated. Resorption was measured by the 
release into the medium of the calcium-45 which had 
previously been incorporated i in the embryo bones tn vivo, 
and also by the change in stable calcium concentration m 
the medium at the end of 72-h cultivation. In these 
ta adult rat parathyroids were grown in media 
of 0-0—8-1 m.molea/l. calcium concentrations. At the end 
of cultivation of the parathyroids, the media were mixed 
1 : with fresh control medium of varying calcium con- 
centration to bring the concentration of the mixture to 
2:1 m.molee/l. These reconstituted media were then 
tested against freah control media which had never been in 
contact with parathyroid glands (Table 2). Media origin- 
ally low in calcium (0-0—1:6 m.mole/l.) which had stimu- 
lated or incompletely suppressed parathyroid growth were 
found, when reconstituted, to contain bone-resorbi 
activity. Medium originally high in calcium which had 
suppressed parathyroid growth contained no more bone- 
resorbing activity than did control medium. The active 
media caused the release of 80-150 per cent more calcium-45 
than did control medium. This effect lies between that 
obtained with 0-1 and 1:0 units/ml. of parathyroid 
extract’. 
Table 2. EFFIO? OF REOOMBTTTUTED MMDIA FROM PARATHYROID GLANDS 
OX OALOLUM RELEASE FLOM EMBRYONIC BOWES N 


Medtum esletum concentration 
Xo. Recon- 
of  Inl- stituted release 
bones tial (m.mol/l) Final (o.p.m./bone) 
Medtum from Exp. 4 6 oo 21 2514011* 1,308+ Q9 
Medium fom Exp- é 4 1:6 2-1 2-23 + 0-05 1260+ 80 
6 — 21 2-21 40-07 553+ 42 
Medinm fram Hxp. 5 6 1:3 21 2251003*  2,0521106t 
Medtum from 5 6 31 £1 2-111 0-02 1,158 +1 
Freah control 6 — 21 2 08 +001 1150+ 89 
tly different from eontrol, P <0 06. 


1 t fon different fram control, P « 0 01. 


The ta reoorded here provide direot evidence 
that a low concentration of calcium stimulates and a high 
concentration suppresses the cytoplasmic growth and 
secretion of the parathyroid glands. This response appears 
to be relatively specific for parathyroid tissue and for the 
calcium ion. The system used is a convenient model for 
analysis of the mechanism by which calcium regulates the 
parathyroid glands. 
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This work was begun at the Strangeways Research 
Laboratory, Cambridge, England, while I waa a Special 
Research Fellow of the U.S. Publio Health Service. I 
thank Dr. Hanor B. Fell, direovor of the Laboratory, for 
her encouragement and advice. 
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Release of Catecholamines from the Atrium 

of the Dog by Tyramine 

Ir was suggested in 1958 by Burn and Rand! that 
tyramine acts by releasing catecholamines from tissue 
‘stores’. Direct evidence to support this has been sought, 
but with inconclusive results. 

In the work reported here, an effort was made to 
demonstrate the release of endogenous catecholamines 
from the isolated right atrium of the dog by tyramine. 
The atrial B receptors for catecholamines were previously 
blocked by dichloroisoproterenol (DOI). The isolated 
right atrium of the dog, bathed m balanced salt solu- 
tion at 31° C, was incubated with tyramine for 15 mim. 
At the end of the mcubation period the presence of 
catecholamines in the bathing fluid was determmed by 
transferring the bath fluid to another tissue-bath oon- 
taining a spiral aortic strip from a reserpinized rabbit. 
Suitable controls were devised to exclude the 
that the response of the aortic strip was due to spon- 
taneous release of a vasoactive substance from the atrium, 
or to the direct action of tyramine on the arterial strip 
iteelf. 

The release of small quantities of a vasoactive material 
by tyramine was repeatedly demonstrated in six such 
experiments on the atria of the dog (Fig. 1). The oon- 
stency of the magnitude of response relative to the 





1. Responses of reserpinized rabbit aortic to (F) noradrenaline, 
P Lek eni (Pr) atl bath fall after haedbetuar with with tyramine 
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catecholamine sensitivity of the strip suggests that the pattern, as determined by examination of their vaginal 
vasoactive substance was itself a catecholamine’. smears (stained with Giemsa). The antiserum injections 

Cyproheptadine (an anti-histamine and an anti-b-HT were given m gradually increasing dosages (0-6 ml. to 
agent) decreased greatly the response of the aortio strip 8-0 ml. per day) over an 11-day period, with an average 
to added 5-HT, and abolished the response to added- daily dose of approximately 1-5 ml. All antiserum-mjeo- 
histamine. There was no detectable change in the re- ted rats showed sustained diœstrus vaginal smears after 
sponse to added noradrenaline or to the vasoactive the second or third day of treatment. Regardless of the 
material. particular phase.of the vaginal cyole in which the animal 

Observations on a rat fundal strip and on an isolated happened to be at the time that the injections were com- 
guinea pig ileum indicated that tyramine does not release menoed, the antiserum administration resulted in & com- 
5-HT or histamine in amounts adequate to stimulate the plete cessation of cycling, stopping it in the same phase in ` 
Spiral sortio strip. The observations on the guinea pig all animals. The vaginal cycling of animals treated with 
‘ileum also suggested that a vasoactive polypeptide, for normal rabbit serum (NRS) showed no significant differ- 
example bradykinin, was not responsible. ences from that of the non-treated control animals. 

I5 was concluded that the vasoactive material was It was of interest to note that the antiserum-injected 
“almost certainly a catecholamine released from the tissue animals commenced to cycle again approximately 10 days 


‘stores’ of the atrium by tyramine. after treatment had been discontinued. Histological 
examination of the ovaries of antiserum-treated rate 

NE revealed that the interstitial oells were as deficient in 

De f Physiol . D. BHERHAN appearance as those in hypophyseotomized animals. 
partment of Physiology, . The recovery of normal vaginal cycling was acoompanied 
University Oollege, - by a restoration of the appearance of these cells to normal. 
Cork. : Rats in one of the antiserum-treated groups were in- 

poe J. HL, and Band, M. J., J. Physiol., 144, $14 (1088). jected 24 h before death with 1 po. of iodine-131 to 
Turehgott, B. F., J. Pharmacol., 111, 265 (1964). determine the effect of antiserum treatment on thyroid 


Btone, O. A, Wenger, LG. Taden, O. T., Btavorski, J. AL, and Hom, Fiction. It was found that the uptake of iodine-131 by 
the thyroid glands from the antiserum-injected rate was 
not signifloantly different from that for animals injected 

Antiserum Inhibition of the CEstrous Cycle in with NRS. This finding suggested that the TOSH anti- 
Norma! Rats serum did not contain antibodies against thyroid-stimu- 


ee pua lating hormone, as demonstrable by this method. 
Evpasos for the neutralization of pituitary gonado- . There was no evidence to indicate toxicity of the anti- 


trophic hormone activity in mammals by immunological serum, as j ios 
: : : judged by the lack of effeot on gain in body- 
procedures has been reviewed in several articles. The weight and adrenal or thymic weights. If anything, the 


specificity of the hormone neutralizing (antihormone) rr i : ] : 
' effect of the antiserum has been by many of the oe edv ne e me ee definite 
vestigations reviewed, but there has been some question that the anti 8 did not Kee oS ase 


in 

as to the specificity of this effect, because of the possible ahile antibodies against rat pituitary growth hormone or 
role of impurities or trace Batgenio contaminants in the adrenocorticotrophio hormone. Still another test which 
r E RE used!-, A recent report! describes indicated the specificity: of the antihormone effect was the 
the euooe inactivation of a purified pituitary follicle- Qheervation of preeipitin reactions in agar diffusion 
stimulating hormone (FSH); the marked follicular stimu-  plates™!. Using a technique previously described’, it was 
lation obtained by the injection of sheep FSH into imma- found that the minimum detectable amount of the homolo- 


ture h; h; i 
tor hypophyseciomised fomato zata could be eompletei7 goon hormono (hoop IOSH, N-L-H--LH-S1) was of tho 
This inhibi Gist, was found to be d dent oa the order òf 2 ug, yet the samo antiserum did not give a 
dosage of antiserum used. Other reoent studies have FAR E iho othe kn Bus Mia : ee ug) 
reported the neutralization of endogenously secreted highly rifled f ^l he anaes ur a obtunad 
pituitary inteestitial-oell stimulating hormone (IOSH) in fram tke h ium peor id been obtained 
the normal immature** and mature’ male rat and in the - e omologous (sheep) species exoept for thyroid- 
: fernale rat’, with the uae of anti stimulating hormone which -was bovine in origin. The 
nnmAS Sure E > IOSH tiserum prepared results of the various tests mentioned here strongly 
This F x sheep $ showing that rabbit anti- suggested that tho antihormone effect of the antiserum 
to ees y FICHE a hibit the may be dependent on & specific antigen-antibody inter- ~ 
ps doi in adh oe D Bup ing evid ipi OUS cpu A detailed report of these studies in female rats 
ted to indicate the specificity of the observed antihormone - This paean slagwhere: 
effect. A detailed report of the inhibition (with the same work was supported in part by grants (4-8350 and 
anti ) of ; devel Van maturation in GM-—K8-6710-03) from the National Institutes of 
EREEREER] e es crum A open Pahia eig Health of the U.8. Publio Health Service. 


Antiserum was prepared. by a method previously W. P. Youxa 
described’. Young albino male rabbits were immunized R. NASSER 
by EU gee subcutaneously with purified sheep T. Hayasama 
IcsH (N -LH-S1, received through the courtesy Department of Anatomy, 


of the Endocrine Study Section of thé National Institutes mu Sat wai : 
oF Health: Ms prepécaHon has bem fully chacactarised oo E a Loe 
the sasay data have been presented elsewhere?) in , e 
Fround's adjuvant, over a period of 3-5 months (total dose Thompson, K. W., Physiol. Res., S1, 568 (1941). 
of 4-6 mg per animal). The last injection (0-26 mg) *Busard, A., J. Physiol. Path. Gén., 44, 717 (1983). 
was given in saline 8-10 days prior to bleeding. The {Werth G., Arzneiwilisi- Forsch., 6, 87 (1056). A 
antiserum was absorbed to remove non-specific antibodies , Hayashida, T., and hino, B., Anat. Rec., 189, 256 (1951). 
against homologous (sheep) serum proteins. * Hayushida, T., in Ciba Found. Coll Brdoorinol. (1963) 

Before antiserum treatment was started, the vaginal * Hayashida, T., A 308 : i 
cycling patterns of adult female Long-Evans rata were * Bourdel, Va ni Comper. gren E. (1961). 
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: : n Quehteclony, O., Aca Pathol. Micrebiel. Scand., WE, $51 i 

the experiment on the basis of & normal 4-5 day cycling ™Hayashids, T., Li, 0. H., Endocrinol., 68, rer ANA 
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Coagulation of Blood in Temperature 
Acclimatization 
Prorowamo clotting and prothrombin times a8 a 
function of lower blood temperature have been observed 
in various species $n vivo! and tn virco’. The in vivo 
observations were made in setivating and hibernating 
Mmammals*“ and with human blood from blood vessels 
where a differential m temperature had been demon- 


strated’. By contrast, Tadzer*, using the rat in a study 
of h ia of short duration and uncomplicated by 
shock, did not find prolonged thrombin times; Lasch 


ei al.', working with dogs, even obtained shorter clotting 
times on cooling, and a prolongation, due to an increase 
in heparin, on rewarming. 

Comparatively little has been reported on the effect of 
prolonged. ada ion to & hot or cold environment on 
blood coagulation, particularly when body temperatures 
remain near normal. Mills ei al.’ reported an increase in 
hsmorrhagio deaths in vitamin K-deficient rata exposed 
to the equivalent of tropical heat, as compared with 
animals kept in temperate coolness. Sutherland and 
Campbell* reported shorter prothrombm, but markedly 
increased clotting times in cold-adapted rabbits. Tho 
investigation reported here discusses the prothrombin and 
clotting time of adult Leghorn chickens maintained at 
three different ambient temperatures. 

A total of 55 female and 24 male birds, approximately 
l year old, were available. They were kept in individual 
ais in temperature-controlled rooms at, respectively, 

O and 60 per cent relative humidity (‘hot’), 21°C 

(‘control’), and 0° C (‘cold’). In the second and third 
tee the humidity was not controlled. At the time of 
testing all birds had been m their respective environments 
in excess of three months. Blood samples were taken 
by venipuncture from a brachial vem with siliconized 
syringes and whole blood clotting and prothrombin times 
measured, the latter by a one-stage method, 
dehydrated chick brain 
plastm. Details of the methods have been described else- 
where’, exoept that citrate rather than oxalate was used 
as an $n viro anticoagulant. 


Table 1. PLASMA PROTHROMBIN AND WHOLR BLOOD OLOTTIKG TOIS OY 
TEMPERATURBS* 


Hnvironmental Prothrombin time Blood time 
sp ro d x1 seo x mun 
0 612 + 10t 16-3 091 2396129 114 20 
21 600 + 9 16-7 tt 28431 11-2 19 
32 566 + 11 174 9 25-6 + 20 122 
Males 
0 653 + o 15-8 (5 36-64 38 Tb (5 
21 611 10 164 (10 276+ 1-7 13-1 (0 
32 550 + 19  Á 171 (9 250 + 1-7 160 ( 
* Since prothrombin and blood clotting do not follow a normal 
ormaWdons of values were used 
for ali values (columns & and 4) reeonvetted to 
conventional values (columns 3 and 5) 
mean 
No. of birds 


Table 1 shows & general trend towards hypocoagulability 
with increasing environmental temperature. Plasma pro- 
thrombin times of females kept at 32? C were significantly 
longer (P < 0-01) than at the control and cold environ- 
ment. Equivalent changes in the males fell short of 
statistioal significance, probably due to the smaller number 
of males available. The whole blood clotting time of the 
males kept in the hot environment, however, was sig- 
nificantly longer (P < 0-01) than that of the control 
birds. in clotting time in the hens 
maintamed ab 2E cee on ddnde und. they were 
not statistically signi 

Prolonged exposure to high: and low ambient tempera- 
tures was accompanied by certain physical and physio- 
logical . Thus, compared with the controls, both 
the ‘hot’ and ‘cold’ birds lost body-weight: 18 and 11 per 
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oent, respectively, for the females, and 7 per cent in both 
environments for the males; the females also decreased 
in productive activity (21 and 28 per cent reduction in 
egg production), but diverged in feed consumption, which 
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- was 67 and 63 per cent of normal for females and males 


in the hot environment, and 106 and 152 per cent of 
normal, respectively, for the birds in the cold. The smaller 
merease in the females is probably associated with de- 
creased egg production due to cold-stress. Hsmatocrita 
(microtubes), measured m the females only, increased with 

ambient temperature (28-2, 25-4 and 20-0 in the 
(hot), (controlled) and (cold) environment, respectively), 
but deep body temperature, determined with a flexible 
thermistor inserted 10 om through the cloaca, was not 
significantly different among the three groups. Thus, 
differences in blood temperature, as observed in the 
dormant state or in hypothermia, could not explain our 
observations. 

Mills! considered the posibility of a disturbance in the 
production of vitamm K by intestinal bacteria under 
conditions of tropical heat; as evidence he cortes data 
Indicating a much higher prevalence of hsmorrhagio 
disease of the new-born in southern than in northern 
U.8. cities. At the present state of knowledge ib must 
be considered doubtful, however, that intestinal synthesis 
plays a significant part in the provision of vitamin K for 
the chicken. In our work, there is a possibility that, in 
connexion with the lower hamatocrit of the ‘hot’ birds, 
hemodilution might promote decreased levels of pro- 
thrombin and possibly other olotting factors. Lastly, 
consideration should be given to a possible relationship 
between the coagulation picture and the changes in the 
rate of overall meteboliam, as indicated by the differences 
in feed consumption and in body-weight data among the 


various groups. 
P. G&gnawGHER 
H. 8. Wass 
K. G. HorLanDs 
Laboratories of Nutrition and Physiology, 
Rutgers, The State University, 
New Brunswick, New Jersey. 
1 Rubensiem, H., and Lack, A, J. App. Physiol., 15, 598 (1000). 
' Svihla, A., Bowman, H., and Pearson, B., Soienos, 115, 272 (1052). 
*Bvihla, A., Bowman, H., and Hitenour, B., Soemes, 115, 806 (1052). 
i Denyes, A., and Carter, J. D., Neiwre, 190, 450 (1961). 


' Ansiall, H. B., and Huntunan, R. Q., Nature, 186, 728 (1900). 

* Tadser, I. 8., Naturwise,, 48, 527 (1062). 

‘Tasch, H G., Semnee, H. H., K., Kolb, B., Henxel, J., and 
Krateri, B., Kiin, Wooksohr., Tat (1959). 


* Milla, 0. A., Cottingham, H., and Mills, M., Amer, J. Physiol., 141, 359 
8 , G. B., and Campbell, D. IL, Proc. Soc. Eep. Biol. Med., 91, 
ae ore P., Morrison, W. D., and Boot, H. k., Poultry Soi., 38, 011 


Hemoglobin in a Flatworm 
ALTHOUGH M Ue. of hemoglobin in free-living 
flatworms (Tur ) has been recorded by several 
&ubhors'-4, the pigment has not yet been inyeetigated 
in deteiL A large sample of the rhabdocol, Phaenocora 


` unipunciata (Orsted 1843), was obtained from mud from 


Coe Fen, Cambridge. These worms were found to contain 
hæmoglobin, and & preliminary examination was made of 
the properties of this pigment and ita distribution within 
the tissues of the animal. 

The worms, the largest of which were about 5 mm in 
length, were kept in the laboratory in shallow dishes 
containing about 0-5 in. of mud under 1 in. of water. 
They crawled and burrowed actively, usually feeding on 
the oligochwmte worm Tubifex, present in the mud. The 
reddish colour of the worms was due not only to their 
own hemoglobin but also to the presence of food hemo- 
protein in their gut and their red-brown tanned eggs. 
Worms were collected from the dishes aa required with a 
Pasteur pipette and transferred into clean water. The 
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worms were left in olean water for several d&ys beforo 
PIONEER TO ene ae, ave interference from 
ood 

Glass beakers, each containing ten worms, were set 
up either without food, or with food free from hsmo- 
protein (‘Farex’ baby food). Those beakers for experiment 
were filled with de-gaesed tap-water and immediaiely 
covered with liquid paraffin. The control beakers were 
filled with tep-water equilibrated with air. No obvious 
change in colour or activity of the worms was noted after 
a week, except. that worms without food became much 
shrunken at the posterior end, having apperently meta- 
bolixed a considerable portion of their reserve substances. 
The of some worms and the appearance 
of winter eggs in all beakers indicated that all the worms 
had been under some stress. Visual examination, how- 
ever, failed to reveal any obvious difference in hæmo- 
globin content among the various batches of worms, 
although thoee in water had concentrated in or 
near the liquid paraffin layer. The resulta suggest that this 
worm does not increase its hæmoglobin content under 
conditions of oxygen deficiency, as concluded by Fox‘ 
with an unidentified ies of PAaenocora. 

` The presumed fonction of the hemoglobin as an oxygen 
carrier was teated by confining a number of worms in a 
amall volume of water at the bottom of a Thunberg tube. 
A close-fitting rubber plug was used to keep them at a 
suitable density for ic examination, that is, 
25-80 worms in 1 preliminary examination 


` 


, and a 


showed the characteristic bands of oxyhæmoglobin at - 


about 580 and 540 mu. After 2 min, the norrhal activity 
of the worms was reduced and the oxyhsmoglobm 
spectrum had been replaced by an &beorption band of 
ip carol cane ai dpa e This sdggesta that a B type 

cytochrome is the major t of this system 
present in the worm. The B-band of this cytochrome 
component -could not be seen, showing that the oyto- 
chrome is in much’ lower concentration -than the 


when air was finally readmitted 
The distribution of the was examined by & 
sodium technique which gives a 


with the distribution of ferric iron found with Ts 
technique’. For the latter technique, worms were fixed 
for two days in 5 per cent formalin in 0-0 per cent sodium 
chloride, embedded in paraffin wax and sectioned ab 7p. 
worms were used for the hamatin investigation 

after fixing for 24 h in 70 per cent ethanol. Hæmatin was 
found to be most concentrated on each side of the pharynx. 
It was also b between the eyes and extended dorsally 
over the whole length of the gut, but it was absent above 
the pharynx. The concentration appeared to be greatest 
ct tha anterior end, tn adrocmiant with visual observation; 
but it was also present in the posterior portion of the body. 
Ferric iron was found to be distributed evenly in tho tissues 
of the anterior part of the worm and it was equally 
concentrated just béneath the dorsal epidermis throughout 
the whole length of the worm, except in the region over the 


of turbellarian and found that they did not contain an 
appreciable amount of hematin, although Mo parenchy- 
mal tissues were rich in iron. 

The small amounts of hæmoglobin Dresd and the 
lack of a suitable means of large numbers of the 
animals made it difficult to determine the physico-chemical 

properties of this pigment. Woo eee 
of their distinot rednees each worm provided only I 
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2 ug of extractable hemoglobin. We therefore offer the 
following observations merely as a guide for further work. 

The pigment was extracted as a yellow solution by 
homogenixing up to two hundred worms at & time in a 
‘Teflon’ homogenizer. The solution, olarifled by oentrifu- 
gation, showed the characteristic bands of oxyhmmo- 
globin. These became undetectable when the air preasure 
was reduced to 2 mm of . A sample of extract 
was analysed for us by Mr. B. Boon, of the Biochemistry 
Department, in a Spinoo model B ultracentrifuge. Although 
the experiment was not completely satisfactory because 
of the low concentration, it nevertheless suggested that 
the coloured material moved in association with the main 
peak. This seemed to comprise all the sedimenting 
material and had an uncorrected S,, of 23+ 0-4. A similar 
sample was electrophoresed on polyacrylamide gel at 
pH 8-6 and was found to move two and a half times as 
fast as a control sample of horse hæmoglobin. 

We thank Mr.8. Prudhoe of the British Musoum (Natural 
History) for identifying the flatworm. He also informed 
us that the whole body of another aquatio flatworm, 
Rhynchomesostoma rostratum, has a pinkish coloration’. 
Moseley! mentioned that lacteurm has a 
red colour. The only previous reference to hæmoglobin 
in Phaenocora was given by Fox‘, but Gilbert! describes 
red pigmentation in three species of this genus, P. high- 
landenss, P. virginiana and P. kepnert. In describing 
P. highlandense, Gilbert states that the anterior end is 
coloured a rich red as far back as the posterior edge of the 
pharynx where the colour is graded off into the colour 
of the body proper. He also records that he has occasions 
ally found the same region in the other two species coloured 
a delicate rose, but never a deep red as in P. highlandenss. 

Our o tions on the properties of the pigment 

that it has a relatively high oxygen affinity, a low 
io point and a low molecular weight. The latter 
sen be anticipated, since all known tissue hsemoglobins 
are of low molecular weight, usually about 18,000. It 


' confirma, however, that we were not dealing simply with 


contaminating Tubifex hæmoglobin, the molecular weight 
of which is aa 10°. 

It appears that Phaemooora is not one of those inverte- 
brate types in which the hæmoglobin concentration 
varies according to the oxygen tension of the environment‘. 
It seams more likely that it is connected with the normal . 
physiology of the animal. In this worm the pigment is 
concentrated around the muscular pharynx, and respiratory 
pigments often occur in or near muscular tissues in 
which sustained or powerful contractions take place. 

D. W. T. OBoMPTON - 
Maroon« H. Bwrrg* 
Molteno Institute of Biology and Parasitology, 
University of Cambridge. 

* Present address: Department of Bioohemistry, Untveraity of Sheffield. 
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HISTOCHEMISTRY 


Electron Mi of Post-mortem Changes 
in Porcine Muscle `- 
MARKHD were noted in porcine muscle during 


Pedersen! 


{120 3 

Muscle samplos from the longisumus dorsi were removed. 
snd fixed in osmio acid immediately as the animal was 
stunned, at the onset of rigor mortis? and 24 h post mortem. 
Afterwards, the samples were passed through a graded 
series of alcohol, embedded in methacrylate (1-part methyl 
to 4 parts butyhnethacrylate) sectioned with the Porter- 
Blum ultramicrotome and examined in a Siemens electron 
microscope. Pictures were taken at an original mag- 
nifloation of 8,000. The longissimus dorsi muscle samplea 
ware removed from an animal that was subjected to 120° F 
temperature for 40 mm anie moriem. immediate 
post-mortem temperature of the longissimus dorsi was 
110° F. The onset of rigor mortis began 15 min pox 
mortem when the pH of the muscle was 5-6. Following 
the 24-h chilling period, the muscle exuded large quan- 
tities of moisture, exhibited a pale colour and appeared 

to be quite open in structure. 
; Fig. 1 shows the soft-watery muscle at the time of 
death. Tho muscle appeared to be in & contracted state 
with only & small portion of the I band visible. Only 
15 min later a drastic change had occurred in the muscle 
as soon in Fig. 2. Even though some sectioning marks 
are present on myofibrils, the I bands are clearly 
visible and the line can be seen in some ceases., Moat 
dramatio aro the ruptured mitochondria, the remains 
of which are scattered between tho myofibrils: The 
appearance of the muscle 24 h post mortem is seen in 
Fig. 3. A complete banding pattern is shown; however, 
this does not mean the muscle structure is complete but 
may indicate an extraction of material from the muscle, 
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Fig. 3 


thereby rendering the bands clearly visible. The appear- 
ance of the A band is quite important; the definite granu- 
lar appearance may indicate that a~-disruption of the 
myosin filaments has occurred in this muscle, which had 
a rapid onset of rigar at & low pH, turned a palo colour, 
and exuded large quantities of liquid. There seems to 
ipttated. ins on the myofibrils, 
as suggested by and. igmer-Pederson*, for this 
type of muscle. However, it is possible that sarcoplasmic 
proteins could have collected on the myofibrils and washed . 
off during fixation and dehydration. ` 
The problém remains to relate the post-mortem changes 
in the ultrastructure of the muscle to ite gross appearance 
and biochemical properties. . x 
i by & research grant. 


This in igation was Bu 


(EP-81-08) from the Department of Hoalth, Education 
-and Welfare, U.S. Publio Hoaltif Service. . 
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A Colorimetric Method for the Quantitative 
Measurement of Total Lipids in Tissues ` ~ 


Ir is well known that the sudan and related dyes used 


solvents. Such oil-colorants are more soluble in oil than 
in the solvent used, and if an oil is shaken with a great 
excess of colorant solution, the oil will become saturated 
with colorant. Gomori! has introduced triethyl phosphate 
as & solvent for oil colorants in histochemistry for it has 
the advantage of being miscible with water. If the 
colorant is dissolved in triethyl phosphate, therefore, 
exoems colorant may ke removed by addition of water 
without re-extraction of oolorant from the oil, The 
amount of oil will be p rtional to the amount of 
colorant dissolved, and this may be measured photo- 
metrically. ` j 

It has been found possible to perform the whole pro- 
cedure within a separatory funnel. The lipid extract is 
transferred in diethyl ether to a perfectly clean, dry 
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'unnel. A funnel of globular with little or no 
1eok and short stem has been fi best, for the funnel 
nay be laid on its side so that the lipid solution is not 
srought into contact with the tap. placing such & 
lunnel on ita aide in a beaker of hot water the ether 
nay be boiled off and the vapour removed with a current 
of air, or removed by reduction of pressure. A large 
axooes of oil colorant dissolved in 60 per oenb triethyl 
ohosphate is then added and the flask gently shaken. The 
»olorant should form a very concentrated but not neces- 
sarily saturated solution, and contain five drops of."Tespol’ 
or similar wetting agent per 100 ml. The funnel is allowed 
to stand and the exoees hypophase run off. If the quantity 
of lipid is such that the colour of the phosphate solution is 
visibly reduced, a fresh portion is then added and the 
funnel shaken as before to ensure saturation of the oil 
with colorant. Water ia then added, the funnel gently 
rotated, allowed to stand and the hypophase removed. 
This procedure is repeated. The coloured lipid which 
remains may be dissolved in goetone, and the solution 
made up to a known volume when the optical density 
may be measured photometrically or i- 
cally at the absorption maximum of the colorant used. 
Oil red O has an &beorption maximum around 512 my 
in most solvents and has been found to, be best, for it is 
more soluble in aqueous triethyl phosphate than most oil- 
coloranta, and is lees easily prooipiteied on addition of 
water. The precipitate which forms is prevented from 
adhering to the lipid dropleta and to the sides of the 
funnel by the wetting agent: too much of this must not be 
added nor the funnel ahaken too vigorously or the lipid 
may be emulsified. Too little will cause adherence of the 
precipitate and introduce considerable error. The triethyl 
phosphate solution, must also be free from ipitate, and 
Enould:Be Altered 1E nadseniry before naa for any peeetpl- 
tate’ it contains will remain in the oil after washing. The 
uss of acetone in the final step has the advantage of 
making drying unnecessary since the acetone will take up 
any water left in the funnel. The absorption maxima of 
carotenoids which may be present in the oil are also well 
removed from that of oil red O. If carotenoids are present 
in quantity their effect may be reduced by exposure to 
] oil red O being relatively stable. The anthraquinone 
oil-oolorante such as sudan blue while preferable in having 
absorption maxima near or above 600 mp are much lees 
soluble in aqueous triethyl phosphate and tend to form 
troublesome precipitates. The procedure may. bo hastened 
by using a funnel that can be placed in a centrifuge. 
The estimate of the quantity of oil present is dependent 
on the laws governing solution, so that different kinds of 
oil cannot strictly be compared. In practice for a given 
tiuo and within a narrow range of temperature the 
method gives consistent resulta within an accuracy of 2 pe 
oent down to at least 2 mg oil. : 


" R. Paes DALES 
Department of Zoology, g 
Bedford College, 
- London, N.W.1. 
1 Gomori, G., Mioroscopis Histochemistry (Ohieago, 1952). 


IMMUNOLOGY I 


Acid Metabolism in the Plasma 
Cell Sequence ` 


ExAxrNATION of the immune response of rate to 
Salmonella antigens has confirmed & large body of evidence 
that plasma cells (mature and immature) are the chief 
producers of antibody!. Both in the primary and second- 
ary responses, these ial effector cells arise by 
multiplication and differentiation of primitive lymphoid 
blast cells, and do not seem to divide**. As each cell 
usually forms only one antibody‘, ita ribosomes presum- 
ably are geared primarily to the production of a single 


Ribonucleic 
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protein. : The ultimate source of the information for this 
synthesis is unknown, but presumably during production 
it must be encoded in ribonucleic acid (RNA). The present 
experiments were designed to approach this problem by 
examination of RNA metabolism in the different members 
of the plasma cell family $n vitro. Tritiated uridine, & 
precursor of both deoxyribonucleic acid (DNA) and RNA, 
was used, the differential uptake into each being evaluated 
digestion of the cells with the appropriate nucleases. 

Popliteal lymph node cells from rate immunized with 
Salmonella adelaide were suspended in a modified 
Kisen's! medium supp ted with amino-acids, vita- 
mins and 5 per cent fetal calf serum. After a short period 
of equilibration at 37? C., tritiated uridine was added to a, 
concentration of 5 or 20 uo.[ml Two approaches were 
used : ; a 

(A) Continuous presence of isotope. Colls were kept in 
medium containing tritiated uridme for the whole of the 

i t. 

(B) Short pulse of isotope. Cells were incubated for 5 min 
in the presence of tritiated uridine, rapidly chilled in 
medium containing an excess of carrier uridine, washed 
and resuspended for further incubation in uridine-free 
medium. In either case, cell samples were taken at 
intervals, chilled, spun at 1,000g, ded in fetal 
calf serum, smeared on gelatin-coated slides and fixed in 
89 per cent methanol and 1 per cent acetic acid. Some 
amears were digested with ribonuclease, others with 
deoxyribonuclease and others with both enxymoe seriatim. 
Then all smears, including undigested ones, were processed 
for autoradiography by Pelo’s technique’ using ‘Kodak 
AR 10° stripping fiim., After 14-days’ exposure, the mean 
counta of grains overlying the nu and cytoplasm of 
cells in the different ca ies were determined. 

The most striking fin was that while plasmablaste 
incorporated tritiated uridine rapidly, mature plasma 
calls (the chief antibody-formers in micro-drop studies) 
exhibited little RNA turnover. Fig. 1 shows the result 
of a typical experiment using cells 4 days after secondary 
stimulation, with continuous presence of isotope. At all 
stages blast cells were far more heavily than amy 
other cell category, both in the nucleus, and, at later time 
pointa, in the Mature plasma cells sometimes 
showed lees inoorporation into ‘A than smail lympho- 
cytes. Pulse labelling experiments showed thas most of, if 
not all, the RNA synthesis in blast cells occurred in the 
nucleus and that some RNA later moved to the oyto-, 
plasm. Counts continued to rise for about. 1 h after 
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removal of the isotope, indicating progreasive incorpora- 
tion into macromolecular RNA’. Then total counts fell 
rather rapidly for the next hour and more slowly there- 
after, i & fraction with a rapid turnover rate, as 
woll as a more stable fraction. 

To determine whether the low RNA-metabolism in 
plasma cells was due to unphysiological conditions, in vivo 
experiments using foot-pad inoculation of tritiated 
uridine were performed. These completely confirmed the 
$n vitro results. As had previously been noted by 8chooley*, 
mature plasma cells showed virtually no label. Schooley 
claimed that mature plasma cells merely released, and did 
not actually synthesize, antibody. To study this point, 
tritiated leucine incorporation was measured in our in 
vitro system. These experiments are subject to the 
reservation that no enrymatio digestions are available to 
determine whether the leucine actually entered protein, 
but it seems likely that free amino-acids would be removed 
from the cells by fixation and the extensive subsequent 
washing procedures. The resulta of a typical experiment 
are shown in Fig. 3. When tritiated leucine is contin- 
uously available to cella from 4-day secondary nodes, the 
initial rate of incorporation into mature plasma cells ia 
two-thirds that into blast cells. Moreover, the kinetics 
suggest that the blasta are synthesizing predaminantly 
stable protein, as the grain oounte continue to rise; 
whereas the mature plasma cells appear to be turning over 
protein rapidly, since counts later than one hour show no 
further rise. This strongly suggests active antibody 
synthesis and export by mature plasma cells. The resulta 
are in close agreement with the overall picture presented 
by Helmreich e£ al.*. 
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Acoepting the resulte of the leucine experiments at face 
value, for every molecule of leucine taken into protein 
blast cells turn over thirty times as much RNA as do 
mature plasma cells. 

In considering the source of nucleic goid templates for 
synthesis of antibody protein by plasma cella, we postulate 
that the ancestral blast cells manufacture the information 
during their active proliferative phase, and that this is 
passed down the maturation scale to tho mature plasma 
calls. We feel that these preliminary resulta agree with 
the conclusion of Arnstein e£ al.1* that where a. specific 
protein is being produced, and all the efforte of the oell are 
directed towards the one function, any RNA analogous to 
the bacterial 'meesenger' -RN A1! is a stable entity-attached 
to the ribosomes early in the cell’s functional maturation. 

We thank Sir Macfarlane Burnet for his interest in this 
work. It was supported by grant No. 41—08958 from the 
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National Institutes of Health, U.S. Public Health Service, 
and by a grant from the National Health and Medioal 
Research Council, Canberra. 
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BIOLOGY 


A Specimen of Morganucodon from Yunnan 


Ix early July of 1948, while I was Rector of the Oatholic 
University of Peking, I asked the Rev. Edgar T. Oehler. 
SVD, associate professor of chemistry in the University, 
to undertake an expedition to Yunnan in quest of Bieno- 
thorium fossil material, since I wanted to section and 
examine the otio region of the animal. The expedition was 
fingnoed by Father Ralph Thyken, SVD. 

On A 10, Father Oehler arrived at Lu Feng, and, 
with local help, set about his prospecting. In late Septem- 
ber hé found a skull about 1 in. in length, which is fairly 
complete aa to lower jaw, upper jaw and cranium. It was 
found at Yang Tsao Ti (Goat Gra Place), a poor grazing 
area 25-80 min walk north-east of Lu Feng, in beds 
which were Bien’s lower beds of the lower Lu Feng series. 
They are of a somewhat compacted red clay with purplish 
and light blue-green streaks and contain many calcareous 

A week after finding this fossil, Father Oehler sent it 
to me in Peking. It was eventually brought out of China. 
after my arrest by the Chinese Communista, by Dr. 
Wilhelm Brull, of the Catholic University, who gave it to 
me in February 1950. 

I did not find time to deecribe this fossil as I had wished 
because at first I was recovering from more than four years 
of imprisonment in Peking; and then in July 1957 I 
went to Liverpool in ad, where I was beset with 
many administrative duties. Around the beginning of 
1960, I deposited this skull with Dr. K. A. Kermaok, 
of University College, London, whose assistant, Mrs, 
Frances Mussett, undertook the delicate work of cleaning 

Dr. Kermack has sent me stereoscopic photographs of 
diagnostic portions of this fossil. It is quite evident that 
this foam] comes close enough to the type of Morganucodon 
to place it in the same genus. I plan eventually to describe 
this foem] fully and in detail. Due to circumstances there 
may be a long delay before I can do this, and in view of the 
importance of the specimen a preliminary desorption 
seems justifled. It is the first complete skull of any 
Mesozoic mammal of pre-Upper Cretaceous age. It has 
also been possible to obeerve ın ib the reptilian jaw joint 
between the quadrate and articular poetulated in Mor- 
gan«codon by Kuhne! and Kermaok and Museett! but 
not previously geen. 


Morganucodon oehlert sp. nov. Derivation of name. In 
honour of Rev. Edgar Theodo Oehler, tho discoverer 
of the specimen. 
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Fg. L Morganweodon ceklen sp. nov. Latoral view of skull and lower 
jaw and mesial view of detaohed right ramus of lower jaw. (x c. 8) 


Material. Holotype at present in the Zoology Depart- 
ment, University College, London. The ial brain-case 
mentioned by Patterson and Oleen? as 0.U.P.5 is 
almost certainly referable to the same species. 

Horwon and locality. Lower beds of Lower Lu Feng 
Series at Yang Tsao Ti, Lu Feng, Yunnan, China. 

Diagnosts. Lower molariform teeth larger than in 
Morganucodon watsoni (three fully eru teeth together 
measure 5:5 mm in length). Dental formula differs from 
any DM fram. Wales referred to Morganucodon 
by K and Museett* by having four premolariform 
and three molariform teeth in the upper jaw. In the lower 
jaw the formula is the same ap in some of the Welsh forms, 
three premolariform and four molariform. 

The presence of Morganucodoh in the Lower Lu Feng 
Bods would suggest that they are of the same age as the 
Welsh fissures containing this genus—Rhaetio or Basal 
Liassic (Harris*). 

HanoLpD W. RIGNBY 


University of San Carlos,- 
Cebu City, 
Philippmes. 
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Introductions of Exotic Fish 


AT the tenth seesion of the Indo-Paoiflo Fisheries 
Council held in Seoul, Korea, recently, it was recommended 
that a register of introductions of exotic fish should be 
compiled by the Food and Agriculture Organization and 
that institutions and scientific workers should be asked 
to asaist in this. I bave undertaken to compile a list of all 
the introductions of Tilapia spp. into countries where 
they are not indigenous. Tilapia has already been intro- 
duoed extensively in a number of countries, and if records 
are not compiled soon it will not be possible to ascertain 
the identity of any particular fish. This has already 
proved the case in some parts of Africa, where fish identi- 
fled as a particular species in one area have proved .dif- 
ferent from fish given the same specific name in another 
area. ; 

The Tilapia spp. are proving valuable fish in pond 
culture, and they can be considerably impro by 
judicious genetic selection and hybridization. For such a 


to be successful it is essential that stocks ` 


programme 

should be standardized and of known origin, and a start 
Mbas been made in this Institute to standardize our 
«own stocks. Since in many countries distribution of 
waüsh fry for pond culture is carried out by Fisheries 
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enta, there is no reason why those fish should not 
be improved standardized strains. In addition Ttlapta 
spp. have become increasingly im t as laboratory 
‘animals for behaviourel and physiological research and it 
is essential that identity of the strains used should be 
known, as is the practice with other laboratory animals. 

I would therefore request all those who have introduced 
Tilapia spp. into countries where they are not indigenous 
to co-operate in this compilation by sending me details of 
the origin, date of introduction and place of introduction 
of any species of Tilapia. In addition I would. urge all 


- those working with Tilapia spp. to bring about the stan- 


dardization of their stocks by careful selection. Copies of 
the compilation on Tilapia will be deposited with the Food 
and Agriculture Organization for further compilation into 
a larger register. $ - 
Q. A. PROWBE 
Tropical Fish Culture Research Institute, 
Bata Berendam, Malacca, 
Federation of Malaya. 


gach AA in Tails of Mammalian 
permatozoa in Hypotonic Media 

Ir was noted by Kölliker! that treatment of mammalian 
spermatozoa with water brings about coiling and irali- 
zation of their teils. The present investigation, chief y 
made on ejaculated bull spermatozoa, but su plemented 
by observations on sperms from man and rabbit, confirms 
these obeervations. Hypotonic . solutions (calcium-free 
Ringer solution plus distilled water) induce in spermatotoa 
a very intense swimming without rotation around the 
longitudinal axes, and—with increasing tonicity—a 
progressive ing and bending of their which later 
ooil into spirals (Fig. 1). 


Spiralization s 


EP 
PENDS 


Despiralization 
Fg. 1 


Despiralisation (Fig. 1) seta m after spiralization, and 
proceeds gradually at a higher rate ‘at hi degree of 
hypotonicity. - Maximum frequency of spiralized sperma- 
tozoa (up to 80 per cent), when counted after 20 min, is 
obtained in the hypotonio.medium, 1 + 4 (one pert 
isotonic Ringer + four parts distilled water). After 30-45 
min in (1 + 4) rather good swimming still results, when 
the cells are brought back to isotony. 

The process leading to spiralization seams not to depend 
on pure ing. This appears from i ts in 
which 8:5-10 per cent of polyvinylpyrrolidone or 6-18 
per cent of the polysaccharide dextran were added to the 
(1 + 4) medium, making it isotonic or hypertonio without 
affecting the phenomenon studied. On the other hand, 
repeated washing, cold shock, ageing, and storing are 
inhib: jus ce Sena ization, as is pretreatment of the 
cella with 10 M mersalyl or p-chloromercuribenxoate, 
substances which also cause deepiralization of spermatozoa 


in hypotonic media.. Cysteme abolishes the action of 


. lea of high viability, that is, 
long survival in isotonio Ringer's Posee eig 
perature, give higher frequencies of spiralized cells than 
such of low viability. Low temperature 
reduces the durability of the spirals. 
curving and bending of the sperm tails as described here 
io solutions of 


effecta on other 
been t 
. The work was based on the hypothesis that the spirali- 
ration caused by hypotony is a result of a flirx of ions or 
other low-moleoular substances into the medium, causing 
disturbances in the contrzaction-relaxation mechaniama. 
Present work in this fleld*- indicates thas these mech. 
anisms are in close agreement with those in muscle. 
I thank Prof. P. E. Lindahl for valuable criticiam. 


L.-O. Daevivs 
Institute of Zoophysiology, 
University of Uppeala. 
! Kdiliker, A., Sebold Z. eol., 7, 201 (1856), 
* Lindahl’ P. BL and J. H., J. Deiry Soi., 85, 593 (195%). 
* Haffman-Beriing, H., F'ortsckr. Zool., 11, 142 (1958). » 
$ ML, Yamaguohi, T., and Suxuki, X., Vetere, 198, 1159 (1961). 
» D. W., Fed. Proc., 17 (1), 15 (1968). i 
L D. W., and Hoffman-Berling, H., J. Cell. Comp. Phytol, 8, 445 


» 
D. W., Physiol. Ree., 42, 1 (1062). 


Validity of the Species Cirratulus norvegicus 
Southern TR 


E Duanre the course of ain investigation into the ecology 
of the cirratulid worm, Cirriformia tentaoulata (Montagu) 
animal were 


have not been eager to accept this ies. 
Fauvel*, for le, regarded the worm as a variety of 
C. tentaoulata. 3, while not denying the existence of 


the juveniles of the latter species. 
a Charter Are Hios by which Southern 
distinguished O. norvegtous: (a) it was of smaller size and 
bad fewer segments; (b) there were fewer tentacular 
filaments and these were on the fourth chestigarous seg- 
ment, those of C. tentaculata being on the sixth or seventh; 
(c) the crotchets appeared on a more anterior t. 
Several hundreds of young stages of C. tentaotlata v 
, examined between December 1959 and December 1961. 
Of these, many possessed all the features ascribed to 
O. norvegious by Southern. A young 
polychsste is of smaller size and has fewer 
segments than the adult, thus it is not 
difficult to explain Southern’s first distmo- 
tion. With regard to the other distinguish- 
ing characters, the data collected during 
the two-year period showed that very 
young C. tentaculata possess tenteoular 
filaments and crotcheta on the anterior 
` chetigerous segments. As the worms 
grow, the filaments and crotchets are pro- 
^ greasively lost from the early setigers and 
replaced by others farther back. Clearly, 
during their development the animals must 
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passthrough a stage in which the tentacular filamenta anc 
crotchets are positioned as in Southern'a O. jous. Ii 
addition, specimens of C. teniaoulaia which have reache 


, this ‘identical stage’ in their physioal development ar 


sexually mature. Henos, it is not difficult to acoount fo 
the existence of the gravid female reported by Southérn 
It would appear, therefore, that the doubta expreased b: 
Wilson as to the validity of the species O. norvegious an 
well founded, and the animals recorded by Southern wen 
only physically immature specimens of C. tentaoulata. 


: a J. D. Goran * 
Department of Zoology, 
University of Southampton. 


* Present address: Institute of Oceanography, Delhodsle University 
Hahfax, Nova Bootie. > d 
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Decay and Recovery of Luminescent Ability 
In Gonyaulax monilata i 

Soma species of din llates respond to mechanice: 
leit cd hapa ag ight. When stimuli of constant 
intensity are applied at regular time-intervala progress. 
ively lower light-intensities result. This is caused by a 
temporary exhaustion of the biolumineeóent system oi 
the organiams. Recovery can be complete provided the 
organisms are~permitted to rost for a suitable period oi 
time. A mathematical model is proposed to describe 
the 1 of Gonyaulaz monilata to mechanical stimuli 
of 1/2-8e0 duration occurring at regularly spaced time 
intervals. The results of measurements are compared 
with the mathematical model. 

Ibis assumed that the intensity of luminescence pro- 
duced on stimulation is proportional to the number 
of dinoflagellates, 2, able to respond at the inning of 
the time interval, and that during and after stimulation 
the ability to respond will be recovered: at a constant 
rate. The net rate of recovery for the interval of stimula- 


dX 
tion is then given by -7 = I= 3X, where y ig the re- 


covery constent and 3 is the decay constant. 
The solution of this equation yields, subject to the 
condition that: . ' PS i 


X = Bati m 0, E= rpü-e*€a Bo 


In investigating the validity of this expression, agree- 
ment between experiment and a mathematical model was 
improved by assuming a period of inactivity (14-5 sec) 
immediately following stimulation. Values of 0:04 and 
0-14 were chosen for y and è respectively. The time- 
intensity relationship of luminescence was determined as 
follows: at è = 0, let X, = 50, an arbitrary value. The 
value of È is calculated for ¢ = 0-5 sec. The next 14-5 sec 
are considered dead time, leaving 15 sec for recovery at 
the constant rate y, for a 80-seo period. The recovery 
1s added to the calculated value of E, giving the X, for 
the next period. This process is repeated in conformity 
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with the expermentel procedure which includes 58- and 
38-seo periods. 

The obeerved and calculated responses are shown in 
Fig. 1. 

No attempt was made to reproduce the fluctuations 
in the experimental curve. These are believed purely 
random and are consistent with variations in the observed 
responses of different cultures of montlaia. 

We thank Dr. Giorgio Soli of the Naval Ordnance 
Test Station for the experimental data. 

GIBERT J. PLAIN 
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Coenocytic Vessel Elements in Dioscorea alata L. 


DURING the course of a morpho-histogenic study on the 
cultivated species of Dioscorea of Gujarat State, India, 


certain observations were made on the development of the ` 


vessel elements in the stem of D. alata (Kamodio variety). 
The vessel elements of the plant were found to be unusual 
in being very broad with long soalariform plates which 
often exhibit a branching of the bars in the plate!^. 

The metaxylem vessel elementa are 1-3 cm long, and 
have perforation plates varying from oblique, elongated 
and scalariform to transverse, rounded and reticulate. 
The tracheids are branched and show scalariform pitting. 
Intermediate types, such as vessel elements with only one 
perforation plate at one of the ends and 'veesel-tracheids', 








Fg. 1. Two difementa vemsel elements , note nucje lying against 
end in uppe cell ( x 250) 

Fig 2. An elongated vessel element neal apical on of the stem 
showing a row of fout nuclei (x ) 

Fig. 3. Veme! eleiInent with perforation plate, shomni peraziatent 
protoplast. The lower four bars were damaged because of pressure 
apphed to the macerated element (x 68) 

Fig. 4. asa usla atend öf tie vool va Note the broken 

of the perforation plate ( x 250) 
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These latter are tracheid-like elements 
with a small oration plate composed of a few branched 
and unbranched bars. It is doubtful if any membrane is 
present between them. The veeeel-tracheids have small, 
simple, elongated pite on the other parte of the wall, and 
are obviously of a different category from those defined by 
Fahm. 

' The protoplast of the veasel element of D. alata 1s 
ccanocytic. As many as 7—9 or more nuclei were observed 
in veesel elementa, 0-5 em long. The multinucleate phase 
in vessel differentiation is due to divisions of the nucleus of 
the mother cell (Figs. land 2). This contradicts Hill and 
Freeman’s observations according to which the multi- 
nucleate condition in the central vessels of the root of 
D. prehenstlis 18 due to an obliteration of the transverse 
and lateral walls of the elementa*. The nuclei are scattered 
throughout the length of the vessel elementa durmg the 
phase of elongation. 

Later the protoplast becomes ted into discon- 
nected strands. Pirotta and Buscalioni (1898)* and Némec 
(1910) reported that in the Dioscoreaceae the perforation 
of the end walls occurs after the disintegration of the 
nuclei ; but in my material the owmnocytic.protoplast haa 
been found to persist even after the formation of the 
perforation plate (Figs. 3 and 4), which is moet unusual. 
Eames and MacDaniels‘ and Esau! now suggest that in the 
development of the vessel the protoplast must persist at 
least until the completion of the perforation plate. 

I thank Prof. P. Maheshwari for helpful suggestions and 
the University of Gujarat for supporting this work. 


J.J. SHAH 
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Reticulate Cuticle on Leaf Epidermis in 
Hevea brasiliensis Muell. 


Variations of the surface of cuticles have 
attracted the attentaon of both plant morphologiste and 
physiologists. The formation and the functions of 
cuticle have been previously discussed!*. Electron 
microscopic studies have revealed much greater details‘. 
Observations under the light microscope show three main 
types of cuticles, namely, lamellate, striate and reticu- 
late’’*’’, and the effects of cell growth are mentioned as 
chief causes for the formation of di nt typee'*. Of 
these three, oocurrence of the lamellate cuticle appears to 
be more common than the other two. Different genera 
that posseas striated cuticles have been listed?’’. 

Martens*** examined in detail the cuticle pattern on the 
floral parta of T'radescanisa. In moet instances he observed 
lamellate and striate cuticles and only in few cases the 
reticulate type. Scarcely any other report has been made 
about the occurrence of reticulate cuticle in plants. The 
present observations illustrate the occurrence and nature 
af reticulate cuticle on the lower epidermis in Hevea 

Leaves of H. brasiliensis were collected from plante 


- growing in the University compound. Peels of upper and 


lower epidermis of leaves were made and observed under 
the microscope. Some of these were stained with 1 per 
cent safranin. Transverse as well as paradermal sections 
of leaves, 5-8 thick, were prepared and stained with 
safranm and green. The cells of the upper epidermis, m 
the surface view, are angular in outline and covered with 
thick lamellate cuticle. Lower epidermal cells are wavy 
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Fig. L. Surface view of lower epidermal peel showing reticulate outacle 
Wig. 2. Paradermal section of epidermis showing central ridge and arms 


Fig. 3. Transverse section of leaf a pari of leaf with lower 
opedermis and cutlale, Arrows indicate central ridges and ther 
arms (x 266) 
in outline. On each cell there is a thick ridge of cuticle, 


median in position and oriented parallel to the long axis 
of the oell (Figs. 1 and 2). From this central ridge several 
arms originate with gradual tapering ends. Some of these 
extend to the neighbouring cells and establish connexion 
with the main ridge and arms thereof, forming a loose 
reticulum (Fig. 1). In no mstance were they observed 
to extend beyond the neighbouring cells. The refractive 
reticulum wes best focused differently from the epidermal 
colle (Fig. 2). ` 

The stomata are present only on the lower epidermal 
cells and are of peracytio type’ (Fig. 2). The median 
ridge of cuticle was usually absent on the subsidiary cells 
and this was better evidenced in the paradermal séctions 
(Fig. 2). In case of Cestrum it was noticed that the 
stomata were focii of origin for the development of 
striations’. In the present case, however, the ridge and 
the arms developed on all the epidermal cells except guard 
or subsidiary cells. The transverse section of the leaf 
shows the extracellular position of reticulate branches and 
superficially they resemble the fibrous thickenings of 
anther endo ium. (Fig. 3). 

Young leaves were also studied for developmental 
stages. Even a young leaf that measured 2-0 x 1-0 cm 
showed the formation of cuticular reticulum on its lower 
surface and it was more prominent near the midrib region 
than on the lamina. Leaves collected from different parts 
of Malaya were also examined. All of them possessed 
reticulate cuticle, which led to the suggestion that the 
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formation of cuticle was not affected by environmental 
factors. 
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ENTOMOLOGY 


Wild Pigs as Hosts of Glossina vanhoofl Henrard 
and Trypanosoma suls Ochmann in the Central 
African Forest 


Ix 1951 we found in Glossina brevipalpts from the 
Institute of Scientific Research in Central Africa's Mosso 
field station, Burundi, north-east of Lake Tanganyika, a 
trypanosome infection of the salivary glands similar to 
that noted by Burtt in 1942 near Amani, Tanganyika. 
Our rate of infection was very low ; two infected flies out 
of 700 dissections of salivary glands (0-28 per cent) as 
compared with the low rates found also by Burtt (0-84 
per cent), by Whitnall in 1934 (0-62 per oent) and by Brown- 
in 1938 (1.14 per cent). Elsewhere we have stated! re- 
garding the salivary gland infections that “we do not 
believe that this trypanosome is necessarily a polymorphio 
one as assumed by Burtt. Its morphology might be oom- 
MU PU e TNAM di lh gate 
glands in G. palpalis and G. mor. 
6,807 G. i^ were examined during the period 
April 1952-April 1958 by E. Peel and "M. t Ohardome in 
our laboratory. They discovered 1-09 per cent infection 
of the salivary glands and isolated strains which when 
transmitted cyclically to domesticated pigs, showed a 
monomorphic trypanosome identical with T. suss Och- 
mann. This trypanosome was originally recorded in Kast 
Africe, first by Ochmann (1905) from the domestio pig. 
and later in 1912 by Geisler and Mayer from the warthog : 
all these authors gave an inadequate description ‘of this 
trypanosome. ions showing T. suis from tho 
Congo were demonstrated by L. van den Berghe" at a 
laboratory meeting of the Royal Society of Tropical 
Medicine and Hygiene in January 1954, and it was finally 
adequately described by Peel and Ohardome in 1954? 

announcement in. 1953‘) and its revival 
announced by Hoare the same year. 

In 1955 we were fortunate in discovering in the Irangi 
dense forest station of the Institute of Scientific Research 
in Central Africa, west of Lake Kivu, Oongo, a large fly 
belonging to the fusca group, Glossina vanhoofi Henrard, 
which was known as & museum species and had never 
been observed in ite habitat. The study of the biology 
of G. vanhoofi proved very difficult in comparison with our’ 
previous field work with G. brevipalpis in the Moso fleld 
station. The population of a forest species of Glossina 
seems far more dispersed than the one of & savannah fly. 
The limited range of visibility and the very poor light are 
also factors which rendered the discovery of G. vanhoofi 
particularly arduous in the dense Irangi forest. This fly 
“very rarely feeds on man, another factor which makes it 
difficult to capture. 

In the course of 1960 we were able to ascertain one 
important fact in the biology of G. vanhoofl. While for 
years wo had never been able to discover more than one 
or two replete flies, we finally secured a few (six in all) 
gorged males from distant sites around the station. The 
stomach contents, sent to Weitz in London, demonstrated 
in all cases blood from wild pigs. Potamochoerus are 
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common in the Irangi forest but Hylochaerus are also 
found in the region. It seems that the wild pigs of the 


forest are the preferred, if not the only, hosts of G.. 


vanhooft. This is in complete agreement with the findings 
at the same time (1952-55) by 
several authors studying the stomach contenta of the G. 
morsitans group in the eastern savannah belts (Lovemore* 
in Southern Rhodesia, Weitz and Jackson‘ in Tanganyika, 
and van den Berghe and Lambrecht’ in Rwanda). A 
Potamochoerus host preference was also established in 
West African forest (Nigeria) for G. fusca, G. nigrofusca 
and G. medscorum. 

- Infections of the salivary glands of G. vanhoofi had 
already been discovered by us in 1955, providing an 
"identicel to that found in the Mosso savannah 


Research in Oen: Africa, Lwiro (Bukavu), Congo, and 
at its forest station (Irangi, Maniema). _ 
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MICROBIOLOGY 


Nitrification by Arthrobacter globiformls 


A VARIETY of heterotrophic micro-organisms have now 
been shown to effect the biological oxidation of nitrogen. 


produoes hydroxylamine, nitrite and nitrate from am- 
monia or amino oompounds®:*. The ecological significance 
of heterotrophic nitrification in oomplex natural environ- 
menta has, however, been viewed with some reeerv&tion!*. 
The observation reported here that a strain of Arthrobacter 
glotiformes, & ubiquitous soil inhabitant, oxidizes ammonia 
to hydroxylamine, nitrite, nitrate, and possibly a gaseous 
intermediate may, therefore, be of some ecological interest. 
A. globiformis strain 616 was used in these investiga- 
tions. It was grown in & medium containing, per litre 
distilled, de-ionized water: NH,Ol, 2-0 g; KH,PO, 1:0 g; 
E4HPO,, 1-5 g; MgGO,.7H40, 0-6 g; iron chelate!!, 4-0 ml; 
Zn8O,.7H40, 0-08 g. Succinic acid was the sole source of 
carbon; it was provided in the form of a succinic acid— 
sodium hydroxide buffer, pH 6-2, separately sterilized by 
Seitz filtration and added so as to give a final conoentra- 
tion of 0:05 M succinate. The final pH of the medium was 


" 
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6-9-7-0. Culture vessels were vigorously ærated with 
sterile air, and incubated for 21 days in a water bath 
maintained at 28? C. 

i cells were obtained by centrifuging 18-h oul- 
tures at 27,000g in a continuous flow centrifuge (Ivan 
Sorvall, Ino., Norwalk, Oonn.). The supernatant was 
discarded and the cells washed twice in 0-2 M hydrochloric 
agidtris(hydroxymethyl)ammomethane (iris) buffer, pH 
7-2. Testa for the presence of hydroxylamine, nitrite and 
epee eos ie n Ue The cells 

dry weight) were rinsed out of the centrifuge 
pe a tori of & substrate consisting of the iris 
fon wid 1 Para stro costing of pH 7:2. 
This cell-substrate suspension was transferred into dupli- 
cate 25 x 150-mm test-tubes, and vigorously aerated. The 
gases from each reaction tube were exhausted through a 
separate trap containing 10 mL distilled, de-ionized water, 
or 10 mL freably prepared Griess-Llosvay reagent!'. The 
latter served as an indicator for the formation of any 
gaseous nitrogen oxide in that a red colour was produced 
proportional to the nitrous acid concentration. ides of 
nitrogen formed in the reaction tubes were also abeorbed 
in separate traps’ containing 40 ml. of abeorbing solution 
(35 mL of 5 per cent potassium hydroxide solution and 
5 ml. of 8 per cent h peroxide). The nyse 
peroxide ensured that all oxides were in the nitrate 
form. t tubes and traps were incubated up to 36h 
in a water bath at 28° O. Uninoculated controls were 
maintained for each treatment. All glassware was acid 
washed. 

Analyses for ammonia were maie colorimetrically". 
Protein was measured with Folin phenol reagent". 
Hydroxylamine was determined by iodine oxidation". 
Nitrite was estimated by the a-naphthylamine sulphanilic 
acid procedure. Nitrate was measured by the phenol- 
disulphonic acid method or by the Middléton technique". 

The results shown in Table 1 are typical of those ob- 
tained with actively growing cultures. 


Table 1. Propvomox o F HYDROXYLAMINE, NIATE AND NIRATS BY 
Growin giobxfermis * 


e CULTURE OF Arthrebacter 
Product mg Xíml. 
Hydroxylamine 0-20 
Nitrite 0 10 
Aitrato 450 


* Culture sampled after 5 days’ moubetion. 
Results obtained with resting oells are shown in Table 2. 


Omus or A 4 H 
x . Produek ag Njal 
Serene 0-05 
1-60 
Mitrate 1-00 


At the termination of experimenta with resting cells 
the products of ammonis oxidation together with the 
residual ammonia generally accounted for only about 80 
per cent of the initia] substrate. Analysis of the ocells 
showed no increase in protein, suggesting that gaseous 
oxides of nitrogen might have been produced and lost 
through volatilization. In such an event it was antici- 
pated that at least traces of such gas, or gases, would be 
swept over by means of the vacuum line used to aerate 
the from the reaction tube into the trapping tube. 
Analyses of both the distilled water and the Griess- 
Tlosvay reagent in respective traps showed amounte of 
NO; present in the order of 0-15 pg per ml. da cie di 
was made to identify the gas produced by treating 
Grieas-Llosvay reagent with pure nitrous oxide and pure 
nitric oxide (The Matheson Oo., Joliet, IIL). Only nitric 
oxide gave a colour reaction corresponding to that 
obtained experimentally. Analysis for nitrate in the 
potassium hydroxide-hydrogen peroxide solution, how- 
ever, gave & somewhat hi result, 0-5 ug NO; per ml.. 
suggesting that the production of some other gaseous 
nitrogen oxide could not be ruled out. 
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Of immediate interest, however, is the evidence fuggest- 
ing that the genus Arthrobacter may be implicated -in 
nitrification; moreover, it may be included. ng those 
few select genera reported capable of oxidizing nitrogen 
to nitrate. It is also of interest that in the oxidation of 
ammonia by A. globiformis gaseous nitrogen oxides aro 
produced. The formation of these compounds 
:tbat nitrogen losses may oocur through oxidative as well as 
reductive processes. all these instances tho relatively 
small experimental recovery may none the leas be of con- 
siderable ecological and practical significance because of 
the large numbers of Arthrobacter in the soil". 

H. B. GUNNER 
Microbiology Research Institute, 
Canada Department of Agriculture, 
Ottawa. 
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GENETICS 


Inheritance of Serum Transferrins in Rhesus 
Monkeys 

Aw extensive polymorphism of transferrin, thé iron 
binding protein of plasma, has been detected among 
rhesus monkeys and other esi, In previous 
work’, 19 phenotypes due to different combinations of 
' nine molecular forms of transferrin could be distinguished 
by starch-gel electrophoresis. Additional transferrin 
variations have now been discovered (Goodman, M., un- 
published data), and there are at least 28 phenotypes and 
11 molecular forms of transferrin present in the genus 
Macaca, the rhesus group alone showing 21 of these 
phenotypes and 9 of these transferrins. 

The e transferrin of slowest horetio 
mobility has been labelled’ A and that of fastest mobility, 


H. (Ht igrates between G and H, the newly dis- 
covered F1 een H and F, and W’ between D and- 
E.) Typically a sample of macaque serum contains 


„ ether one or two molecular forms of transferrin. Thus 

“we can sup that the observed transferrin variation is 
due to an allelic series of genes and that phenotypes such as 
OO consisting of & single transferrin are controlled by 
homozygous combinations of genes, whereas those such a8 
OD consisting of two transferrins are controlled by hetero- 
zygous combinations. 


In order to investigate the inheritance of macaque ` 


transferring, we determined by comparative one-dimen- 
sional stArch-gel electrophoresis in the tris discontinuous 
buffer system’ the transferrin phenotypes of rhesus 
monkeys in the breeding colony of the Primate-Laboratory 
of the University of Wisconsin. The results are presented 
in Table 1. It can be seen that the four offspring of the 
OO x OC matings were all phen CC. (In the breeding 
colony, ‘as in the rhesus monkeys the Nepal border of 
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Table 1. TRANEFERRICY PHENOTYPES OF PARENTA AXD OFFSPRING IX A 
BaaubiG ONXSYS d 
Designation of antmal Transferrin phenotype 
Mother Father (sex) Mother Father Offspring 
H-8 R-$ ar Oc Oc oo . 
200 R-2 81 F Oc ca od 
00 R-a 75 F oo oo Oc 
09 R-£ 100 F o0 Oc Oc 
248 R-16 49 F 0C. Ca oo 
R-15 R-16 61 F oo Og oo 
Rl R-16 71M oc ca eg 
296 R36 43M Go OG oo 
R55 R-6 83 M og co OG - 
302 R-2 A-25 F oa co og 
291 R-16 35 F og ce 6q 
sof R-16 57 W OG og oa 
881 R-O4 A-75 F OD CD DD 
310 R-6 38 F OF oo ec ^ 
310 R-6 82 F or Cc OF 
270 R-16 30 M. OD ca DG 
270 (R-167) ar OD (CG?) OH 


India‘, the most frequently occurring transferrin type was 
C.) There were 6 offspring of OO x OG matings; 4 were 
phenotype CO and 2 were OG. The 2 offspring of OG x OG 
were OG and GG respectively. The 1 offspring of CD x OD 
was DD. The 2 offspring of CP x:0 were OC and OF 
respectively. Finally, 1 offspring of OD x OG was DG and 
another ing originally attributed to the same mating 
combination was OH. Thus with the exception of monkey 
62 (the offspring with CH phenotype) each offspring always 
one transferrin identical in type to one of the mother’s 
and one transferrin identical in type to one of the father’s. 
A re-check of the records of 270, the mother of 62, raised. 
doubt that R-16 (a male with OG phenotype) was the sire 
of 62 in that the date of access of R-16 to 270 could not . 
account for the pregnancy of the latter. Nor did the 
records show which male could be implicated. 
Discounting the transferrin resulta for 62, our resulta 
support the hypothesis that an allelic series of génos at a 
single locus controls the variation of transferrin types in 
Thesus monkeys, with each gene responsible for a par- 
i transferrin and with no gene in the allelic series 
having dominance over another. However, the earliez 
anomalous finding*-* of a rhesus monkey serum with three 


molecular transferrin types (B.DG) suggeeta that a more 


elaborate genetic hypothesis may be needed to account for 
the full complexity of the transferrin polymorphism of 
rhesus monkeys. . 
We thank Dr. Gabriel W. Lasker for his advioe on the 
genetio significance of the data. 5 
This work was by grant G—14152 from the 
U.8. National Science Foundation and by grant H E—00287 
from the National Institutes of Health. $T 
- Morris GOODMAN 
Wayne State University College of Medicine, 
Detroit, Michigan. i 
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` Size in Relation to Development-time and’ 
Egg-density in Drosophila melanogaster 

A RBOENT rt by Wattiaux! emphasises the import- 
ance of speed of development in relation to the expression 
of a quantitative character im Drosophila ee 
bristle number. Using another’ such character, 
gize of thorax, I investigated the ubiquity of the disclosed 
relationship. However, different seta of environmental 
conditions, bearing on temperature and egg density (or 
larval crowding), were introduced in order to test ita 
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a Given E E Aisa of a wild-strain, Abeele 
(Belgium), 7 days, and hatched after an equal dura- 
tion of development, were allowed to lay during a 4h 
period, at 25? C, on an ic acid medium. The 
M MU per ad 

and placed in three controlled- cham- 
IM 25° and 29? C (+ 0-1? C). At each tempera- 
ture, 24 replicates were made for the density 30 and 6 for 
the density 240. Flies ing at 20° and 25°C were 
scored and sexed twice, and those at 18° C once, daily. In 
each consecutive 12- or 24-h hatching group the totality 
or a sample (maximal 30 flies) of and males was 
meueured for thorax length loenig this undal techniquet 
Figs. 1 and 2 show the results of this series of measure- 
ments. Table 1 gives the corrélation coefficients develop- 
ment time-sire ( 's correlation), the mean size 
‘and the visbility of each temperature-density combination 
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. Sram, VjiaBILITY PER- 
OCENTAQE IN '"Duxarrr "CONRINATIOKS 
USXD. “A THEORETICAL 1:1 BEX-RATIO Is SUPPOSED IX THE VIABILITY 

ONS FOX AND FEMALES 
eggs eu 
gq 9g és 

Spearman's correlation . 
19*0 —1-00* —1-00* —0-04 —10-36 
2° 0 —0-04* —1-00* 0-23 0-06 
18° 0 —0-98* —0-95* —0-00 t —0-24 

Sizo 
20° $8-7 0-17 34:3 + 0°13 33-4 4+ 0-14 30-1 + 0-15 
25° 40-4 + 0-16 36 0 + 0-15 43+ 012 303 + 0-11 
18° 0 41:2 + 0-13 37:1 4 014 3772-011 . 3804010 - 
to O ien 52-8 47:3 14-0 
wo . 701 T9-6 57-9 
1s 0 811 81.7 61-9 - B69 


The main results are as follows : 
(1) With an original density of 30 eggs a tube (Fig. 1), size, 
as mean sizo for each 12- or 24-h group, decreases 
regularly as development time increases ; the correlation 
ooeffiienta are highly significant (P always < 0-01). The 
percentage decrease from the first to the last day of 


emergence is quite different for both sexes, between 
7:1 and 9-5 per cent for males and 9-6 and 13:3 cent for 
this 


females’ Temperature does not seem to i 
decrease. 


(2) With an original density of 240 eggs & tube (Fig. 2) 
there is- no relationship between prolongation of the 
development time and aire, for 18? O0 females 
showing a decrease of 5-4 per cent the extremes. 

(8) There is & relatively slight difference in viability 
between the two population densities. Of course, viability 
is always inferior at 240, the difference varying from + 11 
per cent at 29° and 25° to + 22 per cent at 18" C. Suppos- 
ing a 1:1 primary sex-ratio, the mortality rate is always 
higher for males (Table 1). 

Three different hypotheses may be mvoked on to 


40)—1-00 
modifications of a staling medium, and was ‘ 


considered by Wattiaux? as an explanation 
for the variation of bristle numbers in 
relation to speed of development. This 
hypothesis can be discarded, for it does not 
account for the size constancy observed 
in the high population density, where the 
influence of a staling medium, the duration 
of emergence being longer, should be acting 
Bee 

) Differential selection. Although the 
alight differences in viability between tamp- 
-rature and density groupe render a hypo- 


(36)—0-90 


($32)—0-80 
(30)—0 75 
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(44)—1 10 


(36)—0 90 


(33)—0-80 





questionable, it can be imagined that, especially and only 
at low densities, genotypes for high developmental rate 
and large sire would survive. Since up to this moment’ 
the crucial evidence concerning the heritability of the 
different sixe-rate combinations is lacking, it seems useless 


-to discuss the possibilities offered by clasmoal polygenic 


models, based on pleiotropy*, or.on linkage for both 
characters, or on differential selection for heterozygotes 
versus homozygotes in given environmental sets’. 

(O) Differential environmental effects on different geno- 
types. Although this hypothesis requires the same crucial 
heritability demonstration, it seems a priori the most 
economical and simple one. It would mean that, in all 
experimental conditions, a population of the same average 
genotypical constitution for rate and size survives. How- 
ever, only at low densities do different genotypes determ - 

jointly the complete array of phen from large- 
ak | rapidly developing flies to sized, slowly 
developing ones. It would be expected for nutritional 
reasons that at high densities the large body size, normally 
accompanying rapid development, does not reach expres- 
sion. The relatively low expression of large body size at 
low densities and high temperatures can be explained on a 
similar basis. 
- As a partial and indirect confirmation of the last hypo- 
thesis, it must be remembered that it was possible to show 
y that the plus or minus sign and the significance 
of the size-development time correlations depend on the 
environment (temperature, density, culture medium)'* 
and on the io nature of the strain’. Using the same 
wild-strain and an explanation based on this hypothesis, 
it was also possible to account for the failure of size 
ranges to ooincide according to diverse temperature- 
density seta’. 

Whatever resulta are obtained in future experiments 
with respeot to the morphogenetio relationship between 
size and time for development, and to the nature of the 
possible population genotypic variance with respect to 





10 15 20 25 30 35 
Days 
thesis: based on differential survival very Vie. 2. SR E T al gta eer OO MO oa a Bymbols same as Fig. 1 
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that relatianshrp, present resulta emphasize the necessity 
of introducing into experiments concerning quantitative 
characters an array of controlled environmental oondi- 
tions. Wattiaux’s experimenta and the present ones call, 
on the other hand, for a more thorough study of such a 
quantitative trait as rate of development, which possibly 
determines, directly or indirectly, and in & way depending 
_ 9n environmental conditions, many others ; they should 
be considered as a first step, that of establishing the exact 
relationahip between quantitative characters and develop- 
ment time, before scrutinizing the relationship of parental 
duration of development and the characters of the 
eee F. A. LINTS 
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Effect of Grafting on the Incompatibility 
Response of Oenothera organensis 

POLLEN-STYLE compatibility in Oenothera organensis is 
determined by & series of allelio designated S,8,, 
Sa eto... S, or S, pollen on an 55, stigma germinatea 
but penotrates tho stylo only a few millimetres. By Sy... 
S, pone orf 5,5, grows through the entire length of the 
style (about 150 mm), reaching the ovary in a 12-h period. 
(Plants derived from the original Emerson! 
have retained their high degree of self-incompatibility. 
These collections were made in 1937 at a time when the 


the ion of an immune response and further support- 
ing evidence is provided by the observation of protoplas- 
mic clumping following micro-injection of Neurospora 
crassa hyph» with cytoplaam from incompatible strains’. 
In this communication we report an effect of grafting on 
the incompatibility response of Oenothera organensis in 
which a ial tolerance to normally incompatible pollen 
is temporarily established. Several previous reporte of 
lowered incompatibility in plants following grafting have 
&ppeared'-1*, and a recent report shows a temporary loes 
of tissue lant immunity in parabiotio birds". 
Plante of the same or differing allelic constitution grown 
from cuttings of non-grafted stocks were approach- 
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grafted and kept in a greenhouse at 17? C night and varying 
day temperature. Tho plante were flowering at the time 
grafte were made. A photoperiod of at least 13 h was 
maintained. Graft unions were formed in a week and well 
established in two to three weeks. An adaptation of the 
technique of Emerson! was used to determine pollen- 
style compatibility. Flower buds were detached just 
prior to opening, emasculated and heavily pollinated. 
After a 24-h growth period at 25° O and 80 per cent reola- 
tive humidity the styles were fixed and stained in an 
alcoholic solution of iodine in potassium iodide (iodine, 
lg; potassium iodide, 15 g; 30 per cent aloohol, 100 ml.). 
Pollen tube penetration can thon be measured under the 
Microscope in segments of the crushed stylar tissue. 
Resulta obtained with detached flowers were found to be 
the same as corresponding pollinations of flowers left 
attached to the plants. Five experiments of at least two 
pairs of plante of each graft-combination were performed. 

Pollen-style incompatibility was determined at weekly 
intervals during the period zero to ten weeks following’ 
grafting. Results of the average of two typical experi- 
ments are presented in Fig. 1. As can be seen the un- 
grafted control 8,8, is self-sterile and pollen tubes do not 
penetrate the style when the plant is self-pollmated. The 
crose, S,9,/9,S,, is, of course, fertile and pollen tubes 
penetrate the entire stylar length. A farther control ig 
provided by an 5,8, plant grafted to an SS, plant. This 
graft has no effect on pollen tube growth. When, however, 
an S,S, plant is grafted to S,9, then, within 2-3 weeks 
following grafting, S,S, pollen from an ungrafted plant 
will penetrate the S,9, stylar tissue of the grafted parent. 
This result shows that grafting affecta the immune response 
of the stylar tissue. The effect of grafting on 8,5, plant 
to S,S, and then self-pollmating is greater than that seen 
when the pollen was from an ungrafted plant, suggesting 
that grafting also diminishes the immune response of the 
pollen. That this is the oase is shown by the experiment 
of Table 1. In this experiment, in the average of two 
experiments, it oan be seen that pollen from an S,8, flower 
of an SS, plant grafted to SS, penetrated the style of an 
ungrafted S&S, plant. Thus the effect of grafting on the 
pollen response is demonstrated. This effect is, however, 
delayed by 2-8 weeks and is one-third to one-half as TR 
as evidenced by an 5,5, plant grafted to S,8, and - 
pollinated. 
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1 2 3 4 5 6 7 8 9 10 
Weeks after grafting à 

. 1 _ Effect of grafting on penetration of stylar' tiene by pollen 

Baoh point 1s an a for 06—20 styles and shows the fraction 

ae cU Ay For convenience o£ 


ot 
nolens making types aa S, Su So, S, 
1, 
4, 


are 

notation S, f$ S,, Sa 18 Sey, S, 18 
15, melfed; 2, 8.5, x S, , 3, 8,5, grafted on 5,8, and self 
S a en Bet, x Sy b, 3,3, grafted on 5,5, and selfed 


Several conclusions may be drawn from data here 
reported. It is apparent that the incompatibility response 
involves both stylar and pollen factors since heterologous 
grafting of either the pollen or sbylar parent diminishes 
the incompatibility response. In addition, since seed is not 
set following self-pollination of heterologously grafted 
plante (although pollen tubes have been observed to grow 
to the carpel) ıt may be concluded that there is a second 
barrier to self-fertilization. ‘These conclusions are con- 
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Table 1. FRAOTIOKAL LXNGTH OF BPTYLAR TIMUN PENETRATED NY POLLEN 


Graft-combina- Wooks after grafting 
tions polnated 1 2 3 4 5 6 7 


No. 4872 


8 9 10 


00 0 0 0 0 010 0 0 


3 


4 0 0 0 >l O1 O2 03 OF 02 01 
* Replication, notation and experimental conditions as for Pg. 1. 


sistent with those of Linskens utilixing data from 
X-irradiated incompatible Petunia”. 

This work waa supported in part by the Michigan 
Agricultural Experiment Station and by the U.S. National 
Boience Foundation. We thank Dr. Adolf Hecht for 
cuttings of the mating types used and Drs. 8. Emerson 
and R. B. Bandurski for advice and aid in making collec- 
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VIROLOGY 


Isolation from Man in Slovenia of a Virus 
belonging to the California Complex of 
z E rihropod borne Viruses 
FornrowixG observations! that in some areas of Slovenia, 
Yugoslavia, inapparent infections with Central European 
aiok-borne en itis virus are common, attempts 
were made to isolate this agent from clinically inapparent 
but serologically detectable infections. In the course of 
wthis work two strains of another arthropod-borne virus 


-arthropod-borne viruses. 

The isolations were made fram two sera of about 
5,000 collected from healthy human beings ing the 
«pring and summer of 1960 and 1961 in different localities 
in Slovenia known as endemic foci of Central European 
wtick-borne encephalitis. 

Serum collections were stored for 1-5 weeks at — 20° O 
before being used for virus isolations. About half the 
specimens were tested individually, the remainder in 
mocols of two or three. Sera were filtered through Seitz EK 
mpeds and centrifuged at 40,000 r.p.m. for 1 h. Sediments 
were resuspended in & volume of borate buffer, pH 7-2, 

between 1:10 and 1:20 of the original volume of the serum 
and inoculated into human embryo kidney oell culturee, 
jhorioellantoio membranes of 12-day-old chick embryos 

Two sera that were pathogenio only for new-born mice 
yielded 'agente that could be serially p Re- 
‘solation from the original material kept at — 20? O was 
successful in both cases. 

The two strains had similar properties. .By intracerebral 
x intraperitoneal inoculation they were pathogenio for 
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new-born but not adult mice. They were sensitive to 
ethyl ether and sodium deoxycholate and-were not 
neutralized by immune sera for several agents belonging 
in groups A and B of the arthropod-borne animal viruses. 
The strains were also poor hemagglutinin producers. 
A titre of 1:64 at pH 6-0 was obtained on one occasion with 
a new-born mouse brain antigen from strain No. 1, but 
this observation could not be repeated. After seven 
consecutive daily intracerebral passages in new-born 
mice, antigens with a titre of 1:10 at pH. 6-0 and 6-1 were 
obtained. ‘Both strains could be propagated in HeLa 
cell cultures, and by concentration of the fluid phase with 
an LKB 63004 ultrafilter*, strain No. 1 yielded a low-titre 
hemagglutinating antigen. . 
The strains were identified as belonging to the Oelifornis 
complex in a complement-flration test. Immune sera 
against both were prepared in adult mice given four 
intraperitoneal ‘injections of a 10 per cent suspension of 
live virus. Antigens were prepared by acetone precipita- 
tion of a suspension of infected new-born mouse brain 
tissue in isotonic sucrose. . 
Neither serum reacted with complement-fixing wird 
for the following viruses: eastern and western enoep i 
Semliki’ forest and Sindbis (group 4); dengue type 3, 
Ntaya, Murray Valley encephalitis, Japanese B encepha- 
litis, Central European tick-borne enoephalitis, Russian 
spring-summer encephalitis, West Nile, yellow fever, 
St. Louis encephalitis and Zika (group B); and Guaros, 
Simbu, Germiston, Bwamba, Chittoor and Neapolitan 
and Sicilian sandfty fevers. Both sera, however, had anti- 
bodies against California encephalitis and Tabyna anti-- 
gens (Table 1). 
Table 1. Tremms OF OONPLEMENT-JIIDEG 
FOX TEOJIDA 


AXTIBODIAB IN JXNUEB MRA 
BrRxíADNS Nos. 1 amp 2 


Antigen Trojies No. 1 Trojice, Xo. 3 
Californie 16/8* 
BE 1 ET iss 
0. 
No. 2 16/8 16/8 
* Beotprocal of serum titre/reciprocel af antigen titre 


The isolation of the Trojica strains is of interest, because 
viruses of the California complex have thus far been iso- 
lated from mosquitoes in several parts of the world but 
not from man. Thus, California encephalitis virus was 
obtained from Aedes dorsalis and Culex tarsalis in the 
United Btatee*, Lumbo from Aedes pembaensts in Mozam- 
bique*, Tahyna from A. vezons and A. caspius*" in 
Czechoslovakia, Trivittatus from A. triviaius in the 
United Statee* and Melao from A. scapularis in Trinidad 
and Braxil*. Isolation of strains of this complex from man 
was not unexpected, however, since Bardos and Bev- 
coviceva’ have reported the presence of Tahyna neutraliz- 
ing antibodies in 8 per cent of 50 aera investigated from 
Slovenia. - 

Whether the two Trojica strains represent a new virus 
of this complex or a strain of one of the members already 
deecribed—perhape Tahyna—cannot be stated at the 
moment. . 

M. LEAR 
Institute of Microbiology, 
University of Ljubljana. 
J. CABALS 
Rockefeller Foundation Virus Laboratories, 
° New York, 20. 
1 Likar, M. (unpublished resulta). 
1 Whitman, L., and Shope, B. B., Amer. J. Trop. Med. Hyg., 11, 601 (1902). 
2 Likar, M., Buckley, 8. ML, aad Clarks, D. IL, Virology, 18, 647 (1003). 
* Hammon, W. MoD., Reeves, W. O., and Bather, G., J. Immunol, 69, 491 


(1082). 3 
3 Kokernot, B. H. B. M., 0. B., do Morais, T., and 


, We 

We M. b., Amer, J. Trep. Med. Hw. 1l, eT (1002). 

s . and Danislova, V., J. Hyg. Epidem. (Prague), 3, 264 (1069). 

7 Casals, J., Ada Virol., 6, 140 (1002). 

t Spence, L. P., Anderson, C. R, T. H. G., and Downs, W. G., 
Amer. J. Trep. Med. Hyg., 11, 687 (1068). 

? Bardos, V., and Bevooriceva, L., J. Hyg. Epidem, (Prague), 5, 601 (1981). 
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Bacterlal Origin of Certain Viruses: Identity of 
the Eaton Agent with Streptococcus M 


Ina recent communication Pease and Bisset! have 
given evidence in support of a hypothesis for the origin of 
myxoviruses from mucous-membrane parasitic bacteria, 
among other things, from the circumstances attending 
virus pneumonia (PAP). This condition, although osten- 
sibly caused by a virus (or mycoplasma’), is accompanied 
by the development of serum agglutinins against a bao- 
terium, $i MG, in & significant number of 
patients. Although the Sirepiococcus can sometimes be 
isolated from cases of the disease, attempte to demonstrate 
an antigenic relationship with the Eaton agent have 
previo failed?. 

I have now shown that antigenically active surface 
material is produced by the Eaton agent but is lost by 
diffusion into the medium, as is known to ooour with 
bacterial L-forms*; and this material, either in situ m a 
gel-diffusion test, or in the form of an extract, gives a 
strong positive precipitin reaction with Streptococcus MG 
antiserum. The material is apparently similar to the M 
protein of Streptococci. 1 

Thus, the development of agglutinins in virus pneu- 
monia patiente, and the failure of previous efforts to 
establish an antigenio link, capable of acoounting for the 
phenomenon, are simultaneously explained. At the same 
time, this observation provides an illustration of a patho- 
genio, virus-like agent that gives every evidenoe of béing, 
in fact, the L-form of a bacterium. Indeed, here a strain 
of the Eaton agent has actually dissociated to give & 
bacterium resembling Streptococcus MG. 

PHYLLIS Paasa 

Department of Bacteriology, 

University of Birmingham. 


, Posse, P. H., and Bimet, K. A , Nature, 196, 357 (1962). 
U 


R. ML, Hayfilek, L., and Barile, K. F., Proc. B 
45, 41 (1909). 
* Liu, Oh’., Eaton, M. D., and Heyl, J. T., J. Kap Mes., 109, 545 (1050) 
H , Kran, R M., and MoOarty, WL, J. Bap. Med., 110, 853 


: SOIL SCIENCE 


Paper Electrochromatography of Clay Minerals 


A MAJOR handicap in the study of olay minerals from 
soil systems is the lack of adequate methods for separating 
and quantitatively estimating individual minerals from 
clay mineral mixtures. Present sucoees in the application 
of paper electrophoresis and paper chromatography to 
the study of complex organic mixtures suggesta that such 
techniques also might prove promising in clay mineral 
studies. Although appearing theoretically promising, 
past electrophoresis studies of clay mineral suspensions 
have seemed to possess rather limited applicability!4. 
Difficulties in obtaining and maintaining clear-cut separ- 
ations of mineral mixtures have continually hampered 
clay mineralogists using such techniques. In an attempt 
to provide an Wipro ved technique for the separation and 
characterization of clay minerals from mineral mixtures, 
preliminary studies were undertaken on behaviour of the 
minerals under varying conditions of paper electro- 
chromatography. ' 

Minerals were located on dried filter paper curtains 
through the use of a 0-004 per cent solution of malachite 
green in nitrobenzene’. The stain was sensitive to as little 
as l ug of each mineral when used in the virtual absence 
of reaidual glycerol. Minerals were obvious as blue areas 
onoe the background of the surrounding paper had faded 
to ite ogiginal white colour. 

Conditions found during the initial series of experi- 
ments which permitted differential migration of clay 
mimerals included the use of & Schleicher and Schuell 
470-A paper curtain, with an electrolyte of 0-01 per cent 
sodium carbonate in a 20 per cent glycerol aqueous media 


(pH 9-6). A temperature of 8° O was maintained thtough | 
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the use of a water-cooled fractionation surface on which 
the curtain rested (Karler-Misoo Electrochromatography 
Apparatus, Microchemical Specialties Company, Berkeley. 
California). ` Suspensions of lees than 2, reference 
minerals (0-01 per cent with respect to each mineral) were 
fed on to the curtain from a motor-driven syringe at the 
rate of 25 ug of each mineral per h. 

Under the foregoing conditions, and with a potential 
gradient of 20 V/cm, bentonite was separated from a 
mixture with kaolinite and commercial vermioulrte-like 
material in 48 h. The bentonite migrated diagonally 
toward the drip points on the anode aide of the curtain 
(following the migration path previously demonstrated 
for reference montmorillonite) :- the kaolinite and vermicu- 
litic material descended almost vertically with chromato- 
graphio buffer flow toward the drip pointa directly beneath 
the point of application (approximately 2 in. from the 
cathode side of the curtain). 

Identity and integrity of minerals that had been 
subjected to electrochromatographio forces for a period of 
72 h were checked by recovering sufficient quantities of 
the eluted minerals for X-ray analysis. Fractions from 
each of the 22 drip pointe were concentrated, the flooculent 
(glycerol saturated) spotted on glass alides, and the samplea 
analysed with an X-ray diffractometer.” Oharacteristio 
peaks for montmorillonite (18-19 A), vermioulite (14 A). 
and kaolinite (7 A) were obtained in remduee from drip 
points where migration paths of the previous experiments 
indicated these minerals would appear. The vermiculitic 
material appeared concentrated on the anode side of the 
kaolmite—vermiculite band, but a tly ita migration 
was not sufficient to separate it ‘the non-migrating 
kaolmite. The separation into two bands was sufficiently 
clear-cut, however, to lend considerable support to the 
premise that electrochromatography or similar approaches 
may ultimately provide the means for the separation of at 
least simple clay mineral mixtures into their individual 
mineral oo. nente. | 

Adsorption of sample particles on supporting media. 
such as filter paper, has often been a major limitation in 
the application of paper electrophoresis to colloidal organic 
partie In this series of experiments, strong adsorption 
of clay minerals on the paper resulted in slow migration 
speeds, tailmg from the origin, and considerable broaden- 
ing of the migration bands through diffusion. Sucb. 
equipment difficulties might be resolved in the future by 
using leas adsorptive supporting media or higher potential 
gradients. i 

More efficient apparatus, supporting media, anom 
experimental conditions than were available for the 

resent testa can undoubtedly be found. A modiflodm 
and Brattsen apperatua, referred to by 

Mackenzio and Farquharson’, may be more readily 
adaptable to macroscale mineralogical separations. (Some 
success with such an apparatus has been indicated by 
Mackenzie, personal communication, September 1961.’ 
It is hoped that interest in this area will be stimulated 
such that efficient equipment will be developed and operat 
ing conditions defined for rapid separation and quantita 
tive estimation of clay minerals by electrochromatographie 
techniques. 

B. L. MoNaar* 

J. L. Youre 


U.8. Department of Agriculture, , 
Oregon Agricultural Experiment Station, 
Oregon State University, 

Corvallis. 


* Present address: U.8. Salinity Laboratory, Riverside, California. 

1 Relfenberg, À., Koll. S., 53, 162 (1980). ^ 

?Bergna, H. JL, Treas. Fourth Inter. Cong. Soil Soi., 3, 75 (1950). 

Mri A: EL, and Marshall, O. H., Sou Sol. Soc. Amer. Proc., 18, 14 
(1961). 

* Beavers, A. H., and Larson, B. L., Soll Soi, Soc. Amer. Proc., 17, 22 (1058) 

MEA O., and King, M. H., Amer. Soc. T'es. Mater. Proo., 61, 121 
1951). M 

* Mackenzie, B. O., and Farquharson, K. R., Clay Min. Bull., 3, 7 (1955). 
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ANNOUNCEMENT 


A new British Company presents the wide range of laboratory equipment by Jouan of Parls. 
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OLASSIFIED ADVERTISEMENTS 


Research Scientists 


UNILEVER PLANTATIONS GROUP have vacancies in their 
Research Organization in West Africa for the following 
graduate staff: 


1. A PLANT GENETICIST, basic salary £2,000—£2,400 per annum. 

This is a new and senior appointment suitable for a botanist 
with a good Honours degree and postgraduate experience 
of plant genetics. The successful applicant will be requi 
to conduct research into the genetics of the oil palm with 
particular reference to improving productivity and disease 
resistance. Later the programme of work may be extended 
to include otber tropical cultures elsewhere in Africa or 
in the Far East. 
A PATHOLOGIST, basic £1,600—£2,000 per annum. 
The successful applicant will initially out research on 
diseases of the oil palm but his responsibilities will later 
be extended to include work on rubber. 


. AN AGRONOMIST, basic salary £1,600-£2,000 per annum. 





APPOINTMENTS VACANT 


UNIVERSITY OF GLASGOW 
LECIURESHIPS IN MECHANICAL 
ENGINEERING 
Apphcations are mvited for Lectnreships m 
Mechanical Engineermg, tenable from October 1, 
1963, of such ocarher date as may be agreed. 
Salary scale: £1,150 to £1,950 per annum (under 

salary the for 


Candidates'should preferably have had experience with 

either oil palms or rubber and must be capable of taking 

full charge of a comprehensive programme of fleld 

experiments. 

These appointments will be based in either Nigeria or the 
West Cameroons. In both territories there is an expatriation 


allowance which is currently 25 cent of basic salary, and 
there are children's education allowances, Terms of service 
include free passages for the member of staff and also, where 
applicable, for his wife and children. There is an initial kit 
allowance. Purnished accommodation is provided. Medical 
attention while in Africa is free. Tours of ten to twelve 
months are followed by home leave on full salary for one-fifth 
of the period of overseas service. There is a contributory 
Pension Fund. ' 
Applications, giving details of age, qualifications and 

experience, will be dealt with in the strictest confidence and 
Should be addressed to: 

THE AGRICULTURAL RESEARCH ADVISEB, 

PLANTATIONS GROUP, UNILEVER LIMITED, 

UNILEVER HOUSE, BLACKFRIARS, LONDON, E C.4. 


SCHIZOPHRENIA 
RESEARCH 
FELLOWSHIP 





individual who is to be wholly engeged on 


tho work or to the bead of a department 





UNIVERSITY OF BRITISH 
COLUMBIA 
DEPARTMENT OF ZOOLOGY 
VANCOUVER 8, B.C., CANADA 


Applications are bemg sought for a post as 
, 1963 The 


student are also essential. Persons will 
be considered. Inspeetrie-of ihe Gd eieae 
bat wrth interests in 


Saenufic 
gree m agriculture, or and able to 
translate from German and/or Rosman. 


QUEEN’S UNIVERSITY 
KINGSTON, ONTARIO, CANADA 
EXPERIMENTAL PHYSICIST 


Appbeatoas are mvited for an appolntment in 
Phyncs . 1963. 


search wing m on schedule for compiction in 1963, 

One purpose of the appointment is to strengthen 

postgraduate work. Tha n an excellent oppor- 

tunity for a research physici whh a sood pobli- 

canon record to find satufaction In the combma- 
research. 


Appblcavons and 
to tbe Head of the Department of Physics. 
UNIVERSITY OF 


SASKATCHEWAN 
DEPARTMENT OF ANATOMY 


A Direct Terrestrial Test of the Second Postulate of 
Relativity.—Dr. T. Alvüger, A. Nilsson and 


. Kjellman : 
in Vi of Light ' emitted by a Moving 
Source.—J. F. James and R. 8. Sternberg 


fub-sieve Sizing by Sedimentation Balance. —Dr. 
O. O. Harris and Dr. A. Jowett . 
Very Precio Thickness Mosauremani of Thin Fima — 
J. Dyson . : s 
MINERALOGY 
Waragonite from the Delradian.—M. J. MoNemara 
ORYBSTALLOGRAPHY 


"Molecular Structure of Tutin.—Prof. B. M. Graven . 
piedad Structures related to Mordenba- «Did Ian 8. 


OHEMISTRY 
B Foams prosnesd by Tonio Briantais 


Acid pini of Uranium and Thorium Carbides.— 
P. L. Pauson, Dr. J. MoLean and W. J. Clelland . 


“<pectrophotometric Assay of Ascorbic Acid Oxidase.— 

M. F. Oberbacher and H. M. Vines A . n 

^resenoe of mediated Oross-li in 
Hard Tissue —Prof. Arthur Veis and 
Robert J. . . . 

“Dr Wiliam R. Kelley, Inna B. È 
Dr. iam R. Kelley, Inna B. Ponoet and Nicola 
Di Ferrante M 


Steelman 
iffecs of Oarbon "Tetraohloride Intoxication o on the 


Ar Sisyra of the Urea Oycle in the Liver 
—Dr. F Rosai and Dr. Patricia MoLean 


Isoxymes 
Agar-gel Plate.—G. Broun and B. Avrameas " 


PHYBIOLOGY 


tarine Relaxant Properties of Bradykinin $& vitro.— 
Prof. Robert Landesman, William L. puru and 
Kathleen Wilson 
‘ffect of Hydrogen Ion on the Rates of ] of 
Sodium and Potassium Ions: Possible 
to i ra da M wae Georgo: Dr. Bimo 


iffecb EI. -&liodothy Acid on the én viro 
Oxygen of of H ER 
Patients.—Dr. I. Provan O. array and Miesnab 5 


stimulation of Beoretlon of Insulin by Adenosine-tri- 
phosphate Dr.: J. L. R-Oandela and M. O. Garcia- 


of Potassium Ions in the Rat's Intestine. 
. A. Gilman, Miss Ethol Koelle and Prof. J. M. 


PHARMACOLOGY 


‘eriablo Action of Monoamine Oxtdase-inhibiting 
dme on Serotonin Metabolia. Dr; E. 
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` LETTERS TO THE EDITOR 


Diminution of Imipramine Mortality in H yroid 
Mice.— Prof. ur J. Prange, jin Prof. Morris A. 
Lipton and G. Neil Love . . 

HEMATOLOGY 

Bynthesis of Hem in Normal and Leukemio Leuco- 
cytes.— Thomas R. Walters, T. John Gribble and 
Prof. Herbert O. Schwartz 5 " 

H, toglobinæmia in an American Negro — 
eRe Gottlieb, John Rose, aae 
and Nathaniel Wisch . . . 


storey 
Sense Werden of Sele ee Victor 


PATHOLOGY 
Mobility of Human Tumour Cells.— 
Prof. ate B. Vassar . $ 
Tissue speciflo Antiserum 


noms ic beer fen 


—Dr.T.8 Okadaand A. Q: Peto, 

Age Changes of the Thymus in Two 
Strains of Mice, SL and AKR, and their F, 
aber tia Nakakuki and Prof. Y. Nisbizuka . 
Enoephalitogenio Factor in Experimental ‘Allergic’ 
Eocene A. MEET and Dr. E. J. 


RADIOBIOLOGY 
Effect of Flucroacetate eese ro agg of Yt&rium-91 in 
Fabbits.—Jill Dearnaley s 
Change o Fhyi AEE Chlorophyll a in Chlorella vulgaris. 
E. Laxxarini and P. Paris 


A Germ transmitted Alteration of Histooom- 
paih in the Progeny of Tolerant 
— D. and J. Aust . 


Ramen Funotion in the Oemel.—V. J. Williams 


Immun Activity of the Larval Stages of Haemon- 
ohus i.—John G. Ross . : 

Energy Utilixation of Poor Quality Roughage by 
Water Steers.—A. 


J. Rees n È t ; : : : 
. Beginning of the Accumulation of Vanadium during 


Early 
mamillata Ouvier.—Prof. H.-J. Bielig, K. Pfleger, 
W. Rummel and M. de Vinoentiis 

Leeches as Eodopansiiet of Froga: =DE} K. E. Mann 


of Susceptible and t Cockroaches exposed 
to Dieldrm.—J. W. Ra: F ; ; z 2 
‘Differential Growth of the Male and Female 


a Moth to Antibiotlh Supplementa——Deya 

A Modified Window-trap for Asesunent of Famigans 

Insecticides in amen Twp. ue ca Smith 

and D. J. Webley. I 
MIOROBIOLOGY 


monas) Prof. J. Marmur, M. E. Oshoon* 
Yoshiro Shimure and Prof. Henry J. weer 
VIROLOGY 
Lettuce Necrotic Yellows M cupio L. Mic and 
R. G. Grogan 


GENETIOB 


A New Donius Nambe and eS in L. 
radiata.—Dr. Smritimoy Bose 


MISCELLANEOUS 


Storage of Standardized Radioactive i 
J. H. Harley, N. A. Hellden and I. M. Fisenne 
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microbiological reagents 
and media 


THE ONLY COMPLETE LINE OFFERED IN U.K. 


Culture Media Peptones Requirements of the Bacteriologist, Bio- 

TE chemist, Biologist, Pathologist and Pharma- 
obiolagical Hydrolysates 

Mice i i cologist can usually be met promptly from 

5 7 our extensive stocks. We shall always be 

Tissue Culture Media pleased to obtain other items specially to order. 


Antisera 
complete 
Diagnostic Reagents 7 laboratory 
Sensitivity Disks servioe 
Unidisks 


BAIRD & TATLOCK (LONDON) LIMITED, CHADWELL HEATH, ESSEI, ENGLAND. 
Branches in London, Manchester and Glasgow. 





TAS/DO.11 





DIAMOND WHEEL TUBE AND ROD CUT-OFF MACHINE 


Cuts Glass, Refractories, Ceramics and Semiconductors 





CAPACITY SPINDLE 

High speed vibration free 
With Large Angie Rest taper roller bearings 
Tubes from 2” dia. Grease lubrication 
eda MOTOR 
With Small Angle Rest Totally enclosed fan 
Tubes from 0-2" dia. Cooled continuous rating 
Rods from 0-14” dis. 

COOLANT 

Angle Rests Maln water or soluble 
Interchangeable oll 


Soluble oll pump and tank 


Mounting bench or stand nka 


Finish grey waterproof 





stove enamel DIAMOND WHEEL 

Drive flat endless belt pees wheel 6” dia. 
Adjustable stop on angle Model TCO.104 4' dia. x .015" can be 
vest for repetition cutting fitted for smal! Rods and 


Tubes 


CUTROCK ENGINEERING CO. LTD. 


Phone Finchley 5978-9 35 BALLARDS LANE, LONDON, N3 
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SCIENCE AND TECHNOLOGY FOR THE BENEFIT OF THE 
^^.  LESS-DEVELOPED AREAS 


R. J. E. GALBRAITH'8 little book, Economic 
.Developmeni in Perepeciioe *, is the outoome of five 
lectures which the United States Ambassador to India 
delivered in the summer and autumn of 1961 in five major 
Indian educational communities. It is not accordingly, 
as the title might suggest, a commentary on the economic 
situation of this country and the measures being adopted 
to meet that gituation. Tt is rather a penetrating discussion 
of the root problema with which the recent United 
Nations conference on the “Application of Beienoe and 
Technology for the Benefit of the Lees-Developed Arees”, 
held in Geneva during February 4-20, was concerned. 
Some at least of Mr. Galbraith’s conclusions, too, are 
remarkably in line with those reached at the most recent 
Pugwash Conference. They are outlined with wit as well 
as oogenoy, and it is enoouraging to find that they were re- 
flected in some of the utterances at the Geneve conference. 
Mr. Galbraith begins by insisting that the problem of 
economic development must be considered and handled 
as a whole, and he even challenges the rigid differentiation 
of countries into developed and under-developed. We 


have often failed to inquire whether measures which can . 


contribute to economic development are, in fact, bemg 
utilized in a situation favourable to development. Further- 
more, capital and technical knowledge may not be the 
only missing elements. In many of the newer African 
States and in parte of Latin America the first task is to 
build competent organs of public administration. Good 
development plans cannot be created or executed without 
good government and neither technical assistance nor 
trained technicians achieve much, or are even much 
needed, where administration is indifferent or bad. 

- If the best agricultural scientist can make little head- 
way as adviser to a non-existent ministry, there are cir- 
cumstances in which popular education must have 
priority over the dams, factories and other equipment of 
capital development and in which attention must be 
focused on the shortcomings of the social order. Tho 
most eloquent agricultural extension expert will not oon- 
vince the peasant of the advantage of growing two blades 
of grass where one flouriahed before if the peasant knows 
full well that both will go inevitably to his landlord. The 
best-considered forms of agricultural investment or the 
moet sophisticated techniques of agricultural expansion 
may be worthless unless the cultivator has some assurance 
that some at least of the gains will accrue to him. Effective 
government, education and social justice are critically 
important, and in many countries it is lack of thom that 
ia the barrier to advance: until that barrier is removed 
httle will come from capital investment and technical 
assistance. 

Next, Mr. Galbraith challenges the common assumption 
that, since capital and technically trained manpower are 
the limiting factors in India and Pakistan, they are the 
lumiting factors everywhere. We can no longer have, he 
maintains, one diagnosis of the causes of under-develop- 
ment. Rather, we must have the particular diagnosis 
which fits the particular country. We cannot even assume 
n eee (uium VICI aem] Prem London: 
DPxord University Prem, 102 ) 10s. 6d. net. i ] 


that if competent planning is poesible in India and 
Pakistan it is possible everywhere. It would, indeed, be 
a serious mistake to imagine that such planning is essential 
for nations in all stages of development. In earlier stages 
it may be néither necessary nor possible. : 
This point is further elaborated in the second chapter, 
in which Mr. Galbraith even more explicitly deprecates 


planning, he pointe out that a good plan must provide a 
strategy for economic advance: it must not be allowed 
to become a list of desirable projects. Taking account of 
both the visible and the invisible dimensions of industrial 
achievement, its proposals must have regard to a theory 
of consumption which takes due account of the neods of 
the particular consumption for the benefit of which in 
the last analysis the plan is designed. Abundant and 
efficiently produced food, clothing and shelter are require- 
menta that come before the introduction of the last 
techniques, and fimdamentally Mr. Galbraith is here 
doing no more than insist on the old but often disregarded 
adage that the tool should be appropriate to the job. 

In his fourth chapter, Mr. Galbraith deals more speci- 
fically with education, pointing out that education is of 
high importance, both as an object of immediate consump- 
tion and as a form of investment for future consumption. 
Neither aspect oan safely be disregarded, and Mr. Gel- 
braith does not heaitate to point out some of the implica- 
tions when education is viewed as an investment or the 
dangers which attend some experimenta with democratic 
direction in Latin American universities. A developing 
country must consider ita educational system as purpose- 
fully as any other form of capital outlay and in the light 
of the peculiar requirements of development. It cannot 
simply adapt from the older models, for adaptation is as 
demanding in its own way as innovation. 

Some of Mr. Galbraith’s comments in this chapter are 
particularly interesting in the light of the concern that 
has been recently expressed over the working of the 
Commonwealth Scholarships Scheme, especially in respect 
of the return of scholars to their own country on the 
expiration of their scholarships. If this aspect appears to 
have roceived comparatively little attention at the 
Geneva conference, many of his other pointe were well 
taken. Prof. P. M. S. Blackett, for example, once again 


older technologies that were most likely to prove appro- 
priate. It might, for example, be wiser to eachow recent 
advances for the time being and concentrate on earlier 
technology of wider potentialities. In agriculture, for 


' have long emphasized. 
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example, while many things are useful, mechanization is 
not the big thmg. Water, fertilirers and improved seed 
ean revolutionize agriculture, but to ignore the assistance 
and potentialities of abundant labour at low cost will only 
impede development and increase unemployment. 

This was equally recognized in a discussion on mech- 
anization in the Middle East, South-East Asia and Africa 
which was concerned perticularly with the appropriate 
type of tractor that was needed. It was suggested that a 
tractor much ‘more like those in use on English and 
American farms forty years ago and much: lees oom- 
plicated than the modern tractor demgned to save labour 
waa really required and should be specially deegned with 
the labour situation in mind. AN this, of course, is not 
new, and ie in Ime with what Prof. Blackett and others, 
notebly at the Cardiff meeting of the British Association, 
It is encouraging, however, to 
find these ideas gaining acceptance at such a representa- 
tive conference, even if the developed countries were 
present about four times more numeroualy than the 
under-developed countries. 

In his final chapter, Mr. Galbraith dealt with a rather 
more specialized topio—the use of the corporation or 
company as an mstrument of production. Once again he 
delmeates the conditions of success with a clarity that 
makes his conclusions as relevant to productivity in an 
advanoed as to an under-developed country. A oorpora- 
tion, he pomts out, is only effective if it has liberty to 
pursue specified goals. In making decisions every day ite 
autonomy must be nearly absolute, including the right 
to make mistakes, and must include, subject to safe 
guards against abuse, the freedom to engage and diamiss 
ita staff. The concomitant of freedom from intrusion on 
ite decisions from outside is, however, that the goals 
expected of the corporation must be clearly and explicitly 
defined by society, and while tolerant of errors within the 
framework of succeas, society should be wholly intolerant 
of failure to achieve the specified goals. 

In this widely different context, Mr., Galbraith thus 
gives a definition of public accountability which is highly 
relevant to any freah consideration of the nationalized 
industries or the efficiency of the public corporation. By 
and large, however, accountability by result could be 
described as the dominant principle of the book, and it is 
a principle that found ample expression in the debates at 
the Geneva conference. It could equally be traced m a 
contribution from the Natural Sciericea Department of 
the United Nations Educational, Scientific and Cultural 
Organization on the role of science in the development of 
natural resources, and m one by R. Dumont on aooeler- 
ating Afritan agricultural development, both of which 
recently appeared in Impact (12, No. 4; 1962). The 
latter, moreover, like Mr. Galbraith, stresses particularly 
the critical importance of an appropriate educational 
policy. : 

It is far too early to judge what will come out of the 
proceedings of a conference at which a hundred countries 
were represented and some 1,800 papers presented at a 
cost of some two million dollars, nor was the conference 
permitted under ite terms of reference to pass resolutions 
for specific action. Nevertheless, it is not to be regarded 
simply as an exercise in communications, and, if it 
attested further the place and value of such schemes as 
the American Peace Corps and Britein's Voluntary 
Service Overseas in providing help at the sub-expert 
level, there was some very practical discussion as to how 
scientific and technical help could be given more effectively 
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while Governmenta themselves are dealing with the larger 
strategy of development. The president of the conference, 
Prof. M. 8. Thacker, in his opening addresa suggested the 
organization of a world committee, or ‘brains trust” as 
he called it, with a continually changing membership, 
representing various scientific disciplines, as well as 
nationalities, to evaluate international development plans 
and asist in their preparation. The director of the Food 
and Agriculture Organization, Mr. B. R. Sen, suggested a 
travelling team of scientists who would visit developing 
areas and keep the international committee in touch with 
those in the field. 

Something of this idea may be seen in the mission to 
the Indus appointed m 1961 by Dr. J. B. Wiener, 
President Kennedy’s special assistant for science and 
technology. The aim of this mission was to study the 
problem of waterlogging and salinity in West Pakistan, 
but, as Dr. R. Revelle's paper shows, it found iteolf drawn 
into an interdisciplnary analysis and formulation of a 
development plan calling for unprecedented effort not 
only in underground water development and drainage 
but also in fertilizer planta, pest control facilities, educa- 
tion and research establishments and training programmes 
for technicians, admmistrators and fleld workers. There 
could, m fact, scarcely have been a more impressive 
demonstration of what is involved if science and tech- 
nology are to render really effective assistance to the 
developing countries without waste of precious and scarce 
resources of trained manpower, capital and equipment. 

Perhaps even more important than the demonstration 
of the immense poemibilities was the contribution of the 
conference to the wide public understanding of the con- 
ditions of success and of what is required of Governments 
and peoples, including the scientist end technologist. 
The conference itself indicated some of the requirements 
for fresh thinking about the character and scope of 
research and teaching if use is to be made of the limited 
reeouroes of able scientists and teahnologiste to the best 
advantage. This 1s as unportant—perhaps even more 
important—for such & country as Britain as for lees- 
developed countries, and the conference indicated how 
large are-some of the special opportunities open. There 
are, Moreover, some major problems in organization and 
administration, both in relation to the use of mter- 
disciplmary teams and in regard to co-operation between 
existing organizations and institutions which call for 
forethought and careful analysis. Thero are priorities in 
research and development which may have to be re- 
appraised. However, whether or not new mstitutions are 
required, neither Mr. Galbrarth in his book nor the Geneva 
conference leaves any doubt as to the immense amount of 
goodwill, of knowledge, and of technical and admmustra- 
tive experiance already available to serve the developing 
nations—given the understanding and determination to 
use it resolutely. 


CLOTTING OF BLOOD 


Prothrombin 
By Prof. Walter H. Seegers. Pp. xxvi+728. (Cambridge. 
Oxford 
University Prees, 1962. . Published for the Commonwealth 
Fund.) 120s. 


HIS is a remarkable book, and one should not be 
misled into supposing that it deals only with 'pro- 
thrombin’ ss defined by the majority of coagulation 
workers. The author's views bring almost the whole 
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'fleld, of research on blood olotting within this term. 
On the factual side he presenta the resulta of many years’ 
work at the Wayne State University, Detroit. Here he 
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has formed an active school of research deeply impressed ” 


with the stamp of his personality and ideas. Its numerous 

blications have been rather widely. scattered, and 
Peoause of their divergence from what has seemed to be the 
main stream of research they have not always received 
adequate appraisal in reviews or text-books. Tt is of the 
greatest , therefore, to the student of the history 
and practice of clotting research to have this authoritative 


survey. 

The first four chapters’ deal with the definition, puri- 
floation and properties of prothrombin. The great oon- 
tribution here is first the separation and definition of a 
protein in terms of molecular weight, shape and other 
physical properties, and amino-acid composition, and 
secondly, the 
of changes, apparently spontaneously, including the 
appearance of thrombin activity. This activity is shown 
by the specific enzymatio action on fibrinogen, and 
esterase action on synthetic substrates such as TAME. 
The transformation of these prothrombin preparations 
can take place under various conditions but most strik- 
ingly in the presence of 25 per cant sodium citrate without 
addition of any other organic substance. This is the key 
observation, and proves beyond reasonable doubt that 
molecules with thrombin activity oan be wholly 
derived from the protein molecules defined as pro- 
thrombin. 

The following seven chapters deal with the activation 
of prothrombin in the presence of biological factors. It 
is here that divorgenoiee from generally accepted views 
become apparent. Prothrombin activation in shed blood 
oocurs in & few minutes following contact with & foreign 
surface, and in a few seconds, in the presence of tissue 
‘thromboplastins’, whereas citrate activation takes many 
hours. What is the explanation of this rapid conversion ? 
The usual view is that & number of ‘factors’ interact in 
seqnence to produce & specific prothrombin activator. 
These reactions are thought to be probably enzymatic. 
the product of each enzyme-subetrate reaction being itself 
an enzyme which activates the next stage. While Prof. 
Seegers izes the existance of these ra, he seems 
to consider that they function simultaneously, as non- 
specific accelerators of the inherent tendency for pro- 
thrombin to form thrombin, and to deny their necessary 
part in sequential reactions preceding this change. He 
states that “in my ive the whole order of develop- 
ment is concerned with prothrombin. It is ready to 
activate. It is ‘encouraged’ (procoagulanta) and 'dis- 
couraged’ (anticoagulants) by hundreds of substances 


and millions of combinations of tham. My view advocates’ 


the existence of factors by the dozens”. It is probable 
that the concept of multiple sequential reactions is a gross 
over-simplification, and too rigid a picture of events 
leading up to'prothrombin astivation; but Dr. Seegers 
draws a veil over any explanation of the essential function 

. of these factors, including the disastrous effect of their 
deficiency in the’ hmmorrhagio states. and the beneficial 
effect of replacing them. 

Prof. Seegera’s views on the nature of prothrombin iteelf 
are stimulating. He considers that the molecule can 
undergo @ series of transformations, yielding not only 
thrombin but also other derivatives with different activities 
in the clotting mechaniam. These active derivatives he 
has named autoprothrombin I, II and O, and they 
probably correspond to factors VIT, IX and X of the 
International Nomenclature. Prof. ra is wary of 

. synonyms, however, and prefers to use term ‘‘associ- 
ated word symbol”. Terminological wrangles apart, the 
idea of & multi-potent protein molecule capable of giving 
rise to different enzymes or activities at differant stages 
of its degradation is intriguing, and might explain ' the 
fact that prothrombin and fastors VII, IX and X have 


z 


demonstration that it can undergo a series - 
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curious similarities, including their physical properties 
and their dependence on vitamin K for normal synthesis 
in the body. 

The remaining chapters deal with the inactivation of 
thrombin, the preparation and properties of fibrinogen 
and thrombin and their interaction, with clot retraction, 
anti ta, and the hmmorrhagic states, and there ig a 
brief excursion into the immuno-chemistry of prothrombin 
and thrombin. These contain a mass of useful observa- 
tions and speculations, lucidly presented. 

In the book is very well produced, and the 
style 1s clear and readable. The author has an enviable 
knowledge of the classical literature of hia subject, and 
gives many obscure, but valuable, historical references. 
Tf he has loss respect for much contemporary work he 18 
at least tolerant of views which conflict with his own. 
In fact, the whole book is coloured by his philosophical 
attitude to scientific research as an individual experience. 
Whereas most workers either ignore, or attempt to avoid, 
subjectivity in experimental work, Prof. Seegers recognizes, 
and even appears to weloomo, it, considering that it should 
be put to good use in forming & picture o Nature which 
may lead to new experience, no matter how individual 
this picture may be. Perhaps ono of his quotations (from 
John Burroughs) aptly expresses this: ‘The eye is in- 
formed and by the thought. My boy sees 
ducks on the river where and when I cannot, because at 
certain seasons he thinks ducks and dreams ducks’. 

R. Q. MAOFARLANB 


THE CLOUDS 


Clouds, Rain and Ralnmaking 3 
By Prof. B. J. Mason. Pp. vii + 145+ 20 plates. (Cam- 
bridge: At the -University Presa, 1962). 22s. 0d. net; 
4.50 dollars. - 
XPERIMENTAL cloud physics is a new subject: 
it sprang 


presenting highly 
guise of : 

Prof. Mason's earlier book The Physics of Olouds was 
the first comprehensive &ooount of the new subject, and 
much of it was of necessity taken up by & thorough 
discussion of tho heterogeneous mass of experimental 
data which had accumulated in the previous ten years. 
Now, by omitting all this detailed critiasm, and by some 
simplification of the treatment, he has produced an 
up-to-date account of the same subject in about a third 


it would perhaps have been 
to “enhance the enjoyment of those who 
if the treatment could have been a little fuller. The next 
four chapters are the heart of the book, and deal in masterly 
fashion with the processes of condensation and the 
growth of raindrops, snowflakes and hailstones. The last 
two chapters are concerned with rain-makmg experiments 
and the electrification of thunderclouds. 
Most chapters have a kind of appendix in which 
i ta that the student may carry out for himself 
are deacribed—an interesting innovation in a book of this 
sort, th the equipment required is sometimes rather 
elaborate for the- sixth.form, or undergraduate amateur 
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of meteorology for whom the book seems to be intended. 
There are no references to original papers, and only one 
or two to text-books. 

Mathematical proofs are kept few and short, and, as 
already hinted, historical experiments are not treated in 
great detail. As a rule all that is given is a short dee- 
cription in general terms, just enough to give the reader 
an idea of the observational basis of the subject: though a 
few important and recent experiments are a little more 
fully treated. Freed from such digressions, the story 
develops in a natural and logical fashion, and makes 
remarkably easy reading. Tho style is good, plain soien- 
tiflo English, which aims only at clarity and conciseness 
and relies on the subject-matter for ita interest. Nat 
even the chapter on rai ing tempts the author to a 
lighter treatment, although few episodes in the history 
of science oan be so rich in absurdity and chi 

The book is well illustrated with 29 very 
drawings and 20 photographio plates. The latter include 
a short but well-chosen “cloud atlas” illustrating nine 
unportant cloud types, Prof. Mason’s own remarkable 
photographs of artificially grown snow crystals, and some 
photographs of early cloud seeding trials which have not 
sinoe been equalled for dramatio effect. This is a beautiful 
collection and adds greatly to the interest of the book. 

There is a very adequate index for a book of ite size. 
Printing and binding are excellent, in the usual style of 
the Cambridge University Prees, and no misprinte were 
noticed. B. O. V. Oppm 


clear line 


STATISTICS FOR STUDENTS OF THE 
NATURAL AND SOCIAL SCIENCES 


Introduction to Probability and Statistics 

By Henry L. Alder and Edward B. Roessler. (Series of 
Undergraduate Books in Mathematios.) Pp. xii+ 289. 
(San Francisco and London: W. H. Freeman and Com- 
pany, 1962.) 32s. 


HIS is the second edition of a text-book first published 

in 1960. The main change is the addition of two 
chapters, on the P distribution and analysis of variance. 
The book is written to meet the needs of students in the 
natural and social sciences for & short course in probability 
and statistics at an elementary mathematical level; only 
arithmetic and simple algebra are required. The topios 
covered are standard and unenterprismg, namely: the 
organization and analysis of data; elementary probability ; 
standard probability distributions (binomial, normal); 
sampling theory including t, chi-square and F distribu- 
tions; regression and correlation; analysis of varianoe; 
index numbers; time series. A brief and unsatisfactory 
discussion of multiple-range testa, the one slight deviation 
from orthodoxy in contents, is given without much 
confidence in Chapter 17. 

The subject of statistios is taught, nowadays, to studenta 
with such varied qualifications and needs that there is 
scope for text-books dealing with the same principles and 
techniques from different angles and levels of sophistica- 
tion. The re-issue of the book reviewed indicates that it 
has been popular. It is clearly and carefully written with 
well-presanted tables and diagrams and also excellently 
printed and produced. Nevertheless, I think the method 
of exposition ia wrongly conceived. 

The development of the theory is formal by means of 
definitions and elementary algebraic proofs. Inevitably 
however, because of the restriction on the mathematics, 
the definitions have to be partial and many important 
resulte accepted without proof. Thus sampling is every- 
where teken to be from a finite population and the expecta- 
tion of & variable is treated only for the number of occur- 
rences of an event in n trials; this leaves a gap in the logic 
of the relation betweon sampling and probability distribu- 
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tions which seems unnecessary. After all, ideas as abstract 
as those of geometry are taught at school. Minor algebraic 
results are derived for the probebility-levela of F although 
the validity of this distribution for ing particular 
aspects of the variability of date is stated but not dis- 
cussed. Many practical examples are given with the 
arithmetic worked through m detail but they are nearly 
always very artificial. Erther they deal with such subjects 
as coin i balls in boxes, seating at tablo, eto., or, 
where framed in terms of observations mado for a scientific 
purpose, the resulta have been constructed only as a 
numerical counterpart of the theory. 

I do not think a natural or social scientist would 
obtain much of value from the algebraic proofs in this 
book. He could find from the text how to make estimates 
and apply testa of statistical significance given measure- 
ments suitable for such procedures. There would be Little 
guidance on how he should determine what methods wore 
useful and valid for analysing the data from a scientifico 
investigation. He would spend his time more fruitfully 
studying a text which attempted to link an intuitive 
presentation of the principles of statistical theory with 
empirical studies of actual observations, using much 
arithmetic. There are & number of books of this kind in 
the tradition of Bir A. Bradford Hill's classic Prinosples of 
Medical Statistics. Only thus oan the student hope to 
obtain some insight into the uses of the elegant mathe- 
matical methods in the interpretation of crude, unaccom- 
modating, untidy observations. W. Brass 
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MICROBIOLOGICAL 
STANDARDIZATION 


Proceedings of the 7th, Internatlonal Congress for 
Microblological Standardization 
London, August 28 to September 1, 1961. Edited by 
A. F. B. Standfast, D. G. Evans, and B. G. F. Weitz. 
(International Association of Microbiological Societies: 
Permanent Section for Microbiological Standardization.) 
Pp. vii4-556. (Edinburgh and London: E. and 8. 
Livingstone, Ltd., 1962.) 130s. net. 


B is bulk of this heavy ‘paper-back’ comprises some 
seventy papers grouped into fourteen sections under 
such headings as “Adventitious Agente in Vaooines 
Prepared from Living Tissue” and ‘‘Helminth Vacsines’’. 
The sections include from three papers under ‘The 
Application of Biological Standards and Reference Pre- 
parations in International and National Requirements 
for Biological Producte” to eight under “BCG Vaccine”’ 
and “‘Staphylococcal Antigens and Antibodies’. Fifteen 
of the papers are in French (without Engliah summaries) 
Several are less than two pages in length and, in view of 
recent criticiams about 'over-produotion of soientiflo 
literature’, some papers could well have been contracted 
or even omitted altogether, especially when “the details 
of these experimenta have been published previously” 
as one contributor admits. ' 

As a reference volume the task of locating a specific 
paper should be easy. In fact, there is no subject-index, 
and the page headings give only the contributor’s name 
opposite an abbreviation of the section heading. Nowhere 
are the titles of the papers listed and the “Contente” 
could most profitably have been expanded to include 
these under their appropriate section headings. The 
short “Reports of Sessions’? at the end are a partial 
remedy. i 

The papers emanate from fourteen different countries 
(including U.S.S.R., Yugoslavia, Hungary and Ozecho- 
slovakia) enabling a comparison of standardization pro- 
cedures in different countries to be made. This is a 
truly international volume, but rather expensive. 

L. B. QunBsNEL 
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UNIVERSITIES AND THE COMMUNITY IN SOUTH AFRICA * 


; By Dr. T. E. W. SCHUMANN 7 
Deputy Chalrmar of the South African Atomic Energy Board ' 


T is of course the duty of a university to keep pace 
to the best of its ability with tho needs of the oom- 
muniby it serves. I should say that the University of 
South Africa is fulfillmg this mission in a very special 
sense. For, amidst the constantly changing conditions 
of the modern world, it is striving to create facilities 
for advanced education which the ordinary residential 
universities of our country are scarcely able to provide. 
Whether & university which uses postal courses as ita 
main medium of instruction can im all respects be styled 
an ideal academic institution is of course a moot pomt. 
. But that is not relevant here. No one can deny that the 
ied e at cele le MEE See 
on is that it &ooomplishee ite task very 
afhoiontiy. I know of at least one very gratifying example 
—that of a student who came from Canada, first to 
Durban and then to Pretoria, for the specific purpose of 
completing his degree in mathamatios under the professor 
of his choice. 

The University can be felicitated on having on its staff 
men of such calibre that they are able to draw 
from overseas for academic training. I quote this case, 
because for those of us who, as members of an older 
generation, were virtually compelled to proceed to other 
countries for our advanced education, it is particularly 

to observe that in recent years there have been 
tangible signs that this process is no longer completely 
one-sided. I am convinced that in the future this Univer- 
sity and other South African universities will attract 
students from beyond our borders in ever-inoreasing 
numbers. I have said that a university must always keep 
pace with the specific needs of the community it serves, 
but we find that in this technological twentieth century, 
changes and revolutions are occurring at such a bewilder- 
ing tempo that adaptation to constantly changing condi- 
tions, also by our universities, has become a stupendous 
task. 

No one will deny that we are to-day living im & crucial 
period in the history of mankind. Last year, I delivered 
a series of six radio talks entitled ‘Five Revolutions of the 
Twentieth Century'" on the oonfused world in which we 
are living. The central theme of these talks, which included 
not only the technological revolution but also views on the 
revolutions caused by the advent of nuclear weapons, of 
Communism, and of the i capitulation of the White 
man, was that within the space of a single lifetime we have 
experienced no fewer than five revolutions, any one 
of which would have been sufficient to disturb the spiritual 
equilibrium of any normal person. Every thinking person 
the world over is therefore faced with the task of a constant 
reoonailiation with new ideas and new conditions. With- 
out a doubt, for South Afrioe, with her great diversity of 
races, the task of adaptation in these tempestuous 
tomes is infinitely more difficult; and our universities 
must display & greater measure of flexibility to keep 
in step with constantly changing needs and fréeh ohal- 
lenges. 

In her struggle to maintain a measure of 
and stability in these troublous times, South Africa is 
constantly subjected to bitter criticism, and our universi- 
ties, too, come in for more than their fair share. Every 
mbhabitant of our country who takes an intelligent interest 


* Substance of an addres deltrered on February $1 at the opening of 
the academic year of the Untversity of South Africa 


in present-day developments knows, for example, that 
the present chaos in large parte of the African continent 
is by no means, as some optimistic but nalve overseas 
politicians would have us believe, very nearly a thing of 
the pest, but merely the first stirrings of the turbulent 
A Une He cheng, end that tee mentor qhene ill yok 
"eden boine ie Knowing 

well the shape of things to como, we shall strain every 
nerve to escape the chaotic developments in other African 
territories. This is in itself no easy task; and it is greatly 
exacerbated by constant interference from outside. With 
more than half of Europe divested of every semblance of 
democratic freedom, our friends overseas might do well 
to allow their sudden missionary ardour for suppressed 
nations to cool down somewhere outside Africa, and to 
adopt as the war-ery for their modern crusade a alogan 
such as the ‘Liberation of Europe’. Or if this sounds too 
revolutionary, perhaps they could at least be eee 
like a British industrialist with v - 
mercial interests here which he is thinking of expanding, 
who stated in Pretoria recently: “I deplore your apartheid 
policy but I would not invest a cent in this country if 
you did not have it". 

But to return to the subject of the development of our 
universities : & very strange attitude was recently mani- 
fested by the most widely read British ecientiflo journal— 
that unique . . . journal Nature, which is to be found in 
every university library and in hosts of other librarios 
the world over. Within tho space of two months this 
widely read periodical carried two very scathing leading 
articles on the universities and learned societies in the 
Republic. These are articles which call for comment. 

The leading article of October 20, 1962 1, concerns a 

delivered the ous April by & well-known 
ritish scientist, Sir Eric Ashby, at the University of the 
Witwatersrand. His principal theme was the condemna- 
tion of separate universities for Bantu in South Africa. 
Ishall presently express a few opinions on this subject. 
Prof. C. H. Rautenbach, rector of the University of 
Pretoria, has already replied to Sir Eric. Prof. Rauten- 
bech said, inier alia, that what Sir Eric had said in his 
eloquent peroration on the need for the Africaniration of 
university institutions in Africa lay at the very root of our 
y vogue uidi p meri 
the Oolonial in Africa and elsewhere had x 
learnt what rie ia now proclaiming a Tong timo 
. but this was the first time that he had heerd from 
tho lips of an eminent British academician ss an: 
concurrence with that trend of thought. 

It was progressing. 

Already there was an implied recognition that there 
may be as Man of universities as there were com- 
munities. . Rautenbach added the rather cutting 
comment that when, in earlier years, a storm raged over 
the English Channel, tho English carried 
benner headlines: ‘Europe isolated from the World". 

The second leading article in Nature, of December 29, 
1962 *, discusses “Apartheid in South African Learned 
Bocieties". The followmg quotation will give an indication 
of the general alant of this article: “Dr. Verwoerd and his 
oo. seem determined to leave nothmg undone 
which could engender bitterness and inflame the racialism 
which is to-day such a grave and growing threat to the 
future of Africa". : 


of 
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Wilicatiat cin ana cote (NE Aull: o fae 
should be made of a leading British scientific journal to 
add ite voice to the torrent of preponderantly uninformed 
attacks on South Africa, and whether one should detect a 
suggestion of ‘inspiration’ in this curious coincidence, are 
matters on which I shall not dilate. I propose however 
to add a few desultory remarks to Prof. Rautenbach’s 
well-reasoned and very interesting exposition 

First: what psychological explanation underlies Nature’s 
touching concern for South African academic institutions 
when conditions much nearer home should give cause for 
far graver oonoern! My experiénoe has been that not so 
very far from Nature's offlco, behind the Iron Curtain, 
very little academic freedom remains. At an international 
scientific conference which I attended some years ago, I 
was called upon to act as chairman of a amall sub-commit- 
too which included a Russian and a delegate from one of the 
satellite countries. On an occasion when we found our- 
selves alone the latter said m rather broken 
English: ‘ amann, I don't speak at our meetings 
for reasons which you may,guees”. To-day, still, at all 
international gatherings the delegates from the satellite 
countries, patently and with clumsy efforts at hiding 
their subordination, subject themselves to the dictates 
of the Kremlin to an extent that is often painful to 
behold. 

Let us give our imagination free reign &nd contemplate 
the well-nigh inconceivable; let -us imagine that the 
University of Moscow were to extend an invitation to Sir 
Erio Ashby to deliver a public address there: and let us 
imagine the equally fantastic—that he were to have the 
courage to advocate in that address the removal of the 
wire barrier which at present cuts Europe mto two from 
North to South, becanse of ita obvious curtailment not 
only of academic freedom but also of freedom in the more 
general sense. Finally, let us imagme that Sir Eric were 
to return unscathed from such an adventure in Moscow 
and deliver another address in Johannesburg. Would 
not his words then carry infinitely more weight, and would 
we not be far more inclined to give serious thought to his 
admonitions? 

It would perhaps be even more exciting if the University 
of the Witwatersrand were to succeed in having as its 
guest speaker at rts following triennial 'Chanoellor's 
Address’ a scholar from behind the Iron Curtain. If 
such an erudite guest, say from Prague, which can boast 
of one of the oldest universities in the world, were to tell 
us how shamefully we fall short of the lofty ideal of 
academic freedom as realized in Commiunist countries, 
we would accept it without reserve. This suggestion 
should not be dismissed as a friyolous joke: for, would 
it really be asking too much of the University of the Wit- 
waterarand seriously to oonsider extending such an 
invitation to a scientist of repute from behind the wire 
barrier? At any rate his visit would be an event of inter- 
national importance, and it would be difficult to find a 
hall in Johannesburg large enough to acdommodate the 
audience: and no objection could be raised if after that 
Nature were to write a leading article in support of the 
Czechoslovakian or Rusian pundits exhortations and 
admonitions. We would then decidedly be prepared to 
listen with all due deference and rapt, attention, and, if 
need be, to do penance for our many shortcomings. 

Meanwhile the Editor of Nature might be prepared to 
bethink himself on the significant utterances of Sir Eric 
that universities in Africa should not be mere replicas 
of European universities, but should adapt themselves 
to the speciflo needs of the Negro and the tu. I am 
im favour’ of co-educational schools, but the fact remains 
that, like Britain, the Republic has many separate schools 
for boys and girls, and possibly there are very good educa- 
tional reasons for this state of affairs. Likewise there 
may well be many more compellmg and convincing 
proofs that separate educational institutions for different 
Tecos are preferable to, and give better resulta than, 
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puni dadas Eu a aay neue aa. 
pon, the oditar of Notere would purely never: reject, sich 
a possibility a priori. On the other hand, it might be 
better for hia own peace of mind if he were to refrain 
from delving too deeply into the problem on which he 
has written with such fluency and ardour. He runs the 
very real risk of finding himeelf in the same dilemma as 
Sir Eric, who, on one hand, advocates the Africanization 
of the universrties of this continent and in the same breath 
expreases his indignation at the fact that South Africa 
a ry ee fe oplaat Dis ooh rocearnierid. 
tion. ut then, of course, confused thought-processes 
often land one in such dilemmas. Ses 
One final oomment on the trium 
the first article in Nature ends: 


phant note on which 
“Sir Eric remarks tren- 


. chantly that the only convincing evidence for apartheid 


existing in a university would bo the inferiority of black 
men to white". 


This sentence, obviously intended as a knook-out 
blow, is so pitifully erroneous as to merit oloeer analysis. 
Intelectual superiority or inferiority can never be the 
cei B d ground for the need for separate universities. 

ground was mentioned by Sir Eric himself, 
who a of the necessity for the adaptation of univer- 
stties to the specific background and way of life of the 
Bantu and the Negro; in other words, the development 
and growth of universities on the continent to meet the 
requiremente of the different races. For, after all, one 
could never suspect Sir Eric of thinking only of the needs 
of the black races, nor yet of advocating that the whites 
be swallowed up by the black majority ! 

But the same sentence contains by implication another 
erroneous statement, namely, that there is no difference 
whatsoever in the intellectual potential from race to race. 
Here is a statement of Communistio origin which is nowa- 
days by the lberalists as a sacred dogma. 
throughout the worded with such success thàt to-day 
it demands exceptional even to inquire after the 
scientific proof upon which thi i 
everywhere one finds the 
no one is as intolerant as the liberal when his basic 
tenet is subjected to analysis. It calls for & high degree 
of moral discipline to accept the intolerance which 
has become the most salient feature of our modern 
liberalist. 

Most probebly the liberalist thinks that’ no proof 
is necessary. Curiously enough, I am not without a hint. 
of sympathy for that attitude, for I must confess that I, 
too, believe certain things on the strength of personal 
observation and without any scientific proof. Bo, for 
example, I believe that some nations have more musical 
talent than others. I believe that there 18 a considerable 
difference in the intellectual capacity of the Japanese 
and that of the Pygmies of the Congo, in the intellectual 
capacity of the Jews and that of the Bushman of the 
Kalahari. or of the British and of the Australian 
Obviously, however, these beliefs are purely subjective 
and of no significance to other people, for to-day scientific 
validation is rightly considered to be indispensable. 

Very extensive research on this problem was carried 
out in the United States of America. During the two 
World Wars testa were applied to millions of recruits, and 
always the results were the same—there was a significant 
difference between the intellectual potential of the Ameri- 
can Negro and that of his White compatriot. 

Perhaps the Editor of Nature could quote research 
results in refutation of these findings; but I venture to 

that he will have an exceedingly difficult task. 
e find, therefore, that the statements in Nature 
from such poorly grounded premises and such 
extremely aseailable axioms that to discuss ita necessarily 
erroneous conclusions with any logio would be attemptmg 
the impossible. If one were merely bent on winning 
debating issues, one could for exam sear point out that 
Basutoland, within the pug of the Republic but 


I shall however not take this any further: my object 
was merely to lay bare the blind prejudice with which our 
universities have to contend when even such a prominent 
and influential journal as Nature makes no effort at least 
to be slightly better informed than the ordinary daily 
press before launching an attack on our university 


There are so many interesting problems of topical 
interest that I might have discussed. I might have 
debated the need in South Africa for what the Germans 
call a Technischs Hochschule; I might have spoken of the 
world-wide demand for outstanding natural scientista and 
engineers, the results of which are also felt in South Africa. 
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But all I have done is to dwell on an already threadbare 
theme. 3 
- The University of South Africa offers advanoed tuition 
to all racial groupe in Southern Africa and even far beyond 
itm borders, and T trust that 15 will pursue this teal: poao- 
fully and steadfastly, without excessive complacency, 
but also without undue concern at the all too capricious 
so-called ‘world-opinion’. I, for my part, am convinced 
that when in a few years’ time the ‘wind of change” over 
Africa has spent itself and the world can no longer deny 
ita disastrous aftermath, South Africa will receive due 
recognition for her efforts at finding a peaceful modus 
vicendi in a country where diferent racial: groupe sre 
destined to work out their own salvation: and 
that when that time comes, it will nob be necessary for 
me to bore you with an address on the eternally recurrent 
subject of race relations. 
1 Nature, 196, 201 (1001). 
? Nature, 196, 1241 (1902). 


* SCIENCE AND APARTHEID " * 


[By Dr. R HOFFENBERG 
Department of General Medicine, University of Cape Town] — 


To the Editor, The Argus. 


Sm,—Dr. T. E. W. Sohumann’s outburst (The Argus, 
February 22) against the highly esteemed soientiflo 
journal Nature for publishing oriticiam of apartheid in 
learned South African societies is reminiscent of Germany 
in the 1930'g, when Nasi 'scientiste' strove to defend theit 
racialistic principles against the censure of the civilized 
world. [Readers who are interested in this point may 
wish to read the article entitled: ‘The Pragmatic 
and the Dogmatic Spirit in Physics”, by Prof. J. 
Stark, published in Nature of April 30, 1038.—-Editor, 
Nature.] 

Speaking as a scientist, I must admit that factual 
evidence for the equality of all men may be lacking— 
this happens to be a fleld in which precise measurements ~- 
cannot easily be made. 

Dr. Schumann knows this, too, which makes his dis- 
turbing statementa about the racial inequality so much 
more irresponsible. [The subject of intelligence teste of 
Nogroes and Whites was forcefully challenged by D. R. 
Hughee, of the Duckworth Laboratory of Physical 
Anthropology, University of Oambridge, in The Times 
(London) of February 26.—Hditor, Nature.] 

Conflict between prejudice and scientific fact is all too 
common and discipline is indeed necessary to resolve this 
dichotomy. 

When an unorthodox or isolated view is held, however, 
the onus is on the holder to prove his point; he must not 
ask, as Dr: Schumann does, that the rest of the world 
should prove that it is in step. 


Remember Lysenko 


I am astounded at the ‘double-think’ which allows Dr. 
Schumann to claim that his bigoted attitude requires a 
‘high degree of moral disciple’. 

Discipline, certainly, but surely not moral, since it 
socka to suppress the free flow of scientific inquiry! 

As deputy chairman of a body engaged in sponsoring 
research, Dr. Schumann should know better. 


* From The Cr: Foeni sich A reproduced 


If he persiste in broadoasting his views, he will only 
bring to the field of scientiflo endeavour in this country 
the sort of opprobium that engulfed Russian scientific 
achievement after the biased Lysenko papers. (Readers 
will recall this Soviet agronomist’s disastrous efforts to 
inject Communist doctrine into methods of wheat- 
production.) 


Separate Bodles 


I, personally, would like to congratulate the Editor of 
Nature on his two editorials. 

The academic world should be kept aware of govern- 
mental inroads into education in this country. 

The separation of scientiflo and profeesional organiza- 
tions on a racial basis alone, to which the Editor of 
Nature objeote, cannot easily be condoned on moral or 
any other grounds. 

To quote this journal (December 29, 1962) it can only 
‘endanger further the advance of science and learning 
and the conditions in which they flourish’. 

In conclusion I would like to assure the Editor of 
Nature that there is still in this country & substantial 
body of academicians who deplore thia apartheid policy 
as strongly as he does. 


R. Horrexssne, M.D., M.R.O.P. 
Kenilworth. 


With reference to the article m Nature on “Apartheid 
in South African Learned Societies’, the Secretary- 
General of the Commission for Technical Co-operation in 
Afrioa: Scientific Council for Africa (Lagos, Nigeria), 
writes to the Editor of Nature: '"... at the 17th Session 
of the Commission for Technical Co-operation in Africa, 
held in Abidjan in February 1962, South Africa was 
expelled from the Commission because its political 
policies were -most unaooepteble to African Member 
Governments. ... This latest move on the part of the 
South African Government to introduce the practice of 
apartheid into the realm of science is greatly to be 
deplored by all who are concerned with science itself and 
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ite application to the needs of newly emergent mdepen- 
dent nations’. 


In an article describing his recent tour of Africa and 
reporting on his first-hand examination of the practical 
resulta of apartheid m South Africa, Mr. Frank Giles, 
the Sunday Times (London) foreign editor, has written 

Times, March 9): - 

"In Johannesburg I talked with many politically- 
minded Africans, some of them the leaders or repreeenta- 
tives of the banned African parties—the African National 
Congress and the Pan-African Congreme—some of them 
prosperous lawyers, doctors or business men. Taken as 
a whole, they represented an average of intelligence and 
capacity far higher than can be met with in most of the 
newly-independent African States in the rest of the 
continent, a fact due principally to the higher education 
of many Africans in South Africa’s excellent and hithorto 
multi-racial universities. 

“From now on, however, the African will have to go 
to the newly-established ‘tribal colleges’ for Bantu only, 
where the educational effort is concentrated on what tho 
Government conceives to be suitable subjectes for Bantu 
study. None of the Africans I mot had anything but the 
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profoundest scorn for these ‘buah universities’, designed, 
so they maintained, to ensure that the African never rises 
above a certain level: ‘We are not interested in a return 
to tribalisation but in advances that Western civilisation 


, 


can bring’. 
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On March 8, the chancellor of the University of Natal, 
Dr. Denis Shepstone, unveiled & pl&que erected by the 
students at the main buildings of the University in 
Durban. The plaque is intended to commemorate the 
death of academio freedom through the imposition of 
racial] segregation in South African universities. It bears 
the inscription: ‘The right of this university to determine 
who shall be admitted as students was taken away in 
May 1959, and restored . . .". Dr. Shepstone, in his 
speech, referred to the curtailment by legislation of the 
autonomy and academic freedoms of South African 
universities. In thus prohibiting non-White students the 


‘ Government had curtailed one of the basic freedoms of 


university autonomy, namely: ‘Who may be taught". 
He also appealed for ‘‘dedication to the idea of open. 
universities’. The ceremony was attended by members 
of the Univermty Council, the Senate, Convocation, the 
teaching staff and many students. 


NEW PHYSICS BUILDING AT QUEEN MARY COLLEGE, UNIVERSITY 
i OF LONDON 


By Pro. G. O. JONES z 
Professor of Physics and Head of Department 


N January 28, the now buil for tho Department 

of Phymos at Queen Mary College was formally 
opened by Sir Harrie Massey, in the presence of nearly 
200 senior members of universities, Government and 
industrial offices and laboratories, local schoola and 
other organizations. Deputizing at short notice for Bir 
Nevill Mott, who was prevented by illness from attending, 
Sir Harrie—deecribing himself as the “wrong half of 
Mott and Massey’’—gave & racy exposition of some of 
the realities of modern university physics. The great 
virtues of practising science in university departments 
were that teaching and research were then united, that 
there was continuous rejuvenation by the flow of young 
people through tho university and that one’s choice 
of research was free. But the enormous growth and 
change in physics since the War posed serious difficulties 
for modern departments. The growth of physica made 
vatisfactory teaching in three or four years an increasing 
problem, since physics was a basic profeesional training, 
called for by technologies of all kinds. The changes in 
the techniques of physical research and the increase in 
team-work added problems which demanded that the 
University physicist should have adequate financial, tech- 
nical and iniatrative support. 

Reasonable amenities were essential for the large 
staffs who would work in modern departments of physics. 
and the design of buildings could contribute greatly. 
In declaring the new building open, Sir Harrie exproesed 
the opinion that it was both workmanlike and attractive 
and would provide opportunities for “fun at a high 
cultural level”. Š 

The new building (Fig. 1) is designed for an annual 
student mtake in the special honours course of 50. There 
will be 40-50 full-time uate research studente 
working for the Ph.D. degree, an academic staff of about 
20, 6-10 octoral research Fellows or research assis- 
tante and about 40 technical, secretarial and other staff. 
The building was erected in two stages. The first stage, 


& large eight-storey block, consisting mainly of teaching 
laboratories and lecture rooms, was completed in 1960. 
The final stage, & three-storey wing consisting mainly of 
research rooms, was completed in 1962. 

In order to reduce traffic through the building, the 
main lecture theatre has been placed where ıt can be 
entered directly from the entrance hall. It seats about 
140 in a steeply raked terrace and is furnished in beech 
and mahogany with upholstered tip-up seats. An unusual 
feature is a get of double-glazed wooden louvres covering 
most of one side of the theatre. To the audience looking 
towards the lecturer only the woodwork can be seen. 
Walkers in the corridor outaide can, however, look 
directly into the theatre, and the lecturer can look outside. 
Two very large revolvimg chalk-boards are power-operated 
and cleaned. There are full facilities for showing slides 
and films from a projeotionist's console and service points 
for demonstration experiments. 

A preparation room for lecture demonstrations is 
adjacent to the main lecture theatre. It connects also 
with two smaller lecture roome, seating about 60 and 
80 respectively, one directly, and the other by service lift.] 

The flve upper floors of the building house the teach- 
ing laboratories, nearly the whole of one floor normally 
being allocated to the needs of & given group of students. 
The laboratories have their own preparation rooms, 
optics rooms, photographic dark rooms, seminar rooms 
and small libraries for private study, but are very different 
from each other in detail. The third-year laboratory 
has aleo a large students’ workshop and glass-blowing 
room, and a computing room. 

The main research ares, of the building is concentrated 
in the firat floor. There is, however, & vertical column 
of staff rooms at one corner of the building, designed pri- 
marily for convenience in supervising ing labora- 
tories. and many of theme are combined with research 
laboratories so that there is, in fact, research in progresa 
on every floor above the ground-floor. 
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Fig. 3. A view of the entrance hall, showing a photographic enlargement of a Leonardo drawing 


The research rooms have been made of many shapes 
and sixes in order to provide flexibility. There is at 
present a wide range of research carried on in the Depart- 
ment, the main studies being in low-temperature physica, 
gub-millimetre spectroscopy, nuclear magnetic resonance, 
high-energy nuclear physica, astrophysics at sub-milli- 
metre wave-lengtha, architectural acoustica and in other 
branches of solid-state physics, including the study 
of ferroelectrioe and X-ray crystallography. Many 
of the theoretical studies in progress are related to the 
experimental programme. Students working in theor- 
etica] physics have a suite of small roams, each accom- 
modating two workers, near the main experimental 
research area. 

There are a departmental library open to third-year 
un te students and research workers, and a 
room for research seminars. 

The main departmental offlees are adjacent to the 
head of department's room and near those of senior 
members of the d t, and the laboratory steward 
has a room and s office adjacent to the mam en- 
trance hall. 

Tho m&in service rooms are centrally situated, near 
the main research area of the building. They include 
. & large main store, a suite of dark-rooms and rooms 
for specimen preparation, instrument repair, drawing, 
computing and a first-aid room. There are a large main 
workshop with an office for the technician-in 
and subetdiary workshops for research studenta and for 
brazing. There are a large room for compressors and 
liqueflera which housea two Philips air liquefiers and an 
A. D. Little helium liquefier, and an office for the tech- 
nician-in. ., At semi-basement level there is a 
further set of service rooms which include two radio- 
active laboratories and a chemical laboratory. 


Rooms and laboratories throughout the building 
share the same general design features. Thro 
the buildmg the built-in furniture is either of 
and sapele, or of beech and afromosia, matching the 
movable furniture in use. Wherever experiments are to 
be done, there are aluminium slotted strips and strips 
of soft wood attached to the wall at several fixed heights. 
Window walls are kept quite clear of services so that 
desks and tables may be used at the windows.. Walls 
opposite windows, leading into the corridors, are pro- 
vided with as many built-in cupboards as oan be 
fitted. 

Piped services are brought to service shelves which 
project from the walls at bench height. the 
unusual piped services are return lines for helium gas, 
waste lines for gases to be discharged at the top of the 
building, and lmes for special high-preesure and low- 
pressure gas supplies (such as hydrogen and oxygen) 
and for high-preasure water. 

To avoid floodmg, all laboratories have drains at 
floor-level. A feature of many research rooms is that 
the doors. like those of railway train compartments, 
have glass windows which can be lowered. 

Electrical supplies are brought to service panels im- 
mediately above the service shelves. A feature of these 
supplies is that a very large number of 240-V a.o. points 
are supplied for 18-amp fused plugs, and relatively 
few pointe for other supplies. which include 240-V d.o., 
13-V a.o., 1 ko/s a.0., 415-V 3-phase a.o., and spare linee. 
Considerable care has been taken to avoid electrical inter- 
ference. All the steelwork of the frame of the building was 
carefully bonded during construction. Filters are pro- 
vided on all the electrical supply systems—particularly 
8t jointe—in order to reduce pick-up from outside and to 
prevent interference generated within the building from 
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being distributed. Special caré has been taken to shield 
the supply cables. A limited access special earth is 
provided in selected laboratories quite separate from the 


NATURE 


1146 


ordinary a.o. earth. No commutator motors or other 
devices producing sparks are allowed in the building. 
All heavy electric motors and devices requiring large 
currents (such as workshop machinery) are supplied 
separately direct from the sub-station. The laboratory 
a.o. outleta are fed via a voltage stabilizer. Some labora- 
tories have tungsten lighting, although fluorescent light- 
ing is generally used. 

One room extending over two floors is designed for high- 
voltage apparatus and completely screened, with a ahut- 
tered opening leading to an adjacent research room at the 
upper level. 

On the roof of the building there is a laboratory (Fig. 2) 
designed for astrophysical experiments at i 
wave-lengtha. The roof of this laboratory carries 4 revolv- 
oe housing a 60-in. reflecting telescope. 

there is heavy vibration, as in the main work- 
shop and in the liquefler and compressor room, the 
whole floor is mounted separately from the reat of the 
building. Two first-floor rooms have jally strength- 
ened floors for heavy equipment, and one, in which 
a Varian 3-ton magnet is installed, has a removable 
wall and window so that heavy equipment may be 
hoisted. directly into position from outside the build- - 


ing. 

‘A feature of nearly all rooms is that the pipes and 
cables are brought in behind panels or above the false 
ceilings and cannot be seen. Moreover, alterations 
and additions to services oan be made without defacing 
the building. The delivery area for the building is & 
yard with entrance at lorry tail-board height to the 

lift which serves all floors. Gas cylinders are 
stored in the yard with underground oonnexions to the 
main distribution pointa inside the building. There is 
also an- underground store here for acids and solvents. 
All the air supplied to the building is cleaned by fil- 


tering. 

A great deal of thought has been devoted to the prob- 
lem of ing the building comfortable pleasant 
aa well as efficient. Among the decorative features are & 
photographic reproduction of a drawing by Leonardo 
da Vinci in the entrance hall (Fig. 8), a mural painting by 
Feliks Topolski in the research wing, a sculpture by 
Mr. T. B. Huxley Jones on the exterior of the building, 
and a seriós of tila patterns decorating te loyer pary 
of the exterior, based on physical idees derived m 
several branches of physica (Fig. 4). 

Technicians working in the department have their 
own common room and locker rooma with showers. A 
pleasant amenity is the departmental museum, situated 
in the middle of the research area on tho first floor, 
which is used as a meeting place and tee-room for all 
pu oocupanta of the building. The museum 

ouses a scientific exhibition and ig also used aa an art 
gallery, open to the publio and advertised in the artistic 

rees as Gallery 278. The changing exhibitions in this 
provide an interesting background for those who 
work in the building. 


CARCINOGENESIS AND CANCER PREVENTION 


By Dr, P. R. J. BURCH 


Medical Research Council, Environmental Radiation Research Unit, Department of Medical Physics, University 
of Leeds, General Infirmary, Leeds | 


HE most important application of theories of carcino- 
genesis is to the problems of cancer prevention and 


being what they are, the impact of the environment must 
inexorably lead to an accumulation of mutant cells, some 
of which will have malignant descendants if life persiste 
Joni EN RE "NE 
nfortunately, evidence analysed in previous articlee': 
makes it reasonably certain that most human malignancies 
have a genetic basis. It is highly probable that somatic 
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mutation (of ganes or chromosomes) is & causal factor in all 
Human cancers, while mherited mutant genes or chromo- 
-somes certainly feature in the stiologies of many*. 
‘Although oncogenic viruses may often play a causal 
part in malignant development in the young (through 
horizontal’ transmission) their involvement in adult 
malignancies is probably rather rare. 

One very i t and obvious implication follows 
from the conclusion‘: that many cancers are ‘prezygotic’* 
—involving one, and very occasionally two, inherited 
mutent genes, or an inherited mutant chromosome’. If 
carriers of inherited ‘carcinogenic mutations’ could be 
identifled before the reproductive age is attamed, and if 
they oould then be dissuaded from procreation, & great 
reduction would result in the incidence of presygotio 
malignancies in succeeding generations. It is estimated‘ 
that the majority of malignancies are of this kind, and 
hence the importance of developing testa to identify 
carriers can scarcely be over-streased. the 
detection of carriers of the OA! chromosome’ is a relatively 
simple matter, the task of diagnosing ‘point’-type gene 
mutations is likely to prove much more di Never- 
theless, a solution to-this scientific problem may be 


sy confidently anticipated; the public acceptance of eugenic 


practices is more problematical, but even in this domain, 
‘the widespread apprehension concerning cancer could 
overcome entrenched attitudes. 

Eugenio practices would, however, have no effect on the 
incidence of postsygotic tumours—those devoid of an 
inherited '' i io mutation". This article is con- 
: (1) the roles of gene mutation, viruses, 
hormones and immune reactions in malignant transforma- 
tion; (2) the theoretical possibility of limiting the inci- 
dence of postxygotic cancer. 


Mechanisms of Carcinogenesis . 
A broad outline of the proposed overall mechanism of 
human carcinogenesis is given in Table 1; it resembles 
earlier proposals*:*. 


Table 1. POSSIBLE GENERAL OUTLINN OF THE Stages OF HUMAM CARGOIKO- 


) end genes, or 
(MULTI-FTAGE) aly defecta in a generative 
: bae (ref. 4). In many un h 

be young, one, oooasionally , mutations 
1nherlted (refs. 4, 5). 
OAROINOGNENICO The stage culminates In ths ofa 
"MuaumoTYITA' cell In whioh pei Na ease wih oantrol 
and have undergone 
Le lie iem rs nmi Normally, exespt in auld- 
and four specifio mutations will be 
present m the ’- the 
nuelear oonsittution of whioh confars - 
Vality. 
OARGCDINOGUENIO When Toflects the nuclear 
TELL 


Cancer formation is often Uu in 
"inem erem aoe rir Pn eder gh 
cells containing three out of the four oarainogenie 


The theory of the initiation-stage is based principally 
onan is of age-specific mortality statistics, epidemio- 
logical evidence, and inheritance relations for spontaneous 
human leukmmias. However, the dose- and age- 
dependence relations for radicgenio fnelignanoión are 
quantitatively consistent*** with the view that ionizing 
radiation oan induce somstio mutations charaoteristio of 
the initiation-stage. A highly critioal test of the theory 
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doses of obetetrio X-rays on. the fostus, to those ef large 


6-7 years’?.14, Tt is significant thet the period is 
not noticeably dependent on age; furthermore, the mean. 
latent period for the onset of chronic myeloid leukemia 
at Hiroshima was about 6 years, whereas that for asute 
myeloid leukemia was about 8 years. This effectively 
i of the view that the variability in time ef onset 


dom events intervene between the formation of the 
carcinogenic nucleotype and the malignant transforma- 
tion*. Provided these events are not further somatic 
gene mutations (if they are, they should be inducible at 
the time of irradiation) then it no longer follows that 
somatic mutation will necessarily lead to cancer develop- 
ment, for these malignant-transforming processes may be 
preventable. This possibility will be discussed later. 


Initlatlon Stage 

Detailed conclusions ing the initiating require- 
ments for leukemias have been described elsewhero*/*/1*, 
The key derivation is that in the absence of streas (for 
example, bacterial infection, viral, or hormonal factors), 
a malignancy generally develops from a cell with four 
specific mutations, one of which, in spontaneous carcino- . 
genesis is frequently inherited. Evidence discussed in 
& preceding article’ indicates that two of the carcino- 
genio mutations affect both homologous genes at a particu- 
lar locus, or possibly, at one of a limited number of loci. 
In the case of leukemias and genetically associated 
cancers, cytogenetic and pedigree evidence imply that 


Regulator locus ; 
Operator— 
structural locus 

b bí 


Chromosome peir 21 
(Denver classification) 


-L Proposed approximate location of genes Involved fn the Initiation 
ot louksantze and amsociated oanoors. w 


The ‘a’ locus gones are 
amumed to have a regulator and Me T aes MEE comhined, 
operator—structural function, the reverse a tion ts equally 
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this locus ia on chromosome 21; the same kind of observa- 
tions suggest that a second distinctive locus on chromo- 
some 21 is also implicated. (This ‘second locus’ could 
conceivably be one of several alternatives.) It will be 
assumed that the other two ‘carcinogenic mutations’ 
affect both homologous genes at this second locus. 
Although the symmetry of the situation (Fig. 1) makes 
this an msthetically attractive assumption, it will be 
shown that it is also consistent with the evidence. 
Consider now the functional properties of these two 
loci—are they structural, regulator, or operator! ? 
Apparently, recessive inheritance at one locus (arising 
from & consanguineous marriage, for example) can result 
in childhood malignancies’. It will be shown that this 
locus is unlikely to have a structural function; on the other 
hand, the immunological evidence indicates that at least 
one of the ‘carcinogenic loci’ is of the structural kind. 
A fuller insight can be obtained by considering the general 
characteristics of the latent period and of malignant cells. 


Latent Period and Malignant Cells : Some Character- 
istics 


The following phenomena must be accommodated in 
any adequate theory of the carcinogenic provess: 

(1) The existence of a long and variable imterval 
between the completion of the initiation-stage (the forma- 
tion of the ‘carcinogenic cell’*) and the onset of malignant 
growth. In experimental carcinogenesis, it appears that 
this interval can be shortened by oo-oaroinogens. 

(2) The distribution of the latent period, as already 
mentioned, is un Gaussian in form. This 
phenomenon. is observed in experimental animads!*. 

(8) When the malignant transformation occurs, it is 
irreversible. There are, however, hormone- 
and virus tumours in experimental animals, 
and the same may be true of man. 

(4) Human i are often, but not always, 
preceded by a pre-malignant or hyperplastic oondition!", 

(5) Some evidence (see later) indicates that the malig- 
nant cell has lost immunological specifloity. 


(6) In contrast to (5), other evidence points to the 
existence of cancer-specific antigens. 


(7) The malignant cell tends to be de-differentiated, 
and there is a connexion between the acuteness of a 
leukemias, for example, and the extent of de-differentia- 
tion. Nevertheless, wide variations in tumour oell 
differentiation are found. 

(8) It is now apparent that malignant growth is usually 
characterized not by an increase in the mitotic-rate of 
generating cells, but by the fact that differentiation, and 
loas or death of cells is arrested. Furthermore, both 
daughter cells emerging from a mitosis must sometimes 
become generating, or mitotically competent oells. This 
latter property may represent one of the most important 
distinctions between benign and malignant neoplasms. 
In the former, it will be very rare for both cells 
from a mitosis to become generating cells, and growth of 
the neoplasm will be either very slow or non-existent. 
The rate of growth of an established primary cancer, or 
metastasis, will be determined by the relative frequency of 
‘doubling—divisions’. 


(9) An outstanding property of the cancer cell is a 
surfaco change, resulting in lowered adhesion)’. 


The following hypothesis representa an attempt to 
provide a unified interpretation of the foregoing pheno- 
mena, and to relate them to the conclusions ing the 
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Hypothesis of Latent Period 


It is proposed: (1) that two autosomal loci are generally - 
implicated in carcinogenesis (as illustrated in Fig. 1) and 
malignant cells in human adulte, 


function; (8) the other locus, ‘b’ has & structural function ; 
(4) for human i 
cancers, thoee loci are situated on chromosome-pair 21; 
(5) genetically associated malignancies involve at least 
one common allele or at least one common locus. 
Recent observations’ suggest that the concepts of 
Jacob and Monod” regarding the ion of protein 
is in bacteria may well be applicable (at least in 
essence) to mammalian oelle. However, in the latter, 
regulator genes do not, apparently", oontrol the syn- 
thesis of metabolically sequential enzymes as they do in 


protein should therefore be autoantigenio (that is, capable 
of reacting immunologically with one or more specific 
antibodies). In the absence of viral or hormonal factors 
(see later), it is suggested**, following Green”, that the 
transformation of the carcinogenic cell depends 
on a specific immune reaction between complementary- 
pattern antibody and the autoantigenio protein. Aooord- 
ing to Green”, the autoantigen is probably a ipo-protein, 
a rd by the adage oF 
Vogt™ and of Björklund” e al. On this view, the long 
duration, and the Gaussian distribution of tbe latent 
period, will arise from the small (and random) probability 
of specific antibody reacting with the exceedingly low 
concentration of ‘homologous’ autoantigen. (borne by 
only one, or at the most, a few, carcinogenio cells). . 
Tt is now necessary to consider how this immune reaction 


ponent of the cell membrane and endoplasmic reticulum. 
is normally the ‘source’ of one or more factors (of. inducer 
and repressor metabolites in bacteria) that combine with 


Tt is proposed that the essential change produced by the 
immune reaction is the removal, inhibition, or alteration of 
a ‘differentiating-factor’, DF. The altered factor, or 
condition, will be symbolized by NDF—which could well 
correspond to the absence of DF. It is suggested that 
NDF, in conjunction with ‘mutant’ repressor from the 
mutent regulator locus ‘a’, causes the inhibition of 
m-RNA synthesis at the homologous mutant structural 
genes at locus *b'. The consequent inhibition of ‘control’ 
lipo-protem synthesis and the disorganization of the endo- 
plasmic reticulum now removes the source of DR. Hence, 
an immensely important theoretical requirement—an 
irreversible been established. Normal 
differentiation in the affected cell, and its daughters, can 
no longer proceed, because the source of DF, the control 
lipo-protein, cannot be re-established. Tho change-over 
from DF to NDF will affect m-RNA synthesis at many 
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Structural loai in addition to ‘b’ (by inhibition or release), 
and the balance of enzyme concentrations, and therefore 
of metabolic pathways in malignant cells will be different 
from that in normal cells. (This is, of course, & well-known 
phenomenon.) The anaplastic malignant cell will tend 
to be geared to mitotio, rather than normal differentiation 
functions (as in embryonic life), and the disorganization 
of the endoplasmic reticulum will produce a morphological 
deterioration. 

In bacteria, repreasion of enzyme synthesis oan be very 
vari&ble—from leas than 0-1 per cent to rather more than 
10 per oent of the unrepressed valuo4.™, and it must be 
supposed that a rather wide variation of control lipo-pro- 
tem synthesis oan exist in neoplastic mammalian cells. 
The degree of repression will probably depend on the 
extent of complementarity between the mutations at 
the regulator and structural loci. (It is envisaged that 
the operator locus, which in bacteria is very closely linked 
to a structural locus’, actually forma a part of the 
structural locus, 'b') When the ‘b* locus is poorly re- 
preased, there may be sufficient lipo-protein synthesis in 
some cells to yield a concentration of DF adequate for 
more or leas normal differentiation. On this view, ohronio 
leukexmias, for example, with a slow growth-rate and little 
de-differentiation, result from & rather leaky’ inhibition 


of the ‘b’ locus. 

This suggested control system is outlined in Fig. 2 
where, for simplicity, only one chromosome of a homo- 
logous eE 

Ahhough the role of DF in cellular differentiation 
is conjectural, some form of oytoplasmic-nualear inter- 
action is essential, according to Mather”, to account for tho 





Site of immune reaction between autoantgenic 
lipo-protein and specific antibody 
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allied phenomenon of paramutation (Brink). 
present hypotheeis has the merit of aatiafying the following 
stringent conditions: (1) ‘dormancy’ of the carcinogenic 
cell from the time of ita formation to neoplastic conver- 


and ite Gaugman distribution; (3) the irreversibility of the 


on the extent of repres- 
' locus, and the concen- 


The common 
plasia!” remains to be aooounted for. 


exeat ' by. s banged 
differentiation. It is suggested that in hyperplastic cells, 
homologous regulator genes (& and an) are mutant, but 
that only one gous) structural gene, b or bp, is 
inutant. For, if homologous structural become 
mutant when only one or neither of the a, an genes is 
mutant, antibody attack (probably in conjunction with 
complement) is likely to prove cytotoxic because the 
cell with a mutant regulator gene will be 


in this context that human 
growth hormone resembles a- and B-globuling*i.) 


Some Implications 

Certain implications of-the preceding h may 
now be considered. Suppose an individual inherits 
homozygous mutant structural genes (as tho result, for 
example, of a consanguineous marriage ). According to 
the Burnett™—Lederberg™ approach to immunology, and a 
recent development of it*, the presence of ‘antigen’ in the 
organism ainoe fertilization should result in the develop- 
ment of immune tolerance to that ‘antigen’, which is indis- 
tinguishable from ‘normal self’. Consequently, the carrier 
of homozygous mutant structural genes should devel 
immune tolerance to the protein the structure of whio 
is determined by them. Such a carrier should, therefore, 
be no more prone to cancer than ordinary non-oarriers. 
(Only further mutations ab that locus will produce sato- 
antigenic lipo-protein.) Nevertheless, in & mating between 
& homozygous carrier and a non-carrier, every offspring 
will be heterorygous for the structural gene. Although 
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the ‘penetrance’ during a life-span of 70 years of a hetero- 
rygous 'earomogenio mutation’ (in the phenotypic form 
of any malignancy) is likely to be in the region of 0-5, 
very occasionally, even large families should be observed 
in which neither parent 18 cancerous (one being a homo- 
rygous carrier of mutant structural genes), but «hero 
every (heterozygous) offspring develops canoer. A 
remarkable family, effectively answering to this deecrip- 
tion, has been mentioned by Lentz. In this family, 
V perd parent developed cancer, although all four sons 
ied of gastrio carcinoma, and three out of the four 
died of carcinoma of the uterus; the remaining, 

fourth daughter, although not herself a victim of cancer, 
was very probably a genetic carrier, because her daughter 
died of carcinoma of the pancreas. Such families, however, 
will occasionally arise where either or both parents are 
heteroxygous carriers (of either structural or regulator 
genes), and very extensive studies will be necessary to, 
elucidate completely the genetics of cancer. Obviously, 
the same allele is involved in various carcinomas, and 
the importance of detailed and systematic pedigree 
evidence is immense. If a particular allele at the struc- 
taral locus is common to many carcinomas, immunological 
testa should reveal a common lipo-protein antigen in the 
malignant cells of human carcmomas. this 
claim has been made by’ Bjérklund e£ al“, who found & 
similar, heat-labile, lipo-protein antigen m each of 60 
individually tested human carcinomas. Even more 
astonishing is the “ evidence” of MoKenna 
and Blakemore* for a common antigen, transcending 


Antigenic 
cells should not be confined to cytoplasmio constituents. 
It is postulated that the substitution of NDF for DF in 
the malignant cell introduoes a changed pattern of gene 
regulation and therefore of m-RNA synthesis. There are 
several indications*-*’ that histones are associated in 
some way with the suppreasion of m-RNA synthesis ab 
structural loci. Although an RNA repressor molecule 
complementary to the DNA of the structural gene seams a 
better candidate for the actual agent of repression, his- 
tones could presumably conjugate with the RNA-DNA 
complex. ther histones are the cause or the effect 
of repression, antigenio differences between the deoxyribo- 
nuoleoproteins of malignant and normal ocells may be 
anticipated. Such differences have indeed been demon- 
strated by Moessineo™; antigens found in the deoxyribo- 
nucleoprotein fraction from leucocytes of normal ocells 
differ from those found in the cells of leukssamio patiente. 


Byers et al.** report specific antigens in the nuclear fraction, 


of human carcmomas that were destroyed by DNase 
and by pepsin (in addition, specific antigens in the 
microsome fraction of a sarcoma were destroyed by 
RNase and pepsin). 

Numerous reporta of circulating antibody in cancer 
patients may be directly attributable to residual auto- 
antigenic control lipo-protem; but antigens may well 
be released from necrotic tissue, and it is also conceivable 
that the chromosomal defects that commonly arise in 
malignant cells may sometimes be associated with the 
synthesis of autoantigenio proteins. 1 


Viral Carcinogenesis 


Within the context of the present hypothesis, the follow- 
ing potential mtiological roles for oncogenic viruses can Be 

istingui The list does not pretend to be exhaustive, 
and more complex virus-genome interactions can be 
imagined. 

(1) Virus as co-carcinogen. A virus of the appropriate 
antigenic speciflaity will cause liferation of particular 
immunologically competent lines. Should the host 
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defence system fail to eliminate or inactivate the virus, & 
dependent neoplasm could arise. In this stiology it is 
envisaged that the viral antigen plays & part equivalent 
to that performed by antibody in ‘normal’ carcinogenesis., 
The induction or latent period should be short. In the 
new-born immunologically immature mouse, for example, 
such viruses would be ineffectual; should they persist, 
acquired immune tolerance to the virus could well develop. 
However, subsequent mutation of the virus producing an 
antigenic change could initiate dependent neoplastic 
growth in an immunologically competent cell line of the 
appropriate specificity. un 

Neoplasms induced by this etiology, will tend to be 
diffuse in origin; the virus could contain RNA or DNA. 
- (2) Proliferation of a virus in the cytoplasm could 
affect the synthesis of DF. If through competitive or 
other means the concentration of DF were drastically 
diminished, a dependent neoplasm could be initiated. 
(A carcinogenic cell would be rapidly transformed into 
an autonomous malignant neoplasm.) The introduction 
of this type of virus into the new-born mouse could induce 
& dependent neoplasm of diffuse origin. The origin in 
adult mice would also be diffuse. Such a virus should 
contain RNA. 

(8a) Proliferation of an RNA virus in the cytoplasm 
could interfere with the synthesis of control lipo-protein. 
The consequent diminution in the concentration of DF 


"would lead to a dependent neoplasm (or to malignant 


transformation of a carcinogenic cell). Induction would 
again be rapid. This type of virus would be carcinogenio 
in the new-born mouse. 

(3b) Exactly similar resulta to those in 8a would follow 
if a virus interfered with the synthesis of m-RNA at the 
control structural locus. Tumours induced by both of 
these sstiologies should be diffuse in origin. 

(4) A DNA virus might transduce or mutate a regulator 

or affect it by.a 'lysogenio-type' action. A neoplasm 
would result only when the control structural genes are 
also mutant. This mechanism would be effective in mioe 
of all ages, although it would be characterized by a long 
latent period. An immiune or hormonal attack would be 
required to convert the carcinogenic into a malignant cell. 
Exoept for large doses of virus, the origin of tumours for 
this and the next’ mechanism will tend to be uni-fooal. 

(5) A DNA virus might affect operator—structural 
control genes by mechanisms similar to those in (4). 
Neoplastic development would require mutant regulator 
ganes. Again, conversion from the carcinogenic to the. 
malignant oell would re an immune or hormonal 
attack, and the latent period would be long. 


In all the foregoing examples, the outcome of introduo- 
ing viruses into an organism will depend on the oom- 
petition between the rate of the carcinogenic process and 
the rate of elimination of viruses by the defence mechan- 
ism of the host. The significant reduction in the yield of 
thymio lymphomas in the irradiated mouse when a part 
(other than the thymus) of the animal is shielded** could 
well be due to the preservation of immunologically oom- 
petent cells from the cytotoxic action of the irradiation, 
and their subsequent neutralization of the lymphoma- 
inducmg virus. 

In general, there is insufficient evidence to decide 
whether &ny actual onoogenio virus belongs to any one of 
the hypothetical types enumerated here, although it is 
interesting that all of them would appear to have some 

ela in known animal oncogenio viruses (see & review 
by Kaplan“). Me Oe en Oe ae DE 
RNA-containing Rous sarcoma virus indicate that this is 
probably a type 2 or 8a virus. Thymectomy in mice 
greatly reduces the incidence of virus-induced lympho- 
oytio leukæmias and lymphomas. Miller and others? have 
shown that the normal maturation of the thymus in the 
immediate neonatal period is easential to the development 
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of full immunological competence, and it is possible that 
thymectomy suppresses a malignant-transforming immune 
reaction. “If this ia the case, a type 4 or 5 onoogenio virus 
may be implicated. Alternatively, thymectomy may 
simply remove the source of calls that would otherwise 
become malignant. However, Miller has shown that 
when thymic tissue from a donor is subcutaneously 
grafted to a th i mouse, the thymic lympho- 
sarcoma induced by the Gross virus generally consiste of 
host, and not graft cells. This favours the view that 
thymectomy suppresses a malignant-transforming immune 
reaction, and this mterpretation is further supported by 
the observation that the effect of a grafted thymus is in 
part genetically determined. 

TE ae sumed Hy ie prorat eee ee eee 
stage, Viruses may often play an i t part in human 
childhood malignancies‘, this is probably the consequence 
of relative immunological immaturity during the early 
years. The failure to demonstrate virus involve- 
ment in non-leuksemio malignancies in adult humans may 
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be due to the genuine absence of such an setiological. 


factor. The immunological competence of adult man 
may well be responsible for this, ial oncogenic 
viruses being neutralixed by an adequate concentration 
of specific antibodies (probably cell-borne). On the 
Burnet™—Lederberg™ view, the number and variety of 
specific antibody-producing cells should depend not only 
on the size of the animal but aleo on ite growth-rate, and 


probability of & cell 
in an organ of the mouse &oquiring foem ri ien 
2 specific somatic-mutations within normal life-span 
of thb mouse will not be high at normal mutation-rates. 


Cancer and Immunization 


Attempts to immunize against cancer have been based 
on two assumptions: (a) cancer-specific antigens exist; 
(b) passive immunization with appropriate antisera, 
or a suitable reinforcement of the host’s immune system 
by active immunization, will reject the autoentogenio 
tumour. i 

Although several authors!*/95:34.45 olaim to have detected 
antigens specific to taneous human malignancies 
(and see reviews by , Rapport and Graf, and 
Old e£ al.*'), others“ find that tumour cells are deficient 
in certain proteins, and exhibit a concomitant loss of 
immunological ificity. The latter type of finding 
constitutes the basis of the ‘deletion theory’ of carcino- 

According to the present hypothesis, both schools ahould 
be correct, and the cancer cell should be characterized 
by the simultaneous loss of one specific ‘antigen’ and the 
gain of another. In addition, the general balance of 
enzyme activity will be altered. The acquired auto- 
antigen should normally be present, however, only at a 
low (but variable) concentration, and accordingly the 
outlook for orthodox cancer immunization appears to be 
poor. Experimente with animals give little enoourage- 
ment. Some succeas in this direction has been obtained 
-by Levi e£ al.**, but in their experiments the test system 
was an Ehrlich ascites tumour inoculated into 03H mioe. 
Despite af overall antigenic compatibility between the 
ascites tumour and the normal inbred 08H mice, small 
antigenic differences could account for the fact that anti- 
tumour serum obtained from inoculated mice produced 
some degree of passive immunization. This type of 
experiment with non-sutochthonous tumour inocula is, 
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however, largely irrelevant to the problem of immunira- 
tion against spontaneous tumours. Commenta of a similar 
nature have been made by Kaliss'*. . 

Several workersí5 have shown that “ .. . sarcomas 
induced in rats and mice by the polycyclic aromatic 
hydrocarbons are antigenio in the animal, and in the. 
inbred strain of origin'!". Furthermore, some degree of 
immunization against this form of chemically mduoed 
tumour can often be obtained. On the other hand, and 
significantly, the immunization procedures used have no 
detectable effect on the incidence of spontaneous sar- 
comas**. This evidence indicates that these chemical 
carcinogens affect not only the differentiation—mitosis 
control system but that they also form, or induce, 
cellular antigenic constituents that are not sssocated 
with the control lipo-protem. These antigens will be 
absent from spontaneous tumours, and immuniration 
therefore has no effect on the latter. 

In an attempt to immunize against spontaneous 
tumours, Hirsch and Iversen"! pre-treated inbred or 
back-cross C3H mice (free from the mammary tumour 
agent) with injections from stram-specific or strain- 
related mammary tumours of recent spontaneous origin. 
There was a significant reduction in the age at which 
spontaneous Mammary tumours appeared in the pre- 
treated mice. If the present view is correct—that spon- 
taneous tumours retain a low concentration df auto- 
antigenic control lipo-protein, then, pre-treatment should 
if anything slightly sensitize the host, thus producing a 
condition + is more likely to enhance, than to diminish, 
the malignant-transforming immune reaction between 
antibody and a&utoantigenio control lipo-protem in the 
carcinogenic oell. , 

It can be claimed that theory is in excellent accord 
with the evidence from cancer immunology. 

Does this mean, therefore, that at the outeet, attempts. 
at cancer immunization are doomed to failure! The 
orthodox approach has so far ved unrewarding, but 
there remains an untried, fundamentally opposite pro- 
oedure—the induction of acquired immune tolerance, or 
of immunological peralysis. 


Acquired Immune Tolerancá, Immunological Paralysis 
and Cancer Prophylaxis 


According to Green™, and to the present hypothesis, the 
malignant transformation of the carcinogenic cell fre- 
quently depends on an immune reaction between specific 
antibody (probably oell-borne*) and autoantigenic lipo- 
protein. It follows, therefore, that if this reaction could 
be prevented, the carcinogenic oell would remain ‘dormant’ 
and, viral or hormonal intervention apart, the latent 
period would be extended indefinitely. In other words, 
the tumour would never develop. In principle, this 
condition of non-reactivity could be induced through the 
phenomena of i nnmune tolerance or immuno- 
logical paralysis", The mechanism of immunological 
paralysis is obscure, and the practical diffloulty of admini- 
stering—and perhaps maintaining—a high concentration 
of cancer ific antigens would seem to be formidable. 
Equally, the induction of acquired immune tolerance 
may involve i ble difficulties, and the following 
procedures would be involved: 

(1) Identification and isolation of cancér-speciflc anti- 
gens. The major theoretical difficulty hero is that if 
mutations in the structural control gene are random, a 
wide range of alleles should reeult, with the consequent 
possibility that control lipo-proteins, of slightly different 
immunological specificities, will be synthesized in the 
carcinogenic cells of different individuals. Distinctive 
tissues may be expected to synthesize tissue-specific 
control proteins, although pedigree and immunological 
evidence already quoted indicates that closely similar 
antigens may be common to many types of tumour. 
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(2) Assuming that the problems of identification and 
isolation of cancer-specific antigens can be overcome, and 
that supplies of effective antigens can be made available, 
then to induce tolerance, their presence will be necessary 
at an adequate concentration in the immunologically 
developing organism. To human beings (though perhaps 
not in mice) this would almost certainly entail the formid 
ablo diffculty of introducing the antigens into the embryo 
or fostus via the maternal circulation and the placenta. 
The of antigen should prevent the formation of 
clones of antibody-producing cells, that, in the normal 
course of events, would react with the sutoantigenic 
control lipo-proteins in the immunologically mature 
organism™. 


(3) To maintain tolerance, antigens would need to be 
injected at regular intervals. 

The foregoing procedures could be very readily tested in 
mioe, although infection with types 1,.2 or 8 virus, or 
hormonal transformation of the carcinogenic cell, would 
defeat their purpose; unforjunately the relevance of such 

ures to man would appear to be rather remote. 
Nevertheless, the carcinogenic- (as opposed to the malig- 
nant-) cell with ite (theoretically) high concentration of 


logioal paralysis should prove to be impracticable, some 
method of blocking the immune attack on the carcinogenic 
ee ee cee of rendering it 
might still be devised. A better understandmg 
of the action of the complement system might assist the 
AS ce 

ible therapeutic measure of artificially supply- 
red postica a sufficient concentration of DF to 
abner pe cell in a tumour and its metastases 
honda Eo :contideced. However, the hypothetioal DF, 
or the ‘DF system’, would first need to be identified, and 
superficially, this form of therapy would appear to offer 
. Theoretically, prevention would seem to 

Peck. erotics sae Gee 
This article should not be concluded without some 
reference to the possible biological consequences of cancer 
elimination. Aocording to the hypothesis*. of the initis- 
tion-stage of i is, the equilibrium-level of 
mortality from pre-rygotio tumours is determined by the 
mutation frequency in germ cels (including certain 
chromosomal aberrations incurred at meiosis) and the 
selective mortality rate in genetic carriers before, and 
during, the reproductive phase. In the absence of any 
exploitation of ares practices, the elimination of 
cancers in early ould eventually lead to a great 
increase in the number of carriers of (normally) ‘carcmo- 
genic mutations’—unleas some additional unforeseen 
checks should arise. Provided anti-cancer measures were 


scrupulously maintained, this might be of little concern, 
but there is & risk that these mutant genes may cause 


as cancer, it should not be assumed automatically that its 
elimmation would be wholly beneficial. But this perhaps 
-is an anxiety we can bequeath to our doubtless more 
knowledgeable successors. 

A part of this work was performed during a one-year 
leave of absence at the Oak Ridge National Tabiratoty, 
Oak Ridge, Tennessee. 
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OBITUARIES 


Prof. T. S. Wheeler 


ALL who had ever met Thomas 8. Wheeler, professor 
of chemistry in University College, Dublin, will have been 
deeply grieved to hear of his sudden and unexpected 
death on December 13 within a few hours of having 
attended & meeting at the College of Pharmacy. His 
untimely passing at the age of sixty-three is a tragic 
logs to the University College where he was not only an 
outstanding scientist and administrator but also a personal 
friend respected by everyone who, in whatever capacity, 
worked or studied there. ; 

Although his work for the College over nearly eighteen 
years must remain unfinished, Prof. Wheeler has by his 
energy, his passion for progress, and his genius for inspir- 
ing others, much more than fulfilled his own modest 
ambition to leave the t better than he found it. 
It is much to be regretted that he has not lived to see the 
completion of the new chemistry de t, now under 
construction, to the ing of which he had devoted 
much time and thought. work for chemistry, for 
scientific education in Ireland and in other flelds will long 
be recalled. Not least will he be missed ‘by the Irish 
Government, which frequently sought his advice on prac- 
tical acientiflo problems, advice which he was uniquely 
able to give owing to his remarkably wide interests in 
science, combining as he did extensive knowledge and 
research interests in all branches of chemistry and even 
in physics and mathematics. Prof. Wheeler endeared 
himself to all by his understanding, his humour, and his 
felicity of phrase. 

Prof. Wheeler was born in Dublin in 1899. He was 
educated at O'Connell Schools and received a scho 
which enabled him in 1916 to proceed to the Roy 
Oollege of Science for Ireland, where he gained the asso- 
ciateahip in chemistry in 1920. He became for one year 
a demonstrator and research worker at the Royal Tech- 
nical College in Glaagow, where his work gamed him the 
external Ph.D. degree of the University of London. 
In 1923 he was appointed a research chemist at Woolwich 
Arsenal, and during 1928-31 was a senior chemist at 
the Winnington Research Laboratories of Imperial 
Chemical ustries, Ltd. i : 

Prof. Wheeler left industry in 1981 to become for seven 
years principal and professor- of organic chemistry at 
the Royal Institute of Science, Bombay, where he was 
active in building up flourishing schools of teaching and 
research and i & postgraduate. Department of 
Chemical Technology. He returned to Ireland in 1988 
as State chemist in charge of the State Laboratories, and 
was appointed to the chair of chemistry in University 
College, Dublin, in 1945. Prof. Wheeler was the author, 
or joint author, of some two hundred original papers, 
patents, articles, and bboks, on an extraordinarily wide 
range of topics, the largest single group being on the 
organic chemistry of flavonoids and related compounds. 
Prof. Wheeler gave freely of his time in the service of 
many important committees and his loes will be keenly 
felt not only in Ireland and Great Britain but also in 
India and the United States, where he had many warm 
personal contacts. He is survived by his wife, whom he 
married in 1926, a son and two daughters. W. BAKER 


. Dr. J. S. Greenhow 


Tum death of Dr. J. 8. Greenhow on November 8 at 
the early age of thirty-four has brought to an untimely 
end the career of a leading exponent of the study of the 
upper atmosphere by radar methods. In the span of 
twelve years he published nearly forty important research 
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papers, and for most of these he was either the sole author 
or the leader of the research. ` 

A graduate of the Univermty of Manchester, he began 
his research work at Jodrell Bank in the early years of 
meteor observations by radar methods. He became 
interested in the charactoristics of the meteoric ionization 
and the factors controlling the movement, diffusion and 
decay of the meteor trails. Observation of the motion of 
meteor trail echoes proved to be the best method for 
studying winds in these regions of the upper atmosphere. 
In this way, Dr. Greenhow obtained detailed information 
of wind speeds and directions, diurnal variations, turbu- 
lence and so on. Further knowledge of the conditions in 
the upper atmosphere came from the rates of decay of 
meteor echoes, and these were used to derive the atmo- 
spheric densities and temperatures. The initial stages of 
trail formation then attracted his attention, and he also 
studied how echo properties vary with the radar waye- 
length. E 

In 1960, Dr. Greenhow joined the Royal Radar Estab- 
lishment st Malvern. Here he made the first meteor 
observations obtained at a wave-l as short as 25 om. 
The resulta strikingly confirmed view he had ex- 
preesed previously, that a meteor trail has a isingly 
large initial radius, of the order of a metre. At the short 
wave-lengths, the trail also generally appears as only a 


short column of ionization close to tho meteor. More 
recently, he ‘has led the first British i to 
important 


mnveetigate upper atmosphere ionization by 
method, discovered in the United States, of 
the radio scattering by free electrons at the short wave- 


lengths which penetrate through the ionosphere. He. 


completed his last ‘paper, ‘The Electron Bos 
Cross Section in Inooherent Backscatter”, just before his 
last brief illnees. He had given no hint to his colleagues 
that for more than & year previously he had known that 
HA DUE not Bars long Wo liva. l 

All Dr. Greanhow's work was characterized by direct- 
ness of approach, elegance of experimental techniques, 
and clarity of analysis, so that valuable and interesting 
results followed from every investigation. He was ex- 
tremely capable in all stages of a research, from designing 
and constructing apparatus to the writing of the final 
report. He had a purposeful and stimulating enthusiasm 
which made him an inspirmg team leader. At the same 
time, he was modest and friendly, and he is greatly missed 
by his colleagues. He leaves a widow and a daughter. 

J. S. Hey 


` Mr. Herbert Womersley 


HxnBHRT WONWHRSLHY, a distinguished student of the 
taxonomy of the Acarina and primitive insects, died in 
Adelaide on October 14, 1962, at the age of seventy-three. 

He was born in Warrington, Lanoeahire, on April 10, 
1889, the son of amateur lepidopterist, Fred Womersley. 
He trained as an industrial chemist in soap and chemical 
man ializing in fuel economy and water 
softeners. In his youth he became an amateur entomo- 
logist with a leaning to microscopy, ing training from 
Arum Flatter 1 Mindhetes Ca oublie an early 
paper in Flatters’ journal, Ths Micrologist, on the use of 
terpineol. In 1914 he joined. the Royal Army Medical 
Corps, and later transferred to the Chemical Corps, 
Royal Engineers, in one of the British Gas Companies, 
seeing service on the Western Front. In 1917 he was 
transferred back to Great Britain in explosives manu- 
facture. In 1920 he moved from Warrington to Bristol 
as a departmental manager of Christopher Thomas and 
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Bros. soapworks. In Bristol he identified himself with 
local naturalists’ serving as president of Bristol 
Naturalists isty. ln his evenings and week-ends he 
studied the apterygote fauna of the south-west of England. 
In several years he established himself as an authority on 
the Collembola and Protura, initially under the guidance 
of J. M. Brown. 
- He worked with great industry and —habits that 
never left him—and soon collections of foreign material 
were sent to him for working up. He was elected as 
associate (hon. causa) to the Linnean Society. In 1980 he 
was able tb transfer to entomology in a professional 
capacity, as entomologist, Pasture and Field Pests 
Section, Council for Scientific and Industrial Research 
(now O.B.I.R.O.) stationed in Western Australia, his 
work having attracted the notice of Tillyard, then chief 
of the Division of Economic Entomology. Womersley’s 
task was to study cultural, chemical and biological 
methods of controllmg the lucerne flea (Collembola: 
Sminthurus viridis (L.)) and the red-legged earth mite 
(Halotydeus destructor (Tucker)), which were causing con- 
siderable damage. This work was done in collaboration 
with the Department of Agriculture, Western Australia. 
In the biological control field it was found that the 
bdellid mite Bisctrus lapidarius (Kramer) was an impor- 
tent predator on Sminthurus, and the resulta were con- 
sidered promising enough for lots of this mite to be 
transhipped by air to various Australian localities in an 
effort to establish them locally. 

In 1933 Womersley was appointed to the South Aus- 
tralian Museum as entomologist, on the death of Arthur 
M. Lee. Here he found his most important role, that of 


a descriptive texonomist, with a virtually unworked 
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continent before him. Initially he continued his earlier 
studies on the A - these culminating in his 
monograph, The Primitive Insects of South Australia 
(1939), which, in fact, monographed the whole of the 
Australian fauna. 


Afterwards, he gradually changed to the Acarina, and 
within a few years was virtually ied by the vast. 
number of new mites requiring classification and descrip- 
tion. His magnum opus was his monograph of the Trom- 
biculidae of the Oriental and Australian regions (1952), 
which ran to 678 pages. hee rub phun ey and ae 
itch mites had assumed importance ge ae 
World War, and immense collections 
d Ru aunt. ee a TOR AUS. 
wards, as teams of workers concentrated on this subject 
in Malaya, New Guinee, India, China and Japan. 

Womersley retired as entomologisb in the South Ausg- 
tralian Museum in 1954, but was immediately appointed 
&oarologist, a salaried position created for him. The 
reference collection of mites he built up there is one of 
the great reference collections of the world. Hoe retired 
from this position at the age of seventy, in 1959, but 
continued his work with zest, although by then dogged 
by increasing ill-health. However, his enthusiasm never 
waned, and he was workmg on the mites until a fortnight 
before his death. 

He identified himself with naturalists’ organizations 
both in Engiand and Australia, taking an important part 
in wild-life conservation. A former president of the Royal 
Bociety of South Australia, he was awarded the Veroo 
Modal for his achievements in biology in 1943, and in 
1962 was made an Honorary Fellow. 

R. V. SourHoorr 
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Blology In the SNL of East Anglla : 
r. J. A. Kitching, O.B.E., F.R.S. 


‘Dr. J. A. Kronna, whose appointment to & chair of 
biology in the University of East Anglia has just been 
announced, has been reader in zoology at Bristol since 
1949, and was first appointed there sa lecturer in 1988. 
From 1989 until 1045 he went first as a Research Fellow 
to Princeton and, with the outbreak of War, to Canada, 
where he worked on protective clothing for aircrew and 
served as secretary to the National Research Council’s 
Committee on Aviation Medicine. A graduate of Trinity 
College, Cambridge, he is best known for his classical 
work on the oamoregulatory function of the contractile 
vacuole in Protozoa; he has also contributed to investi- 
gations on ciliary movement and on the physiology of 
Buotorig, where his interest in the tel effects of 
Mig nrdpateuo Deco ab clave A MEA ack 
He has also made substantial contributions to marine 
ecology, recently as leader of an annual group of soientiste 
‘and studenta investigating the hydrography, fauna and 
flora of Lough Ine, in south-west Ireland. In Bristol he 
played & leading part im the establishment of the Joint 
School of Biological Chemistry under the late Prof. W. E. 
Garner, and served as the secretary of ite first Board of 
Studies. With Profs. T. A. Bennet-Clark and J. Damty, 
the University of East Anglia has thus established an 
outstanding team to head its new School of Biological 
Sciences. 


Chalr of Transport at lImperlal College of Sclence 
and Technology: Prof. C. D. Buchanan 


At the outbreak of the Second World War, the pert- 
time Maybury chair of highway engineering lapsed with 
the retirement of Prof. R. G. Clements. The small 
graduate school started by him has continued studying 


problems mainly allied to the needs of lesser-developed 
countries. The increasing national need for traffic engin- 
eermg and long-term planning in urban and highway 
developments demands detailed exammation and research. 
The College’s new civil engineering building will enable 
the Department to undertake this work and to direct 
proper attention to the wider study of the complex social 
and ing problems of modern transportation. Mr. 
O. D. Buchanan, at present urban road traffic adviser to 
the Mmistry of Transport, has been appointed to a newly 
established chair of transport tenable at the College as 
. Mr. Buchanan, an old student of the 
College, has held many distinguished posta in the Ministry 
of Transport and of Housing and Local Government. The 
appointment of Mr. Buchanan, who has a recognized 
profeasional reputation in this fleld, with qualifications m 
town planning and architecture as well as civil enginoering, 
will enable detailed attention to be peid to long-term 
planning in urban and highway development. 
The Institute for Operational Research 

Tua Operational Research Booiety and the Tavistock 
Institute of Human Relations have concluded negotiations 
for the establishment of an Institute for Oporational 
Research as a non-profit-making body. This new In- 
stitute, of which Mr. W. N. Jessop will be the director, 
will be set up within the framework of the Tavistock 
Institute. The Operational Research Society is a scientific 
body which does not iteelf engage in project work. The 
Tavistock Institute consists of a linked group of active 
research unite—so far, the range has covered sociology, 
social psychology and medioal psychology, and it will 
now be extended to include operational research. Hach 
unit has a high degree of autonomy and the new Institute 
will be free to develop its own programme and aseooi&- 
tions, both within and outaide the Tavistock Institute. 
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The Operational Research Society is associated with the 
new Institute through representation on the Tavistock 
Oouncil and thrqugh a special Advisory Panel with Sir 
Charles Goodeve as chairman. The aims of the new 
Institute are to extend the application of operational 


into closer relationshi 
carry out fondamantal 


economic policy where decisions in one aree affect those 
in another. The Institute will keep closely in touch with 
ups in industry. Mr. 
Jessop, who is a member of the Council of the Operational 
Research Society, is a graduate of the Imperial College of 
Science and Technology, a mathematician and statistician, 
and has been concerned with industrial operational 
research since 1048. He is at present in charge of opera- 
tional research in Courtaulds, Ltd., and takes up his new 
appointment on May 1. 


The Whiting and Industrial Powders Research Councll 


Aw Industrial Powders Division has bean added to the 
Research unoil of the British Whiting Federation, now 
si. loma | 


particlo size analysis aro already under investigation. A 
ibli hy of particle size analysis, an asmisted trans- 
, and the creation of a 


Survey of Audio-visual Alds In Teaching and Research 


IN a written answer in the House of Commons on 
March 1, the Financial Secretary to tho Treasury, Mr. A. 
Barber, stated that the University Grants Committee, 
the Mini of Education and the -Séottish Education 
Department, with the approval of the Treasury, had set 
up & joint committes, with Dr. Brynmor Jones as chair- 
man, to survey the present-day use of audio-visual aids 
in teaching and research in the pure and applied sciences 
in Britain. This would take into account their use in 
similar flelds in institutions of higher education in selected 
countries overseas, to assess their potential usefulness and 
possible lines of development in Great Britain. Here 
‘applied science’ includes medicine, dentistry, agriculture 
and veterinary science. The other members of the com- 
mittee are: Mr. G. Barclay, Prof. W. M. Humphrey 
Davis, Prof. A. L. d’Abreu, Mr. D. J. Johnston, Prof. H. 
Lipson, Prof. E. W. Parkes, Mr. C. W. Tonkin and 
Prof. 0. M. Yonge. 


Nuclear Power for Peaceful Purposes 
lw written answers in the House of Commons on 
February 26, the Parliamentary Secretary for Science, 
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Mr. D. Freeth, stated that the advanoed led 
reactor waa now exporting electricity to the grid at tho 
design net power output of 28 MW (E), and tho present 
view of the Atomic Energy Authority as to the economio 
projecta of this system was that given in their eighth 
annual report. . The problems of ing the Dounreay 
fast reactor at power levels up to 30 MW wore overcome 
last year and the reactor had been operating at this level 
since October 1962. The stability of the reactor during 
operation, in particular, had been shown to be satis- 
factory, but much work remained to be done on developing 
large power-producing fast reactors, particularly in the 
fleld of fuel elementa. 

In a written answer in the House of Commons on 
March 5, the Parliamentary for Science, Mr. 
D. Freeth, stated that hitherto the Atomio Energy 
Authority development of thermal reactors had been 
concentrated on the gas-cooled graphite moderated 
Teactors, and power stations built in Britain were of this 
type—the advanced gas-oooled reactor at Windscale being 
an advanced version of the same system. For some time 
the Minister for Science and the Atomic Energy Authority 
had been concerned about the narrow technical base on 
which Britain’s reactor development rested, and close 
touch had been kept with developments abroad on various 
water-moderated reactors. For some five years tho 
Authority had intensively studied such reactors to evolye 
& deeign offering good neutron economy and low capital 
costs and the steam-generating heavy-water type reactor 
was the outcome of these studios. This reactor, with 
boiling light-water coolant and & potential capacity for 
superheating the steam, utilixed preasure tubes as distinct 
from the pressure vessels of the gas-cooled graphite 
reactors. For the past two years a design and research 
and development programme had been undertaken to 
ensure that feasibility and design problems could be 
solved. Mr. Freeth was confident that this type showed 
promise as an advanced water reactor and would suffici- 
ently broaden the basis of reactor technology in Britain. 
There had been close collaboration and agreement with 
the nuclear consortia in the assessment and design of 
this reactor and the capital cost of the authorized proto- 
type wes £16 million, including the cost of built-in 
experimental facilities and a contingency against umoer- 
tainties in estimating. 

Besides ita joint programme with the Belgonuolóeire 
and other Belgian firms for the Vulcain nuclear marine 
reactor (see Nature, 197, 650; 1903)—the costa of which, 
shared equally, were confidential—the Atomio Energy 
Authority was participating with the European Nuclear 
Energy Authority in the Dragon high-temperature gas- 
cooled reactors in the United Kingdom (current annual 
expenditure, £4-9 million) and the Maldon boiling-water 
reactor in Norway (current annual diture, £550,000). 
The total cost to December 21, 1962, of these projecta was 
£10-2 million and £2-25 million, respectively; about £4:5 
million of the former figure was from the United Kingdom ` 
Construction of the Teactor was well advanced 
and fuel should be loaded within the next twelve months. 


written answer on February 27 regarding research into 
protective shielding of nuclear-powered shrpa, Mr. Freeth 


barriers, which absorbed the energy of the striking ship. 
were the subject of experimental work at the Naval 
Construction Research Establishment. Designs were also 
being prepared to ensure the reactor did not suffer damage 
if the ship grounded. Nuclear shielding against ionizing 
radiation followed the principles and methods adopted 
for land-based stations, but & special study had been 
commissioned to adapt these to the ship. 
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The Overseas Service Ald Scheme 


IN a written answer in the House of Commons on March 
5, the Socretary for Technical Co-operation, Mr. D. Vosper, 
gave the total number of teachers and other educational 
staff subsidized under the Overseas Service Aid Scheme 
at December 1, 1962, as 1,607, compared with 1,025 m 
June 1960, mostly in Kast and Central Africa. Of returns 
to the National Council for the Supply of Teachers 
Overseas from United Kingdom, employers for the school 
year 1961-62 notified 659 British teachers (121 officially 
geconded) as leaving for posta in Commonwealth countries 
and territories excluding Canada, Australia and Now 
Zealand, in which a further 468 took up posta. On March 
1, the Secretary of State for Scotland, Mr. M. A. C. Noble, 
stated that returns for the two years to August 31, 1002, 
showed that 180 Scottish teachers went to posts in 
developing countries in the Commonwealth, 8 on second- 
ment, and 15 others were seconded to posta which did 
nob oome within the official arrangements. Aocording to 
a written answer from tho Minister of Education, Sir 
Edward Boyle, on March 7, 1,282 Commonwealth teachers 
from overseas aro receiving teacher training in the United 
Kingdom. / 

Support for Medical Research In Britain 


IN & written answer in the House of Commons on 
February 26, the Parliamentary Secretary for Science, 
Mr. D. Freeth, stated that the Medical Research Council 
had entered into an agreement with the National Research 
Development Corporation and three pharmaceutical firms 
for a programme of collaborative research on the pro- 
duction of & common oold vaccine. Reoent work at the 
Common Cold Research Unit maintamed by the Council 
and the Ministry of Health had shown that antibody 
production oould be stimulated by the injection of par- 
ticular cold viruses, but further work would.be required 
to discover whether such injections protected against 
colds. The work formed part of a broader programme of 
virological research supported by the Council and pro- 
grees ded on n aderito MPPIY of volunteers to 
test the efficiency of the vaccine. a further written 
answer, Mr. Freoth stated that a generous response had 
been received to an appeal made by Mr. W. J. Dempster, 
reader in imental at Hammersmith Hospital 
Postgraduate Modical School, for funds for work in oon- 
nexion with the development of kidney grafting. Mr. 

's work had reoeived continuous support from 
tho Medical Research Council since 1950, but when, in 
accordance with arrangements between the Research 
Councils and the University Grante i the 
Council wrote to all universities in November 1960 
inquiring whether they would be willing to include in 
their estimates for the 1962-67 quinquennium provision 
for research projecte hitherto financed by the Council 
this project was not accorded sufficient priority by the 
Medical School to qualify for support within the funds 
available. The Postgraduate Medical School, however, 
had already been informed by the Council that if they 
received insufficient funds for the 1962-87 quinquennium 
to maintain all the useful projecte which they wished to 
take over, the Council would be pleased to discuss any 
such projecte with them. In accordance with the usual 
practice, a reminder had been sent to Mr. Dempster three 
months before the expiry of his grant inviting him, if he 
go wished, to submit a report in application for a renewal 
of grant, and Mr. Dempster made his ap the day 
after the Council's reminder was posted. has since 
nce he does not require further support from the 

uno 


New Technique for preparing Lasers 


SEMICONDUCTOR lasers have been produced during the 
<past few months by a number of research organizations, 
meluding Services Electronics Research Laboratories, 
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Baldock, and Standard Telecommunication Laboratories, 
Ltd, Harlow, in the United Kingdom. The method used 
by Standard Telecommunication Laboratories, Ltd., Har- 
low, for making gallium i i 


preesure along accurately aligned axes with a hard stylus. 
If the original 


nearly perfect, parallel faces without difficulty. The laser 
is completed by adding suitable electrodes and mounting 
on a beat sink. The new process results in good and 
well-finished surfaces without the usual lapping and 
polishing operations, and the laser dice are extremely 
thin, and have, therefore, excellent thermal condustion 
properties. Lasers, with the high standard of perfection 
of their optical flats produced in this way, have been found 
to emit light having excellent spatial and polarization 
coherence. . 


The American Museum of Natural History 


WrrH funds which, based on British standarda, are 
large, the American Museum of Natural History is the 
envy of many in the museum world. The ninety-third 
annual report (1961-62) contains abundant proof of tho 
forward look in museum presentation with exhibita of 
Mon in Space and Dating the Past with Atoms (Pp. 85. 
New York: American Museum of Natural History, 1962). 
Combined, these exhibita cover & vast rango of time and 
indicate the rapid pace of progress in acience. 
the Museum is best known for exhibita inside the building 
the institution goes out in many ways to the publio. The 
Museum programmo "Journey into Nature", now in ite 
third yeer, is broadoest every Sunday morning and its 
long-established extension servioe to schools, colleges. 
libraries, hoepítels and children’s museums makes heavy 
demands on the Department of Education for circulating 


The Natlonal Art Gallery and Dominion Museum, 
Wellington 


Tzu annual report of the National Art Gallery and 
Dominion Museum in Wellington, New Zealand, for tho 
year ended March 1962 records many bequests and 
gifte (Pp. 24. H. 21. Wellington: Government Printer, 
1962). Particular mention should be made of a valuablo 
cash bequest by the late Mrs. Mary Molauchlan to 
provide a fund to help young New Zealand artists. Loana 
of pictures have bean made to other galleries, and the 
Prime Minister’s suite in Parliament buildmgs. There 
has been a recent upsurge of interest in systematics of 
New Zealand organisms and it is pleasing to note that 
there is a growing tendency for workers in natural history 
to donate type material of new species to the Museum. 


The Coryndon Memorial Museum, Nalrob! 


THs annual report for 1961-62 of the Trustees of the 
Coryndon Memorial Museum indicates that this institu- 
tion oontinues to make under the energetic 
curatorship of Dr. L. 8. B. Toakey (Pp. 84. Nairobi: 

don Memorial Museum, 1962). In order to devote 
himself to field work at Olduvai and elsewhere Dr. Leakey 
reaigned the curatorship in June 1961 and was oe 
honorary curator. During the study of the fossil Bovidae 
Dr. Leakey found that the living African Bovidae were 
in & great taxonomic muddle and, in consultation with 
living world authorities, started a re-examination of tho 
African species. The study was based on skulls and 
skeletons and not only on the skins. A two-woeks safari 
to Bwamba Forest in Western Uganda added much 
valuable entomological material to the collections. 
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Gem Dlamonds : Lecture Course and Certificate 
A COURSE has been running this seasion at the Co 

of Arta and Crafta, i pe in the School kober 
and Silversmithing, on “ Diamonds”. This course, 
tho first of its kind to bo established m Europe, is restricted 
to qualifled Fellows of the Gemmological Association of 
Greet Britain. Extending over thirty-five sessions, it is 
being given by Mr. N. Harper. .The comprehensive 
syllabus covers crystallography, geological occurrence and 
genesis, mining and marketing, cutting, polishing, syn- 
thetios, ete. The course is both theoretical and practical, 
and those taking it will handle both rough diamonds and 
out gem-stones. Organized by the Gemmological Associa- 
tion, those Fellows who complete the course aro invited 
to take an examination and, if successful, will be awarded 
a ‘Diamond certificate’. "Prof. S. Tolanaky, Royal Hollo- 
way College, London, has agreed to act as examiner and 
wil seb and mark the theoretical papers.. The practical 
. examination will be conducted by I. Balfour, of tho 
London office of De Beers. Tho course is now in full 
swing and about a dozen Fellows of the Gemmological 
Association are expected to sit for the first certificate 
examination on June 5. Further information concerning 
the course can be obtained from the Gemmological 
Association of Great Britain, 2-4 Cary Lane, London, 
E.C.2. 


Courses In Technology 


Facurrtss for advanced courses in technology have 
greatly improved during recent years but these facilities 
are not generally as well known as they deserve. The 
publication of a Bulletin of Special Courses in Higher 
Technology by the London and Home Counties Regional 
Advisory Council for Technological Education is therefore 
welcome and meets a real need. The Bulletin is published 
in two parte: Part 1, issued in July, gives detaila of 
advanced courses held in the autumn term, and Part 2, 
published in December, contains information about 
similar courses held in the spring and summer terms (Pp. 
97. London: London and Home ‘Counties Regional 
Advisory Oounoul for Technological Education. 3s. 6d., 
1962). The currant Bulletin provides particulars of more 
than 800 part-time (usually evening) courses and nearly 
& hundred full-time courses (of less than three-month 
duration), the subjecta ranging from Boolean algebra and 
technical writing to photoelasticity and ultrasonics. To 
illustrate the wide range of classes available to prospective 
studente in the area, the following have been picked at 
random from the Bulletin: transistor theory, high-vacuum 
techniques, nuclear engineering, metrology, mathematical 
aids to management, the interpretation of air photographs 
and trade with Japan. i 


University News : Birmingham 

De. J. WALKER, at present reader in reactor physica, 
has been appomted to the newly established chair of 
applied nuclear science in the Department of Physica 
from April 1. Titles of reader have been conferred on 
Dr. V. G. Welsby (electrical engmeering) and Dr. J. 
Hardwicke (experimental pathology). Dr. H. Thompson 
has been appointed senior lecturer in the Department of 
‘Pathology. The following appointments have also been 
announced: Lecturer, Dr. 8. Garber (industrial metal- 
I ); Dr. I. J. Maddix (pure mathematics). Research 
Fellow, Dr. L. A. Biran (Imperial Chemical Industries 
Research Fellow in the Department of Medical Buo- 
chemistry and Pharmacology); H. G. Olarke (Senior 
Research Fellow in the Department of Neurosurgery); 
Dr. O. J. Fagbemi (Imperial Chemical Industries Research 
Fellow in the Department of Mechanical Engineering); 
Dr. J. Kbilson (pure mathematics). 


2 


London 


Mz. A. V. BRADSHAW, reader in extraction 
at the Imperial College of Science and Technology, has been 
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appointed to the chair of applied metallurgy tenable at that 
College. Dr. R. E. Burge, reader in biophynios ab King’s 
College, has been appointed to the chair of physics tenable 
at Queen Elizabeth College. Dr. E. M. Crook, reader ın 
biochemistry at University College, has been appointed 
to & chair of biochemistry tenable at St. Bartholomew's 
Hospital ‘Medical College. Mr. B. R. Jones, senior lecturer 
at the Institute of Ophthalmology, has bean appointed to 
the char of clinical ophthalmology tenable at the Insti- 
tate. Dr. E. 8. Perkins, reader in ophthalmology at tho 
Institute of Ophthalmology, has been appointed to the 
Semble chair of experimental ophthalmology tenable at 
the Institute. Dr. 8. J. Wyard has been appointed to the 
readership in physics tonable at Guy's Hospital Medical 
School, and Mr. H. 8. Smith, Fellow of Christ’s College, 
Cambridge, has been appointed to the readership in 
Egyptian archmology tenable at University College. 
Titles of reader have been conferred on: Dr. R. Nieder- 
gerke (biophysics) in respect of his post at University 
College; Dr. B. R. Oolee (physics) in respect of his post 
at the Imperial College of Science and Technology; Dr. 
J. 8. Wilkie (history and philosophy of science) in respect 
of his ‘post at University College. 


Announcements 


Ds. B. R. Nijhawan, director, National Metallurgical 
Laboratory, Jamshedpur (India), has been elected an 
honorary vice-president of the Iron and Steel Institute, 
London, st the international symposium on “Iron and 
S*eelmaking', recently held ın Jamshedpur (India) and- 
jointly organized by the National Metallurgical Labor- 
atory and the Indian Institute of Metals in collaboration 
with the Iron and Steel Institute. Dr. Nijhawan has also 
been elected vice-president of the Mining, Geological and 
Metallurgical Institute of India. 


Tam following appointments to the Board of Bristol 
Siddeley Whittle Tools, Ltd., have been made: Sir Arnold 
Hall (chairman), Air Commodore Sir Frank Whittle 
(deputy chairman), Mr. H. Ballantyne, Mr. B. Davidson, 


- Dr. B. G. Hooker and Mr. 8. W. Mansell. 


Tux third international conference on ‘The Méesbauer 
Effect” will be held at the Laboratory of Atomio and 
Solid State Physics, Cornell University, durmg September 
4-7. Further information can be obtained from A. J. 


‘Bearden, Laboratory of Atomic and Solid State Physics, 


Cornell University, Ithaca, New York. 


A SYMPOSIUM on ‘Chemical Process Hazards with 
special reference to Plant ", organized by the 
Institution of Chemical Engineers (North Western Branch), 
will be held at the Manchester College of Science and 
Technology during April 2-4. Further mformation can 
be obtained from X. V. Bailey, 2 Finney Drive, Wilmslow, 
Cheshire. 


AN international conference on “Plant Tissue Culture”, 
sponsored by the North Atlantic Treaty ization 
and other agencies, will be held at the Pennsylvania State 
University during May 28-June 1. The programme will 
cover the problems of nutrition, metabolism, morpho- 
genesis, cytology, genetics and NE Further 
information can be obtained from F. Wally Lester, 
Continuing Education Conference Center, Pennsylvania 
State University, University Park, Pennsylvania. 


Tua 1968 conference of the Institute of Metal Finishing 
will be held in Edinburgh during April 30-May 4. The 
programme will include the following technical sessions: 
aluminium coatings and anodized aluminium; internal 
stress in eleotrodeposite; niokel and chromium coatings; 
discussion forum on metallic coatings; organic coatings; 
discussion forum on organic coatings; miscellaneous 
electrolytic processes. Further information can be 
obtained from the Oonference Secretary, Institute of 


. Metal Finishing, 82 Great Ormond Street, London, W.C.1. 
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RADIOBIOLOGICAL INSTITUTE OF THE ORGANIZATION FOR HEALTH 
| RESEARCH TNO, HOLLAND 


N October 28, 1962, the new laboratory building of 

the Radiobiological Institute at Rijswijk, Holland, 
was formally opened by the Minister of Social Affairs and 
Public Health, Dr. G. M. J. Veldkamp. This ceramony 
marked the completion of the new facilities of the 
Institute, which was founded in 1956. Besides the, main 
laboratory building (Fig. 1) there are three animal 
pavilions for the mouse colony, for an SPF-rat colony 
and for a monkey colony and a seperate building housing 
the workshop and a confergnoe room. 

The Institute, which is under the direction of Dr. 
D. W. van Bekkum, has a broad research programme in 
the fleld of somatic radiation effecta and their modifica- 
tion. Radiation, damage to the living cell is investigated 
by means of biochemical and histological techniques, 
using not only tissues from animals exposed to radiation 
but also simpler systems such as mammalian cells oul- 
tured in vitro. For biochemical and biophysical investi- 
gation, cloning techniques as well as suspension cultures 
provide large quantities of cells. The reaction patterns 
of these cell populations in i to radiations of 
different ionization density give a clue to the fundamental 
processes involved in oellular radiation damage. In 
addition, these investigations are expected to provide & 
theoretical besis for & more rational X-ray therapy of 
tumours. In order to verify the patterns observed $n vitro 
under various conditions $n vivo, parallel investigations 
are carried out with transplantable tumours in experi- 
mental animals. 


— . 


pr 
po^ acsi. ae 





One of the functions of the Institute is to promote the 
clinical application of data obtained from experimental 
radiobiological research. Co-operation has been estab- 
lished with the Rotterdam Radiotherapeutical Institute 
and a radiologist is working under the joint auspices of 
the two Institutes on subjecta of direct practical interest. 

‘A second major field of study is the prevention and 
treatment of radiation disease in which bone.marrow 
transplantation in monkeys at present plays an important 
part. In addition, various immunological problems are 
being examined which are directly related to phenomena 
obeerved after transplantation of bone marrow. These 
more fundamental investigations are usually carried out 
with rata and mice. Clinical work on these problems 18 
not performed at the Institute, but one of the staff 
members has a formal affiliation with the University 
Hospital at Leyden to organize and direct clinical studies 
in the field of bone marrow transplantation. 

A third group of investigations concerns the toxio 
effecta of radioactive isotopes. In recent years, emphasis 
has been laid primarily on the late effecta of strontium-90 
contamination in mice and the evaluation of various 


methods of treatment. The present new facilities permit ~ 


an appreciable expansion of this work, both with respect 
to an increase in the number of experimental animals 
and the inolusion of other isotopes. 

.For some time the Radiobiological Institute has also 
carried out low-level determinations of radioactive isotopes 
in various biological products, but whenever these 


Fig. 1. Laboratory building of the Radiobiologieal Institute TNO, Rijswijk. Holland 
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determinations have become a routine they have been, 
taken over by other groupe. - 
Tho Institute is well equipped with a variety of modern 
nistrumwente and apparatus for biochemical and, bio- 
physical work. In addition, the radiobiological mvesti- 
gations require two special kinds of facilities, namely, 
radiation sources and experimental animals of very high 
quality. The Radiobiological Institute has at ita disposal, 
besides RA x and f-sources, a 200-0. osmium-197 
Y-80urce for onged radiation of experimental animals 
and & 250-kV Maitron X-ray unit with circular beam 
used for short-term radiation. The special tube with 
which this apparatus is i makes it possible to 
irradiate a number of large animals simultaneoualy. 
_ Lastly, a neutron generator is in use for measurements 
in the fleld of neutron dosimetry, and with this machine 
small biological objects such as cultured cells or small 
numbers of mice can be irradiated with neutrons. Co- 
ee has been ostablished with the Reactor Centre 
of the Netherlands at Petten, which will make it posible 
to expose larger experimental animals to fission neutrons. 
The laboratory has four designed rooms for 
biological work with higher levels of radioactive isotopes 
hoe installations for the removal of airborne and fluid 
In the Institute an attempt is made to maintain un- 
usually high standards of th in the experimental 
animals used for radiobiological research. This policy, in 
which & great deal of effort and resources is involved, is 
followed for two reasons. In the first place, in many 
experiments the animals are exposed to total-body 
irradiation which greatly reduces their resistance to 
infection. When pathogenic micro-organisms are present 
even without causing manifest disease symptoms, there 
is a risk that the animals will develop the disease after 
irradiation. The consequent mortality will often prevent 
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the successful conclusion of experiments. In the second 

, & very prolonged observation period is required 
or the mvestigation of the so-called late effecta of radia- 
tion and of isotope intoxication. These long-term experi- 
mente usually extend over the entire life-time of the 
animal. In the past, the health of the ordinary laboratory 
animals (conventional animals) often was so poor that 
most of them died of specific diseases at ‘middle-age’ or 
earlier, even without being exposed to other injurious 
factors. " 
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The opinion held at the Radiobiological Institute is 
that long-term experimente with insufficiently selected 
animals will result only in loss of time and money. A 
start was therefore made some years ago, in o0-operation 
with the Medical Biological Laboratory RVO-TNO, on & 
programme of far-reaching sanitation of the animal 
colonies. The procedure was based on Cesarean-delivered, 
hand-fed young animals raised under strict isolation. 
The hand-feeding has now been abandoned since gnoto- 
biotic animals are available for foster-nursing. The 
experience obtained so far has led to a modified approach 
—which is at present being pursued—namely, a multiple- 
step system for the production of satisfactory animals. 
These steps range from heavily protected gnotobiotic 
animals, via specific pathogen-free stoeks to lightly pro- 
tected production unita. In cases of infection or other 
disorders in the production colonies, supplementation 
and, if necessary, total replacement can be made with 
animals from the next higher step. This project receives 
financial support from Euratom, and one of its objectives 
is to determine what grade of sanitation is optimal for 
the various kinds of radiobiological work. 

The staff of the Institute includes, in addition to 
two physicists and two biochemisia, seven medical 
graduates with training in different flelds. 

i L. M. van PUTTEN 


THE CARNEGIE INSTITUTION OF WASHINGTON 


EAR BOOK No. 61* of the Carnegie Institution of 
Washington, covering the year ended June 80, 1962, 
and including tho reports of the President, the Mount 
Wilson and Palomar Observatories, tho yaical 
Laboratory, the Committee on Image Tubes for Micro- 
scopes, and the Departments of Terrestrial Magnetiem, 
Plant Biology, Embryology, and of Genetics, marks the 
sixtieth anniversary of the Institution. The Institution’s 
budget is now more than 2-8 million dollars, all of which 
is spent on six operating departments, whereas in 1905 
the budget was less than 600,000 dollars, of which 802,000 
dollars went to ten de about half of this being 
for the Solar Observatory on Mount Wilson, then under 
construction. Some 180,000 dollars were distributed in 
grants and nearly 30,000 dollars on subsidizing publica- 
tions. 

Experimente on maize had already begun, as had 
oytological research on Drosophila, and the Department 
of Genetics is still finding these lines of investigation 
productive. During the year, Dr. Barbara MoClintock 
confirmed the hypothesis that there is a high probability 
that genio control systems in maize and bacteria ach m 
similar fashion. In the meantime, the group working on 
the application of cytology to genetics found that direct 
chromosomal breakage occurs in T'radescanisa root tips in 
presence of &bromodeoxyuridine, which acta by modifiyt 
the base sequences in nucleic acid rather than the phos- 
phate-sugar helixes attacked by deoxyribonuclease, and 
that Golgi bodies, one of the types of cytoplasmic organ- 
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elle, exhibit different forms m the progression of micro- 
sporogenesis in Tradsscantia. The t has also 
established the molecular weight of the deoxyribonucleic 
acid of a bacteriophage known as T6 by first establishmg 
an ingenious pair of scales by analysing the deoxyribo- 
nucleic acid fragmenta of another phage (72), and has 
found that the molecular characteristics of the deoxyribo- 
nucleic acid of phage lambda differ remarkably from those 
of other deoxyribonucleic acids, possessmg a broad range 
of denaturation temperatures. The Department is now 
being terminated as a separate administrative unit and 
staff remaining in the Genetics Research Unit will co- 
Mae with the new Laboratory of Quantitetive Biology 
ich is being organized. 

In the Department of Plant Biology attention is still 
directed on the functions of chlorophyll and the accessory 
pigments in photosyntheais in which it has been interested 
since 1911. The persistence of the chamioally unidentifled 
material previously formed by illumination of chlorophyll 
a has been measured, and by measuring oxygen 
of Swiss chard chloroplasts four separate effecta of light, 
each with ita characteristic action spectrum, have been 
distinguished. Using the new technique of electron para- . 
magnetic resonance, two distinctly different light-induced 
resonances have been observed, and it is concluded that 
the rapid-decaying signal, seen only when oells are 
illuminated, is associated with chlorophyll and arises 
from the ‘primary’ act of photosynthesis. Any mhibition 
of oxygen evolution, as by 38-(3’ : 4’-dichlorophenyl)- : 
1 : 1-dimethyl urea, or by limiting the manganese—ion 
concentration in the growing medium, produces an en- 
hanced rapid-decaymg signal. Moreover, besides the 
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ovidenoe that chlorophyll is the source of ono type of free 

electrons in an intact photosynthetic organism and that 

p inone is the site of another type, the two types 

of signal have been correlated with the evolution of 

photosynthetic oxygen. Some particularly interesting 

.atudies of the photosynthetic rates of six races of Mimulus 
; : 
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in diverse climates and altitudes indicated 
that olimatio racea within the same species may show 
differential patterns of response linked with variations m 
internal physiology. 

The Department of Terrestrial Magnetism, in whioh the 
emphasis of the programme has markedly changed from 

years, apart from studies of the intensity of the 
charged particles in the Van Allen trapped-radiation belt 
(as recorded during tho transits of satellite Explorer VII 
through the belt between 1959 and 1960), was concerned 
with the application of physical techniques to a wide 
range of geophysical and biological problems. Usmg a 
simple and effective new , 1t has been demon- 
strated that the deoxyribonucleic acid-like ribonucleic 
acid comprises about 1 per cent of the total ribonucleic 
acid of bacterial cells, and that it has & half-life during 
active synthesis of about 2 min. If this ribonucleic acid is, 
in fact, the template for protein synthesis, a single mole- 
cule acta catalytically for the synthesis of many poly- 
peptide chains. The method can also be used to exploit 
the specificity in the hybridization process, which depends 
on long regions of complementary nucleotide sequences in 
molecules of ribonucleic acid and deoxyribonucleic acid 
and it can also be used in studies of the transcription of 
genetic information and of differentiation. 

With support of the National Science Foundation, the 
Department is establishing a new Carnegie Radio Astron- 
omy Station in Argentina, and it is also constructing an 
interferometer array from parabolic diak antennm to obtain 
Precise positions of radio-noise sources in the sky 
During the period covered by the report, the observational 
programme in radio astronomy continued and observa- 
tions of the hydrogen gas content at the centre of our 
Galaxy confirmed that the motions of hydro close to 
the Galactic centre are complex and that the hydrogen 
gas is expanding as well as rotating. A major co-operative 
project of the Seismio Studies Group was an intensive 
study of the Earth's crust in Maine which demonstrated 
the very real limitations imposed on our ability to learn 
about crustal ‘layers’ by the customary methods of 
explosion seismology, and ita findings postulate appreci- 
ably less granitic material than is customarily thought to 
be in a continental crust. The Group concerned with 
the radioactive dating of rocks participated in an exchange 
with the Geological and Mineralogical Institute of the 
University of Kyoto and has compiled a new map of age- 
distribution in crystalline basement rocks of North 
America. The Department is also associated with the work 
of the Committee on Image Tubes for Telescopes which 
has now reached a stage when a real gain in research 
DE over the vee Photographio plates is just beginning 

fealized means of convenient 

Rey y i (and permanent) 
_ The Geophysical Laboratory focused much of its work 
in experimental petrology during the year on pyroxene 
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the presence of Sir Roy Cameron, of U 


mS 


NATURE 


1159 


minerals and the study of phase equilibria at higher 
pressures. Additional imental date for constructing 
concepts of the Earth’s mantle and crust are being ob- 
tained from an examination of the molting relations of 
silicates at high pressurea. Much effort was expended on 
studies of the mineralogy of meteorites, and new investi- 
gations in organio geochemistry included analysis of 
ian carbonaceous materials. Fatty acids were 
isolated from rooks as old as 600 million years, inoluding 
myristic, palmitic and stearic acid, and the same acids 
have been isolated from recent sediments but with & 
marked difference in the relative proportions of acids. 
Much the longest of the departmental reports, that from 
the Geophysical Laboratory, includes summaries of more 
than investigations. f 
rode Mt es ilon and Palomar Observatories an 
extensive study of the accumulated magnetograms to 
classify magnetic regions and correlate them with optical 
and radio phenomena showed that the unipolar magnetio 
regions of the Sun correlate in position with the caloium 
absorption phenomenon observed spectroscoploally. 
Studies of the of the major planets were commenced 
and two linee of tho hydrogen molecule were found 1n the 
of Saturn. The analysis of high-dispersion 
spectra of Venus afforded evidence of large changes im 
the temperature of the atmosphere of Venus. Colour- 
ibude diagrams have been constructed for many 
a and galactic clusters and high-dispersion spectra 
used to make detailed quantitative chemical analyses of 
stellar atmospheres. New knowledge was obtained about 
differences in chemical composition among stars, the oor- 
relation of chemical composition and star movement, and 
fresh evidence on the expansion of the cosmos from 
studies of nearby galaxies by photoelectric scanning 
methods. From studies of the orbita around the nucleus 
of our Galaxy of a large number of dwarf stars, both 
normal and sub-dwarf types, the time of formation of 
the Galaxy out of the medium of the universe has been 
fixed at about 10 billion years ago. 

The completion of the new building for the Departmen 
of Embryology was a feature of the year in which th 
Department's most striking progress was in continuatiq 
of ite studies of the problems of muscle developmen 
Investigation of the oytodifferentiation of emb 
skeletal muscle cells in di call culture using fres 
isolated embryonic muscle cells showed a plating efficie 
of about 10 per cent, and in plates cultivaiod fg 
days about 1 in 10 colonies showed iste n 
skeletal muscle cell differentiation. Furthe 
that the medium is altered by the met, 
of cells cultured in it, and the resu 
themselves, represent something of a 
through in the task of cell culture. 
tions include studies of tho physiologi 
embryo growth from the stage of 
the nature of the testicular antigen in 1| 

genesis, of the role of deoxyribony 
metamorphosis of the tadpo 
study of the developing hug 
of the vascular pattern o 
in situ. 
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into a central zone containing corpuscles, and a i- 
pheral zone composed of plasma. This ‘plasma Mining 
is increased by the addition of substances which increase 
the sedimentation rate of the blood, for example, high" 


: agglutinated 
masses of plateleta with some fibrin, rather than cement 
substance. Accordingly, the evidence for the existence of - 
capillary cement substance is inconclusive. 
Dr. I. K. Buckley (Melbourne) described the structure 
. Of cellular and vascular reactions after injury. Injury was 
produoed by a high-frequency electric current to eer 
chamber tissue. A progressively enlarging area showed 
vascular damage, and nearby granulocytes rnigrated 
towards this centre of injury. Thin-walled transparent 
globular structures, probably myelin figures, developed at’ 
the surface of heat-injured cells. M f 
Dr. W. J. Cliff (Perth) described electron microscopic 
studies of the proceas of wound healing in the rabbit’s 
ear chamber. Cell division occurred near, but not at, the 


interaction between endothelium and the extravascular 
tissues, while both adventitial cells and smooth muscle 
cells probably developed from fibroblasts. 

“The session concluded with a report on the reaction of 
cells of peripheral and intermediate lymph to foreign 
aterials by Dr. J. G. Hall (Canberra), read in his ‘absence 
y Dr. B. Morris. Foreign materials were injected into 
e hind limb of a sheep the popliteal lymph node of which 
ad been cannulated on either the afferent or efferent 











































an red cell, was. About 50 h after the initial injection 
cell population of the efferent lymph from the node 

change: initially, large immature cells poured 
followed later by lymphocytes and plasma 


asion was given over mainly to the 
ated with inflammation. The .session 


to injury are i 
, aided in same species by 5-hydroxy- 
of increased bility is 
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dense the fraction the smaller the hpoprotein particle. 
The smaller molecules passed aoroes the membrane more 
readily y than the larger. After heat injury in hyper- 
lipssmia, there was an increase in the lipids in the lymph, 
which may become milky. It is postulated that materials 
pass through the capillary wall in vesicles or otherwise 
and that the polysaccharides in the basement mem- 
brane act as a sieve. After injury, in hyperlipsmio 
anunals, lipoproteins also passed across the endothelium 
in arteries, and were deposited below the internal elastio 

Vascular permeability changed in ultra-violet injury 
were described by Dr. G. Logan and- Prof. D. L. Wilhelm 
(Sydney), 
violet, as i types of 
reaction is characterized by three vascular responses— 
vasodilatation, increased permeability and migration of 
leucocytes. In this case, however, they develop relatively 
slowly and can be dissected apart. Erythema and in- 
Sneed Dern ay each Come m two phates thé leuco- 
cytosis rises and falls 3-4 h in front of the late phase of 
increased permeability. The early phase of increased 
permeability is mediated by histamine in guinea pigs and 
rabbits, by 5-hydroxytryptamine in rate. The mediator 
of the late phase is unknown. f 

Dr. J. Margolis (Sydney) gave an account of his quan- 
titative work on plasma kinins. These factors may be 
released from plasma by kallikrem, trypsin or the 
glandular ‘kallikreins’ from saliva and urine. The normal 
release of these factors is dependent on three factors: ` 
component A, or kallikreininogen; factor, 
which is also involved in blood clotting; and compound B. 
& protein easily adsorbed on to glass. Hageman factor is 
easily activated by contact with a negatively charged 
surface. Trypain and the dular kallikreins are inde- 
pendent of the Hageman factor. 

The plasma kinins are bradykinin, a nonapeptide, and 
kallidin, a deca ide. These may be loosely attached 
to plasma globulins as kinogens; plasma kallikrein may 
act on one substrate (globulin plus nonapeptide) cor- 
responding to the nonapeptide precursor compound B. 
The others act on both substrates (globulin plus nona- 

tide, and globulin plus deca ide); trypsin produces 
bradykinin, and glandular in produces both the 
nona- and deca-peptides. The decapeptides are attacked 
by a plasma peptidase to produce a nonapeptide which 
is probably bradykinin. : 

The last paper of the day was given by Dr. B. Morris 
(Canberra). He described techniques for producing per- 
manent lymphatio fistule in sheep. The blood vascular 
and lymphatic flow in an area are both altered by exercise. 
Thus, exercise induces a cessation of flow of intestinal 
lymph and a fall in hepatic lymph flow, but an increase 
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.1n the flow of leg lymph. .In the exercised lactating sheep 


mammary flow increases. Exercise also increases the rate 
of turnover of radioactive protein- between the intra- 
vascular and extravascular compartmenta. 

The main topic of the third session (November 3) was 
the response of cells m inflammation. Dr. J. V. Harley 
(Melbourne) demonstrated the existence of an active prin- 
ciple which induces leucocytic migration. This substance 
may be derived from burn extracta, from polymorphs and 
ivated serum; it is non-dialysable, is destroyed 

anb not by ethylenediamine tetraacetic acid 
ion of how oells recognize one &nother 


K. v. Boyden (Canberra). The chemo- 
o first part of the recognition of foreign 
hveatigated. Oels were obeerved while 
gh a millipore oollodion membrane 
material on the other side; the more 
prial, the greater the tendency for the 
rate towards it. In the case of cellulose 
gration was much more marked in the 
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presence of serum. It was concluded that the power of f 
recognition of the foreign material lay not in the ocells - 


but in the serum. 

Dr. V. J. MoGovern (Sydney) reported on work carried 
' out in collaboration with Dr. D. Bloomfield. The ability 
of leucocytes to stick to vascular endothelium was investi- 
gated using en face preparations. Saline was injected 
into the adventitia of arteries, and 1-5-8 h later leucocytes 
stuck to the uninjured endothelial surface. These pene- 
trated the endothelium and continued to do so until 
about 18 h after the original trauma. If in making the 
injection the endothelium was injured to the point of 
thrombosis, or nearly so, leucocytes stuck to the endo- 
thelium much more rapidly. The worse the injury, the 
sooner did they stick. 

The structure of macrophages was the subject of an 
account by Dr. I. Carr (Sydney). The common feature 
in granulomata induced by introduction of foreign 
materials was the preeenoe of spherical masses of phago- 
cytic cells arranged around the foreign material. It was 
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suggested that lipid was in these oiroum- 
stances by & nee which involved the membrane dis- 
appearing and the material passing into the cell free of 
membrane. The hypothesis was put forward that the cell 
membrane may dissolve in the extracellular lipid. The 
giant cells. in these lesions probably are formed largely 
by cell fusion. 

The last paper was that of Dr. E. G. Cleary (Sydney). 
Dr. Cleary described his analysis of the content of collagen 
and elastin in samples of human arterial intima and media. 
More elastin was present proximally and more collagen 
distally, but the sam of these was constant. The elastin 
content was probably increased in the new-born; collagen 
decreased with age. Even muscular arteries were found 
to contain as much as 52 per cent collagen by chemical 


In his summing up, Sir Roy Cameron commented on 
the wide-range of interest of the symposium, which 
indicated the emergence of & distinctive Australian 
approach to experimental pathology. I. OABR 


GELATINE AND GLUE RESEARCH 


HE twenty-fourth research panel meeting of the 

Britiah Gelatine and Glue Research Association was 
held at the Strand Palace Hotel, London, W.O.2, on 
November 7. The chairman of the Association, Mr. 8. G. 
Hudson (Richard Hodgson and Sons, Beverley), presided 
and directed attention to the place of the first paper on 
wool structure in the research panel series, which has 
lately moluded papers on other complex proteins such as 
collagen! and elastin’. 

Dr. A. Robson (Wool Industries Research Association, 
‘Torridon’, Leeds) contributed a paper on “The Sulphur 
Balance in Wool". In the past it has often been noted 
that total sulphur analyses for. wool are significantly 
larger than the sum of the individual sulphur-containing 
compounds estimated by other methods. Most of the 
sulphur in wool is in cystine, and colorimetric and 
chromatographic assays of cystine in wool hydrolysates 
differ by 10 per oent. This fact caused the problem of 
the sulphur balance to be re-examined. Hydrolysates of 
wool labelled with sulphur-85 were chromatographed and 
found to contain several unidentified sulphur compounds, 
of which one became very abundant when hydrolysis was 
prolonged. It was identifled as bis (B-amino-B-carboxy- 
ethyl) trisulphide, that is, the trisulphide analogue of 
cystine*. Thus some of the cystine decomposes during 
wool hydrolysis and from careful analyses it is concluded 
that wool contains sulphur only in the form of cystine, 
cysteine and methionine, thus bringing it into line with 
other proteins and removing the discrepancy in the 
sulphur balance. The discussion centred around the 
ee by which the trisulphide artefact might be 
ormed. 


In the second paper, Mr. L. J. H. Slack (English 
Abrasives Corporation, Ltd., Tottenham, London, N.17) 
discussed ‘“‘Oomparisons of Natural and Synthetic Glues 
in the Coated Abrasives Industry”. The industry is a 
key one in relation to many others of much greater size, 
for example, metal working. There 1s a considerable 
variety of coated abrasives and the glues used include 
hide glue and synthetics based on alkyds, uree, melamine 
and phenols. The merite and demerita of hide glue were 
discussed, and it was concluded that there was need for 
improvement of the final film propertios to enable the 
natural material to maintain 1ts competitive position. 

The director of research, Dr. D. A. Sutton, reported on 
“Some Recent Impressions of the American Gelatine and 


‘Glue Industry". Emphasis was laid on the speed and 


hygienic control which are characteristic of the production 
of American pigakin gelatme; these factors are reflected 
in the quality of the final product. The plante and pro- 
ceases used were briefly outlined and the other types of 
gelatine produced were commented on. Attention was 
directed to the extent to which hide and bone glue pro- 
duction are mechanized in the United States and this 
factor enables natural glue to be sold at & low price in 
spite of very high labour rates. There is no central 
research organization parallel to the British Gelatine and 
Glue Research Association, but many large companies 
have large well-equipped laboratories covering all their 
produote and including facilities for gelatine and glue. 

D. A. SUTTON 
1 Button, D. A., Nature, 196, 113 (1982). 


? Button, D. å., Neture, 196. 422 (1902). 
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THE BRITISH LEATHER MANUFACTURERS’ RESEARCH ASSOCIATION 


A outstanding feeture of the past year was the 
strengthening of 

Leather Manufacturers’ 
f The greet value of these contacts lies 
in showing the Research Association how it oan adjust 
ite research programme to help the leather industry to 
meet the requirements of its main customer and they 
a. oo ae oa eens work is relevant to the 
present n o footwear industry. The demands 
made on leather arising from the heat and steam lasting 


of shoe uppers, for example, are being met and these 
new methods, which have great advantages, have been 


established and are likely to increase. A t deal 
of work has been done on the assessment different 
leathers and finishes for these new aient, 


Investigations of skin proteins have oontinued at the 
Association's research laboratories, Milton Park, Egham, 
Surrey, but new emphasis is being given to seasonal 
variations in lambekins. The methods developed in thin 
long-continued study of the constituenta of akin have also 
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collagens of principles and 
developed by workers in investigations of 
rubber-like elasticity and the cross-linki of large mole- 
cules. _ Determinations have been made of the number of 
cross-links (per unit weight) and the relative stabilities 
of oroes-links in tendons tanned with certain 
aldehydes. It is gratifying to record this beginning of an 
experimental study of a fundamental question in the theory 
of tanning and note that glutaraldehyde, first advocated 
as & tanning agent by the Department of Agriculture, 
Eastern ‘Regional Laboratory, has been found very 
effective in producing stable crogs-linksa. Work on curing, 
enzyme de-woolling and pigment finishing continues. 
For many years the Research Association has given 
forewarnings of the problems facing the industry from 
-efluent disposal. Recent legislation has justified these 


Department . 


ee eee ed on & broad 
front and costs of various for the removal 
of sulphide have been com In addition, the wor 
of the British Leather Manufacturers’ Research Associa- 
tion on the behaviour of tannery effluents in biological 
treatments is proving of immense help in negotiations 
with local authorities. ; 

Income for the year 1961—62 was £88,698, an increase 
of £9,400 over the previous year; i was 
£88,816, Z 


POLARIZATION OF RADIO SOURCES . 
AND FARADAY ROTATION EFFECTS IN THE GALAXY 


By F. F. GARDNER and J. B. WHITEOAK 
C.S.kR.O. Division of Radlophysics, University Grounds, Sydney. 


N two previous communications! observations of linear 
polarization in the radio emission fram a number of 
extra-galactio sources were reported. The first, by 
us, gave details of the detection of linear polarixa- 
yos oli ee ion from seven out of nine sources 
at 20 am. The result is strong support for 
wo Eyota tuas een originita dm enti: 
tron radisti A number of these sources were known to 
be doubles, and in several cases the H-veotor of the 20-cm 
radiation was aligned with the direction of elongation of 
the source. However, it was pointed out that, owing to 
kd estate of Faraday rotation, the position angle of 
the #-vector at a single wave-length cannot be used to 
infer the intrinsic polarization of the source, which on the 
synchrotron hypothesis is approximately perpendicular 
to the magnetic field. 


`- The second note, by Cooper and Price", was directly 
concerned with Faraday rotation. It was found that for 
three selected points in the radio source Centaurus A the 
wave-length at a rate proportional to the wave- 

This is in agreement with Faraday rotation, for 
which the rotation 0 in radians at a wave-length à metres 
by a medium of electron density N per om* and longitu- 
dinal magnetic fleld Bz in gauss is given by : 

6 = 8-1 x 10 2? f N BL dL 


where L is measured in parseos. We shall call the value 
of 0/23 in radians/m? the rotation measure for the source. 
It measures the integrated value of the product of electron 
density and longitudinal fleld along the path from the 


Table 1. (a) POLARTXATIOX DIRECTIONS FOR SOUROMS MEASURED AT TEREE OR MORE WAYI-LENGTHS BETWEEN 10 AWD 30 CH 


Galactic Position of 
Oo-ords. 

Source m Ww 30 34 ii 
30-33 D 150 —49 3315 60 4+2 
Fornar A 240 -57 5213 H 3 6l +3 
Fornax A 94 3 91206 10103 
Pistor A £251 -H 109 + 3 nts 
Taurus 185 ~06 10+4 91-3 
: 80-161 115 —08 70+ 5 26 - 6 
30-270 223 +07 131 +4 118 +8 
20-273 290 T0 © 142 + 10 
Oentanrns A (4 310 +20 180 +5 188 +4 175 + 3 
Centaurus 4 0). 19T3. 15 x3 60 +5 
^ 13964 310 402 P 172 +383’ 
Heroum A 2 +20 173 + 15 60 r4 
30-3176 12 +38 40 r9 01-5 
10-863 pal +19 125 + 13 mid I71+6 
21-64 22l -41. Atb 108 + 5 
nO 314 —55 128 + 3 07 +3 


N 


e 


* Fornax A (e) ia tho larger componen 
beam. 


vave- om) Intringio Rotation 
measure 
19 ^ 15 10 angie radians/m* 
81 +5 55-134 94 -12 
08 +56 067 3 56 44 7 66 -19 
106 + 5 96 +5 98 + 10 103 -12 
. 172 +5 117 + & 110 +45 
120 + 3 145 +2 157 —27 
1043 142 +28 
118 +10 108 + 8 106 TRT 
167 + 9 1566 + 3 164 -82 
20 +10 To +3 115 + 3 147 — 00 
+7 16023 2+ 56 -68 
122 + 15 53 315 120 +50 
25 +4 04 +m 
lir E in 
137 +3 105 + 
e e = 45 2 28 490 
49 48 4749 19 + 13 11 +3 


ab O&b20-6, — 37° 18/; (b) is the smaller one at OFh22-7, — 37° 28’, At 50 and 75 om both components are in the 


+ Centaurus A (a) ls the central component at 13h28, — 43° 48" ; (b) ts fn the extended region af 13h24-0, — 42° 30". 


. . . Table 1. (b) MEASUREXENTS WOT INCLUDED IN TABLE 1 (a) 


i A = 76 om 1= 50m 1= 30m 2mm Inimmsio Rotation | 
Ponge  — redians/m* 
x t eet. c» E m » 
Toraax A (a) 0 4 10 20410 + . Vida. deus T diu Ves 
$0 - BID Sios t4 — 60205 65 ré 
30 = a yim Sees os RO Pe 5805 148 nA 
36 — Xro 0X5  SAZI 18343 4341 126 +1 
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and sparse phenocrysts (plagioclase, quartz, magnetite and 
orthopyroxene) set in a matrix of glass and mineral dust. 
The dust is mainly cryptocrystallme and the pumice 
vesicles are coated with an unidentified birefringent 


im oils shows con- 
clusively that the so-called ‘globules’ interpreted by Stemer 
as evidence of immiscibility in the Waikino ignimbrite 
are not a separate glass phase but merely drawn out or 
distorted gas vesicles within the pumice lenticlee. In 
p specimens from different parts of an outcrop the refractive 
index of the glass matrix may differ from 1:500 + 0-002 to 
1:508 + 0-002, and individual lenticles may differ from 
- others by as much as 0-002. No truly contrasting glasses 
corresponding to Steiner’s mesostasis, base, or globules 


different ignimbrites in a current stu 
7 Volcanio Zone’. Only one multiglass ignimbrite has been 


The Murupara Gorge Ignimbrite of the Meseta Central 
Type. An exceptional rock composed of intermingled acid 


and intermediate shards and pumice is exposed at a 
dam site seven miles south of Murupara, New 
This | it, here called the Murupara 


only at this type locality, overlying 
imbrite Group*. It is 70 ft. thick 
unoommonly 


Ignimbrite and consists of buff 
to grey pumice tuff, 


glassy throughout. 
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The top and base of the sheet are non- welded ; the central 


sub-horizontally : 

pumice fragments are nearly equal in. quantity. The 
white pumice to have resisted more 
than the black. eir indices of refraction are 1-498 + 


0-002 and 1-588 + 0-002 respectively. 

The tuff is a compressed sinter of colourless and brown 
glass shards corresponding to the white and black pumice. 
The ratio of qolourieas to brown shards is about 2 : 1; their 
refractive indices are 1:408 + 0-002 and 1-530 + 0-008 

I . Shards are mainly one colour or the other, 
but j tely 5 per cent are composite, consisting of 
both colourless and brown glass with no distinct boundary 
between. Many of intermediate oolour and refractive 


Phenocryste- i 
following proportions : 
87 per cent, arthopyroxen 


papers have tended to emphasize 

the alleged existence phases in ignim- 
i lity of immiscibility rn igneous avus: 

it is i that the presence of more than one glass in 

these rocks is very rare. In the cese of tho Muropata 

Gorge ignimbrite, which appears to have been fi by 

simultaneous ic eruption of acid and intermediate 

magmas, the presence of individual multicoloured shards, 

and those of intermediate refractive index, refute any 

suggestions of immiscibility between these parent magmas. 

1 Btelner, A., and Fitch, F. J., Vetere, 194, 275 (1002). 

* Fitch, F. J., Nature, 190, 995 (1061). 

3 Wiliams, H., Oak/ornía Unie. Pub. Geol. Soi., 89, 145 (1952). 

Quart. J. Geol. Soc. Lond., 118, 175 (1062). 

Geol. Swrv. Bull., n.s., 68 (1960). 
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- "Martin, R. O., N.F 
* Grange, L. L, N.S. Geol.«Surs. Bull., n.s., 37 (1987). 
1* Hjetmquiat, 8., Geologiska Foreningens Forhandlinger, 83 (1), 108 (1961). 


INHIBITION'OF THE BIOLOGICAL ACTION OF THYROID HORMONES 
BY ACTINOMYCIN D AND PUROMYCIN 


By Dx. J. 


R. TATA 


National Institute for Medical Research, Mill Hill, London, N.W.7 


TE stimulation of basal metabolio rate induced by 
thyroid hormones has often been attributed to an 


alteration of the efficiency of oxidative phosphorylation - 


by direct interaction between the hormone and mito- 
ahondrion!. It has recently been shown by us that, when 
administered in small amounts, thyroid hormones cause 
an early and substantial increase in the rate of protem 
synthesis by both microsomes and mitochondria, without 
any of the direct effects on mitochondrial function 
described earlier, We suggested, therefore, that both 
the calorigenio and growth- ing actions of thyroid 
hormones (and probably other multiple biological actions, 
as well) are secondary manifestations of a primary action 
at the cellular level which influences the rate of protem 
synthesis. I have recently obtained further evidence 
i aya Sala mand alee " 
It has shown that actinomycin D inhibits protein 

synthesis by suppresaing the formation of messenger RNA 
(ref. 4) whereas puromycin inhibition occurs at the stage 
of assembly of new protein at the ribosome’. Starvation 
sup’ protein synthesis by depriving the synthetio 
i of essential amino-acids as well as by lowering 

the level of RNA in the cell’. The effect of each of these 
inhibitory agenta on tho physiological response to the 


thyroid hormones, 1-thyroxme and 8,5,8’-triiodo-1- 
thyronine, has been measured. The results indicate that 


stimulation of protein synthesis is an essential requirement 
for the full physiological to thyroid hormone, 
and that direct action of on mi i 


respiration and phosphorylation is not an adequate 

explanation of the increased basal metabolic rate observed 

after administration of the hormones. Tho effect of 

actmomycin D im particular also suggests that thyraid 

honos máy e My controling Mo aes EE 

messenger A rather than by direct stimulation of 
in synthesis. 

Fig. 1 shows the effect of a small dose (26 pg/100 g 
body-weight) of triiodothyronine on besal metabolic 
rate and on growth-rate of thyroideotomixed rats, either 
in the or in the absence of actinomycin D. In 
the abeenco of this inhibitor of protein synthesis, the 
hormone caused a 80-40 per cent increase in,basel meta- 
bolic rate over the control values and a substantial 
acceleration of growth rate. Actinomycm D alone (8 ug/ 
100 g) caused an immediate fall of 10-20 par cent in the 
basal metabolio rate and a corresponding drop in body 
weight. The loss in body-weight is due, at least in part, 
to a substantial reduction in food intake. When triiodo- 
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thyronine and actmomycin were given together, the 
calorigenic action of the hormone was entirely abolished 
and there was, likewise, no hormonal effect on body-weight. 
The growth and basal metabolic rate depreseant effecta 
of the antibiotic, ın the doses used, lasted for only 4 or 5 
days and the animals also developed a tolerance to further 
or more toxic amounts. It was therefore not practical 
to study the effect of pretreatment with actinomycin D 
on the biological action of a single dose of thyroid hormones. 

Results similar to those shown in Fig. 1 were obtamed 
when thyroxine replaced triiodoth me or by usmg 
intact rate of either the Wistar or hooded strains. Tho 
differences lay essentially in the steepness of the curves of 
changes in growth or basal metabolic rate as a function 
of time. If deoxyguanosine, which complexea strongly 
with actinomycm D (ref. 7) was administered m the 
molar ratio of 2,500:1, 8 h after the antibiotic, the 
mbhibitory effect waa diminished to the extent of 20-30 
per cent. Actinomycin D did not affect the stimulation 
of basal metabolic rate caused by admmistration of 
2,4-dinitrophenol. This suggests that rt acta specifically 
by preventing the stimulation of protein synthesis which 
is the normal response to small amounts of thyroxine or 
triiodothyronine. So far as is known, at the extremely 
low doses of actinomycin D we have used, it can only do 
this by inhibiting the syntheses of RNA (ref. 4). 
The possibility therefore arises that thyroid hormones 
stunulate protem synthesis by regulating somehow the 
level of messenger RNA at the aite of protein synthesis. 
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Table 1. MHFFRAOT OF ACTIKOMYOIN D, PUROMYCON AND STARVATION ON 
TH TRIIODOTHYRONINE (T, Basal METABOLIO Rare (B.M.BR ) 
AND BODYi-WEIGHT IK THYROIDBEOTONIXED Ruts 
Dose of efter 72 hf Inhfbrion of 
Treatment * antibiotic cent) T^, effects 
Gg/100g) B Body-wi. (per cant) 
$4 mg Ta/100 = tue 176 = 
r Hn nera + = 
‘Actnoutyem D 8 —140 —1382 — 
Actinomycin D +34 kg T, 8 — 18-8 -141 100 
yon + M wg T. ix fas ii e? 
+H wg + - 
pat ' = +21 -168 — 
Starvation + M ag T, — * 59 —190 84 
on day 0 and again 48 h later; T, was mjeoted 
Kubeutaneoualy and antibictios nel: : 
aro on m B.M.B. and bod: 


i the differences X Wolgnt 
Just before treatment was begun and 72 h after treatment. Actual mi 
: B.M.R. = 052 + 004 ml. oxygen/g/h; body-weight = 125 + 


Unlike 
actimomyem D, neither puromycin treatment nor starva- 
tion alone lowered the basal metabolic rate below the 
levels observed in thyroidectomized animals. Over a 
thousand times more puromycin than actinomycin D was 
necessary to produce a comparable inhibition of thyroid 
hormonal activity. Such a dose relationship is compatible 
with the different mechanisms of mhibition of protem 
synthesis by these two antibiotics‘ *. It is also significant 
that thyroid hormone-dependent stimulation of amino-acid 
incorporation into protein aa well as the increased activi- 
ties of some enzymes were abolished in starved animals!''. 
In conclusion, & normal fimctionmg of protein synthetic 
mechanism is essential for thyroid hormones to elicit their 
calorigenic and growth-promoting actions. Such: a 
requirement may also apply to other hormones such as 
insulin, growth hormone and testosterone”; actinomycin 
D has also been shown to block some actions of cortisone!*, 
In any event, the foregomg results corroborate our sugges- 
tion made elsewhere that the stimulation of total-body 
oxygen oonsumption by thyroid hormone is likely to 
result from an increased synthesis of some mitochondrial 
respiratory oonstruenta'**. A direct or indirect regulation 
of the syntheas or turnover of certam cellular constituents 
may also underlie the multiple biological actions of thyroid 
hormones, provided that there ıs a high degree of specificity 
with respect to the particular nucleic acids or proteins the 
turnover of which is bomng affected. An important question 
arising from the present investigation is to determine 
to what extent the mhibrtion of thyroid hormone action 
by actinomycin D reflects a primary hormonal regulation 
of the genetic informational mechanism or a lees specific 
effect of a disturbed pattern of protein syntheas, regardleas 
of the level at which the disturbance may take place. 
A study of isolated nuclei and other cell-free preparations, 
sunilar to those we have mitiated for the physiological 
action of thyroid hormones at the cell level", may provide 
an answer. 
I thank Prof. E. Boyland for a generoua gift of actimo- 
mycin D and Mr. A. J. Bell for assistance. 
ee oe EB., and Tate, J. R., The Thyroid Hormone (Pergamon 
- B., Hrnsier, L., and Lindberg, O., Nafwre, 198, 1058 (1002). 
Tata, J. Ey Broster, L, Lindberg, O drrhenme, H., Pedersen, S and 


* Roodyn, D , Freeman, K., and Tata, J. B. (unpublished results). 


1 Goldberg, I. M., and Rabinowitz, M , Solsnce, 196 315 (1062) Resch, B., 
Goldberg, I. H , and Rabinowits, M , Nature, 196, 745 (10602). Hurwitz, 
J., J. J., , and Alexander, W., Proc. U.S Net. Acad. 
Se., 48, 1233 (1962). 

* Morrm, A., Favelukes, 8., , E, and Behweet, R., Biochem. 
Pophys. Rss. Comen., 7, 326 (1 X y 

* Munro, H. N., and Olark, 0. M., Proc. Nutr. Soe.,19, 55 (1960). Summers, 
J. D., and Fisher, H., J. Nutr., 76, 187 (1902) 


! Kersten, W., Biookwn. Biophys. Acts, £7, 610 (1061). 
esate) Debro, J. B., and Lucis, P, Arch Dochem. Biophys., 08, 49 


Young, P. G. 
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PERIODIC NATURE OF SPONTANEOUS PERIPHERAL NERVOUS SYSTEM 
ACTIVITY 


By Dr. A. A. ALEXANDER, Pror. ROBERT ROESSLER and Dr. NORMAN S. GREENFIELD 
i Wisconsin Psychiatric Institute and Department of Psychiatry, University of Wisconsin 


HYTHMIO central nervous system activity and 

spontaneous autonomic nervous system activity 
are well documented!?. The literature relating the 
central and the autonomio nervous systems funotion is 
also quite extensive (cf. review by Dell and Bonvallet*). 
Yet, little is known of rhythmic activity in peripheral 
nervous system functions (cyclic fluctuations in variables 
such as heart rate or akin temperature are usually specified 
on the order of hours rather than minutes or seconds). 
It was therefore predicted that relatively high-frequency 
rhythmic activity could be discerned in measures mediated 
by ipheral physiological systems. i 
This hypothesis was tested by means of a variance (or 
power) spectrum analysis of reeting-levels of the peycho- 
galvanic response, finger blood volume, heart rate and 
electromyograms. The power spectrum is the integrated 
Fourier transform of the auto-correlation function of a 
time series**, and allows an estimate of the variance at 
each of a series of frequency intervals. 6 min of continuous 
data were scored at every second for each of the four 
measures on each of 40 subjects. Power spectra of each 
360-sec series were then derived on a ODO 1604 computer, 
following the formule of Blackman and Tukey*. Sixty 
computational lags were used allowing the examination 


for periodicity at each of 60 frequency-intervals. The ' 


frequencies studied ranged from 0-5 o/s to 0-008 o/s. 
Their reciprocals, or periods, range from 2 sec to 120 sec. 
Periodicity, when present, was indicated by a hump in 
the spectrum when plotted as the proportion of the total 
variance per frequency interval (Fig. 1). The degrees of 
freedom appropriate to evaluating the significance of 
any such hump was 12, and, based on & x? distribution 
and a Gaussian assumption, the value at the top of the 
hump had to exceed that of the bottom of the valley by a 
factor of 4, to differ at the 95 per cent level of confidence. 
Humpe greater than valleys by a factor of 2 would differ 
at the 80 per cent level of confidence. 


"A 


010 


O50 — 041 OM — 025 001 
Jrequeney (c/s) 


Average power spectrum of finger blood volume. 


0-17 008 


Fig. 1. Mo. = 40 


The 6 min of each variable scored were taken after a 

15-min period in which the subject had been asked to relax 

with his eyes closed, while alone in a sound, temperature 
and humidity regulated test room. Heart rate was scored 
to the nearest beat per minute; blood volume, 
taken from the forefinger of the ft hand, to the 
nearest 0-1 o.o.; hogalvanic response, taken at the 
paku of tho leit ban was accurate to 1 per cent of 
actual ohms resistance, and the frontalis electromyogram 
to the nearest 5 mV. Subjecta were taken from a larger 
group and were composed of 20 psychiatric in-patients 
and 20 non-patient volunteers, balanced for sex, in an 
age-range of from 15 to 84 years. Subjects under heavy 
drug doses, or exhibiting any organic involvement, were 
excluded from the analyses. 

Most spectra showed an overall upward tread of variance 
as the length of the period increased—indiceting an 
adaptation effect over the 6-min period from which the 
spectra were derived. Oyolical changes over and above 
the long-term changes were of primary interest, however, 
go each spectrum was examined separately for the presence 
of peaks more than twice the variance of the base-line. 

“One subject of the 40 did not exhibit any periodicity on 
any of the four physiological measures. Thirty-eight 
of the 40 subjecta exhibited periodicity on heart rate; 
83 of theese in a 2-7 seo range were cyclical fluctuations 
which correspond with respiration. It is likely that this 
observed arrhythmia is & reflex regulation of heart rate 
initiated at least in part by pulmonary receptors in the 
chest wall stimulated by expansion’. As such they would 
nob reflect entirely spontaneous, centrally mediated 
rhythms, so such periodicities were not included in the 
followmg determination. (The ability of the power 
spectrum programme to pick up the well-known sinus 
arrhythmia effect is, however, an indicator of ita efficacy.) 
Other than heart rate periodicity in the range excluded, 
four subjects were not periodic in any of the other three 
variables examined, bringing to a total of five the subjects | 
who were not periodic in any variable. Therefore, 87:5 
per cent of all subjects tested were periodic in one or 
another of the physiological variables recorded. The 
periodicity of 20 of these 35 subjecta was of a magnitude 
four times the base-line. 

The five subjects whose spectra did not peak on any 
of the variables sampled were possibly periodic at periods 
longer than those the power could discern. 
This notion is supported by the fact that the greatest 
porion of the variance was often at 120-se0 periods, the 
ongest the programme could examine, and the variance 

at this point was greater than that for the infinite period. 

Eighteen of the forty subjecta were periodic on the 
electromyogram spectra; the period at which humps 
oocurred ranged from 2 seo to 60 seo with an approxirh- 
ately even distribution &oroes this range. 

Twenty-three of the total number were periodic on 
finger blood volume; the range was again from 2 to 60 seo 
periods. Most of the periodicity was at high frequencies, 
however, only three subjects having periods greater than 
10 sec (10, 18 and 40 seo). , 

Eight subjects were periodic on psychogalvanic response 
—the longest period was one of 15 sec. = 

As indicated previously, there were five subjects who 
were periodic on heart rate at a frequency which could not 
be accounted for by respiration rate (for example, periods 
of 45 seo or 2 sec). 


` 
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The differences between individuale, with respect to 
the variables on which they were periodic, is consistent 
with the growing body of literature dealing with individual 
'sterootypy'—the tendency for a given individual to 
respond to a number of stimulus situations with a charac- 
teristic autonomic variable’. 

Tho presence or absence of periodicity did not bear any 
consistent relationship to other physiological scores such 
as mean level or variance. Tho presence of periodicity 
in electromyograms was associated with higher mean 
electromyogram-levels. However, subjects exhibiting 
finger blood volume periodicity had generally higher 
mean volumes than did subjects non-periodio on the 
1neasures—oontrary to what might be expected if periodic 
function waa concomitant with arousal. Mean heart rate 
and peychogalvanio response differenoos between subjects 
periodic and non-periodio on each of these measures were 
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not significant. Analyses by peychiatric and control 
groups and various psychological measures in relation to 
frequency of periodicity will be reported later. 

This work was supported by nt M-2743 of the 
National Institute of Mental Health. 
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EVIDENCE FOR MULTIPLE CALCIUM POOLS IN THE BLOOD OF DOGS 


By MILDRED J. WIESTER, SUSAN H. WHITLA and Dr. RICHARD GOLDSMITH 
Radlolsotope Laboratory, Veterans Administration Hospital, Cincinnatl, Ohio 


I the course of investigating thyroparathyroidectomized 
dogs after a single injection of calcium-45, a considerable 
difference in the specific activity of blood and urine was 
observed. While most of the resulta obtained will be 
reported elsewhere, the speciflo activity ratio for blood 
and urine are discussed in this report. Likms and Craven 
previously, reported an apperent difference m the renal 
clearance rates for calcium-45 and calaum-40. They 
studied fasting and fed rata}. Dow and Stanbury reported 
examination of human beings, utilizing a single injection 
of calctum-45, during which they noted specific activity 
ratios of blood to urine which were approximately 1-5 
(ref. 2). They compared the specific activity of serum 
collected at time £ with that of urine collected over an 
interval from time ¢ to some later time t. The resulta 
presented here concern observations made on a single 
thyroperathyroidectomized dog and suggest that tho 
various forms of calcium present in blood equilibrate with 
oaloium-45 at different rates. Similar, but lees-signiflognt, 
differences were observed in normal dogs. 

A thyroparathyroidectomized male dog, weighing 35 Ib. 
and maintained on 0-1 mg of thyroxine day, was used. 
The dog was injected intravenously with 17-5 uo. caloiam- 
4b (speciflo activity of 478 uo./mg calaium-40). 80 h later 
oral intake was limited to water. The dog was ansmethe- 
tized with ‘Nembutal’ 48 h after administration of oal- 
cium-45. A catheter was inserted into the bladder for 
urine collection and an arterial needle was placed in the 
femoral artery. An infusion of an isoamotio solution 
containing creatine and mannitol was started in order 
to produce an osmotic diuresis and to allow for calcula- 
tion of the glomerular filtration rate. About 80 min 
after the start of the infusion, a 60-min urine collection 
was initiated. Arterial blood was collected over heparin at 
the mid-point of this collection. At the end of the first 
urine collection, calcium chloride labelled with calcium-45 
was added to the infusion (0-13 uoc. calcium-45 and 15 mg 
calcitum-40/min). Three subsequent hourly urine colleo- 
tions with appropriate arterial blood samples were obtained. 

Chemical calcium analyses were performed on urine, 
plasma, plasma ultrafiltrates and on trichloroacetic acid 
(TCA) filtrates of plasma by a modification of the method 
of Collip and Clark*. Plasma ultrafiltration was performed 
by T '8Tpethod*. The error for these determinations 
was 2 per cent (at least 3 aliquots of each specimen were 
analysed). Creatmine was determined in plasma and 
urine by the method of Bonsnes and Taussky!; clearance 
studies were conducted as described by Steiner ei al.*. 
Oalcium-45 counting was performed using a gas-flow 


‘the infusion but the urime 


counter as described by Goldsmith (unpublished results). 
Plasma calcium values used to calculate specific activity 
were obtamed from analysis of the TCA filtrate since 
calcium-45 counting was performed on TCA filtrates of 
plasma. Phosphorus determinations were performed 
according to Fiske and Subbarow’ to establish a basis for 
calculation of the tubular re-abeorptive capacity for 
phosphorus. : 

These investigations were conducted on one of a series 
of animals similarly operated. These animals separate 
into two groupe Boon after , one demonstrating 
normal and one abnormal blood calcium and phosphorus 
concentrations*. This particular animal was one with 
normal blood mineral values from the second post- 
operative week. Hypoparathyroidism was probable, 
despite normal chemistries, since subsequent re-explora- 
tion of the neck area did not disclose (groealy or by serial 
sections of paratracheal tissue removed), parathyroid 
tissue and since measurement of phosphorus clearance 
and re-& ion gave values in hypopara- 
thyroidism. As seen in Table 1, not only was the initial 
value for the tubular reabeorption of phosphorus high, it 
failed to increase as the serum calcium concentration. rose 
with the infusion of caloium 40. This has been considered 
evidence of hypoperathyroidism in man’. The ratio of 
the phosphorus clearance to the creatinine clearance 
increased during the period of calcium infusion (in 2 of 
3 collections). This, too, is suggestive of the abeenoe of 
parathyroid hormone secretion’. Table 2 contains 
the chemical calcium concentrations of each specimen. 
The plasma ultrafilterable calcium concentration im- 
creased with the increase in total calcium, but the parti- 
tioning remained relatively constant. Table 3 contains 
the radioactivity clearance data. The glomerular filtra- 
tion rate decreased as the plasma calcium concentration 
increased, as reported elsewhere’*. Before labelled 
calcium was added to the infusion the bladder urine 
had a specific activity only 55 per cent that of the 
simultaneously obtained plasma ultrafiltrate. The 
same general relationship was maintained throughout 
specific activity inoreased to 
71 per cent of that of the simultaneously obtained plasma 
ultrafiltrate after 3 h. ~The ratio of total plasma/plasma 
ultrafiltrate specific ivity was less than one at the 
outset of the infusion of labelled calcium but approached 
one durmg infusion. The ultrafiltrate specific activity 
(considered synonymous with the glomerular filtrate 
specific activity) increased as expected during the con-- 
stant infusion of labelled ionic calcium. 
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Table 1. PHO&PHORUS OLZXARANCE DaTA _ 

Time (min) 0-60 60-120 120-180 180-240 
Ptasma creatinine * 0-808 0-355 0-408 0-450 
Urine areatinine t TTO 753 1718 714 
Paana morg. * 0-040 0-034. 0 040 0-046 
‘Urine Inorg. T 8 7 3 9 
oro 0076 0-101 0-048 0121 

(per oent) n 90 . 95 88 

* mg per ml. i 

T mg. per 60 mtn. . 
Table 2. BLOOD CALGIUX AXD PHOGPEORUS VALUBS DURING TEFUEIOK 

Plasma Ca (mg per cent) 
Time (mtn) Uiicafitirate 
30 &7 56 
90 9-6 
150 1r3 14 
210 19-4 91 
Table 3. OLNARANOR VALUBS DURING INFUEJON 
i Specific activity of exleiim (n.s./m/mg) 
"Time GFE Total ulira- Bladder 
(min) e.e.[mtn, plasma filtrate* resorbatet urine 
0-60 41-7 1,180 1,313 1,233 TM 
60-120 35 4 1,025 2,034 2,202 | 

120—180 29-5 4 4,381 4,388 3,218 

180-240 26-4 5,185 5,556 5,658 3,068 

* Plaza ultrafiltrate 1s assumed identical to glomerular filtrate. 

Dertred valnea. 


filtration rate. 
no- /mjimg, net counts pez minute per mg calotum-40. 


This investigation has shown that 48 h after the injeo- 
tion of calcium-45 the ifilo activities of total blood 
calcium bound plus complexed plus ionic forme) 
and of ite ultrafilterable fraction (complexed plus ionic 
forms) were dissimilar. Either the flltering membrane 
handled the two isotopes differently or the various species 
of blood calcium were labelled heterogeneously. The 
latter possibly is by far the more likely. Plasma 


filtrate is probably identical with glomerular filtrate” and ` 


ita specific activity should be the dame as that of the 
bladder urine if all blood calcium fractions are labelled 
homogeneously. The investigation has also demonstrated 
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had a speciflo activity about 2 per cant greater than did 
filtered calcium. Since most filtered calotum is reabsorbed, 


- the difference between the Bpeciflo activities of these two 


fractions need only be slight to account for a large differ- 
enoe between speciflo activities of filtered and excreted 
calaium. This entire explanation is in agreement with 
t-day physiological eoncerning renal 
ing of calcium?*:#-13 and with the data referred to 
in the introduction" *. : 
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A FLUX-CARRIER HYPOTHESIS OF DRUG ACTION . 


By Dr. D. MACKAY 


Department of Pharmacology, Schoo! of Medicine, UntversIty of Leeds 


often by some unspecified i 
receptor theory of Olark! was modified by Ariens? and 
afterwards by Stephenson? to account for the existence 
of partial agoniste. Those modifloations apply only to 
the steady state and assume that the response is related 
to the number of drug-reoeptor complexes. More recently, 
Paton‘ has & ‘rate’ theory of drug action &ooord- 
ing to which the 18e is related not to the number of 
drug-receptor complexes but to their rate of formation. 
The actions of drugs on the ‘neuromuscular junction 
and on ia appear to be too complex to be easily 
ined by a ‘steady state’ receptor theory. Compounds 
which act by blocking transmission across these synapses 
can be divided into two main classes. The first clasa is 
composed of drugs which produce an initial response by 
depolarizing thé membrane of the effector cell. If the 
drug and tissue remain in contact the initial depolarization 
may disappear, the post-synaptic membrane repolarizing. 
However, transmission across the 
reduced or blocked, this residual block being of the 
competiti . Buch drugs are said to have a ‘dual’ 
type of &ction*^*. Members of the second clase of drugs 
do not produce an initial depolarization &nd so there i8 no 


response by the effector cell. The block which they pro- 
duoe is of the ‘competitive’ type. 
ssa cues to ces ea gm ys T S MES 
could adequately explained by the receptor theory 
The initial depolarization and subsequent 
ptio membrane, on the other 
i by the ‘potential’ theory of 
Straub’ (see also Olark!). A complete explanation of 
the mechanism of action of agents which block synaptic 


. transmission at ganglia and at the neuromuscular junction 


should therefore contain some of the features of both 
theories. The flux-carrier hypothesis is an attempt to 
achieve such a combination. 

I$ is first assumed that the net influx of a drug across a 
cell membrane may cause the membrane to depolarize. 
A second assumption is that the flux of drug may be 
facilitated by mobile carriers or by highly specific fixed 
sites in the membrane (for example, Wilbrandt and Rosen- 
berg’, Bowyer and Widdas', and Fatt!') The possible 
consequences of those assumptions will now be explored. 

There are two main possibilities depending on whether 
or not the drug, or ita carrier complex, can penetrate 


` through the post-synaptic membrane. These possibilities 


are indicated in Fig. la and 1b reapectivély. When the 
dr Mh fee tee ac cf He Wyn 


fixed the resulta to be expected will be treated qualita- 
tively. The symbol S will be used for the site or carrier 
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with which the drug A reacta, and SA 


L 1 represente the drug- 
carrier complex. "The reaction may 


be written as: ' 
_ (1) 
certain affinity for the 


ki 
ES ý S --A e SA 
i, 
The sites or carriers will have a 


drug, characterized by the affinity constant: 
f k (SA) 

E. 7, 7 (ya) 6 
The parentheses indicate concentrations of the en- 
el molecular species. However, on such a sub- 


microscopic scale concentrations 
meaning, and should perhaps be 
probebilitjes. ' The’ constant K , might also be considered 

to represent the distribution coefficient of the drug 

between the aqueous and the membrane surfaces. 

The net influx, J, of e drug ffom ‘a to B is given by an _ 
equation of the form: 


T A fisa) = (S4) (8) 


if A diffuses in some uncharged form. D, is the diffusion 
coefficient of the molecular form in which A penetrates tho 
membrane, and 8 is the membrane thickness. The 
subscripts a and B indicate the positions at which the 
various concentrations apply. Provided that the diffusion 
alse within. the membrane is not too rapid, the equili- 
rium distribution of the drug between the aqueous phases 
and the membrane surfaces will be approximately main- 
tained. Equation 2 may then be substituted into equation - 
3. The net flux the membrane will then be a 
function of D,, Ku, (A)q and (A)s, given by: 


o DsKiSr{ (dja __ (4% 
m rtg | IT Kd). 1+ EA) | (4) 
where: 


Sp = (S). + (SA) = (S) + (SA). (5) 

The initial flux, when (A), is rero, is: f . 

_ DilSA}a _ DASr í Kalá)a | 
038.41 KA 


The maximum initial flux of the 
high values of (A), is then: 


J ' (6) 


D,48. 

P. (7) 
Since the response is assumed to be related to the flux, it 
follows that each member of a group of drugs, all of which 
ütilixe the same carrier, may produce a different maximal 
response depending on ite D, value. The diffusion oo- 
efficient D, of a drug may therefore be closely related to - 
ite 'intrinsio activity’, as defined by Ariens’. 

The initial flux, after a short period of time required 
for the attainment of a steady state within the membrane, 
is given by equation (6).” As the drug accumulates within 
the cell the net influx decreases (see equation (5)), 
until, according to the oversimplified model considered 
here, it becomes zero when (A)s is equal to (A)q. How- 
ever, In practice the sn&raoelfular and extracellular con- 
centrations of drug may differ even when & new steady 
state has been attained, because of active processes 

ing within the cell. 

The rapid initial influx of drug is postulated to cause 
depolarization ‘of the post-synaptic membrane and thereby 
produce & response. As the net influx of drug decreases 
with time the cell will ultimately be able to repolarize 
the membrane, even tho the drug is still present in the 
intracellular dnd ular fluids. The normal pro- 
ceases involved in the maintenance of the membrane 
potential of the cell are considered to be in opposition, to 
the effects of the net influx of drug, the influx being a 
function of time. The drug can be washed out of the 
extracellular fluid more rapidly than it can be removed 


o8 
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from the interior of the cell. If the extracellular fluid is 
freed of drug in this way and & second dose of drug is 
then ini equal to the first, the second response 
may be leas than that obtained initially. This is because 
the maximum influx during the second dose is lees than 
that during the first, due to acoumulation of drug within 
the cell. The reduced influx results in a reduced responso 
to the second dose. This may be the explanation of 
tachyphylaxis. Similar ideas have already been proposed 
by Taylor’*-1. Previously the idea that entry of depolar- 
izers into cells might be associated with their depolarizing 
properties was suggested by Burns and Paton!*. This 
idea has now been abandoned by Paton”, : 

It should also be mentioned that if the drug penetrates 
the membrane as a cation then the membrane potential . 
may initially be a more powerful driving force than the 
trans-membrane oonoehtration gradient. If the flux 
arising from the concentration gradient within the 
membrane is small with that due to the poten- 
tial gradient, then the initial influx of drug can be shown 
to be approximately: : 


(8) 


~[ “Fre ] base n 


[— Ag] is the membrane potential, F the Faraday and 
Z, the on the species diffusing within the mem- 
brane, R is the gas constant and T the absolute tempera- 
ture. -Equation (9) is similar in form to equation (6). In 
both cases it is assumed that reactions at the membrane 
surfaces are not rate controlling. 


When the drug is unable to penetrate the tio 


‘membrane the situation oofresponds to that in Fig. 1b. 


Since there is no influx of 


there is no depolarization 
of the membrane. However, 


e drug I is able +o combine ` 


When 
agonist A and inhibitor I are present together they will 
compete for carrier. The i 


open of carrier-agonist 
complexes at position « will then be reduced to: ; 
. (S4)a = 


K4(A)5. Sr 
1+ Ku(A)a t Kr(L)a 
where Ky is the equilibrium constant for the formation 
of carrier-inhibitor complex and: > 
i Sp = (S)a + (SA)a + (SDa 

Substitution of equation (10) into equations (6) &nd (8) 
gives the initial flux of agonist in the presence of inhibitor, ; 
under concentration or potential gradients.” These reduced 
fluxes are respectively : 

D4Sm KA) | ] 
85-1 Eq). XD. 





(10) 


J = 





(11) 
and: 


j FA K4(A)a 
4 =r 3 Joas- + Eid). + Er) 


The reduced fluxes would be expected to produce smaller 
responses. It will be seen that equations (6) and (9), and 
equations (11) and (12), are closely related to equations 
(3) and (7) in the paper by Arjens*. 

On the other hand, suppose that an agonist A, is added 
to the extracellular fluid and left in contact with the 
tissue unti] the net flux across the membrane has fallen 
to such a/value that the membrane potential has been 
re-established. If a second agonist A, is now added this 
drug too may penetrate the membrane and cause 
depolarization. However, in order to do so it must- 
compete with the first agonist A, for carrier molecules or 
fixed sites. The influx of 4, will therefore be leas in the 
presence of A, than it would be in its absence. Thus the 
agonist A, has residual competitive properties even when. 


(12) 
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EXTRACELLULAR CELL INTRACELLULAR 
FLUID MEMBRANE FLUID 
(A) + | C5) 7 
a J $a S 
© (SA) 
a ~> F 4 


E + cay 


l D+ |S), : 
(b) ma aie 
sb, 


d «— ém 
Fig. 1 


If A, is considered to represent an artifloial depolarizing 
agent, A, to represent acetylcholine, either injected or 
released by stimulation of pre-synaptic nerves, and I 
to represent ‘competitive’ blocking agente then oonsiderg- 
tion of the previous examples will show that the flux- 

thesis is capable of explaining the existence of 
rar rie partial agoniste, ‘competitive’ and ‘dual 
block at synapses, as well as drug specificity. 

The penetration of the post-synaptic membrane by 
depolarixers might explain the function of the cholinester- 
ase which is present within the effector cell™ since destruc- 
tion of acetylcholine penetratmg the membrane will 
reduce the tendency for tachyphylaxis to develop on 
- repeated stimulation of the pre-synaptic nerve. 

The suggestion that depolarixers, including acetyl- 
choline, may depolarixe the poet-synaptio membrane by 
penetrating it, is contrary to the commonly held belief 
that acetylcholine acts on the membrane surface. How- 
ever, this is not the first time that such a possibility has 
been considered!*:1/3, "The poor intestinal absorption 
of quaternary nitrogen bases tends to weigh heavily 
against a ready acceptance of such an idea. However, 
it should be remembered that synapses are highly special 
ized structures, and that many polar or charged is 
do in fact penetrate into cells. There is also a limited 
amount of experimental evidence suggesting that some 
quaternary nitrogen bases may penetrate cell membranes: 
Waser has investigated the distribution of curarine, 
decamethonium and muscarone (labelled with carbon-14) 
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in mouse diaphsss Whereas with the competitive 
blocking agent curat.\e there was a clear-cut localization 


uscular junction, the depolariz.- 
ing agents produced mo patterns. Waser states 
that the latter cS y be penetrating the cells. 
A second paper of interest in his connexion is that of 
Oreese, Taylor and Tilton!*, in which they showed that a 
‘dual’-type quaternary blocking agent, labelled with 
iodine-181, was concentrated in ious tissues. This 
concentrative uptake of labelled drug was reduced by 
curarine, & result readily understandable on the basis of 
the flux-carrier hypothesis. 

Several other probleme have been deliberately avoided 
for the present. ‘For example, the depolarization pro- 
duced by the influx of drug may either be a graded or an 
all-or-none effect. This also applies to the relation between 
depolarization aud response. There is also the problem 
of how. the influx of a drug could depolarize the mem- 
brane. One interesting possibility, suggested by Fatt’, 
is that a net influx of base may constitute a net influx of 
positive charge sufficient to cause depolarization of a 
small region of the post-synaptic rane. The local 
depolarization produced by this flux, which must pre- 
sumably exceed some critical value, might then act as a 
trigger to depolarize the membrane of the effector oell. 

hough the flux-carrier hypothesis has bean designed 
primarily to explain the actions of drugs on ganglia and 
on the neuromuscular junction, it may be of wider applica- 
tion. The actions of agents which block synaptic trans- 
mission are sufficiently well explained by the hypothesis 
for it to merit further examination. 

I thank Dr. E. R. Clark, Mr. B. Collier, Dr. K. A. 


` Exley and Prof. D. R. Wood and other members of thia 


Department for useful discussions. 
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GLOMERULONEPHRITIS INDUCED IN MONKEYS BY INJECTIONS OF 
HETEROLOGOUS GLOMERULAR BASEMENT MEMBRANE ' 
AND FREUND'S ADJUVANT 


By Dr. R. W. STEBLAY - bd 


= Department of Obstetrics and Gynecology, University of Chicago 


I HAVH previously demonstrated that sheep injected 
every two weeks with heterologous glomerular base- ' 
ment membrane and Freund’s adjuvant uniformly 
develop fatal, fuhninating glomerulonephritis within 
27-90 days after the first injection’. This new, previously 
unknown nephritis in sheep presumably occurred by an 
auto-immune mechanism. 

I was interested in applying this tech- 
nique to other xe Ee eat is erret, ef his 
method and to utilize any advantages that study of other 


species may possess. I was particularly interested in 
testing this experimental model in monkeys because of 
their close phylogenetic relationship to man. 

This article presents evidence for the succeseful produc- 
tion of a chronic glomerulonephritis in monkeys by 
Injections of heterologous glomerular basement ADEE 
and Freund’s adjuvant. 

Glomerular basement membrane (GBM) was 
from the isolated glomeruli of normal human, bit, rat 
and dog kidneys by a method previously described by me’. 
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Table 1. COURSE OF NEPHRITIS INDUCED IX MONKNYS BY INJECTIONS OF HETEROLOGOUS GLOMERULAR DASENEET MEXSRAXR (GEM) AND FEXUFD'S ADJUTANT 


























| Tols amount 
No. of Ko. of 
Antigen bd (mg). 
930 . Rat GBM 24 1,200 ~ 
940 Babbit GBM 24 1,200 
937 Human GBM 5 250 
966 Human GBA 3 150 
938 Dog GBA 18 900 
* ees 
004 ditto 
* The monkeys wero injected with 2 c.c. of emulsion 


30 because of severe at injection sites and were 

The GBM was homogenized in isotonic saline with & 
sonic oscillator (Raytheon sonic oscillator, model S1024, 
50 W, 9 ko, Raytheon Co., Waltham, Massachusetts) for 
3-5 mm end made up to a concentration of 38-50 mg 
(wet weight) per ml. Merthiolate was added to give a final 
concentration of 1 : 10,000. The homogenized suspension 
was slowly added to Freund’s complete adjuvant (85 ml. 
‘Bayol F’, 15 ml. 'Arlaool A’ and 200 mg Mycobacterium 
butyriown (Difco) to make a 1 : 1 water-in-oil emulsion. 
The final concentration of GBM in the emulsion varied 
from 19 to 25 mg/ml. 

Seven rhesus (Macaca mulatta) monkeys were obtained 
from a local monkey oolony. The monkeys were free of 
overb disease and had normal urine and blood urea 
nitrogen. There were 1 male and 6 female monkeys and 
they ranged in weight from 5 to 10 lb. Hach monkey was 
housed in a te metaboliam cage and fed ‘Purina’ 
monkey chow -Ralston Co., St. Louis, Missouri). 

Five monkeys were injected every 2 weeks with 2 ml. 
of emulsion containing 38—50 mg of GBM. Each monkey 
received GBM from a single species. The injections were 
given by intramuscular, subcutaneous and imtradermal 
routes at each administration. For example, 2 ml. of 
emulsion was divided as follows: 1 ml. intramuscularly, 
0-8 ml. iu iade in 2 locations, and 0-1 ml. intra- 
dermally. S manes were injected with Freund's 
adjuvant E. Injections m the 5 monkeys 
given heterologous GBM were stopped after the 30th 
day for an interval of 56 days because of ulceration at the 
injection sites. Periodic urmalyses and blood urea nitro- 
gen determinations were performed on'all the monkeys 
during the course of immunization. The urine protein 
was determined by the heat and acetio acid method. 
Blood urea nitrogen, serum albumin, globulin and chole- 
sterol were determined prior to injection and at death in 
most of the monkeys. serial wedge biopsies were 
taken by surgical exposure of the kidneys on all the 
monkeys. 

The monkeys were killed when judged to have severe 
nephritis or at termination of the experiment. 

At death complete autopsies were performed, bladder 
urine analysed and the kidneys examined y and 
microscopically. The tissues were fixed in ice cold 10 
per cent formalin and stamed with hsamatoxyim and eosin, 
periodic acid—Schiff reagent with Aloian blue and Masson’s 

All monkeys injected with heterologous GBM and 
Freund’s adjuvant developed some degree'of renal damage 
as demonstrated by two or more of the following three 
criteria: proteinuria, arotsmis and glomerular lesions in 
the kidne$. However, the clinical course and histo- 
pathology of the nephritis varied considerably m the 
different . Because of the small number of 
: monkeys used, it was not possible to ascertain the experi- 
mental variables which were responsible for the variations 
in disease produced. Two monkeys given 16 injections of 











terval 
ntirogen (BUM) 
death Renal 
(mg*) histology M 
20 I diffuse QEOLBCRE YO 
EF  — 
99 exudative and. 
(19 on day 61) proliferaitve giomerulo- 
455 





116 
(48 on day 44) 











50 mg GBM (wet ry 2. 
ms GEM ( weight) by multiple portals every $ weeks, Injections stopped on day 


Freund's adjuvant alone did not develop any evidence of 
disease at 240 and 330 days. The experimental results 
‘are summarized in Table 1. 

Proteinuria. ‘The onset of proteinuria is the end of the 
latent period or moubstion Proteinuria , began 
between 21-36 days after the injection for 4 monkeys. 
This proteinuria was persistent during the entire period 
of observation and varied between one to four plus. Two 
monkeys, No. 994 and monkey No. 5, were injected with 
Freund’s adjuvant alone as controls and did not develop 
proteinuria or retention during the entire experi- 
mental period of 240 and 330 days for each monkey. 

Course of the disease. The 5 treated monkeys may be 
conveniently divided into 2 groups clinically on the basis 
of their blood urea ni . Two monkeys, No. 036 
and No. 940, had a normal BUN thro the period 
of observation and when Killed 485 days after the first 
injection.» They had t but scant protemuria 
during this entire peri They did not appear sick. 

On the other hand, the other 8 monkeys all developed 
azotemisa. They did so at different rates of speed. 
Monkey No. 956 had a BUN of 455 per cent on day 
45. This monkey appeared feeble, ued and anorexic 
for several days and was killed when in & moribund state. 
The disease in this wis a fatal, fulminsting 
M Dau Monkey No. 937 devel azotæmis 

61 and 102 days after the first injection. The 
BUN was 99 mg per oent at death. This monkey had a 
more slowly progreæing disease. Monkey No. 988 had a 
BUN of 48 mg per cent on day 44, 113 mg per oent on day 
198 and 116 mg per oent when killed on day 313. The 
course of disease in this animal was relatively stabilized 
and chronic. He looked thin and listless for 12 weeks 
before death and developed œdema of hands and feet 
several days prior to being killed. The totel serum 
protein was 4-8 gm per cent and the cholesterol was 115 
mg per cent at time of death. He had moderate serous 
from ulcerated injection sites for several months. 
waa felt to be due to hypoprotemsamia second- 
ary to protein loss from the uloers and in the urine. None 
of the other monkeys was axamatons in lifo or a antopey. 
. The renal histological changes could be 

Pis correlated for the. 2 clinical groups. 
' The two monkeys without azotsamia had a homogeneous 
histological picture. The renal architecture was relatively 
well preserved. There were casts present in the lumen 
of some tubules, but the tubule cells were normal. The 
\ pathological changes to be confined to the 
glomeruli. The glo were enlarged and lobulation 
was increased. Lobular stalk thickening was present and 
due to hypercellularity probably arising from endothelial 
(or mesangial cell) proliferation. The endothelial nuclei 
were small, dark and mature. At least one lobule of almost 
every glomerulus seemed involved, but there was consider- 
able variation within a glomerulus. In monkey No. 940 
there seemed to be increased eosinophilic material in some 
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lobular stelks which might represent early hyalinization. 
This monkey also had occasional adhesions and focal 
thickening of the glomerular basement membrane. 
These 2 monkeys had a mild diffuse proliferative glomeru- 
lonephritis. 

On the other hand, the 8 monkeys with azotemia 
presented a different homogeneous group. In all 3 mon- 
keys the cortical architecture was destroyed. No glomeru- 
lus appeared to be completely normal. Some glomeruli 
were severely distorted due to advanced disease. Lobular 
stalk thickening was common due to endothelial cell 
proliferation and hyalmization. The histological varis- 
tions within this group correlated well with the clinical 
course. Monkey No. 956-had severe glomerular damage. 
The glomeruli were pertially hyalinized and contained 
adhemons and occasional fresh cellular crescents. Some 
glomerular tufts contained areas of necrosis, infiltrates of 
polymorphonuclear cells and seamed to be occasionally 
lmed with large epithelial cells of ing sizes and shape 
and which sometimes were found free in 
Ocoasionally a multi-nucleated cell was found fused with 
a glomerular tuft or free in Bowman’s space. Polymorpho- 
nuolear and red cells and casta were frequently present in 
tubules. Marked dilation but little atrophy of the tubules 
was seen. There was some interstitial fibrosis-and inter- 
stitial infiltrates of mononuolear cells. Like the clinical 
course, the histopathological picture was that of a rapidly 
fulminating injury with signs of acute and chronic damage. 

The second and third monkey had much leas evidence of 
acute damage. The glomeruli ii monkey No. 938 ware 
severely diseased. They showed endothelial proliferation 
and marked hyalinization (or scarring) of the glomeruli. 
There were adhesions present in many glomeruh and 
occasional old oreeoente. The histological appearance 
was compatible with a long-standing process. There was 
moderate interstitial fibrosis with scant mononuclear cell 
infiltration. These interstitial cells had amall dark nuolei. 
There was marked dilation and ese died nid with 
casb formation. The microscopic istios of the 
kidney of monkey No. 987 were intermediate between the 
last two. Many glomeruli were hyperoellular. Lobular 
stalks were thickened by endothelial cell proliferation and 
hyalinization. Some glomeruli contained eoainophilio- 
staining material which sometimes seemed to be in 

tufts and sometimes in Bowman’s space. 
Large epithelial cells lined the glonterular tufis or were 
free in Bowman’s space. An occasional multinucleated 
cell waa seen in Bowman’s space. A frequent distinctive 
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lesion was a peculiar fusion of loosely proliferating spindle- 
shaped cells between part of a glomerulus and the peri- 
capsular connective tissue. This loose proliferation of 
cells seemed to obliterate Bowman’s capsule at the place 
of fusion. Some tubules contained hyalne droplets and 
some tubular lumens contained red cells. There was lees 
interstitial fibrosis than in monkey No. 938 and moro 
small dark nuclei seemed to be invading tubules. These 
8 monkeys with axoimmia may be said to have severe 
chronic mixed exudative and proliferative glomerulo- 
nephritis. 

Focal areas of interstitial fibrosis, focal areas of inflam- 
matory cella and pericapeular fibrosis were occasionally 
found in normal monkey kidneys and the control monkey 
kidneys given Freund's adjuvant alone. No importance 
therefore was attached to these occasional histological 
findings. The glomeruli of the monkeys given Freund’s 
adjuvant alone appeared normal. 

Skin tests for hypersensitiotty. The monkeys were tested 
for delayed hypersensitivi to the antigens used for 
immunization. 0-1 ml. homogenized GBM (concentration 
10 mg/mL). was injected intradermally on the abdomen. 
of each monkey. The reactions consisted of a firm swellmg 
which seemed to start about 3-6 h After injection and 
reached a maximum at 24-48 h. Sometimes a red-brown 
area could be seen in the centre of the swelling and 
oocasional oozing from this coloured area was observed. 
Each of the 5 monkeys when injected with the GBM 
used for immunization of that monkey showed a delayed, 
skin reaction as judged by gross appearance. The two 
control monkeys did not have a similar swelling at site of 
injection with any of the GBM i . 

I have previously observed that injected every 
2 weeks with heterologous GBM and Freund’s adjuvant 
regularly and uniformly develop a fatal, fulminating 
eerily des within 90 days after the first injection’. 

the contrary, even with the small number of monkeys 
used, there is a wide variation in the course of the 
disease. Two monkeys did not even develop erotsmis 
485 days after the first injection. Histologically these 
2 monkeys had a mild diffuse proliferative glomerulo- 
nephritis that seams to have stabilized as judged by 
serial biopsies. 

Even the 3 monkeys which became azotsemio had some- 
what different clinical and histological courses although 
they could be readily grouped as distinctive 
from the non-axotemio pair of monkéys. Monkey No. 
956 had & fatal fulminating course olinically. This 
monkey was moribund on day 45. Its kidnoy revealed 
severe acute and chronio glomerular damage. The changes 
in the tubules and interstitial tissue were secondary to the 
glomerular changes and had not had time to develop far 
advanced chronic stigmata. Monkey No. 987 had more 
advanced interstitial fibrosis and tubular changes with lees 
evidence of acute changes. Monkey No. 938 had relatively 
stabilized elevated azotæmia for about 9 months. Ita 
kidney revealed the most advanced interstitial fibrosis 
and long-standing tubular changes. The glomeruli 


~appeared to have progressively hyalinized. These 3 


monkeys may be said to have severe chronio mixed 
exudative and proliferative glomerulonephritis. An 
unusual feature of this monkey nephritis waa the occasional 
presence of multi-nucleated giant oells in Bowman's 


space. 

The histological variations might be a function of the 
kidney antigen of the species injected. Binoe one monkey 
was used for each antigen (two in the case of human 
GBM), nothing can be said about whether this variation 
was due to the antigen used or was a random distribution 
among the monkeys to essentially the same kind of 
stimulus (Table 1). , 

Tt may be that the histological features of the kidney 
damage are more characteristic of the species injected. 


The histological appearance of the nephritis in the sheep 
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seemed. quite different from that induced in the monkeys. _ 
Further, the rat lesion described in the auto-immune rat 

nephrosis by Heymann* is said to be a membranous 

glomerulonephritis and is different from erther the sheep 

or monkey lesions. 

In conclusion, the injection of heterol GBM and 
Freund’s complete adjuvant into 5 hone produced 
glomerulonephritis dged by rena] histology and 
protemuria in two bao ash in addition, arotexnia was 
present in the three other monkeys. The glomerular 
lesion presumably occurs by an auto-immune mechanism. 

The 2 monkeys without axotemia had similar mild 
diffuse proliferative glomerulonephritis histologically and 
a. similar clinical course.: The 3 monkeys with azotæmis 
‘had severe diffuse glomerular disease and may be said to 
have chronio mixed exudative and proliferative glomerulo- 
nephritis. 
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All 5 monkeys demonstrated delayed hypersensitivity 
to the antigens used for injection as judged by the gross 
appearance of the swellings which resulted from intra- 
dermal injections of the antigen. 

The two control monkeys injected with Freund’s 
adjuvant alone had normal urine and kidneys. They did 
not have delayed skin reactions to GBM antigens. 

This work was in by grant H—4185 from 
the National Institutes of th, the Chicago Heart 
Association, and the Schering Corporation. I thank 
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. Dr. M. Edward Devis and Dr. Mark Lepper for their 


&dvioe and Dr. Robert Jennings for aid in interpreting 
the histopathology. 
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EFFECT OF HYPERTONIC SALINE INJECTIONS ON THE SECRETION OF 
THYROID HORMONES IN RABBITS AND GUINEA PIGS 


By G. FEUER * 
Department-of Blochemistry, Institute of Psychiatry, University of London 


HERE have been some contradictory obeervations 
about whether the activity of the thyroid gland i is 
affected directly by administration of vasopressin or 
whether vasopressin acta indirectly by increasing the 
plasma, thyrotropic hormonal level. Several authors 
observed & change in thyroid function in experimental 
animals and also in human beings following the injection 
of antidiuretic hormone’*; others did not find any such 
change*'. Recently, Garcia et al.* found that vasopressin 
exerted & direct action on the excretion of thyroid hor- 
mones. 

Verney* has shown that the urine volume is controlled 
by a mechanism sensitive to changes in‘ the osmotic 
pressure of the blood. If during water diuresis in normal _ 
animals a hypertonic solution of salt, dextrose or sucrose 
was injected into the carotid artery, or mtravenously, 
antidiuretic hormone was released and a prompt diminu- 
tion in the rate of water excretion was seen. Using his 
technique this work is an attempt to elucidate further the 
question of whether the appropriate stimulation of the 

of endogenous vasopressin is associated with an 
alteration of thyroid function. 

Female chinchilla rabbits, body-weight 2-8-5 kg, Nie 
injected subcutaneously with 100 po. carrier- -free iodine- 
181. After two days, when nearly all the inorganic iodine 
has been excreted and only iodine-131-labelled thyroid 
hormones were present m the gland and in the circulation, 
the secretion of endogenous thyrotropic hormone was 
blocked by subcutaneous injection of 60 ug thyroxine. The 
thyroxine injeotion was repeated every day for a week 
at the end of each day's experimenta. 

The rabbits were conscious and unrestrained throughout ~— 
the whole expermment; between 9 a.m. and 5 p.m. the 
food and water consumption were restricted. The mjeo- 
tions of salt solutions were carried out either subou- 
taneously or intravenously. 10-50 ml. 0-9, 0-6 and 10 
` per oent solutions were administered within 10-20 min 
in 10-ml. portions, or infused pver & period of 2h. During 
infusion the animals were on & hot plate at a 
temperature of 27°-30° O. The left marginal ear vein 
was cannulated to obtain blood samples, and the solutions 
were infused into the right marginal ear vein. 

Every 2 h blood samples were taken; about 
2 ml. were collected into tubes containing 2-3 drops of 


* Present address: Medical Research Council, Xeuropsyobiatrio Research 
Unit, Carshalton, Surrey. 


heparin and the radioactivity of 1-0 ml. blood was determ- 
ined. 

Fig. 1 shows a tative experment. It is seen 
from this that the iodine-131 hormones decayed in 
the rabbits’ blood throughout the whole experiment. The 
only increase in the radioactive hormone-level was ob- 
served when 50 ml. of 10 per cent sodium chloride was 
infused; the injection of 50 ml. 0-9 or 0-6 per cent sodium 
chloride had no effect as did the placing of the animal on 
the hot plate. The morease of radioactivity was pro- 
portional to the amount of injected hypertonic saline 
solution. 40 ml. 10 per cent sodium chloride caused 
180 per cent, 20 ml. 75 per cent, 10 ml. 25 par cent Tnaredee 
of the hormonal iodine-131 level of the blood. 

The plasma was separated from the blood sample, the 
protein-bound iodine precipitated and the radioactivity 
assayed. 82-97 per cent of the radioactivity of the 
plasma was found m the ipitate. This result showed 
that the rise of radioactivity in the blood was due to 
protein bound iodine-181. This response was similar to 
that observed after direct vasopreasin administration‘. 

Similar resulta were obtained with 8 rabbits. Each 
week groups of 4 rabbits were used and permutation of 
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infusions with the different solutions during subsequent 
days was carried out. 

Subcutaneous injection of 5-10 ml. hypertonic sodium 
chloride solutions caused an increased concentration, of 
labelled thyroid hormones in the blood of female guinea 
pigs, body-weight 500—700 g. In these cases 60 uo. oarrier- 
free iodine-131 was injected .subcutansously and after 
two days the prtuitary activity was inhibited by 50 ug 
thyroxine. The blood samples were collected from the 
ear vein. 

The classic work of Verney’ demonstrated that hyper- 
tonic saline solutions exerted an action on the posterior 
pituitary and stimulated the release of stored vasopressin 
from the gland. Axelrod ef al. found that prolonged 
administration of sodium chloride affected the function 
and the morphology of the thyroid gland1*-*, 

Our experimenta give evidence that the acute stimula- 
tion of the neural lobe by the administration of hypertonio 
sodium chloride solution, which resulted in a relative 
deprivation of water in normal animals, led to & rise in 
the output of the thyroid hormonee into the circulation 

ing a maximum between 2-6 h depending on the 
-amount mjected. The change in endogenous thyrotropio 
hormone was. blocked by a rather large amount of 
thyroxine so the increase’ in thyroid activity was not 
affected by anterior pituitary activity. Evidently the 
secretion of antidiuretic hormone seams to be responsible 


URE 


for the activation of the thyroid gland, or it is posible 
that the liberated vasopressin by the effect of hypertonic 
saline solution could overcome the thyroxine block of the 
pituitary and release endogenous thyrotropic hormone. 
Although these results are not conclusive (some further 
experiments with anterior and posterior lobectomized 
animals and study of the effect of hypertonic salme 
solution on isolated thyroid lobea would be necessary) 
it is supposed that as well as the anterior pituitary, the 
posterior lobe also plays some physiological part in the 
regulation of the thyroid function. 

I thank Prof. H. MolIlwain for his sup 
progrees of this work, and the Ford 
financial aid. 
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ENCEPHALOMYOCARDITIS VIRUS AND ITS RIBONUCLEIC ACID: 


SEDIMENTATION 


CHARACTERISTICS 


By MEMBERS OF STAFF OF THE VIRUS RESEARCH UNIT 
? : Medical Research Counci! Laboratories, Carshalton, Surrey 


Sedimentation Coefficients of Encephalo- 
myocarditis Virus and its Ribonucleic Acid 


NFECTIOUS ribonucleic acid (RNA) has been obtained 

from several animal viruses or from cells infected with 
animal viruses. Little is known of the physical properties 
of this RNA, mainly through difficulty in preparing suff- 
cient quantities of pure material; sedimentation ooeffloi- 
ents of infective RNA have been estimated for foot-and- 
mouth disease and mouse encephalitis viruses? *. This 
article describes the determination of sedimentation 
coefficients by a modification of the procedure of 
Yphantis and Waugh* (using a cell with a fixed 
rather than movable partition) which does not require 
pure material. The material is centrifuged in & separation 
cell and thé amount left above the partition at the end of 
the run (Ou) is compared with that originaly preeent 
(Oo). A specific quantitative test for the material under- 
investigation is needed; infectivity, .in plaque- 
forming units, and hsmagglutingting ability, measured in 
hemagglutinating units, were both so used to determine 
the sedimentation coefficient of encephalomyocarditis 
(EMC) virus; infectivity, measured under different 
conditions, was also used for a similar determination with 
EMC virus RNA. 

EMO virus was grown $n vitro in continuously agitated 
suspensions of Krebs-2 mouse ascites carcinoma cells‘. 
When more than 80 per cent of the ascites calls ware dead, 
the oell debris was removed by centrifuging at 8,000g/ 
5 min followed by 9,000g/15 min. The tissue culture 
supernatant obtained was not purified further. before 
determination of the sedimentation coefficient of the virus, 
or extraction of its RNA. The number of hamagptutin- 
ating unita and plaque-forming unita was determined by 
the method of Sanders, Huppert and Hoskins*. 

Infective RNA was prepared from the crude virus 
phenol extraction i the presence of bentonite* as described 


by Montagnier and Sanders’. The precipitated RNA was 
stored at 4° in 67 per cent ethanol until ired for use 
when it was redissolved in 0-01 M phosphate buffer pH 6-8. 
Infectivity of the RNA was measured by plaque titration®; 
the ability of RNase to destroy infectivity was tested for 
all RNA tions. 

The sedi ion coefficient of EMC virus was determ- 
ined, using plaque-forming and hemagglutinating unita 
as markers at 20° and at speeds of 20,410 and 29,500 
r.p.m. in a Spinco mode] E ultracentrifuge. Schlieren 
optics was used to check the alignment of the centrifuge 
cell and the level of the meniscus. Several runs were 
made for different periods of time (10-80 min) to give a 
range of Ou/Oo values of 1-50 per cent. The resulta from 
the virus infectivity (Table 1) give a mean value for'the 
sedimentation ient of 161s with & standard error of 
The sedimentation coefficient from the ham- 
agglutinin activity was 164s with a standard error of 
-t 45; typical results obtained are shown im Table 2. 
On some occasions the contents of the top compartment 
of the fixed partition cell were used for measurements of 
both Rp sae oe and p forming unite and 
the values for sedimentation cients obtamed were 
very similar; compare, for example, samples 364-1, 
—2 and —$ (Tables 1 and 2). 


Table 1. BEDIXEKTATIOX OOEFFICINXT OF EMO VUS VANG IXTEOTIYITY 
AS MARKER 


Bample Speed (r.p.m.) Cujo 5» 
325-2 29,500 TB 1548 
304-1 29,500 125 168-1 
304-2 29,500 8-9 e 1525 
364-3 29,500 10-7 176-6 
877-1 20,410 24-6 109-7 
377-1 20,410 25-0 164-0 
377-3 20,410 18 158-5 
377-8 20,410 26 140-4 


Alean value Sæ 161 + 3-3 (S.E. 8 determinations) 


1178 =. Ug 
G 
y 
Table 2.  BEDIXENTATION OCORNFFIGANT oF HMO Virus Use HANN- 

y AGGLUTIMIN 45 4 MARKER 

Bample- Bpeed (r.p.m.) Owi Oo Sm 
321-1 29,500 %1 148-5 
361-1 20,410 63 1788 
361-2 20,410 12-5 176-6 
304-1 ,500 12-5 10651 
364-2 29,500 63 1678 
304-3 . 29,500 12-5 1724 
877-3 20,410 1-0 147.8 


Moan value Sy, 163-90 + 45 (S.E. 14 paired determinations) 


Our value of 161—1684s for the sedimentation coefficient 
of virus infectivity and hemagglutinin is close to that of 
156—160s quoted by Faulkner, Martin, Sved, Valentine and 
Work’ obtained by the sedimentation velocity analyms 
of crystalline virus. The similarity of the figure shows 
that the method of determining sedimentation oo- 
efficients described in this present report giyes resulta 
close to that obtained by more conventional methods. 
Since the S,, value obtained for virus was 
almost identical with that of virus infectivity it would 
appear that both these virus properties reside in the same 
particle. One of the disadvantages of the present method 
of determining sedimentation ooeffloienta 1s that if two 
or more particles with a common which is used 
as a specific marker, but with different S,, values, are 
present, then the value obtained will only be an average 
sedimentation coefficient, the exact value of which will 
depend on how much of each component is present. 
Since a similar figure wes obtained for virus infectivity and 
hemagglutinin (of Tables 1 and 2), this suggests that 
other particles having either of these properties (for 

example, free hemagglutinin) in crude virus preparations, 
must be present in small amounts only, if at all. _ 


Table 8. BXDDXENTATIOK COXFTIUINT OF EMO VIRUS BNA (PLAQUE 
FORMINQ Usrrs) OSING INFECTIVITY AS A MARKMR 
Bample Bpeed (r.p.m.) Ou/Co Sao 
363-4 44,770 35-9 38-8 
384-1 44,770 4:3 3€? 
884-1 44,770 48 35:1 
$954-3 44,TTO 11 36-1 
383-1 44, 1:6 56-4 
583-1 44, 2-1 38-1 


Mean Sy 87 + 0-5 (S.H. 6 determinations) 


^. Virus RNA was run at a of 44,770 r.p.m. for 

10-80 min values of Ou/Oo of 1-40 per oent (Table 
8). This gives a mean sedimentation coefficient of 37 
with a standard error of + 0-5, which fits in well with the 
resulta of Montagnier and Sanders’. They mixed virus 
RNA labelled with phosphorus-32 with RNA from 
uninfected Krebs cells and centrifuged the mixture on a 
sucrose gradient; the RNA infectivity and radioactivity 
ee ee ee cellular 

t, which has an S,, value of about 80s. 
jeanne 87s was also obtained for the RNA from foot- 
and-mouth disease virus by Strohmaier and Musegay* ^ 
using a deuterium oxide—water density gradient. 

Values of 31-328 have been suggested for RNA from 
mengo, West Nile encephalitis and poliomyelitis viruses?* 
and from eastern equine encephalitis virus. These 
conclusions are besed on the that the infectious 
components present were of high molecular weight and 


that preparations from infected cella when examined ih. 


the analytical ultracentrifuge had no component detect- 
able by optical methods with a sedimentation coefficient 
greater than 31-825. Similarly, RNA from EMO infected 
cells does not show any component with an S, value 
greater than 80s when examined in the analytical ultra- 
oen e! using either schlieren or ultra-violet optics. 
Since the S., value for EMC virus RNA appears to be 
about 37s, this probably means that there is so little virus 
RNA present in infected cells that it cannot be detected 
- in the analytical ultracentrifuge using conventional 
methods. Moreover, analysis by sucrose gradient oentri- 
fugation’ shows that the bulk of the infectious RNA 
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paii from infected cells, as detected. by plating for 
infectivity, behaves like the RNA extracted from purifted 
virus, for example, sediments appreciably faster than 
the 30s cell component. The values of 31-325 for the virus 
RNA itself from mengo, West Nile, poliomyelitis and KEE 
viruses are thus open to doubt!*:!!, This ig particularly 
BO since evidence that poliomyelitis virus RNA is larger 
than cellular RNA is suggested by the work of Kubimski 
and Koch?, who showed viral RNA was eluted after 
cellular RNA when RNA from infected cells was chromato- 
graphed on a methylated serum albumin—‘Celite’ column ; 
this system is thought to separate nucleic acids according 
to chain-length™“, and also by that of Fenwick", who 
found that the newly labelled RNA im poliomyelitis virus- 
infected. cells sedimented slightly faster than the heaviest 
cell RNA and at the same rate as RNA from pure virus. 
Gierer!* has shown that the molecular weight (M) and 
sedimentation coefficient of TMV RNA may be equated 
as follows: 
M = 1100 S*1 


If it is assumed that the RNA from EMO virus has 
similar physical properties to TMV RNA, then an S, 
value of 37s would give a molecular weight for EMC 
virus. RNA of 8-1 x 10°. EMO virus contains 30 per 
per cent RNA and an Sy, value of 160s for the virus would 
give a particle of a molecular weight of about 1 x 10" 
(ref. 9). This would mean the RNA present in the virus 
particle would have a molecular weight of the erder of 
3 x 10°. Since this agrees with the figure obtained from 
the S» value of EMC RNA it suggests that there is one 
RNA molecule of moleculaf weight—8 x 10° per EMC 
virus particle -and that this can be extracted as a single 
piece with phenol. i 
We thank B. Hay and G. Warriner for amistanbo: 
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Sedimentation Properties of Infective Ribo- 
nucleic Acid extracted from Encephalo- 
myocarditis Virus ` 


EMO virus itself, and: Krebe-2 cells infected $n viro 
with this virus, yield infective ribonucleic acid (RNA) 
when extracted with phenol^*. Before the precise mode 
of replication of viral RNA can’ be in &nSwers 
must be obtained to the following questions: Is the whole 
RNA content of one virus particle required to carry the 
genetic information for virus replication: that is, does the 
size of the smallest infective unit of RNA correspond to the 
RNA content of a single virus particle? Infective RNA, 
in general, has only a fraction of the infectivity of the 
virus from which it can be extracted"*. Is this due to the 
relative insensitivity of the system used to assay RNA 
infectivity, or does the mfectivity recorded belong only 
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to a small fraction of the extracted molecules, most of 
them having been broken up by the extraction method ? 

To answer either of these questions requires knowledge 
ee eee ies of EMO virus RNA; until now 
it has fenbeihlo to axamine these diresily, mainly 
owing to the technical difficulty of obtaining sufficient 
quantities of pure material. However, we have now been 
‘able to obtain tentative answers to the above questions 
by studying the sedimentation behaviour of a small 
quantity of EMO viral RNA labelled with phosphorus-32 


' in a sucrose gradient, assaying both radioactivity and RNA 


infectivity, and using non-radioactive Krebs-2 cell RNA 
with known sedimentation values as a velocity marker. 
At the end of centrifugation, fractions were collected and 
analysed for three properties: (1) radioactivity; and (2) 
infectivity, indicating the position of virat RNA; (8) 
ultra-violet absorbance at 260 my locating the cellular 
RNA. Knowmg the sedimentation ooeffoiants of the 
cellular RNA components, an approximate value could be 
assigned to the viral RNA. Moreover, & comparison of 
the respective positions of the radioactive and infective 
bends would indicate whether the majority of infective 
molecules differ m size from the bulk of the molecules 
extracted by the procedure used. : 

EMC virus, having its RNA heavily labelled with 
phosphorus-32, was obtained by growing the virus in vitro 
in continuously agitated suspensions of washed Krebs-2 
ascites cells (87° O; multiplicity of infection x 3). The 
medium consisted of Earle’s saline buffered with citrate 
instead of phosphate and containing 100 uc. of carrier-free 
phosphorus-82 per 10' cells. The label was added 1 h 
before infection. At 5 h after infection, a time at which 


all infective RNA had been synthesized in tho oells*, the 
containing 


the 
and 


had been reached (40 h; 


acetate buffer 0-01 M, ethylenediamme 


(EDTA) 0-025 M, pH 7, containing 0-05 per cent of benton- ` 


ite, a powerful absorbent of ribon Two alterna- 
tive methods of deproteinixation were used: in the first, 
"the virus suspension was shaken twice for 10 mm at room 
preg eves lie us i ob rod prse dre e 
ytical reagent phenol; in the second method, the virus 
suspension was shaken’ with 0-25 per cent sodium dode- 
isis proin 10 min and then 2 or 8 times with the 
vag mixture (chloroform/octanol'). The subsequent 
stages of preparation were identical for both methods. 
The aqueous layer containing RNA was freed from benton- 
ite by high-speed oen tion ($5,000 r.p.m.; 15 min) 
and the RNA precipitated by ethanol wi addition 
of a carrier; to absorb the last traces of protein iou- 
larly ribonuclease), the RNA‘ pellet was again lved 
in a suspension of bentonite (0-05 per cent), and the ben- 
tonite removed i The final RNÀ 


of the radioactivity originally p 
tion; the remainder could be found in the reagents used 
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for extraction. The infectivity of such ions was 
remarkably stable (several months at 4° O) provided that 
the storage medium contained both EDTA and bentonite. 
of about 1 x 10* infective units per ug of RNA, as recorded 
by ing on agar layers of Erebe-2 oells!*. Krebs-2 cellu- 
lar A was also extracted by the phenol method (using 
reagents containing bentonite and EDTA as d 
here. = i 

By centrifugation in the Spinco model E analytical 
centrifuge, using either schlieren or ultra-violet optioe, 
cellular RNA can be resolved into 3 components havi 
sedimentation values of 30s, 18s and 6—7s at neutral 
&nd moderate ionio strength (sodium ph to buffer 
0-02 M). The same 8 components could identifled. 
when these cellular RNA tions were centrifuged. 
on a sucrose gradient (Fig. 1). The two rapidly sediment- 
ing components presumably come from ribosomes; the 
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2. Sedimentation in a &uorose gradient of “P-labeled HMO virus 
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-and ite sedimentation examined by ultra- 
violet optics. The value obtained was 375, 
which is in good agreement. with data 
obtained by Burness et al. (preceding com- 
munication), using an independent method. 
They found a sedimentation value for 
EMO RNA of 378 and caloulated a molecu- 
lar weight of 3 x 10*. On the basis of 
the analytical results of Faulkner e 
al.*, this would suggest that the infective 
RNA molecule extracted from purified 
EMO virus corresponds to the entire RNA 
content of a single virus particle. Investi- 
gation of the in ultta-violet 
absorbance which follows heatmg suggests 
that EMC RNA ‘exhibits in solutions of 
moderate ionic strength a similar degree 


3. Hffect of ribonuclease. in a t of a mixture of 3 3 
Fue ae ed Kr eec Me RT Ra of iniemoloonlar “hydrogen bonding to 
, . i a Q L 
mixhire of un Krebe-? ooltiar RNA and “P-labeled HMO viua ARA Cai — sedimentation valucm DF EMC RNA, like 
Fiii omer ered pee 1B 10 O, and then froed af enzyme | Ano AI ot AE those of both 18s and 80s ribosomal 
asin Fig. 1. Ban, 18 h. 15,000 r.p.m. line, optical RNA, are dependent on the 
at 100 my; dotted Ime, , ionic strength of the medium of centri- 


slowest fraction (4-78) probably includes the ‘transfer 
RNA’ fraction which is soluble in 1 M sodium chloride. 

When EMO virus RNA labelled with phosphorus-82 is 
mixed with cellular RNA and centrifuged on a sucrose 
gradient, the former, as detected by ite radioactivity, 
sediments as a single peak travelling faster than the 30s 
component of cellular RNA (Fig. 1). When EMO RNA. 
was centrifuged ın the absence of marker RNA a similar 
sedimentation profile was obtained, showing that the 
sedimentation of viral RNA was not affected by the 
presence of cellular RNA, provided that the concentration 
of the latter was not too high (< 500 ug/ml.) and that it too 
had been extracted in the presence of a chelating agent. 
It was also found necessary for EDTA to be present 
in the sucrose gradient itself m order to sharpen separation ' 
between the different components. Control with the 
analytical centrifuge showed that sodium versenate at the 
same ionic strength as that used in the gradient did not 
- affect, or only slightly diminished, sedimentation oo- 
efficiente of the componente of cellular RNA. 

Viral RNA infeotivity, as tested by plating on Krebs-2 
cella, sedimented at the same rate as radioactivity (Fig. 2). 
Comparison between the radioactive curve and the curve 
for infectivity, however, indicated that there is a tail of 
lighter radioactive material the specific infeotivity of which 
ia too low to be significant. These results indicate quite 
clearly that the major fraction of the RNA consista of 
molecules of a given size, an unknown proportion of which 
is both infective and radioactive, and that only a small- 
-part of the RNA is broken by the method of extraótion. 

portion loses ita infectivity but remains radioactive. 
Similar resulta were obtained whatever method of extrac- 
tion of viral RNA was used, and this makes it unlikely 
that the peak of sedimenting material observed is an 
artificial produot of the method of extraction. There is, 
moreover, no doubt that the material studied is RNA. All 
the sedimenting peaks are sensitive to extremely small 
amounts of ribonuclease (0-5 g/ml., 1 h at 4° O) which 
reduces the RNA to small pieces sedimenting at low veloci- 
ties (Fig. 3). , 

Braluation of the moleoular weight of infectis EMO 
RNA. Cellular ribosomal RNA consists of two oom- 
ponents sedimenting at 18 and 30s ively, and having 
molecular weights of 7 x 10* and 1-5 x 10* (refs. 11 and 
12). Assuming that the viral RNA has the same funda- 
mental stricture as ribosomal RNA, our results suggest 
that EMC virus RNA has a molecular weight > 2 x 104. 
This is confirmed by an independent determination of the 
sedimentation velocity of EMO viral RNA in the Spinco . 
analytical ultracentrifuge. RNA from a large batch of 


.8ted with the radioactive viral 


fugation, and also on the presence of 
divalent cations. Fig. 4 shows tho result of an 
experiment in which-a mixture of EMO virus RNA 
labelled with phosphorus-32 and Krebs-2 cellular ribo- 
somal RNA was centrifuged at very low ionic strength. 
(0-001 M EDTA). Under these conditions ribosomal 
RNA molecules show & greater degree of extension than 
at higher ionic owing to rupture of intra- 
molecular hydrogen bonds, and consequently have lower . 
sedimentation ooefflaients?. In media of low ionic 
strength the sedimentation constant of EMC viral RNA 
is also diminished. but to a much greater degree than that 
of the cellular component; consequently the radioactive 
peak in 0-001 M EDTA now lies between the peaks of 
30s’ and ‘18s’ cellular RNA, and not in front of the former. 
Such variations, however, are fully reversed by moreesing 
the ionio strength. and infectivity always remains associ- 
peak. A reasonable 
assumption based on such resultais that EMC virus RNA in 
solution, like ribosomal RNA, is a single-stranded chain. 
Recently we have also investigated the sedimentation - 
properties of infective RNA synthesized by cella in re- 
sponse to infection. Such an. RNA is synthesized before 
the appearance, within the cells, of mature virus particles. 
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from Krobs-2 cells incubated for $ h at 87° O after infection EMO 
virus aí 5 insoluble In 1 M Madi. of 


25,000 ig 


Fig. 5 shows the sedimentation of infectivity when RNA 
extracted from infected cells is spun on a sucrose gradient. 
The bulk of the infective molecules sediments faster than 
the 80s ribosomal component but the peak found is 
broader-than when virus RNA is centrifuged as a mixture 
with cellular RNA. kg Ei o E PORSE W dorine 
the relevance of these differences to the process of RNA 
replioation. 

Our resulta at present, however, provide a clear answer 
to the two questions proposed at the beginning of this 
article. When tested by its ability to perform all the 
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duties of a virus particle, that is, to produce a plaque 
on an agar suspension of susceptible cells, infective RNA 
appears to consist of molecules each of which corresponds 
in size to the total RNA content of one virus pertiole. 


`. Phenol extraction of virus releases the bulk of the RNA 


in the form of molecules of this size. The relative lack of 
infectivity o- RNA preparations compared with the virus 
from which they have been derived must therefore be 
ascribed to inefficiencies in the assay: system used rather 
than to breakage of RNA occurrmg-durmg extraction, 
although, conceivably, the extraction procedures might 
inactivate most of the RNA without breaking it, or else 
break it near one end with a negligible effect on sedimenta- 
tion rate. However, recent improvements in the asasy 
system have now achieved RNA infectivities of the order 
of 0-1-1-0 per cent of the infectivity of the purified virus 
from which these preparations were made, ing that 
Ib is the sensitivity of assay rather than the quality of 
the RNA which is at fault. ` 
We thank Mrs. B. Burford and Miss M. Wall for assist- 

ance. 

L. MONTAGNIHR 

F. K. SANDERS 
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RAL POPULATIONS: MERYCHIPPUS PRIMUS, 
A FOSSIL HORSE - 


By Dr. LEIGH VAN VALEN* 
Department of Zoology, University College, London 


HE distribution of intensities of phenotypic selection 

in natural populations has never been adequately 
mvestigated. There are- rather larger number of in- 
stances (to be reviewed elsewhere) in which phenotypic 
- selection in natural populations has been demonstrated 
and from which estimates of intensity can be made!; 
but most of these serve mainly to show that natural 
selection does in fact occur. The reason for this is that 
there is an unknown degree of bias toward high intensity 
m these cases in that for the most part only significant 
resulta are published. Cases in which natural selection is 
not demonstrated are presumably often left unpublished. 
Many groups of organisms are unsuitable for the kind 
of investigation to be reported here. The two main 
requirements are that a method of establishing individual 
relative age at least approximately must be available, 
and that a character must be available which does not 
change ontogenetically between these age-groups. The 
characters to be reported here (and in the press, Nature) 
are chosen’ without to the likelihood of selection 
acting on them, but for the technical reasons given 
in this paragraph, as well as availability. 

Stetistical parameters, most commonly mean and 
variance, are estimated for each age-group. If the age- 
groups differ in one or more statistics, this difference is 
due either to natural selection or to a difference m the 
* NATO Postdoctoral Follow. 


environments in which the &ge-groupe developed’. The 
latter alternative can be controlled by sampling several 
generations or by sampling both dead and survivmg 
individuals. Whether or not a mgnificant difference 
between age groupe is found, the apparent selection 
intensity is then calculated for statistic. g 

The intensity I, of natural (or artificial) selection by 
means of differential viability, relative to' statistical 
parameter or set of parameters p, may be defined as the 
minimum reduction of the original population that would 
yield a population with specified values of the parameter 
or set of parameters. This is an extenmon of Haldane’s 
definition], and can itself be readily extended to include 
selection on fertility. (Both definitions actually refer to 
amounts, rather than intensities of selection; division 
by the number of generations, usually 1, converts them 
to intensities.) The total intensrty I is the minimum 
reduction required to produce the total multivariate 
distribution for all characters and parameters after 
selection. J can never exceed the proportipn of the 
original population that is lost, but can be lees than this . 
value. The derivation of quantitative estimates of 
selection intensity and their tabulation will be presented 
elsewhere. . A 

A bias of estimation, in the direction of high intensity, 
exista when the difference of the means (or correlations) 
of the age-groups is low in relation to ite standard error. 
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This is true because the difference is taken to be positive 
whether an increase or a decrease in mean sine has occurred, 
and even if no actual change took place some difference 
would almost inevitably be produced as a result of 
sampling error. The estimation of this bias is complex 
and the correction for it has not yet been tabulated, but 
in no case will the correction be as large as the estimate 
of intensity derived from the probable error of the differ- 
ence between the age-groups. The symbol Q may be 
appled to the ratio of the observed difference between 
two age-groupe, to the difference expected to occur 
50 per cent of the tune by chance. Q 1s dependent on 
both the power of the significance test m a given case 
and the level of significance reached. 

Tf only decrease in variance is recognized (or if an in- 
crease is not recognized unless ite significance-level 
reaches such & value as 0-01, the value I use), the forogoing 
bias is scarcely applicable to the variance. The ratio of the 
variances of the age-groups should, however, be. divided 
by the appropriate 50 per cent F ratio to eliminate a 
small bias caused by different sample sizes; this produces 
Su ei cao ea ad i 

Since the age-groups available may not cover the 
entire tme the structure under consideration was open 
+o selection, a correction for this may be made by multi- 
plying the observed selection intenmty by the total time 
the structure exists before the mean reproductive age, 
and dividing this product by the difference between the 
means of the age classes. It is possible that selection 
may ooour for the same biological reasons even when the 
structure under consideration is absent; but this is another 
matter and is perhaps moro or leas offset by the possibility 
of changes in selection intensity with age. A further 
correction must be introduced if the age determination of 
the sample is not entirely accurate. 

To estimate the combined intensity for more than two 

the intenstty over the interval between 
each successive class should first be calculated. Then the 
first intensity ahould be subtracted from 1; this difference 
should be multiplied by the second intensity, and the 
product should be added to the first intensity. The 


the second character from the correlation 
This intensity should be subtracted from the lower 
intansity and the signed difference added to the higher 
Symbolically : 
|  Ieomtinea = Ii + (1 — r'Ha 
Partial correlations can be used to combine the estimates 
for more than two characters if desired. 
As with life-teblee*, the estimate of selection intensity 
somewhat on whether the sample is of a Living 
population (or of an entire population | ed at once by a 
catastrophe) or of individuals that died in the normal 
course of the history of the population. In the latter 
case, but not in the former, each age-group should be 
added cumulatively to the next earlier one to provide 
the best approach to a random sample of the individuals 
living at the earlier age. This need not be done-for the 
determination of the significance of differences between 
groups, however. 
SES easels uséd here is of & Middle Miooene horse, 
Merychippus primus, from Stonehouse Draw, Nebraska, 
in the collection of the American Museum of Natural 
History. The characteristics of the sample will be de- 
scribed i detail elsewhere; it is sufficient for present 
purposes to know that iduous teoth can be unam- 
biguously aged to year-groupe and that, as indicated by 
the preponderance of young individuals and the arguments 
given by Kurbén' for this and similar samples, the speci- 
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Table 1. BTATIFTION TOR AGE GROUPS OF M. prenus. UNUSUAL BYMBOLS 
i ARE AIPLiINED IN THR TEXT 
) Refers to length and w to width 
F 
T N r Q Pimen) rs ROR) P< n’) 

15. 21 1729310323 1076 

v DP 25 + 1:265 

wDP* ?1 1742+026 1:370 

wDP* 18 181410 932 1:840 

w DP, 57 38121008 0-400 

wDP, 68 10-68 + 0-06 430 

w DP, H 64 1074+009 0-565 

p 
Pt 9 17-57+033 1:31 080-040 1:008 1-02 0-49 

wDP* 10 1608+027 2:50  0-06—0-10 0-725 1:68  0-10—0-25 

v DP 18 1685+020 259 005-010 0-505 266 

wDP* 15 17:304017 805 O02 005 0-415 441 0001-0 

w DP, 38 8321008 261 010 0200 1:57 006—010 

wDP, 44 108114008 1-61 20-030 0251 166 008005 

w DP, a 10-9310-07 32-10 010-012 0-278 204 0-006 

w DP, 5 10744011 207 015 0063 3-74 005010 
Younger P a 

w 45 170991015 1:007 

l1 41 1770+010 1:069 
Older half P* 

w 44 1705+010 174 020-080 1108 005 0-50-0 60 

1 $2 1806+020 1-67 020-030 1:348 0-88  0-60-0-70 


* Comparison is with age-group IT. 


mens are probably a more-or-less random sample of a 
living population rather than the result of the normal 
attrition of mortality. Measurements of width were 
taken for the deciduous teeth DP; 1 and the first pre- 
molar P*, and of lingual length for DP! and P* only. 
All measurements were taken at the base of the tooth 
and are unaffected by wear, including wear between 
adjacent teeth im the same jaw. The distribution in 
age-group I of no character differed significantly from 
normality, as determined by yx? teste against normal 
distributaons with the game variances as the samples. 

In Table 2 the means and variances of the 
are compared. Although in only one case (DP*) is the 
significance of the difference of the means leas than the 
0-05 level, it is of mterest that in no case does the P 
value exceed 0-4, which it would be expected to do in 
three-fifths of the cases without selection. In the upper 
dentition the trend is uniformly towards smaller sire, 
while in the lower dentition the trend between tho first 
and second, years is towards larger size and between the 
second and third years towards smaller sizo. Exoept 
for the last instance, this situation is reminiscent of that 
found by Kurtén‘ at a oave bear site. It is of interest 
that this lineage of horses was increasing in size, so the 
selection for smaller upper teeth indicates a temporary 
or local revezgal of this trend. Such temporary or local 
reversals may well be a common phenomenon. 

The intengitiee of selection (Table 2) required to produce 
the observed changes of means, as well as of variances, 
are remarkably high. The correlation between the widths 
of DP? and DP* in age-group I is r = 0-846. For DP’ 
and DP* the joint intensity required to produce the 
observed shift of mean is Ia = 0-44. This means that 
two-fifths of the individuals in age-group I must have 
died simply for there to be this difference (the bias is 
in this case small). Similarly, combining the intensities 
on the mean for DP, over the two year-periods, the 
combined intensity is between 0-2 and 0-3, with a net 
Table 2. INTEKSITIES OF SELECTION REQUIRED TO PRODUCH THE ODGERYED 

MEANS. INTRENBITIBS 


CHANGES OF 
OALOULATED FROM THE 


: 
; 


] refers to length and w to width 

Io In Im (60 % 

chance) 
1DP* 0 002 0-20 0-14 
wDP* 012 0-34 011 
wDP* 0 20 019 0-09 
w DP 032. 034 009 
w DP, 0-08 0-17 0-05 
w DP, 009 0-10 0-05 
w DP. 0-14 0-14 0-05 
w DP,* 017 0-20 0 08 
wP —0 006 0-14 0-07 
1P —0 021 0-16 008 

* I compared with 
Negative 7 aro eee: they useful tn an 

estimation of the distribution of intensities Ee 


M 
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result of no change in mean. These are minimal unbiased 
estimates of the of deaths; without a sharp 
cut-off point the number would be somewhat higher. 
Pa is different from the deciduoüs premolars in that 
groups cannot be unambiguously recognized from it. 
(fhe other upper permanent teeth are excluded booense 
they cannot be identifed unambiguously at all stages 
of wear.) The P% were divided into two groups by the 
amount of wear. It is of interest that the amounts of 


of Pt. i 
on mesostyle height (a measure of of tooth 
wear) gave values of — 0-013 + 0-022 and — 0-086 + 


0-082 respectively, with Q for the regressions being 0-83 
and 1:67 i . There is thus no evidence of 
selection on dimension of P*. 

Table 3. Ooxzaz4miox CoxyriOnnrrs you AG Gxoure OY 4 BAMTLA oF 
The ratio Q ir explained in the text. 1 refers to length and w to width 


ï A r s Q Pirnar 
P4977. u 40-85 129 + 0-24 
w DPH 16 +005 1-96 X 0-28 
w DP 51 +002 1480-14 
"DP 47 4 0-85 144 £0-15 
wDP e 0-91 1491013 
wl P x B + 0-68 0-84 t 0-17 
SIDE 9 40-06 0-80 £0 41 153 0 30-0-40 
w DPH 1 091 1:54 £ 0-33 148 0530-040 
w DPs 28 +070 1-06 + 0-20 314 — 0-08-0-08 
w DPen 26 +0-07 0-81 + 0-81 148 000 
wDP 4 0-83 119£0-16 $11 010-020 
wi pr 5 4 0-76 0-96 + 0-10 0-86 0 


Correlations are given in Table 8. The estimation of 
selection intensities for correlations is complex and not 
yet fully worked out; but again Q is greater than one 
except for P?, indicating that correlations have probebly 


rate between age-groups R 

I and 105 of age-group ll, giving an 
ostensible mortality rate of 0-32 in this interval. This is 
lower (although not significantly so) than the oombined 
estimate of Im for DP* and DP*, and is surely lower than 
the total I for all characters and . This 
discrepancy can be accounted for in st least four ways. 
First, the distributions in age-group I may really have 
differed from normality, even though this could not be 
proved. Secondly, sampling error in the estimation of 
either mortality rate, seloction intensities, or both, may 
have been in the direction to produce the anomalous 
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effect. Thirdly, the age distribution may not have been 
stable; if the cohort at age II at death was more numerous 
when at age I than the cohort that died at age I, the real 
mortality rate would have besh higher than that estimated. 
Fourthly, the differences between the first two age classes 


argues strongly against this. If the deaths 
were catastrophic but attritional the anomalous effect 
would have been increased or unchanged. If a is the 


number'in A, the first year-olass; b the number in B, the 
second; and o the number of all older individuals C, for 
catastrophic death and a stable istribution I is 
estimated by comparing B with A and the firat-yoar 


mortality rato by 4—2. For attritional death and a 





stable age-distribution, J is estimated by comparing B 
with (A + B), assuming B is a random sample of (B + C), 
and will be larger than this estimate if the last assumption 
is false (unless the direction of selection is revorsed). The 
first-year mortality rate is estima ted by 15 5— . Com 
o 

parison of these ratios shows that tho first-yoar 
mortality rate is affected more than I by attritional 
death. ` 

A theory of the estimation of the intensity of selection 
is presented and applied to teeth, mainly deudnow, of a 
Miocene horse. imates of the intensities on single 
characters range from xero to 84 per cont; the latter is 
comparable with an estimate of the mortality rate during 
this age interval. In older individuals the intensities 
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LONGEVITY, PALATABILITY AND NATURAL SELECTION IN FIVE SPECIES 
OF NEW WORLD SATURNIID MOTH 


By Dr. A. D. BLEST 


Depertment of Zoology and Comparative Anatomy, 
University College, London 


Wee and Williams}, following Medawar*, have 
suggested that natural selection should m the 
majority of cases prolong the reproductive lives of 
animals. They show, in addition, that the force of 
otive life, to reach 


ib is supposed that their experience 
population at large; in both cases it is necessary to postu- 


late the. action of group selection. The former authors 
also consider that selection could in principle favour 
ins Chih ac mihvidualy dissivantes us but 
socially useful, but conclude that the actual 

of such an action occurring is remote. 

A possible special case has already been proposed, in 
which the individual disadvantageous character is an 
abbreviated life-span, and in which group selection either 
lengthens or shortens the duration of post-reproductive 
survival’. Consider two species of inseob with non- 
feeding adulta, one ~cryptic and palatable, the other 

and distasteful, and both subject to predatian. 

(a) The longer that & cryptic insect survives after 
reproducing, the greater the chance that it will be found 

l 


| 
I 
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Table 1 3 
Protect! Wild Marmoseta B M 
ve 
ua X g get summer ( ooksys 
(Pireage rubra) spis) ) 
Procryptle leaf-mimio Immobility to disturbance —— Accepted oeepted ecep 
Axutomeris junenis Walker Forewings : mtmiery fi eepot du y $5. x B 2 ” d 
Maka Diiia ) Apoeems usin banded play of abdomen, wi Tgno: Berc e after remo 
poema o th ed ted 
exmedide Stoll prim Ae -umell- ‘ of areca = 
Ineeonium 
D. (Periphoba) kirola Drab with harry and Display of abdomen with ; t "i ds 
Oramer oriented 
foul meconium 
alee ilens H 9 T "- 
. rubrésoens Walker ewipgs ev Hyespot displays Avespted ocepied Abbep 
: A. vínorus Conte dn with eyespota A pas 
àddl- A. fuer Bouvler i g 
tional H 5 spp.t Drab, with light hair on D of urticating hau Ignored -Rejected Accepted after hair had 
females a on ` been rubbed o(f abdomen 
H mausicn forewings, brightly Display of abdomen : 5 TS T 2 
&bdomen pss ea esee meeonhm 
Diraka (Dirpina) aria Banded, hairy abdomen Discharge of foul meconium — — — 


by & predator. Birds, at least, must learn to find indi- 
vidual cryptic prey species’, and the lesson must be 


periodically remforced by success. Survival, therefore, ' 


peeji the safety of other individuals, which may still 
reproductive. Group selection should shorten post- 
reproduotive survival, &nd direct selection should shorten 
the reproductive life-span should the ecology of the species 
permit it to do so. 

(6) The converse of this argument applies to the 
aposematic insect. Birds also learn to avoid conspicuous 
but unpalatable prey, and they may even do so by single 
trial learning’. The post-reproductive survival of an 
a tio insect, then, should favour the survival of ite 
mb lings, for it is available to train a predator to avoid 
them without prejudicing the reproductive potential of 
the population. Group selection should lengthen the 
post-reproductive survival of the saposematio species; 
direct selection may be expected to lengthen the overall 
life-span. 

Even if this argument were correct, there are few natural 
situations which will permit it to be tested. An attempt 
has been made to do so by using hemileucine saturniid 
moths in seasonal tropical evergreen forest on Barro 
Colorado Island m the U.8. Paname Canal Zone. In 
order that the species should be comparable, the five 
chosen for the comparison of males: (a) are all of the same 
order of size; (b) have all been found in:their early stages 
within 20 ft. of ground-level beneath.the forest canopy. 
The rather scanty available evidence implies that tempers- 
tures in the canopy itself are both higher and subject to 
greater fluctuations than beneath it‘, and a broader 
comparison would be of doubtful validity; (e) all five 
species are of approximately the same order of abundance. 
They are listed, together with their palatabilitiea to threo 
species of and their defensive behaviour (sum- 
mary of unpublished data), in Table 1, which includes the 
additional genera used in the comparison of females. 

- The moths were at an ultra-violet light trap, 
which was watched throughout the night; individuals 
were removed as soon aa they arrived at the light, and 
inspected immediately for damage. Immaculate moths 
were assumed to have hatched on the night of ca ; 
while those with wing abrasions, damage to the fri 
scales or torn wings were rejected as bemg more than 
24 h old. This procedure prejudices the adult life-tebles 
against the hypothesis, for aposematic species tend to 
have hard scaling and are consequently leas susceptible 
to mechanical damage. The male insects were stored in 
small plastic boxes under continuous illumination to 
inhibit flight activity. Moths so stored remain quiescent 
until they are disturbed by tactile stimulation, or until 
the last few days of life, when they become hyperexcitable. 
The flight times of male hemileucines are very narrowly 
restricted, often to a period of no more than 15 mm in 
each night, and immaculate males are assumed to be 


* Provisional identification only. + Not identifed 


virgins. Females were stored in larger cages, and were 
not illumined at night. The storage conditions approxim- 
ated to those recorded for forest shade on Barro Colorado 
at a height of some 20 ft. from the ground’. Adult 
saturniids have degenerate mouth-parte and do not feed. 

The adult male life-tablea are presented in Fig. 1. 
The hypothesis predicts that the life-spans should: be 
ranked in the following order: Lonomia < Atdomerts < 
Dirphia; although the two species of Automeris are rather 
distantly related, as are the two species of D9rpMa, no 
prediction can be made about their order of ranking, and 
the data were pooled within genera for analysis by 
Kendall's method’, which yields P < 0-0001 for the 
ordered distribution. The date from male moths, ther, 
support the hypothesis, m so far as the action of direct 
selection. is concerned. 

The results from the females are more difficult to inter- 
pret. In the first place, only a small proportion of tho 
moths trapped at light are females. For this reason, the 
data for all species of female, irrespective of size, have 
been used for comparing the length of post-reproductive 
survival between pelateble and unpalatable species. 
Secondly, it is not possible to estimate the age of females 
with such certainty as that of males. Female hemileucines, 
apart from & few exceptional species, do not fly until they 
have mated; if it is assumed that mating usually cocurs 
on the night of emergence, then females replete with eggs 
which are captured at light must be supposed to be 
24 h old. Moths so caught wait a further 24 h before 
starting to lay eggs, and this delay is a consequence of 
the method of capture, for bred moths rarely delay more 
than 24 h between mating and oviposition. In view of 
these unoertaintiea, the only practicable comparison ia 


Survivors (X) 











of bemileuctne 
: 1, Lonomia oyna (50 males); 2, A 


, Atsetéris 
do Pe mre ); 5, D. kirois 
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death. Such a comparison again biases the resulte against 
the hypothesis, for the trapped palatable females lay their 
eggs after capture and are seen to die shortly afterwards; 
the distasteful females are more usually captured after 
oviposition has been completed, and may be at any stage 
of their post-reproductive life-span, and’ such ‘spent’ 
females have been included in the date. Table 2 pools 
the data for each of the two classes of moth. The sur- 
vivals again rank in the predicted order (P < 0-001). . 
Table 2. Poser-REFRODUCTIVA SURVIVAL OF EXXALES 

Palatable Unpalatable 


g OWT H 
e oocoooocb 


The patterns of survival so far described are clearly 
‘“dealized’ and need bear no relation to the life-tables 
for feral moths. There are striking differences between the 
behaviour of the palatable and distasteful forms; the 
palatable Lonomia, Automeris and Gamelia spp. become 
i ingly exoiteble with age, and spend their last 
12 h of life in unrestrained flight activity. Unpalatable 
forms (DirpMa (Dwphia), D. (Dirphiopsis), D. (Peri- 
phoba), Hyperchiria and Hylesia spp.) do not appear to 
undergo marked age-dependent in behaviour, 
and their excitability is relatively stable. 

In the males of three species (L. oynira, A. junonia and 
D. eumedide) it has proved possible to measure these 
changes in behaviour with age in terms of the rocking 
response’. When hemileucine moths settle after any 
proceding activity they rock from side to side, and the 
strength of the response may be measured by the number 
of oscillations in & single train. For the Brazilian Auto- 
meris aurantiaca it has been shown that the strength of 
the response y = a + bz where x is the duration of pre- 
current flight in minutes, and a and b are age-dependent 
constants’. b lies between 0 and 1-0, and relates inversely 
to the state of flight excitability of the individual moths. 


a cannot be determined for moths taken at light trape, 


history is unknown. b was 
by removing the wings and abdomens from 
known age from capture, and subjecting them to forced 
tethered flight for successive 3-min periods. At the end 
of each period the strength of the response was measured, 
mx successive tirtes at l-min intervals, and the three 
highest values out of each group of six were used to 
compute b. The values of b differ slightly according to 
whether the moths walk or fail to walk before each settling 
reeponse*, but the difference is slight and oan be ignored 
m the present context. Fig. 2 plots log b against age for 
each of tbe three species. By this oriterion, the behaviour 
of the two cryptic species un a continuous change 
with time, which ia rather nicely adjusted to the adult 
life-span. Indeed. when b < 0-2, it is virtually un- 
measurable, in part because the moths have become too 
excitable to test, and also, arguing from the condition in 
A. aurantiaca, because a has so decreased that very long 
periods of flight would be needed to give real positive 
values to y. The age at which b < 0-1 corresponds 
+o the point at which unrestrained terminal flight begins. 
Dirphia eumedide, on the other hand, ves consistently 
throughout its life-span, and the increage in the excitability 
of flight with age is far leas marked. i Measure- 
ments on the aposematic species of Hyperchiria and 
Hylesia indicate that they ahare the stability of Dirphia 
These differences in age-dependent behaviour are likely 
to have certain ces for moths in wild populations. 
Satarniid moths do not feed as adult, and are dependent 
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5 
^ Age (days) 
Yig. 2. ba or @) Lone changes in the values of b in the 
y m a + bs for a) Lonoma anue, (b) Awtomerte , and (e) Dir- 
pia eumedde. Values of log b are plotted the adult age in days 
on reserves of food which they contein at hatching.’ 
. The rate at which those reserves are utilized must relate to 
the general excitability of the moths. High excitability 
associated with ‘soft’ scaling in the cryptic species must 
accelerate the obliteration of the colour patterns by 
mechanical to the wings, end simultaneously 
increase the vulnerability to predators. In the case of 
the behaviourally stable apoeematio species with ‘hard’ 
scaling, the motbs may be largely from an age- 
dependent increase in vulnerability. It is poesible on 
these that in Nature there is.a greater disparity 
between the life-tables of cryptic and aposematic species 
than the present data would indicate; this, however, can 
only be determined by marking and recapture experiments. 
One feature of these resulta is of interest, for it bears 
on the general interpretation of ageing . Natural 
selection has been shown to have modified the adult 
longevities of the hemileucines studied; since the colour | 
patterns arid display behaviour of the aposematic species 
are the most highly elaborated in the group, and their 
larve are the most specialized, the direction of change has 
probably been to lengthen the life-spans from the condition 
found in Atdomeris. In principle, selection could modify 
an adult life-table of the type found for Automeris junonia 
in at least two ways: (1) The maximum age at death 
remains the same, but the age of onset of dying is pro- 
greasively postponed. The life-table develops a plateau. 
The change resembles that found im the survival curves of 
a human population with increasing medical care!*. For 
the + material, this would correspond to e hypotheti- 
_ cal case in which the maximum adult longevity is determ- 
ined by the food reserves available at hatching, which 
are not alterable by selection, but in which the moths 
are subject to lethal physioldgical ‘accidents’ with an 
age- t incidence which selection can postpone. 
(2) The age of onset of dying and the maximum age are 
shifted by an equal amount, and the rate of dying remains 
constant. The life-tables would resemble those found in 
and mouse populations when breeding pro- 
cedures have incidentally modified their life-apans!. 
The life-tables for the hemileucimes i y 
belong to the second category; apart from their displace- 
ment in time, they are remarkably similar. In contrast, 
the patterns of behavioural ageing are not homogeneous. 
Tt follows that the latter cannot be used as aefundamental 
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BEHAVIOUR OF YOUNG OCTOPUS BRIAREUS ROBSON 


By J. B. MESSENGER 
Department of Anatomy, University College, London 


() 7 briareus is of interest to studente of cephal- 

opods as ıt has no polagic larval stage in ita develop- 
ment: the young, which emerge from large eges &re 
benthic from the moment of hatching. As they are 
relatively large, their behaviour can be usefully oom- 
pared with that of an adult octopus. This species, des- 
cribed first by Robson’, and later, more critically, by 
Piekford**, 13 & shallow, warm-water form from the 
Caribbean, common along the Florida Keys*. This article 
reports observations made on livmg adult and young 
O. briareus at the Marine Laboratory of the University of 
Miami in April 1962. 

A female, of mantle-length about 60 mm, and her 
clutch of eggs had been taken locally and installed in a 
tank with running sea-water. There were about 130 
eggs, each with a long (10-mm) stalk: bunches of up to 
about 20 eggs were formed by the individual egg-stalks 

isting around one another to form a long (18 mm) 
piss Sera which attached the eggs to a rock. The 
bunches hung down in the water and they were closely 
guarded by the female, who refused to feed or leave the 
oggs during the period of observation. She continually 
agitated them by movements of the arms and body. The 
eggs were pearly, by reflexion, and semi-transparent, 80 
that it was possible to see the chromatophores on the body 
of the unhatched animal: the empty egg-casea were white. 

It has been estimated that O. vulgaris lays about 
150,000 eggs‘, each about 2-5 mm long, which produce larvæ 
of about 1-5 mm’. It is interesting to note, therefore, 
that O. briareus produces far fewer the dimensions 
of which are relatively enormous. empty egg-cases 
measure 12 mm x 6 mm, excluding the stalk; the newly 
hatched animals have an arm-span of almost 17 mm and 
a mantle-length of about 5:5 mm and are, in their bodily 
proportions, smaller versions of an adult octopus and 
quite unlike the planktonic larva of O. vulgaris. Hatching 
was observed in the laboratory and although it was 
probably premature, the behaviour observed confirms 
‘Voas’s observations’ that the animale never pass through 
& planktonic stage. lí 

The young animals emerge backwards from the lower, 
blunt end of the pyriform egg and immediately swim 
or crawl downwards, often blowing ink at the same time. 
They have conspicuous eyes, often surrounded by a 
dark ring, and they change colour as rapidly as adult 
octopuses. There are fewer chromatophores per unit 
area than in the adult, so that the animals have a speckled 
appearances; there is a conspicuous double row of large 
chromatophores down each arm. "Waves of chromatic 
activity can be elicited by sudden movements of the 
observer at distances of up to 2 ft., and rapid approach 
of a hand is followed by reflexion of the arms, paling and 
spreading of the interbrachial membrane. This ‘dymantic 
response' thus appears to be innate. It is conceivable 
however that it is acquired during the last stages of life 
in the transparent egg, although the usefulness of such a 
response then is not very obvious. It is noteworthy that 
in Sepia, which has an opaque (black) egg, no dymantio 
response has been observed in very young animals’. 


The newly. hatchod young seldom move, and usually 
sit, with head uppermost, on the side wall of the aquarium 
at the air-water interface, sometimes half out of the water. 
Oommonly the arms are spread backwards and gathered 
around the body, so that the outline of the animal is 
roughly circular. When disturbed the animals walk 
away Tapidly and jerkly; they may eject ink. Only 
rarely do young O. briareus swim. This might be because 
of their innate tendency to oling strongly to a surface, 
here usually vertical, a tendency which, together with 
their ability to change colour, must afford them con- 
siderable protection from enemies. Indeed, tho very fact 
that O. briareus lays so few eggs suggests that the survival 
rate of the young 18 very high; large numbers of egga are 
laid not only by O. vulgaris but also by other ootopods 
producing planktonio larvse!*. Certainly the tendency 
to adhere to a surface is eo marked in O. briareus that it 
was possible to lower the water-level in their tanks grad- 
ually without causing the animals to move down with it, 
even though this resulted in their being left completely 
high and dry. 

The feeding behaviour, too, reflecte this tendency to 
remain attached; the animals always seized the prey 
with a few arms and anchored themselves with the re- 
mainder. They never swept down on the prey like adult 
octopuses and indeed many feedings were tho result, 
not of an attack by the octopus, but of the prey acciden- 
tally entangling iteelf with some of the arms. When this 





|! 5mm i 
et . cs 2 
Fig. 1. Above, fired specimen, 16 days old note the $ eye, 
funnel and conspicuous tophores; below, specimen, 
2 old, showing the double row of large down each 
arm and -developed suckers 


No.4873 March 23, 1963 





Fig. 2. Drawing, from Kodachrome, transparencies, of living animals 
] days old—in a typical resing postion : 
bappened other arms would be brought round to the 
prey to pass it under the large interbrachial membrane 
in the usual way, in which proceas the octopus might 
let go of ita substrate for a moment. Although the 
animals rarely attacked living prey, they could be rels- 
“tively eaaily ‘force fed’. In ‘force feeding’ a very small 
piece of freahly killed shrimp was offered to an arm with 
fine forceps or at the end of a fine thread. The arms and 
suckers explored the meat and the arm quickly passed 
it under the web to the mouth. 


Live food comprised crustaceans, lees than 10 mm in, 


length, such as Laireuies Leander sp., Hippolyte 
sp., and some unidentifled amphipods; Artemia (young 
and adult) were also tried, but, like the other species, 
never elicited ‘good’ attacks. Nor did offering them 
result- in any obvious visual fixation of the kind visible 
in Sepia when they are presented with mysids. 

Adult O. briareus eat bottom-shrimpe, bivalves, crabe, 
pl and occasionally polyohsetee!!, 

ut nothing is known about the diet of the young animals 
though this is of oritical importance if rearing these animals 
in the laboratory is to be done or if behavioural investiga- 
tions are contemplated. In this latter context it is un- 
fortunate that the question of innatenees of response by 


Octopus to crabs could not be clarified as ıt is of some , 


importance: no crabs small enough to present to these 
octopuses as food were found, however. ~- 

No yolk sac was visible ab Hatching (although the 
eggs hatched prematurely) so that we might expect the 
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tol&tart feeding gt once unless there was a sufficient 


supply of yolk internally to last for a day or two. No 
i evidence for this was farthooming; indeed 


the ani seamed no more likely to attack the food 
offered & ten days than after two, or after several 
‘force fi > 


That dttacks were so rare may have been because of 
failure to offer the natural food; but it would be unwise 
to assume that the choice of prey is highly speoiflo (cf. 
Sepia). The animale might be scavengers and detritus 
feeders at this stage. 

Generally young O. briareus are very inactive and only 
two other types of behaviour deserve mention. First, 
‘attention’ movemente—raising and lowering the head 
several times in rapid succession——were een on some 
occasions, generally ooincident with movements of the 
observer. Secondly, two octopuses were sometimes 
sean to approach one another head on, and entangle the 
arms, which flailed wildly. Changes in colour occurred, 
but no consistent pattern of change was seen. 

In Europe, the behaviour of adult O. vulgaris haa been 
the subjeot of intensivo analysis, but the larve, because 
they are planktonio and minute, are difficult to examine: 
it is therefore impossible to assees the relative importance 
of innate and acquired components in the behaviour of 
the adult, although this is clearly of great signifloance. 
This difficulty does not arise in Octopus briareus, and if 
more could be learnt about the food requirements, so 
that the young could be reared in the laboratory, this 
species might be an ideal one for workers investi 
tbe innate components of behaviour in octopoda. 

This work was done while I was in the b of 
Zoology, Yale University, New Haven, Conn. I thank 
the Fulbright Commission for providing 4 for 
travel to the United States, and Dr. Grace E. Pickford 
for her considerable help while I was at Yale. I also 
thank Dr. G. L. Voss and the Director and staff of the 
University of Miami Marine Laboratory for their kind 
help and hospitality, and Prof. J. Z. Young, and Mr. 
B. B. Boycott for their helpful comments on the manu- 
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NEW FOSSIL HOMINOID MATERIAL FROM UGANDA: 


By Pror, DAVID ALLBROOK 
Makerere University College 
AND , 
Dr. W. W. BISHOP -, S 
Uganda Museum, Kam RC 


U; io 1962, the published record of large hominoid 
fossils of Mid-Tertiary age was limited to ten speci- 
mens consisting of teeth and mandibular fragments found 
in Kenya. Six of these were designated Proconsul major 
by Le Gros Clark and Leakey, and the other four pro- 
visionally ascribed to P. major by Le Gros Clark’. Of 
these ten pieces unfortuhately only two specimens, single 
left and right Af, represent the upper dentition. 


In a single right upper canine collected in 1958 
from Napak (34° 17’ 2 P N) has been assigned 
recently to P. major by Leakey’. Í 

In August 1961 an expedition from the Department of 
Geology, University of Glasgow, visiting Karamoja 
District, Uganda, collected five further hominoid speci- 
mens at Napak and two ` from a locality to the 
north bf Moroto Mountain (84^ 45’ E., 2^ 32' N.). The 
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Fig.1 8 UAL P.62-11 in palatal view 
Specimen VM.P.02-12:n laba] view (C) and 
by Mr. W. 8e1umnga 


(A) and front view (B). 
view (D) (Dramngs 


preliminary stratigraphical and palwontological resulta of 
the ion and the location of the sites have already 
been described by Bishop and Whyte*. 

In Deoember 1961 & from the Department of 
Anatomy, Makerere University College, re-visited the 
Moroto site and recovered four additional fragmenta of 
the upper dentition of a large hominoid. Three of these 
Pieces and one of the specimens recovered durmg the 
G w expedition (all of which were found on the surface 
withm a few feet of each other) proved to be contiguous 
left and right maxille and two other adjommg fragmenta 
from a single individual. The fragmenta have been jomed 
together and registered as one specimen (U.M.P.62-11). 

In August 1962 a party of the Brathay Exploration 
Group visited Napak and found the broken crown of a 
large primate molar. 

Thus, a total of ten specimens of large foesil hominoid, 
many of them representing the upper dentition, are now 
known from Uganda localities. "ley are registered in the 
collections at the Uganda Museum, Kampala (UM.P.62-08 
et aeq.). The purpose of this article is to give a preliminary 
description of this material, which comprises the reoon- 
structed maxille together with two other pieces from 
Moroto and sgven specimens from Napak. 

The Glasgow expedition was financed by a Royal Society 
scientific grant-in-aid and the Makerere College work by 
a grant from the Wenner-Gren Foundation for Anthro- 
pological Research and the Wellcome Trust, to whom 
grateful acknowledgment is made. We are indebted to 
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Sir Wilfred Le Gros Clark, Dr. L. S. B. Leakey and Mrs. 
8. Coryndon for helpful comments and oriticimm, and to 
members of the Anatomy t, Makerere University 
College, in particular, Dr. E. C. B. Hall-Craggs for practical 
assistance. 
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(I) Specimen UM.P.62-11, Moroto ll, August and 
December 1961 


Osteology. The reconstructed specimen is undistorted 
and comprises most of the middle facial skeleton and a part 
of the upper dentition. The reconstruction is made up of 
two large fragmenta and two smaller fragments from either 
side. The specimen consists of the lower part of the nasal 
aperture, the incisor region, the maxilla on both sides as 
far back as M', and the palate, excepting the median 1/3 
caudal to the incisive canal (Fig. 14 and B). 

There is an 1ntermaxillary suture. The mcisor bearing 
premazxilla is wide, relative to the bicanme width but 18 
relatively short rostrocaudally. Diastemate are present 
between the medial and the lateral mcisors and the latter 
and the canines. Sub-nasal thism is not marked. 
The presumed middle part of the nasal a is the 
widest. Its margin at the midlme smoothly leads on to 
the external alveolar surface of the premaxilla. Only in the 
infero-lateral margin of the nasal aperture is there the 

inning of an edge. Canine fossa are just discernible, 
but the external aspect of the maxilla is rounded and filled 
out because of the massrvenees of the canine roots. The 
external and medial face of the right premaxilla is rough- 
ened and the incisive foasa and prominance for the root of 
the medial incisor (obvious on the left) is not present. The 
maxillary sinuses extend rostrally to the level of P* and 
are still large at the anterior roots of M*. The palate 1s 
shallow but the palatal prooeases are thick opposite P* 
(8 mm) and are stil 4 mm thick at M*. The inferior 
meatus is deep (average of 12 mm) and wide (27 mm at 
M*evel) The incisive canal is large even though the 
caudal border on one side is incomplete. It averages 
6-5 mm in diameter. The partial remains of the maxillary- 
premaxillary suture are visible. The width of the palate 
at the level of the canine teeth 1s 37 mm, at P? (the widest 
part) it is 39 mm, and the estimated width at M! ia 85 mm. 

Denttiton. All the moisors and both canines are broken 
near the alveolar margin. The roots of the left incisors 
are stout, especially in the anterior—posterior direction and 
the alveolar spaces between them suggest that they had 
spatulate crowns. On the right the medial incisor root is 
small and fragmented. On the left, the apex of the root 
of the canine is exposed as a small disk embedded in dense 
maxillary bone. Both pre-molars are broken at the 
alveolar margm, the roots only of M! are present, the 
whole of M? 1s preserved and the anterior sockets of M* 
are present. On the right P* and M! are complete but 
show moderately advanced attrition, obecuring the details 
of the cusp pattern. M'18 broken level with the alveolus 
and the anterior labial socket of M? is present. It is, 
therefore, possible to reconstruct tentatively the position 
of the upper dentition m which the sides of the arch are 
parallel or may even converge a little posteriorly. 

The dimensions of the teeth are given m Table 1. 

The premolars are narrow antero- eriorly as they are 
in Proconsul .1948, 50 (8.106) and 
CMH.2. Right P* is stout though, the roots are not so 
robust as those of P?. The principal (labial) cone exceeds 


Table 1. TXNTH OF SPROIMXX UNX.P 62-11 
Left Right 
7 A.P. Tr. Ind. A.P. Tr. Ind. 

IX Cervix 100 9-0 Crushed 
IL Cervix 100 72 Crushed 
C Cervix 195 160 (82) Cervix 100 160 (84) 
P* Cervix 1023 15:7 Cervix Mbel 2 14-5 
P* Oervix 63 15-8 Crown 75 140 187 
Pp — m — Crown 110 120 109 
M? Orown 12-9 1$:8 107 = — — 
M’ Root socket 

eat. 140 170 = = m 
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the worn deuterooone in height by 3-5 mm and is connected 
to it by a single ridge. An anterior and an external 
cingulum are present, though not very distinct. The 
dimensions are larger than P* m Proconsul nyansae 
(OMH.2) though the proportions are similar. 

Right M! ia stout and worn. The worn concavity in the 
position of the protocone dominates the abraded surface 
Ef the crown and the cavity in the position of the hypooone 
is half ite size. The metecone is relatively unworn and the 
paracone is low, flattened and-unworn. The internal 
cingulum has been removed by attrition. The dimensions 
are greater than in the corresponding tooth of OMH.2 
(Table 3). 

Right M? ia broken at the cervix, and the medial roots 
are also absent. Left M* has a prominent crenated 
internal cingulum, an external cingulum, a large worn 
protooane, small unworn metaoone conical and 
unworn and a large worn . The tooth is similar 
in morphology to M? in CMH.2 of P. nyansae though 
larger, but 18 smaller than CMH.35 (S) and S.881'40 


provisionally to P. major by Le Gros Clark and 
Leakey!* (Table 8). 
Discussion of UM.P.62-11. By comparison with 


palatal and maxillary dimensions of modem and 
material, it ia probable that the individual was 
of generally similar size to a full-grown female gorilla. 

The freedom from post-mortem distortion of UMP. 
62-11 is of particular Importance. Unfortunately, both of 
the adult of P. africanus (R.1948,50, 8108) and 
P. nyonzae (UM H.2) which are relevant for comparison 
have suffered some post-mortem deformation. This 
raises doubt as to the origmal morphology of the face and 

Such does not apply to the juvenile 
(093.1047) of P. nyanzae described by Le Gros Clark and 
Leakey!, or to the sub-adult maxilla of P. africanus 
(Rs.51/1490) described by Napier and Davies'. The 
alight malformation of the right premaxillary region in 
UM.P.62-11 does, however, result in some distortion of 
this side of the inferior nasal aperture. 

With this caveat, comparison indicates the following 
skeletal and dental features in which the present specimen 
is similar to, or differs from, the specimens go far 
deecribed. 

(1) Oomperison of the dental arcade with the known 
adult forms of Proconsul is not valid because of the distor- 
tion of the latter. The arcade resembles that of the 
juvenile P. africanus and P. nyanaas in that the lines of 
the cheek teeth ap parallel or may even converge 
slightly posteris (vide Plate 2 of ref. 5). <A similar- 
shaped arcade is found m modern oarcopithecoid monkeys. 

(2) The palate is shallow. It is deeper in the specimens 
of Proconsul africanus (R.1048,50,2100) and P. nyaneas 
(OMH.2) but these have suffered compression or shearing 
of the palatal bones. 

(3) The nasal is distinotly leas” cercopithecoid 
‘than the available adult Proconsul specimens. Although 
not like & modern oereopithecoid monkey neither is it 
typical of a modern adult pongid. It is most similar in 
form to that of a young cbimpanres, in which the mor- 
phology of the nasal aperture is not obscured by the need. 
to buttress the stout, curved canine roots found m the 
adult. 

(4) The external maxillary surfaces are amoothly curved 
to accommodate the straight and robust canine roots. 
“There are barely discernable external ions just 
uo ee (the canine foese). In the 

both canine and incisive foeme are 
nd RE RUD UNE in the gub-adult Hs.51/1499 described by 
apier and Daviee* they are shallow. | 

(5) Bub-nasal prognathigm is slight. pesci 
P. africanus from Rusinga was deecribed as 
but this feature ‘may be tly pac eben warping 
as noted by Le Gros and Leakey 
further by Robinson’. In the mib adal Ta, 
prognathism is leas pronounced. 
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ithecoid monkeys. The deformed palate 
oa the he adult. Proommul africanus of Hs.61/1490 is oero- 


By Cancer 

) Comparison of the dental characteristics with those 
Brunel (earl A NON Ed atlas 
The sections of: the roots of the broken canines are 
narrowed in the labila-lmgual direction and are similar to 
the canine tooth (UM P.62-08) ascribed to P. major by 
Leakey*. The proportions of the pre-molars are similar 
to those of Proconsul, showing antero-posterior narrowing 
and the.cuspe, though worn, are also characteristic. 
cusp patterns of the molar teeth are like thoee ascribed to 
the genus., The dimensions of the cheek teeth are all 
greater than those of P. nyonzae (Tables 2 and 3). 


Table 2. UFPER CAXTXES From MOROTO AND NAPAK 


Length Length Ciown 
AP. Tr. Index actual reconst. height 
M UM P.48-11 (10-0) (16-0) (H) EX = = 
oO t Cervix. ' 
R UMP.62-11 (10-5) (100) (82) — = = 
0 Cervix 
T UM.P.61-11 170 160 94 51 — T0 
0 Crown (18-0) (16-0) (80) 
N UM.P.02-06 19-0 160 94 50-7) SES 2 
A canine. Crown (20-0) (17-0) (85) 
P UM P.02-04 195 163 84 — 5933 56-0 22 
A hight canine, Crown aa) hie (84) 
X UM.P.62-43 . ' 16 18- BD 160 52-0 20 
hight canine. Crown (176) (14-5) (83) 
Proconsul n, y: 150 120, 80 — — ?4 
canine OUH A Holotype 
africanus. Upper 


us 91 806 — — B 


- Figures without brackets refer to measurements taken at the base of the 
crown while those inaide brackets gire dimennons a tely In the same 
piane, as the exposed fractured canines of UMP. 


Table 3. UPPER AMOLARS FROM ÀAOROTO AXD NAPAK 


Grown 

AP. - Tr. Index height 
OM P.62-11 Bight A ` 11-0 12-0 100 TO 
Ud .P.62-07 Tight M^ 11:6 13-0 111 5-6 
.62-11 Left At 12-9 18-8 107 TO 
UMP 02-08 Left M* 15:2 17-2 118 T8 
8.381'49 Left AP 148 16-7 118 8-0 
OMH *5(B) loght M’? 12-7 158 179 — 
Holotype of- Average M' 9-0 115 128 6-0 

Proconret - 

nyans OM H.3 Aveaage M’ 12-0 180 108 60 


The-dental characters of UM.P.62-11 are compatible 
with the diagnosis of a large form of the genus Proconsul, 
while the bone morphology is cercopithecoid though still 
compatible with the genus Proconsul. 

In view of the variability of the skeletal morphology in 
iu modern anthropoid apes, it seems desirable to avoid 

new genera for their fossil antecedents until 
there ie comparative evidence that a new genus (or 
even species) is required. This is particularly true in view 
of the limited material available and until topo-typical 
maxillary of Proconsui major are found from 
Sanchar Kane. 

With this proviso the specimen UM.P.62-11 is provi- 
sionally to Proconsul major, which was defined by 
Le Gros Clark and Leakey as ‘approximating im sixo to a 

" with the definitive feature being ‘the great sire of 

the teeth and mandible’ by comparison with Proconsul 
nyonzras!. 
. The qualifying statement of Le Gros Clark, concerning 
the difficulty of assigning to a particular taxon, isolated 
teeth and small fragments, might well be repeated here*. 
However, for similar reasons to those given above for 
UM.P.62-11, the following nine specimens are aleo pro- 
visionally assigned to the species Proconsul major. 
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(2) Specimen UM.P.62-10, Moroto ll, August 1961 

A fragment of massive right mandibular ramus. The 
dimensions of the specimen measured at the base of the 
ascending ramus are AP. 81:9 mm, Tr. 22-8 mm. The 
maximum depth of the broken mandible is 24-2 mm. 
M and M” have been broken level with the alveolus. The 
maximum transverse width of the socket of M? is 12:8 mm 
and of the anterior socket of M? 18 mm. 


(3) Specimen UM.P.62-12, Moroto Il, December 1961 ` 


A little worn left upper canine broken slightly at the 
tip of the root and having & length of 51 mm (Table 2). 
It is identical in morphology to the description given by 
Hopwood’ in referring to the type canine of Proconsul 
africanus but is approximately one and a half times as 
large (Fig. 10 and D). Cross sections of UM.P.62-12 
drawn in the same plane as the upper and lower fractures 
of the roots of the canines in UM.P.62-11 are annilar in 
sire and form to this specimen. ; 


(4) Specimen UM.P.62-03, Napak I, June 1958 


A right upper canine slightly broken at the distal and 
proximal ends and having an actual length of 46 mm. 
Reconstruction. that the origmal length was 
probably about 52 mm (Table 2). The morphology 1s 
similar to the Moroto IL canine UM.P.62-12, but the 
, tooth shows pronounced wear facets on the posterior and 

antero-hgual faces of the crown. This specimen has been 
attributed to Proconsul major by Leakey’. 


(5) Specimen UM.P.62-04, Napak V, August 1961 
A right upper canine slightly broken at the tip of the 
crown having & reconstructed length of 50 rom (Table 2). 
Very similar in size and morphology to U.M .P.062-03 and 
62-12 but with & rather more robust root. 


(6) Specimen UM.P.62-05, Napak V, August 1961 


Left upper canine. The left counterpart of UM .P.62-04 
and identical in morphology in every respect (Table 8). 
Cross-sections of these two canines at the appropriate 
levels are almost identical to those of the broken canines 
of UM.P.62-11 (Table 2). $ 


(7) Specimen UM.P.62-06, Napak V, August 1261 

A fragment which is tentatively ascribed to P. major 
consisting of the anterior left mandibular ramus of a 
juvenile, broken im the mon of the symphyms.-. The 
specimen has been badly bro along the alveolar margin 
exposing the unerupted left I*. The broken socket of the 
left canine js visible together with fragments of the broken 
roots of the deciduous cheek teeth. The unerupted germ 
of what is possibly M! can be observed deep in the 
mandible through a break in the bone. Tho maximum 
depth of the mandibular fragment is 28 mm and its total 
thickness 15 mm. The symphysis! region shows the 
beginning of rogtro-caudal thickening but there is no 
evidence of a simian shelf. The unerupted incisor has a 


crown height of 18 mm and is markedly triangular m A.P.. 


seobion. The transverse width of tbe biting edge 18 
6-0 mm and the A.P. width at the base of the crown is 
7T:0 mm. 


(8) Specimen UM.P.62-07, Napak V, August 1961 


A right first upper molar exhibiting moderate woar of 
the w. The lingual root ia present, although broken 
at the tap, and is widely splayed laterally. Both anterior 

, and posterior preasure facete are present. Although the 
tooth is considerably leas worn its cusp pattern and pro- 
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portions are similar to the right M! of OM-P.62-11. In 
general morphology it recalls OMH.85, tentatively desg- 
nated right M* (1) of P. major by Le Gros Clark and 
Leakey (Table 3) and it is considerably larger than Af’ in 
the holotype of P. nyansas. 
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(9) Specimen UM.P.62-08, Napak V, August 1961 
The crown of & left upper second molar showing 
moderate wear and with well-marked anterior and posterior 


preasure facets. The details of the morphology 
perfectly with the description of the left Af 5.38149 
Napak tooth is rather 


y ascribed to P. major by Le Groe Clark*. The 
but the indices are identical 
(Table 3). It ie larger than M’ of U.M.P.62-11 and rather 
lees worn, but again there is a pronounced mmilarity in the 
details of the tooth morphology and in the indices. 


(10) Specimen UM.P.62-09, Napak I, August 1962 


- Fragment of the crown of an un ted left molar 
(? M”), comprising approximately the ial half of the 
crown. A preesure facet is present on the anterior aspect 


“of the tooth, but the deeply crenated cusp enamel of the 


occlusal surface shows no sign of wear. The anterior- 
posterior measurement of the tooth is 15 mm and as the 
cusp pattern reaembles that of U.M.P.62-08, the fragment 
is also tentatively ascribed to P. major. 


Distribution 


P. major has been found at four sites. On Rusinga 
Island from a:total of 124 specimens of Proconsul only 
two teeth are attributable to P. major while at Bonghor 
the proportion is eight teeth or jaws of P. major from & 
total of 8T Proconsul specimens. At Napak the total is 
7 finde of P. major from a total of only 10 Proconsul 
remains; at Moroto all three primate finds (or 0 pieces 
prior to reconstruction) are of the large species. At the 
last two sites the totals are small and are undoubtedly 
over-shadgwed by the occurrence of several pieces 
representing one individual. However, the lack of many 
specimens of the large species at Rusinga, the rise to 
almost 25 per cent at Songhor and the dominance of 
P. major at the two Uganda localities may imply varia- 
tions in the abundanos of this creature possibly resulting 
from different ecological conditions. 


Conclusions 


Ten primate foenls found at Mid-Tertiary sites in 
Karamoja, Uganda, are provisionally assigned to Pro- 
consul maj 


major. 

The bones are thick and massive but the morphology 
has oercopitheooid features. The upper canine teeth are - 
pongoid and are similar in form to those of Proconsul 


africanus although larger, having stout uncurved roots. 
The available upper canines of P. nyonzae appear to have 
narrower roots and rather higher crowns. ə cheek teeth 
Wr peu and crown proportions are precisely those 
of the genus Proconsul in every major particular. When 
allowance is made for sexual dimorphism and the fact that 
the two sites of Moroto and Napak are more than 50 mules 
apart and possibly do not represent precisely contempor- 
aneous periods of foasilization, the material can be seen to 
constitute a ramarkably homogeneous series of specimens. 


1Le Gros Olark, W. H., and er: dion: B., Foes Memmals of Africa 
No. 1 (Brit: Mus, (Nai. Hist.), 1981). 


1 Le Gros Clark, W. H., Proe, Foo. Soe. Lond., 188, 273 (1952). 

* " o B. B., in Bmhop, W. W., Rec. Geol. Survey [Upanda for 1957-08 

4 Bishop, W. W., and Whyte, F., Nature, 198, 1235 (1062). E 

s apa, Ta and Deri, P. M wi Mammais of Africa, No 16 (Brit. 
us. . HI), London, . 

* Robinson, J. T., Amer. J. Phys. Anthrop., 10, 7 (1062). 

? Hopwood, À. T., J. Iana. Soo, (Kool), Lond., 38, 437 (1933). 
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- LETTERS TO THE EDITOR 


PHYSICS 


A Direct Terrestrial! Test of the Second 
Postulate of Special Relativity 

Tn following is a preliminary report of an inveatigation 
performed to teat directly, in a terrestrial experiment, the 
second, postulate of special relativity, which states that the 
velocity of light is independent of the motion of the light 
source. A direct test means here that the velocity of the 
light from a moving source is measured by a time-of- 
flight technique and not by use of interference effects ina 
closed light path or a frequency measurement. Investi- 
gations of the last-mentioned type may lead to difficulties 
in the interpretation of the result and are therefore not 
very satisfactory, aa pointed out by, for example, H. 
Dingle’. 

In testing the second postulate it may be of advantage 
to use y-radiation instead of ordinary light. One 
should thereby avoid possible’effecta caused by interaction. 
between the light and stationary material situated between 
the source and the detector, as discussed, for example, 
most recently by J. G. Fox’. According to this author it 
may be that older evidence for the second postulate 
obtained from ordinary light experiments aa, for example, 
the well-known double star evidence, are i i with 

ical errors which would weaken their reliability. 

The principle of the investigation here undertaken was 
to measure the ity difference between y-rays from 
recoiling nuclei and nuolei at reat. 


béen. 
on the other hand, is 1:2 x 10-™ geo (ref. 4), Bo that the 
nucleus is at rest when this y-ray is emitted. .Doppler 
shift measurements with a ‘sodium iodide crystal showed 
that the mean forward velocity of the recoiling "O 
nucleus was (1-8 +0-2)10 c, where c ia the velocity of 
light in vacuum. In the case of !*O the Doppler shift 
measurements confirmed that the nucleus was stopped 
before emission of the 0-13-MeV y-ray. A small amount 
(<15 per cent) of 7-MeV y-rays from ?*O was also present. 
The influence of these on the measurements could be 
corrected for, however. i 
In the time-of-flight experiment the y-rays were detected 
by a liquid scmti tor (5 in. x2 in.) located at & mean 
distance of 5 m from the target arrangement and at an 
angle of 10° with respect to the a-beam. A small plastio 
scintillator, placed at 1 m from the target arrangement, 
was used in parallel with the large detector to give reference 
peaks in the time spectra. i 
In Fig. LA is shown an example of & time-of-flight 
spectrum when 120 is first reached by the beam. 
Fig. 1B shows the case when the targets have been inter- 


The small detector gives rise to the two peaks , 


in the middle of the spectra while the large detector is 
responsible for the two other groups. The distance 
between these corresponds to one cyclotron period. If 
the distance between. the centre of gravity of the two peaks 
in each group is 7, in Fig. LA and +, in Fig. 1B then 


ving y-r&y source was !! *Ü excited in the reaction: ` 


383888 


Mo. of counts 
e 





<,=7 if the velocity of the y-radiation is pel vei 
dent of the motion of the source. On the other hand, if the 
velocity of the y-rays is V -o--kV,, for example, then 
Atm t — = AS X V, x bx o~, where k is a constant and V, 
the source velocity. With b-1 and S«4 m (the distance 
between the two detectors), Ar would be 0-5 na. 

From several different runs the following mean value has 
been found: 

Ara —0:2+4 02 ns 

A systematioal deviation (in both detectors) of Ax from 
zero, independent of the source to detector distance, was 
present. This gystematicel error causes the uncertainty of 
the measurementa to be somewhat than that 
predicted from time resolution of the equipment and 
statistioa alone. It is hoped that this mystematioal error 
will be eliminated in the continuation of theme measure- 
mente of which a more detailed report will be given in 
Arkiv Fysth. 

The result of this investigation is in agreement with the 
second postulate but does not agree with the result of a 
recent work by W. Kantor’. It would certainly be of 
interest to perform a test where the source velocity is 

than that used in the present measurement, 88, 
for with a x*-source as suggested by, among 
others, W. G. V. Roeser’. 

Wo thank Prof. O. Klein and Dr. K. G. Malmfors for 
valuable discussions. 
T. ALviamR 
A. NiIL880N 
J. KJELLMAN 

University of Stockholm, 
Nobel Institute of Physica, and 
Research Institute of National Defence, 
Stockholm. 

1 Dingle, H., Pros, Roy. Soo., 870, 312 (1902). e 
‘Fox, J. G., Amer.J. Phys., $0, 907 (1062)._ 
2 Nmon, À., and Kjeliman, J., Fud. Phys., 98, 177 (1902). 
4 Aizenberg-Belove, F., and Laurttaen, T., Nudi, Phys., 11,'1 (1959). 
*Xantor, W., J. Optis. Boc. Amer., MÀ, 078 (1002). -~ 
“Rosser, W. G. V., Nature, 190, 249 (1961). 
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Change in Velocity of Light emitted by a 
Moving Source 


Bomm interest has been aroused recently by a paper by 
W. Kantor!, describing an experiment to detect the change 
1n the velocity of light emitted by a moving source. The 
author explains his results on the hypothesis that the 
velocity of light as it leaves the moving surface of a glass 
block through which it has been transmitted is given by 
the oxpreegion c’=¢+ pv, where c is the usual velocity of 
light, v the velocity of the glass surface in the direction of 
motion of the light beam, and p is some constant, equalling 
1 on classical theory and 0 according to relativity. The 
experiment described then shows an effect which oan be^ 
explamed- by assuming p = 2/3. 

We have reoently constructed an apparatus to test this 
hypothesis. White light is passed through a slit and is 
then collimated. It then paases through a semi-circular 
disk of glass which is rotated by a high-speed electric ` 
motor about an axis iri its own plane, the axis of rotation 
being normal to the direction of motion of the light beam. 
It is then possible to show quite simply on the foregoing 
hypothesis that the wave front emerging from the appar- 
atus will be moving more slowly on one side than on the 
other, and so should rotate as it is propagated. 

The light was received in & telescope which could be 
placed at different distances from the apparatus, and the - 
deviation of the light could then be detected by coom- 
parison with the image which had not paased through the 
disk. The angle of deviation is 0= pwa/o, where w is the 
angular velocity of the glass disk, and x is the distance of 
the telescope from the disk. 

Under the oonditions of our experiment w=1,500 
(= 14,300 r.p.m.), e, the distance of the telescope from the 
disk=20 m, and o-3x10!* om/seo, so that if p=1, 
0— 20 seo of aro. This is of course easily detectable in a 
moderate-sised telescope, and in our case the minimum 
angle detectable was 0-5 sec, the limit being set by the 
size of the diffraction pattern seen in the telescope. 

At no time was any deviation of the light observed and 
we conclude that p in this case is leas than 0-025, if indeed : 
it is different from zero. 

Special relativity predicts a small effect of 0-0008 seo 
of arc due to Fresnel drag in the glass, but this deviation 
is too small to be detected by this technique. 

J. F. Jaxes 
R. 8. STARNBERG 


Phymoal Laboratories, 
University of Manchester. 
? Kantor, W., J. Op. Sec. Amer., UB, 962 (1002). 


,Sub-sieve Sizing by Sedimentation Balance 
Iw ining the sire distribution of particles in 
samples of finely ground barytes, difficulties have been 


ienoed in determining experimentally the ultimate - 


ce reading corresponding to sedimentation equilib- 
rium}, It takes an inordina long time for equilibrium 
to be attained, and even then this does not necessarily 
represent complete sedimentation of all solid particles. 
Consequently, even at equilibrium the belance reading 
(So) will be lees than the theoretical maximum reading 
corresponding to the weight of solid introduced (Sw). 

In these circumstances, sub-sieve sizing by sedimentation 
balance can become a protracted and inconvenient opera- 
tion if the conventional gravimetric methods of determin- 
ing So and Sa are adopted. However, some preliminary 
success has been achieved in these laboratories by using 
forms of exponential funotions to determine S œ, permitting 
termination of the experiment long before sedimentation 
equilibrium fs attained and also obviating any need to ` 
evaporate liquid and weigh dry samples. ^ . 

It is our experience that in many cases the upper 10-20 
per cent of the sedimentation curve can be described by the 
equation: 
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Yig.1. Graphical determination of Sq (4 = 5 min) 


S = Bas (1 — o) - Q) 
where ¢ is time, S is the balance reading and b is a rate 
constant. 

This equation may be represented by the pair of 
equations: 
(2) 


(3) 


t= hry +A 
and 
S, = S,.,.634 + Sa (1 — oA) 

where r is an integer and A> 0 and 1s constant’, 

A solution of equation (8) is Sp. = S, = Sw, and by 
plotting S, against S-n» Sœ is readily obtained; b is not 
of significance in this instance. The experimental results 
given in Table 1 are plotted in this manner in Fig. 1; the 
point of intersection of the experimental line, S, versus 
Su, with the theoretical line, S, = S.J, is the value of 
8 


eo. 

In Table 1, the times from 5 min onwards advance in 
aritbhmetio progression in accordance with equation (2). 
The usual experimental technique is to take balance 
readings at times advancing in geometric progression; in 
this case, suitable values for plotting according to equation 
(3) are obtained by graphical interpolation. ditionally. 
interpolation has the advantage of smoothing instrument 


. reading errors. Having determined S, the size distribu- 


tion is determined in the usual manner’. 


Table i. BEDINEKTATION BALANCM HRADDNGS FoR OLASSIFIER OVERFLOW 
PoDUOT (BARYTES) 


0 08 0 75-5 
1 48 0 7T-B 
25 14:8 400 79-4 
50 31:1 45-0 80-7 
75 137 50-0 81:9 
10-0 62-2 550, 82:8 
150 02-3 60-0 .897 
200 68-3 ` 050 84-5 
250 72-7 700 85-1 


This procedure has been used successfully in this 
Department to analyse a number of sedimentation balance 
curves and has also been used in other similar applica- 
tions*. The curves were related to separations according 
to particle size in & sedimentation classifier, and it has 
been logical throughout to relate sizing analyses to that 
proportion of the solid in suspension which would settle; 
that is, to Sa and not Sw. Resulta obtained by other 
workers have been examined successfully by the same 
procedure. 

In some instances the plot of S, versus Sr- does not 
give a straight line, but the curve obtained would probably 

another function having an unknown asymptote. In 
the case illustrated, the plot is linear over the last 12 per 
cent of the sedimentation curve; but curvature becomes 
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‘apparent if the relationship is plotted over a wider range 
of balance ; - i 

This point is at present being investigated and further 
resulta are being analysed. 
C. O. HARRI 
A. JowHTT 


Department of Mining, 
University of Leeds. . 
1 Bostock, W., J. Sol. Inst., 89, 200 (1951). 
* Harris, 0. O., J. App. Phys., B1, 315 (1900). 
H ; j M. 
ro a Rm Developmints in Mineral Dressing, 31 (TIL 


* Frangiskos, N. Z., Harris, O. O., and Jowett, A., Third Intern. . Surface 
Actimwdy, Paper D46 (Oologne, 1900). -~ ene 


Very Precise Thickness Measurement of 
a Thin Films 

Ir has already been pointed out! that the Smith type of. 
‘interference microscope, using a Wollaston prism in the 
rear focal plane of the objective, is a suitable instrument 
for measuring thin films. The film is deposited, with a 
reasonably sharp edge, on a flat surface and covered with 
& reflecting metallic film, using, for example, silver or 
aluminium. The image of an illuminated slit, doubled by 
the Wollaston prism, is projected by the objective, via a 
prism type of vertical illuminator, normally on to the 
specimen. The reflected beams are polarized mutually at 
right angles and the Datb-diffeanos between them is xero 
if both alit images fall either on to the substrate only or 
on to the film only. If one image falls on to the film and 
the other on to the substrate the path-difference is equal 
to twice the film thickness, and the problem becomes the 
polarimetric one of ing this path-differenoe. 

A suitdble form of compensator for performing this 
measurement has been described!, together with a visual 
half-ahade device for making tho settings and an optical 
device for translating the slit images across the specimen. 
However, as the visual method ıs found to be very 
fatiguing under the conditions imposed by the microscope, 
& photo-electric method was sought. 

A satisfactory method has been developed using the 
electro-optical effect in ammonium dihydrogen phosphate'. 
The elit image formed in the image plane of the microscope 
paseos through a plate of ammonium dihydrogen phoe- 
phate, cut normal to the optic axis and provided with 
transperent electrodes, then through an analyser and into 
a photo-multiplier. An a.c. voltage is applied between the 
electrodes. It can then be shown that the photo-multi- 
plier output contains a component of frequency equal to 
that of the a.c. which is zero only when the path-differenoe 
between the two component beams is a whole number of 
half-wave-lengths. This fundamental component is 
detected by a phase-conscious' rectifler which feeds a 
centre-zero meter. The setting operation then merely 
consists of operating the compensator until the meter 
reads rero. 

By this means it has been found possible to make 

settings with a standard deviation oo ding to an 
uncertainty in film thickness of only 0-1 
tainty is due largely to air currents, although the two 
beams are separated by only 0-2 mm. 
. This degree of accuracy is, of course, largely academic, 
as it is unlikely that a substrate as flat as this over 0-5 mm 
or so can be found. However, it is clear that settings to 
1 A unit can be made with certainty. 

I thank Dr. T. E. Allibone, director of the Laboratory, 
for permission to publish this article. 


Research Laboratory, 
Associated Electrical Industries, 
i Aldermaston Court, 
Aldermaston, Berks. 
? Dyson, J., Physics, M4, 53t (1058). 
Bing B. roe cee imt. 80, 797 (1010). Takasaki, Hiroshi, Did., 


J. Dyson 
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MINERALOGY 


- Paragonite from the Dalradian 

Two muscovite-rich red phyllites, one of chemical 
composition cent): SiO, 59-6, TiO, 0-9, Al,O, 18-1, 
Fe40, 8-4, FeO 4-60, MnO 0-1, MgO 3-4, CaO 0-2, Na,O 0-9, 
K,O 4:7, H,O 3-4, P,O, 0:2, CO, nil, total 99-5, carry a 
quartz- paragonite—muscovite—chlorite—hamatite—rutile— 
apatite mineral assemblage. They come from the 
Dunoon phyllite, a low-grade horizon of the Dalradian, 
+ and } mile north along the coast from Dunoon, Argyll- 
shire. This is the first recorded appearance of paragonite 
as a rock-forming mineral from the Scottish metamorphic 
rocks, and its appearance elsewhere in low-grade rocks 
"without albite is considered likely. 








ee 


20 
Fig. 1 


The basal spacings of the oo- ing muscovite and 
paragonite, calculated from the 002 peaks on a diffracto- 
meter trace, are 9-046 A and 9-612 A, respectively. 
Rosenfeld e£ al.! report the basal spacings of co-existing 
muscovite and ite from two biotite zone rocks to 
be: (1) 9-981 A and 9-628 A; (2) 9-975 A and 9-623 A. 
Paragonite is about 5 per cent of the total white mica. 
The diffractometer traces over the 001 and 002 peaks using 
copper K radiation are reproduced in Fig. 1. 


M. J. McNAMARA 
Queens’ College, Cambridge. 
Boece” J. L., Thompson, J. B., and Zen, H., Amer. Mineral., 69, 1637 


CRYSTALLOGRAPHY 


Molecular Structure of Tutin 


Turm (C,,H,,0,) was first isolated by Easterfleld and 
Aston! and identified as the convulsive poison tin 
the leaves and seeds of the New Zealand species of Coriaria, 
a shrub known by the Maori as ‘toi toi’. The molecular 
structure of tutin is now inferred from an X-ray crystal 
structure analysis of a-bromo-iso-tutin. 

Tutin 18 one of a series of chemically and pharmaool- 
ogically similar compounds of which picrotoxmin 
(C,,H,,0,)"? and coriamyrtin (0,,H,,0,)* have been most 
intensively studied. The structure (I) for picrotoxinin 
was proposed by Conroy*' and this was confirmed by 
X-ray orystallographic studies which also determined the 
absolute configuration of the molecule"*. On the basis of 
the picrotoxmm structure and chemical degradation 
studies, Karyone and Okuda proposed structures (II) and 
(LIII) for coriamyrtin and tutin‘* i . Further 
chemical evidence’ led to the dilactone structure (IV) for 
tutin proposed by Johns and Markham. 

The crystal structures of four bromo-derivatives have 
been examined in order to determine their suitability for 
complete structure analysis by the heavy atom method. 
The crystal data for these compounds are given m 
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Table 1. Lattice were measured from 
Weiæenberg photographs taken with copper K radiation 
and the crystal densities were measured by the method of 
flotation in a mixture of bromoform and carbon tetra- 
chloride. 

The two crystalline modifications a,-bromotutm and 
%-bromotutin, here reported for the first time, are 
presumably analogous to a,- and a,-bromopicrotorinin!*. 
` Although not required by space group synimetry, the 
bromine atom positions, as determined from Patterson 
projections, were found to be approximately at y= 1/4 in 
both the a,- and e,-bromotutin structures. This would 
complicate a structure analysis by introducing spurious 
symmetry into Fourier syntheses of electron density with 
the bromine atoms used as phase-determiners. A three- 
dimensional structure analysis of a-bromo-iso-tutin, rather 
than a-bromotutinone, was undertaken because of the 
uncommon trigonal crystal symmetry of the former 
structure. 

Complete three-dimensional intensity data (1,988 non- 
symmetry-related reflexions) were recorded on Weiss- 
enberg multi-films and the intensities were estimated 
visually. The bromine atom position was deduced from 
sections of tho three-dimensional Patterson synthesis, and 
the first three-dimensional Fourier synthesis with bromine 
phases clearly revealed the positions of all the carbon and 
oxygen atoms (Fig. 1). Although normally it is difficult 
at this stage of an analysis to distinguish between oxygen 
and carbon atoms from the peak densities in the approx- 
imate electron density mape, the configuration in the exo 
epoxy ring was evident from the formation of an. inter- 
molecular hydrogen bond of length 2-7 A from the hyd- 
roxyl at O, to the epoxy oxygen. Structure factors 
caloulated ‘for all reflexions wrth an overall temperature 
factor of 2-5 A* gave an E factor of 0-28. After two 
cycles of full matrix least-squares refinement with indivi- 
dual isotropic atomic temperature factors, R was reduced 
to 0-18. The refinement is being continued. 


M 








o——60 Q CHOH 
l, PLE Il pu 
X e = E 
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If, as chemical evidence suggests, the tutin senes differs 
from the iso-tutin series only m that the lactone ring 
closes at the C, hydroxyl, rather than the O, hydroxyl, 
then tutin has the structure (V) or its mirror image (VI). 
The absolute configuration of the molecule has not yet 
been determined, but by analogy with the absolute 
configuration of picrotoxinin*, this may well be (VI). As 
in the case of picrotoxinin, the molecule features a frame- 
work of interlocking rings in a conformation which has 
oompliceted the determination of ite structure from chemi- 
cal and spectral evidence. Thus, in the iso-tutin series, the 
lactone grouping and C, and O, with their attached hydro- 
gens shield the two epoxy rings, particularly the 11, 12 
ring, from rearward nucleophilic attack. 

This work was supported by grant B-8742 from the 
U.8. Public Health Service, National Institutes of Health. 

Note added in proof. A crystal structure analysis of 
«-bromo-isotutinono by MacKay and Mathieson 
(C.8.I.R.0., Melbourne, Australia), which is in progress. 
confirms the molecular framework as orted here. 

. M. Craven 


*Butter and Bohlitier, Helv. Chim. Acts, 38, 1855 (1049). 


Okuda, Bull: Ina Cham. Rss., Kyoto Ums., 81, 887 (1963). 
Chem. Abs., 48, 0971 (1964). 
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Possible Structures related to Mordenite 


Mamer! has recently given a structure for the fibrous 
aluminosilicate mordenite, containing strongly bonded 
ohains of SiO, or AIO, tetrahedra. The chains, which 
have the unusual feature of containing & proportion of 
five-membered rings, are linked laterally to form & three- 
dimensional framework. All apical oxygen atoms are 
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shared betwoen two tetrahedra. In addition Meier and 
Gottardi’ have shown that an alternative-side linking of 
the game chains can account for the structure of dachiard- 
ite. This raises the ion whether there are more 
structures which can be built from these chains. A little 
consideration will show that there is, in fact, an endlees 
number. However, some arrangements involve rather 
maprobable lmkings and result in large unit cells, while 
others can be obtained only by distorting the natural 
bonding distances within the chains. If both these types 
are omitted there are just sir structures which have 
undistorted chains and unit cells not encompassing more 
than four chains. 3 





Fig. 1 shows tho six structures projected down the axis 
of the chains with the unit cels thinly outlined. The 


ahoice of axes is t as in mordenite, for both ortho- 
thombic and monoclinic structures. a and b lie in the 
olane of the paper and c—the fibre axis—is perpendicular 
© this plane. Silicon (or aluminium) atoms are centred on 
sornere while oxygen positions fall roughly halfway along 
ach line. The mordenite chains ( ing no to the 
lane of the paper) oan be thought of as bonded together 
ut intervals of $ o by the square four-membered rings, thus 
forming layers parallel to ac. These may then link 
»ogether in ane of two ways, in which a translation of $ c 
ay alternate layers produces the second t from 
ihe first. To show this the heights of the four-membered 
“ings are indicated, choosing the origin as in mordenite. 

In Table 1 the six arrangements, are listed with their 
ughest possible centric symmetries. The axes given are 
ihose found by calculation based an the mordenite oell. 
For dachiardite they compared with a= 18-73, b= 10-80 À, 
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Table 1 
Highest 
Ko. Ooourrenoe symmetry a (A) b (A) Y 
1 Mordentte Omon 1813 20-5 — 
2 Unknown Imman 18:13 20-5 — 
3 Unknown Bouma 187 196 = 
4 Unknown Dumm - 187 196 — 
5 18-7 10-3 106° 45’ 
6 Unknown Ax 187 11-7 123° 


y= 107? 54’ for the natural mineral’; the c-axis, which is 
the chain repeat distance, equals 7-52 Å for eech structure. 

Only two of these structures occur in Nature, but a few 
crystals giving electron diffraction correspondi 
approximately to the body-cen structure No. 2 have 
been synthesized hydrothermally from aluminosilicate 
gels containing strontium‘, similar to those gels which 


yielded & strontium-mordenite. . 

I thank Prof. R. M. Barrer and Dr. W. M. Meier for 
advice. 

IAN RB. Kune 
t of Chemistry, : 
Imperial Co. of Science and Technology, 
London, 8.W.7. 
1 Meter, W. ML, Z. Krist., 115, 490 (1901). 
3 Gottardi, G., and Meier, W. M., to be m Third General 
Meeting Intern, Mineral. As000., W D.O., April 1062, 
* Gottardi, G., Period. Mineral., 89, 185 (1990). 
‘Barrer, R. W., and Marshall, D. J. (in preperation). 
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Breaking Foams produced by Ionic 
Surfactants 


A xxw and remarkably effective way of breaking foams 
produced by ionic surfactants has been discovered. In 
this connexion, it is necessary to distinguish between 
‘foams’, which term, I suggest, be restricted to those 
systems stabilized by soluble surfactanta at the air-water 
interface, and ‘froths’ which are stabilixed by insoluble 
products at the air-water interface. When foams collapse, 
therefore, there is no visible residue whereas when froths 
collapse there is an insoluble scum produced. 

Ifa ily stable foam produced using an anionio 
surfactant such as laurate or T bonate 
haa placed on it some foam produced using a surfactant 
of opposite charge, for example, trimethyldodecylam- 
monium chloride, there is a dramatic interaction at those 
points where the two different foams meet, with mutual 
destruction. Furthermore, as foams are thermodynam- 
ically unstable, the quantity of the first foam destroyed by 
the addition of the second foam, which I propose calling a 
contra-foam, is very much greater than the amount of 
contra-foam added. For example, a vessel of 12-L 
capacity was filled with a foam produced from dodecyl- 
benzene-sulphonate. A blob of contra-foam, enough to 
cover & penny, was put on the top of the foam bed. 
Within a few seconds a oylinder, approximately of the 
diameter of the added oontra-foam, was channelled right ` 
through the foam, leaving the remainder of the foam 
intact. Presumably the mteraction takes place at the 
i surfactants 
meet and neutralize each other, but the instability, thus 
produced, proceeds some distance into the foam. 

This is clearly due to opposite charge effects, because if 
foams produced from similarly charged surfactanta or 
from non-ionic surfactants are contacted in the same way, 
there is no interaction at all, both foam and contra-foam 
remaining unchanged. 

In & similar way, a foam produced from a cationic 
surfactant is quickly destroyed by using a contra-foam 
produced from an anionic surfactant. 

By suitable placement of blobs of ocontra-foam, large. 
amounts of foam oan be made to collapse almoesb instan- 
taneously using very little contra-foam. There is a alight 
residual scum, presumably produced as a reaction product 
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between the oppositely charged surfactants, but the water 
substrate now shows no tendency to foam, showing that 
the surfactant from the collapsed foam does not re-enter 
the water in an active form. 

In order to destroy an anionic foam it has been found 
that contra-foams produced from diamine surfactants are 
better than those produced from singly c cabionios, 
presumably because of the double charge: the foam ia 
simply sprayed with a dilute solution of the same oontra- 
foam surfactant, the effect is not nearly so marked as 
when using a contra-foam itself. Presumably, the nature 
of foams is such that the opposite charges can get closer 
together more quickly if two foams are placed in juxta- 


position. 
For with large masses of foam, a primitive foam 
gun was This consisted of & sintered glass porous 


plate fused into a 1:5 in. glass tube, which, about 6 in. 
&bove the porous plate, was bent to make an angle of 60°. 
“A dilute solution of contra-foam surfactant is placed in the 
gun, bubbles generated by introducing compressed air, 
and using this, the contra-foam oan be strategically direc- 
ted so aa to break the foam completely. In this way, it 
was possible, in a few minutes, to destroy completely a 
foam, which filled an open box, about 8 ft. cube. This 
foam was produced by a sewage effluent, and was probably 
due to the presence of dodecyl honate. 

It is that a method such as this might offer a 
means of with some case of the nuisance foams 
produoed br the so-called hard detergents. It should be 


emphasized that, so far, this method has only proved. 


effective for dealing with foams, and not with froths, and 
quite obviously it has no use for breaking foams produoed 
by non-ionic surfactants. 


Department of Chemistry, 
University of the Witwatersrand, 
Johannesburg. 


, F. SanBA 


lon-Exchange Theory of Coagulation 

RmomwrLvy, Mirnik! has proposed a “mass-action law'' 
theory of colloid stability, as an alternative to the 
Derjaguin - Landau — Verwey — Overbeek theory, lately 
extended by one of us’. The purpose of this communi- 
cation is to examine the validity of Mirnik's arguments and 
of his experimental evidence. We shall summarize his 
basic assumptions using simplified notation as follows. 

(1) A coagulating adsorbed oounter-ion (cation) M’, of 
valency 2’, associates with z' stabilizing (potential-determ- 
S ee t anions A (I- in the case of negative silver 
iodide) to form a molecular unit on the surface of a negative 
colloidal particle. If the chemical potentials (per mole) 
of the molecule, anion and cation are paw, pa and py 
respectively, then the mass-action law reads: 


LAM" SE A + BC (1) 


If, in the solution phase, pty 18 the standard chemical 
potential and o' the concentration of the cation in mol./l. 
and the activity coefficient is equated to unity, then 
tar = uir +RT Ine’. Further, if y is the maximum con- 
centration of cations m the adsorbed state and (1 —z)y the 
actual concentration where z is a fraction, then Mirnik 
sumes that u44ír—u4w' + RTIn(l—z)y, where paw 
is. the. corresponding. -standard chemical potential and 
again the activity coefficient is put equal to one. Sabatibut- 
ing into (1), we obtain Mirnik’s relation: 


Inc’ —s'a-4ln(l—z)y—1lnD, (2) 


"where e : 
l InD, = (ur — uar) RT, a= pa] RT (3) 
This is essentially & Viu eu da adsorption isotherm for 
the counter-ion M’. (Mirnik exp concentrations 


in g. equiv./l., in which case o’ TD v should be wattielied 
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by s’, but this does not change the final form (2).) 
Paokter* has alao applied the mass-action law to ion-pair 
formation on the particle surface, although between a 
counter-ion and only one stabilixing 10n. However, he 
has 1noorporated this into the Derjaguin- Landau-V erwey— 
Overbeek theory 

(3) Apoorva to experimental work by Herak and 
Mirnik‘, two counter-ions (for e le, Co*+ and Eu") 
can exchange on the surface of the Miss iodide particles 
and the total amount of adsorbed ions in g equivalents 
remains constant. If equations (1)-(8) refer to one ion 
species and a double dash is used to denote the other, then 
the relations corresponding to (2) and (8) for, the second 
species read: 
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Inc" 2. —z'a tlnzy —1nD, (4) 
In. D, = (whe — pum”) RT (8) 
From their experiments, Mirnik and Herak* propose the 


relation: 
Inc']c* = (x” —x’)a + In[(1 —2)/2] (8) 


where a is practically independent-of the concentration of 
stabilizing ion in the solution. In order that (6) be con- 
sistent with (2) and (4) it is necemary that D, = D, 
although thestandard chemical potentials in the expreasions 
for DX and D; refer to different ies. Furthermore, the 
constancy of a implies that the ical potential of ion A 
in the solution is independent of ita concentration whereas, 
for negative mlver iodide sols, the variation in a is 
Aa — AuA[RT = —2-8ApI, where pI can vary from 1 to T. 
Thus Mirnik’s deductions cannot be valid, and we must 
conclude that at least one of the relations (2), (4) and (6) is 
incorrect. Mirnik apparently avoids the anomaly of 
fixed u4 by postulating that the chemical potential of a 
stabilizmg ion in the adsorbed state differs from that of 
the same ipn in the solution phase, but this contradicta 
thermodynamics - 

If a= 1/2 and z^ =v then on a Ino’ — Ine plot the relation 

(6) represents & straight line having a slope of 45° and 
through the origin. However, an examination of 
Horak and Mirnik’s work (Fig. 8, ref. 5) shows that the 10n- 
irs Y** —La** and Y** — Nd** give two lines of some- 
what different slopes, although the guthors have drawn a 
common line for the two. Neither of these two lines goes 
through the origin. This means that D, -differs from Di 
even though the two ions M’ and M” have the same 
valency (In(Dj/D%)~1 for the pair Nd** —La**) and we 
may expect & greater difference with ions of different 
valencies. Also, the experimental resulta summarized in 
Tables 1 and 2 of the same work! show a spread m the 
values of a which cannot be . 

(3) The experiments of Mirnik and Herak cast doubt on 
the relations (2) and (4) in another way. Mirnik postulates 
a hypothetical adsorbable uncharged species exchanging 
with ion M”. If c, 1s the concentration of this species in 
the liquid phase and (1—z)y ite concentration in the 
adsorbed phase, then in place of (6) we have: 


Inc*/o,- —3'a--lo[z[(1—2)] (7) 


This relation can also be regarded a3 an adsorption 
isotherm for counter-ion M" provided c, is known. The 
experimental adsorption isotherm for Eu** by Mirnik and 
Herak* resembles the Langmuir rather than the Freundlich 
adsorption law. In explaining this, they assume that o, 
is independent of v, in contradiction to (2), and conse- 
quently introduce two different forms for the same 
quantity c" as a function of x. In earlier work, Težak’ had 
already introduced the uncharged species and assumed 
that the concentration c, was so much greater than o” that 
it could be regarded as constant. 

(4) Perhaps the most controversial conjecture of 
Mirnik is that a water molecule forms a complex with two 
stabilizing anions (one for each hydrogen) and stabilizes 
the colloidal particle. This complex is treated in the same 
way as the species AM’; it has a concentration (1—2)y in 
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tho adsorbed state and can interchange with the molecule 
AM", where M” is the coagulating ion. If u(4, 4,0) is the 
chemical potential of this negetive ion complex ot valency 
2, W4, H,0) the corresponding standard chemical poten- 
tial and ug,o the chemical potential of water, then 
according to Mirnik: 

WA, H.0)= 244 +HH,O= Hla, 2,0) + ET In(1—2)y (8) 
Mirnik's basic hypothesis is that the coagulation condition 
is given by: 


HA, H,0) = kA M" (= uA + ET lnzy) (8) 


Making use of (8) p4 is replaced by (A, H,0) — #H,0)/2 in 
(5) and the relation (4) yields 


Ine&g = —3'a- ln Tooagy/ D6 


for the coagulation concentration Coeg- Mirnik also 
assumes that uf4,H,0)— pum", thereby again equating 
standard chemical potentials of .different~ species, and 
therefore derives from (8) and (8) the curious result that at 
critical coagulation z ze 0-5. If a is independent of 
the concentration of stabilixing ion (which we have shown 
to be incorrect) and both zg and D, are independent of 
the valency z', then (10) is a linear relation between 
Incécag and the valency z^ of the coagulating ion. Mirnik 
interprete this as the Sohulze-Hardy rule. 

It seems that there cannot be a mathematically simple 
Behulre-Hardy rule which applies to sols in reu 
Indeed, there are examples which follow other formula- 
tiong, for example, for arsenic sulphide sols, Soag = 
constant — 6 Ins” seems to be a good approximation. n 
exchange usually applies to two ions of the same sign 
whereas in Mirnik's theory the counter-ions exchange with 
electrically neutral water molecules. In this connexion, 
if the oriterion (9) were acoeptable, it would be more 
logical to express ıt in gram equivalente, so that the 
same numbers of stabilizing ions are neutralized in the 
exchange process. Henoe this oriterion should read 
£'U4, H,0) = 24m" (80 that 2u ju» —z"ug,0). The determ- 
ination of tooag from this relation becomes uncertain 
because of the term RTIny and in general tog would 
depend on s”. There seems no physical justification for 
the value 2eeg=0-5, and indeed Mirnik and Herak 
cannot fit their theoretical adsorption isotherm to their 
experimental one*. Furthermore, their theory does not 


explain how the water molecules can be stabilizing agents . 


for both negative and positive sols. x 

As expermental evidence for their Schulze—Hardy rule 
Herak and Mirnik claim that the plots of ‘“‘valency- 
loganthm coagulation value” and ‘‘valency-logarithm 
desorption concentration’’ at z= 0-5 are parallel (Fig. 4, 
ref. 4). However, this does not follow from the example 
given by the authors because their coagulation concen- 
trations (Cooag) of Nat, La*t and Th‘+ appear to be in 
error. The value for Na+ is too low and that for La* too 
high'*. Indeed, Herak and Mirnik’s own value of cog for 
Nd* is much lower (Fig. 5, ref. 4) hnd one would expect 
this to be very similar to the true for La**. Finally, 
as plotted, coag for Th* is also too high, which is probably 
due to the high pH at which the ions are hydrolysed 
giving species of lower valency. Thorium exists in solution 
as an ion of charge +4 only at pH <4 (ref. 9), where its 
Goong is lower than the value used by Herak and Mirnik. 
If 


e correct values of-ceg Of all these ions-are-used, the- 


“valency-logarithm coagulation value” line has a smaller 
slope than the ''valency-logarithm desorption concen- 
tration" line, the ratio of the slopes being about 0-6, 
oon to Mirnik's theory. 

This theory is presented as an alternative to the widely 
accepted theory that colloid stability resulte from an 
interplay of electric double layer repulsion and van der 
Waals attraction between colloidal particles. In our 
opinion there is no reason why Mirnik’s theory should be 
accepted as correct. 
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One of us (8. L.) is indebted to Prof. Mirnik for helpful 
discussions and communications. This work was supported 
in by a grant from the U.S. Army Research Office No. 
DA-ORD-10. 

8. Levins * 
E. MATIJEVIÓ 
Clarkson College of Technology, 
Potsdam, New-York. 


` * On leave of absence from the Department of Mathematies, University 
of Manchester, Manchester, Hngiand. 
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lonization by Charge Transfer of Adsorbed 
Gases in Mass Spectrometers 

IN a recent investigation of anomalies in the ionization 
of different simple gases by mono-energetio eleotrons 
Marmet and Morrison! pointed out that charge exobange 
occurs in the ionization chamber of & mass meter 
operating at low preesure, and therefore should be occur- 
ring on the walls. Investigating the ionization of nitrogen. 
they observed that an addition of water in the gas stream 
brought indeed a reduction of about 1-5 V in the appear- 
ance potential of N,* ions, observed at about 14-1 v, 
whereas the normal first ionization potential of nitrogen is 
15-58 V. They ascribed this result to a reaction such as: 

: N,*+H,0+-N,*++H,0 (1) 

On thé other hand, recent shock-wave ‘experiments on 
energy transfer by Clouston e£ al.* and sound propagation 
studies by Parbrook and Tempest? show that the croes- 
section for deactivation of vibrationally excited nitrogen 
is 10-100 times more effective in water-nitrogen collisions 
than in nitrogen-nitrogen collisions, i that | 
interactions between nitrogen and water molecules are 
highly probable as soon as the chance for them to 
meet within narrow distances is high enough. The 
studies show also that relaxation times for vibration are 
of the order of 10-*-10-' sec. 

Lindholm‘ showed that the cross-section for charge 
exchange in ion impact phenomena is high if the energy 
required for ionization is close to the recombination 
energy of a given ionic state of the ion which takes up an 
electron. 

Therefore we suggest. that the reaction (1) be more 
accurately written in the following way: : 

N,*+H,0+(24,}>N,+(X*Ef)+H,O (2) 
since the ionization potentials of water are 12:60 V 
(3B), 14-35 V (24,) and 16:84 V (*B,), as determined by 
Frost and McDowell’, and an examination of Fig. 10 of 
ref. 1 shows the uncertainty is such that the appearance 
potential of N,* might be as high as 14-5 V (corrected). 

This of course does not explain why the appearance 
potential of ni is eo much reduced. Marmet and 
Morrison that it is due to adsorption of nitrogen. 
Investigations on photoelectric effecta of adsorption 
phenomena have indeed shown that the lowering of the 
ionization potential of the adsorbed species if not unfre- 
quent, but the effect is much leas important, being of tho 
order of a tenth of a volt*, than the one referred to here. 
Moreover, the adsorption of normal nitrogen molecules on 
a metal surface at 400° K should not be very important, 
particularly at pressures as low as 10-'-10-* mm. 
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For these reasons, wo would prefor to think that a vibra- 
tional or electronio excitation of the ni molecule 
takes place in the gas phase, by inelastio collisions with 
electrons, prior to adsorption. The vibrational quantum 
of nitrogen being 0-29 V (— 2,959 cm-1) one should admit 
the molecules are in their $rd or 4th vibrational level, the 
thermal energy being only about 0-04 V. A possible process 
for this vibrational excitation is the formation of a 
negative transitory N,- ion, loosing ita electran and after- 
wards getting vibrationally excited. This may occur in 
the particular case of nitrogen as has bean shown by 
Schulz’. 

The other possibility is an electronic excitation by the 
electron beam; this happens for higher electron energies, 
and Schulz’ has distinguished the formation of AS 
a I, and O*1I, excited states at approximately 8, 10 and 
12 Y. There is no way for the moment of deciding what 
state might be concerned here, but it may be pointed out 
that the first excited electronic states of nitrogen corre- 
spond to an electron jump into either a n$ 2p, ant, 2p ora 
o*2p orbital; these aro all antibonding and should bring 
an increase of nuclear distance, resulting in a more polar- 
izable and more easily adsorbed molecule. - 

Finally, the curve reported by Marmet and Morrison 
shows a hump about 1-2 V above threshold and it may be 
significant that the first excited state Al], of the N,* ion 
ig also situated some 1-15-1-21 V above the ground Au 
state’. 

To conclude, the anomalies observed may be explained 
. on the assumption of excited states of ions taking part in 
the charge exchange process on the surface, after vibra- 
tional or electronic excitation of the nitrogen molecule in 
the gas phase by electron collisions. Experimenta of 
o exc between nitrogen and water by 
Lindhohn's ion bombardment technique should also 
prove useful in explaining these phenomena. 

JaAoquas E. Corio 


Laboratoire de Spectrométrie de Masse, 
Institut de Chimie Générale, 
Université de Lidge. 
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Luminescence from the H—O, Reaction 


Tun spectrum of the HO, radical is of considerable 
importance and several unsuccessful attempts have been 
made to record it. The HO, radical has one more electron 
than the HNO molecule, which has an electronic transition 
at 7600 A (ref.“1), and consideration of the molecular 
orbitals of HO, suggests that this radical should have a 
very similar electronic transition to that of HNO (ref. 2). 
The HNO was first obtained in absorption during 
flash photolysis experiments!, but has more recently been 
observed in emission in the chemiluminescent reaction 
of hydrogen atoms with NO (ref. 3). The similarity of the 
bond dissociation energies of H—NO (49 kcal/mole)? and 
H—O, (46 kcal/mole)‘ suggests that hydrogen atoms 
might give a chemilumimescent reaction with oxygen, 
despite previous failures to find any electronic emiasion 

Hydrogen atoms were produced by the dissociation 
of commercial hydrogen in two Wood's tubes and pumped 
through two side-arms on opposite sideg of a reaction 
vessel 8.5 cm in diameter and 35 om long connected 
directly to a 150 l./min rotary pump. Oommercial oxygen 
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Fig. L The spectrum emitted In the reaction of hydrogen atoms 
with oxygen 


was introduced through a third side-arm situated between 
the hydrogen inlets. The vessel was screened from direct 
light from the discharges, and mounted end-on directly 
in front of the alit of a Hilger "Wave-length' spectrograph 
with 7/10 glass optics and a focal length of 830 om. The 
spectrum shown in Fig. 1 was photographed on hyper- 
sensitized Kodak II.N (I.R.E.R.) plates in 30 min, umng 
a 100p alit-width, and a partial preasure of each reactant 
of about 0-5 mm mercury. No visible glow was apparent. 
The intensity of the spectrum waa extremely variable, 
and the relative intensity of hydrogen and oxygen 
atomic lines, due to partial entry of the discharge region 
into the reaction vessel, was algo very variablo, as shown 
by the comparison between the spectra in Fig. la and 5, 
which were taken under almost identical conditions. 
However, the intensity distribution withm the 

was reproducible. The erratio behaviour suggests that a 
trace impurity may be important in the production of > 
the spectrum, either because the impurity supplies the 
excited molecules, or because the impurity (water 1) acte 
as a catalyst in the production of the excited molecules. 

The reaction between hydrogen atoms and ozone leads 
to the emission of near infra-red vibration-rotation bands 
of OH (ref. 5), and H,O emita near infra-red vibration- 
rotation bands in the flame of oxygen burning in an atmo- 
sphere of hydrogen’. However, both these systems are of 
red-degraded bands, and their wave-lengtha do not agree 
with those of the in Fig. 1, which shows prom- 
ment violet-degraded heads at 6853, 7149, 7662 and 8103 A 
(+ 10 À) The coarse rotational structure of the HNO 
bands is violet degraded, due to an opening out of the HNO 
angle on electronic excitation, and a similar behaviour 
is to be expected for HO,. Thus, although there is no 
proof of the carrier of the observed it seems 
possible that this is the spectrum of the HO, radical. 

A new reaction veesel is being built to accommodate 
a set of multiple reflexion mirrors, and it is hoped to 
obtain sufficient intenaty-for a higher resolution study 
of this 

One of us (B. F. M.) is indebted to the Department of 
Scientiflo and Industrial Research for a maintenance 
grant during the tenure of which this work was carried 
out. k 
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Measurement of Small Quantities of Calcium 

by Radlometric Precipitation 

RADIOXNTRIO precipitation is in principle an extremely 
sensitive method of analysis, but in practice the sen- 
sitivity is usually limited by the efficiency of separation 
of the precipitate and ita parent solution’*. ‘An adapta- 
tion of the technique of chromatography affords a quick 
and simple method both of phase tion- and of 
washing the precipitate with a small volume of liquid. 
I have used this method to measure concentrations of 
oo as low as 10 p.p.m. in leas than 1 mg of solu- 

on. 

In this method equal quantities of nitric acid containing 
the calcium sample and of 1 per cent fluoride solution 
labelled with radiofluorine are measured in a length of 
_ fine bore polythene tubing attached to a microsyringe 
and then mixed and temporarily stored in a small poly- 
thene bubble. The solution is then spotted on a strip of 

hio paper where calcium fluoride is precipi- 
tated when its pH is raised by blowing on ammonia. 
This method of raising the pH is much to be-preferred’ 
' to that of adding liquid as the latter bends to move the 
solution without mixing.well with it. After precipitation 
some 1,000 p.p.m. fluoride solution is allowed to run 
along the paper until the excess activity has moved away 
from the ipitate, which remains stationary. A fluoride 
solution to be used for the irrigation, rather than 
water, as abont 10-* ml. runs the precipitate 
and this quantity of water would dissolve 10-! g of calcium 
from calcium fluoride. Finally the paper is dried and the 
piece containing the precipitate is out aff so that the 
activity of the precipitate can be measured. 

The quantity of calcium in an unknown sample must 
be determined from a calibration curve of standard cel- 
cium samples (Fig. 1) because, although tHe activity is 
directly proportional to the calcium concentration over & 
range of several hundredfold, the measured activities of 
precipitates from standard calcium solutions containing 
1 per cent of fluoride ey eo ee ere 
on the grounds of chemical equivalence and the known 
specific activity of the fluoride. Same of the activity is 
lost by exchange of fluoride during the irrigation and 
some of the calcium is precipitated as calcium hydroxide 
when the pH rises abruptly. ‘The first reaction causes only a 
uniform reduction in the activities of & set of precipitates. 
as would the second if the rate of absorption of ammonia 
were the same for each sample. However, random varia- 
tions in the quantity of fluoride precipitated with calcium 





1 10 
Coneentration of ealoinm (p.p.m.) 


Fig. 1. Labelled fluoride precipitated with caletum 
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are reduced to ahout 5 per cent if phosphoric acid, a 

werful buffering agent, is present in the-solution at a 
evel of a few per cant. The precipitate with buffer is 
again a mixture, as the phosphates of calcium are only 
slightly soluble, but its composition will be determined 
mainly by the ratio of fluoride and phosphate concentra- 
tions. Further, at this level phosphoric acid has the 
advantage of swamping the affect of any phosphate in 
the unknown calcium samples. 

Any substance which is present in the unknown sample 
and is capable of forming an insoluble d with 
either calcium or fluoride might, in principle, interfere 
with this method of analysis. However, small quantities 
of anions can be masked in the way described here for 
phosphate: by the addition of a larger quantity of the 
interfering anion to all the calcium solutions so that the 
precipitate is a mixture of constant composition. Inter- 
ference by substances with fluorides of low solubility is 
troublesome; the effect of magnesium, for example, is 
complex and if it is present at a level of more than one- . 
tenth of the calcium concentration the method is un- 
reliable. 

Before use the chromatographic paper must be washed 
in a dilute solution of either ethylenediamine tetraacetic 
acid or hydrochloric acid to remove a background con- 
tamination which is probably calcium. Even Bo, traces of 
fluoride stick to the paper limiting the sensitivity of the 
analysis. Solutions containing leas than 10 p.pmm. of 
calcium, the level at which the activity of the itate - 
is comparable with the background activity in the 
paper, must be concentrated. This can be done without 
risk of contamination by freezing the solution in an 
unsealed polythene bubble and then drying under 
vacuum. 

The  pridople of this method should be widely applio- 
able; the' main limitations being probably in handling 
small quantities of liquid and in finding suitable 
chromatographic paper. 

I thank Mr. I. N. Tully for his help in the development 
of this teohnique. E 
f ‘ J. N. KuDpAHL 

Department of Physics, 

University of Birmingham. 
1 Thaekray, AL, Neiwre, 190, 484 (1001). 


* gooti, B. F., and Driscoll, W. J., Hséioisotopes tn the Hig eters oa 
and Industry, 330 (International Atomic Energy Agenay, 196). 


Phosphorescence in Plastics 


A REOHNT communication from Oster et al.’ reported 
their finding of room-temperature phosphorescence in 
plastica containing dissolved aromatic hydrocarbons or 


We wish to direct attention to work in the laboratories 
of the General Post Office Engineering Research Station 
in 1957 and onwards which resulted in the preparation of 
phosphorescent plastics having long decay times at room 
temperature. The work has been referred to elsewhere? 
but has not hitherto been described in the chemical 
literature and may be of interest to those engaged in the 


' examination of luminescence processes. 


In a search for cheapened forms of phosphors suitable 
for mail-coding applications, various organic systems were 
examined. It was found that enhanced intensities and 
prolonged decay periods were given at room temperatures 
when certain types of activating molecule were reacted 
simultaneously with the major components of aminoplastic 
resins. Since the resins formed from cyanuric aad and 
formaldehyde were more easily ground to a powder 
(suitable for use in printing inks, eto.), most of the resulta 
were obtained with this system. The samino-reain phos- 
phors have been patented’, and two such powders have 
been successfully used in field trials of automatic mail 
facing and sorting. 
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We find that the most effective activators contain one or 
more aromatic rings with substituent groups oapable of 
reacting to form part of the resin molecule. Gtnerally, 
—OH or —NH, mpe are present but condensed ring 
hydrocarbons having active positions also give phosphors, 
though of lower activity. In all cases, the presence of 
—80,H groups augments the luminescence and shifts 
beth the peak excitation and luminescence towards longer 
wave-lengths. Some of the phosphors exhibit luminea- 
cence which 1s visually detectable (in the dark) for up to 
40 seo after ultra-violet radiation. Tho greatly enhanced 
intensities and durations suggested that these systems 
might be qualitatively different from those previously 
reported. No detailed study has bean made of the chem- 
108] or radiative processes involved, but some activators 
were structurally modified in an effort to eetebhsh if 
chemical linkage with the resin matrix were essential. The 
resulta indicate thet this is so. Thus, cyanuric acid con- 
taining 1 per cent of p-hydroxy -diphenyl yields a formalde- 


hyde-condensation product showing luminescence, in the - 


range 4800-6300 A, which is visually detectable for about 
20 sec after irradiation at 2537 A. If tho p-hydroxy- 
diphenyl ia replaced by di-p-diphenyl ether or methyl- 
p-diphenyl ether there is no visually detectable delayed 
luminescence after irradiation with long- or short-wave 
ultra-violet light. Also, the phosphorescence imparted by 
p-phenylene diamine is slightly exceeded by that of the 
(nuclear substituted) 2,3,5,6-tetra-methyl derivative but 
no phosphorescence is observed if N,N,N',N'-tetra methyl 
p-phenylene diamine is used. The blockage of the —OH 
and —NH, groups haa in each case in a drastio 
reduction. of the phosphorescent properties, with no 
obvious change in the fluorescence. 

The work is insufficient to justify firm conclusions, but 
it does seem probable that these materials differ qualite- 
tively from the solutions which have been generally 
studied. Oster ef al.! give some evidenoo for specific inter- 
actions between. acti molecules and the polymeric 
matrix. It may be that the amino-resins provide an 
environment specially favourable to high phosphor 
efficiencies, even for dissolved species, but it also appears 
that the purely physical effecta of a rigid matnx are here 
augmented by chemical bonding of the activating centres 
to the main network of the amino-resins. 

We thank Mr. T. P. Stein for amustanoe in preparing 
structurally modified activators. We also thank the 
Engineer-in-Ohief, General Post Office, for permission to 
publish this communication. 


OHABLES F. FORSTER 
Epwarp F. RIOKARD 


Post Office Engineering Department, 
Research Branch, 
2 Dollis Hill, 
London, N.W.2. 
1 Oster, G., Geactniov, N., and Khan, A. U., Natures, 198, 1080 (1902). 
1 Forster, C. F., Poet Off. Flect. Eng. J., 54 (8), 180 (1061). 
* Brith Patent No. 870,504 (1981). 


Acid Leaching of Uranium and Thorium 
Carbides 


IN a recent communication by Sasaki e£ al.! attention is 
directed to the use of tho carbides of uranium, plutonium 
and thorium as nuclear fuels and to the problems asso- 
ciated with processing and recovery of the irradiated fuel. 
Tt is revealed that ın the acid leaching of thorium car- 
bide (ThO,) with nitric acid of concentrations below 4 N 
gaseous hydrocarbons are evolved, whereas at conoan- 
trations above 4 N organic material is produced, and 
evidence is presented that this organic matter does not 
have a O—H bond as indicated by the results of infra-red 
analyms. The formation of organic material during the 


NATURE 


March 23, 1963 VoL. 197 


acid leaching of uranium monocarbide has also been 
observed by Simpson e£ ai.! and the presence of this could 
constitute a hazard in the uranium recovery process, 
although ita formation may be avoided by prior hydro- 
lysis of the carbide in water and subsequent dissolution of 
the resulting oxides in nitric acid’. 

We have examined the reaction of uranium mono- 
carbide with nitric acid (6 N) and after removal of uranium 
from the resulting solution with tributyl phosphate ,in 
benzene‘ the aqueous raffünate was evaporated and the 
residue eeterifléd with diazomethane. Chromatography 
of the mixed esters on alumina from benzene solution gave 
hexamethy] mellitate, which was identified by analysis and 
by comparison with an authentic specimen. Further 
elution of the column gave intractable resins. In one 
experiment involving the dissolution of uranium carbide 
in nitro acid (6 N) the solution was left for six weeks 
before prooemmng and oxalic acid separated from the 
reaction mixture. An X-ray analysis of the uranium 
monocarbide utilized in the leaching prooees did not 
reveal the presence of free graphite and we suggest that the 
reaction proceeds by a breakdown of uranium carbide with 
formation of graphitic carbon which is then oxidized to 
oxale and mellitio acida. 


UO--20—700,-0 


Mellitic acid waa also isolated (as the hexamethy! ester) 
from the reaction of nitric acid (6 N) with uranium dicar- 
bide (UC,), uranium sesquicarbide (U,0,) and the carbides 
of thorium (ThO, ThC, and Th,C,). 

In a typical experiment uranium monocarbide (519 g) 
and nitric acid (6 N; 4 litres) were allowed to react for 
twenty-six days and filtered from insoluble material. The 
aqueous filtrate was extracted until free of uranium with & 
20 por cent solution of tributyl phosphate in benzene 
which had been equilibrated with nitrio avid (0 N). Evapor- 
ration of the aqueous raffinate under reduced pressure 
gave a residue (12-7 g) which was suspended 1n ether and 
treated with an excess of ethereal diazomethane. Futra- 
tion from insoluble matter (24 g, containing 13:5 per cent 
of the intial carbon) and evaporation of the filtrate gave a 
mixture of estars (13 g) which was chromatographed on 
alumina from benzene solution. Elution with benrepe 
furnished hex&methyl melhtato (5-1 g). Further elution 
of the column with ether, ether-methanol and methanol 
gave intractable mixtures. Approxmately 30 per cant of 
-the initial carbon was evolved as carbon dioxide during 
dissolution in nitro acid. Together with a 4-3 per cent 
yield of oxalic acid isolated m one case, the foregoing pro- 
duota &ocount for 88 per cent of the carbon prosent 
initially. The optimum material balance (95 per cent) was 
secured in the case of uranium seaquicarbide, which 
afforded 38 per cant carbon dioxide, 10 per cent mellitio 
acid and 46 per cent other scids (unidentified: yield 
eatimated as ‘mellitic acid’). The corresponding yields 
for the other carbides were approximately : UO,: 29, 8, 25; 
ThC: 47, 5, 23; ThO,: 33, 3, 8 and Th,O,: 27, 1, 15 per cent. 

We thank Mr. K. Hartlay and Dr. G. Maclennan of the 
U.K. Atomio Energy Authority for directing-our attention 
to the problem, Dr. H. B. Bell of the Royal College of 


` Boience and Technology for the X-ray analysis and Mr. T. 


Boyle for assistance. We also thank the U.K. Atomic 
Energy Authority for a grant and the supply, of carbides. 


P. L. PAUBON 
A J. MoLaan 
W. J. OLELLAND 
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Starch-gel Electrophoresis of Pig Serum 
i Proteins T 

Many variations of the original technique of Bmithiee! 
for starch-gel electrophoresis of proteins have been 
developed, notably the vertical gel?, the discontinuous 
buffer system’, and two-dimensional applications‘. 
The latter method has been used by Ashton‘ in examining 
pig serum proteins; it has one disadvantage in being time- 
consuming, requiring two electrophoretic runs, and at the 
most only two samples can be compared at once on normal 
apparatus. 

In the investigation of pig serum reported here a 
discontinuous buffer system was used in & vertical appara- 
tus, which enables ten samples to be characterized during 
one day’s operation, with a separation into 22-26 com- 
ponents. A 12 per oent gel made up in buffer consisting 
of 0-010 M borio acid and 0-006 M iris, pH 8-6 (at 5°), 
ia poured into the ends of the apparatus and allowed to 
set before trimming off to leave a rectangular hollow, into 
which the second gel is poured. This is made up m 0-25 M 
sucrose, 0-0015 M citric acid, 0-020 M tris, pH 9-1 (at 5°). 
The alote are formed in this gel umng & elot-former as 

escribed by Smithies*. Electrophoresis 1s carried out for 

h at 800 V, 15-20 m.amp in a room kept at +1°. The 
gel temperature at the end of a run 1s usually about 5°. 

Blood samples have been taken at slaughter (age 
approximately 6 months) and allowed to clot overnight 
before pouring off the serum and centrifuging to remove 
any red cells. Serum is stored at — 20°, with no apparent 
detenoration in 6 months as-obeerved on the starch gel. 

Typical patterns are shown in Fig. 1, with & convenient 
nomenclature of the bands given in Fig. 2. Polymorphiam 
in the pre-albumins, «-globulins and g-globulins* has been 
found, and no two sera have yet shown identical patterns. 
The chief B-globulin patterns (variations in bands B2, 
B3 and B4) are shown in the first three samples, (a), (b) 
and (c), type (a) being the more common. Sample (d) 


i 





Fig. 1. Hlectrophoretio patterns of pig sera on starch-gel S 
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y-Globulins 


P-Globulms 





a-Globulms 





Fog. 2. Composite pattern of bands after olectrophoresls, showing 
nomenclature used 


shows an example of a serum as yet found only in one 
partioular litter of Large White pigs, and sample (e) 
the only serum so far obtained from an Essex breed; 
in both of theae band B6 is lackmg or only present to 4 
comparatively small extent. Sample (f) 1 from sn 
8-week-old animal, ın which it can be seen that the 
Y-globulins G3—5 are not yet fully developed’. Differences 
between the main breeds (Large White, Landrace, Weasex, 
Welsh), if any, are very small, yet the genetic poly- 
morphiam results in patterns of quite different appear- 
ances within one litter. It 1s probable that a statistical 
analysis of the various patterns will show certain forms 
as being more common in one breed than in another. 
and similar correlations should be possible with other 
characteristics of the animals’. j 

-Use of different buffer systems, for example, a triple 
discontinuity in the gel, resulta sometimes in better 
separations; with one,system the albumm band has spht 
into at least sıx components. But these methods are not 
always better for a complete comparison of all the protein 
bands, and so the system described here has been used 
for standard electrophoretic runs. Prelimimary results 
with beef serum have yielded up to 36 bands using this 


R. K. SCOPES 
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Post-mortem Lability of Skeleta! Muscle 
Proteins 


As a result of the post-mortem conversion of glycogen 
to lactic acid, the pH of skeletal muscle falls from ita 
tn vivo value of about 7-3 to about 5:5, the actual level 
attained depending on several factors, euch as the physio- 
logical state of the animal before death, the type of muscle 
and the temperature during glyoolyais!*. It has recently 
been shown in pig muscle that, where the rate of pH 
fall is fast and a relatively low pH is therefore attained 
while the temperaturo is still high, there may be oon- 
siderable denaturation and precipitation of sarcoplasmic 
proteins’. It is also well known in enzyme preparatory 
procedures that lowering of the pH of extracts from animal 
tissues precipitates particulate material and nuoleo- 
protein‘. : 

Giles*, Teuyuki* and others have used vertical starch-gel 
electrophoresis to separate sarcoplasmic proteins of varius 
species. These were extracted from muscles which in 
some cases had already attained a low pH, however; it 
ig thus likely that certain componente had been denatured, 
were not extracted and did not appear on subjecting the 
extracts to starch-gel electrophoresis. The present 
investigations, in which a similar technique was used, 
have olearly indicated that certain sarcoplasmic protems 
are unstable post mortem; precipitation of even small 


II 
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amounts of these can inhibit the normal extraction 
behaviour of muscle protein fractions’. 
Beef 1. dorsi muscle was obtained immediately afber 


' slaughter and had been chilled to 0°O. within 1 h of 


death. Samples were held at 0° O for 20 h, at 87° O for 
4 h, or used at onco. Homogenates were extracted with 
distilled water, after adjusting the pH to 7-0 with M tris, 
and the extracts were subjected to staroh-gel electro- 
i Some 85 bands can be obtained from beef 
muscle; these are diagrammatically represented in Fig. 1. 
In Fig. 2, it can be seen that several components are re- 
moved completely or very much diminished by the fast 


. Post-mortem glycolysis which oocurs at 87°O in oom- 


parison either with the initial condition (before post- 
mortem glycolysis had proceeded appreciably) or with 
muscle in which post-mortem pH fall has been 
relatively slow (that ig at 0° C) Even in extracta 
prepared from muscles which have had a slow rate of 
pH fall, there are minor differences compared with 
those from the initial material of high pH, and it is eviden 
that at the normal ultimate pH of muscle—5-5—certain 
sarcoplasmic proteins are already denatured and immobile. 

Fig. 3 demonstrates that the major component of pig 
-muscle sarcoplasmic proteins which migrates towards 
the anode at pH 8-5, and corresponds to a similar major 
component in electrophoretograms of beef muscle extract 
(arrowed in Fig. 1), and to band 9 in those of rabbit 
muscle (as tabulated by Hartshorne and Perry’), is . 
markedly affected by the high-temperature/low pH 
combmation. All these samples were prepared from post- 
rigor pig 1. dorsi muscle; samples (b) and (c), however, 
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were obtained from pigs having ‘white musolo disas’, 
in which the pH dro idly pos mortem, while 
temperature m aes ate caused considerable 
denaturation and insolubility of this sarcoplasmic com- 
ponent; some other proteins affected are also clearly 
demonstrated. Sample (b) shows some variation from the 
other two which may be attributable to breed differences. 

Precipitation of the ‘pH 8’ proteins’, by lowering the 
pH. of sarcoplasmic extracts, produces a fraction which, 
on re-solution at pH 7-5, corresponds for the most part 
with the components most affected by the high-tem- 
perature treatment. It is concluded that in situ isoelectric 
precipitation of these proteins renders them more suscep- 
tible to heat denaturation. Most of them are still extract- 
able on raising the pH to 7:0 providing that the tem- 
perature had not been high during the post-mortem pH 
fall. 


^ Thus, it has been shown that several protein oom- 
ponents of the sarcoplasmic complex are unstable and 
either denature, or are isoelectrically precipitated by the 
post-mortem pH fall in muscle, both if this is extensive 
(low ultimate pH) and/or fast. Many of the protem 
constituents are completely stable, however, and show 
no diminution in the starch-gel patterns, under these 
conditions. 

T o na r Department of 

culture. (grant No. FG-UK-101—59). 

Note added tn proof. The major component referred to 
(arrowed in Fig. 1) has been identifled as creatine phos- 


phoryltransferase in both and beef muscle. It is not, 
however, found in the ‘pH 5’ proteins. 
R. K. Soorns 
i R. A. LAWRIB 
Low Temperature Research Station, 
Cambridge 
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Spectrophotometric Assay of Ascorbic Acid 
Oxidase 


\ Tus method generally used for assay of ascorbic acid 


oxidase depends on the fact that, within a certain range of - 


enzyme ‘concentration, the rate of oxygen consumption 
during ascorbic acid oxidation is Proportional to the 
amount of enzyme present}, t and Hewitt and 
Dickes? proposed the utilization of the ultra-violet &beorp- 
tion peak of ascorbic acid at 265 mp as a quantitative 
measurement of ascorbic acid. 

A utilization of the ultra-violet absorptive properties af 
ascorbic acid is propoeed for measurmg ascorbic acid 
oxidase &otivity spectrophotometrically at 265 mp, by 
following the diminution of the ion peak of the 
acid. Fig. 1 shows the spectra of 0-1 and 0-2 umole of 
ascorbic acid ini8 ml. in a 1-cm cuvette (curves A and B 


respectively) and after enzymatic oxidation (curve Q).. 


The enzyme preparation alone gave the spectrum shown in 
curve D. From these results it can be seen that the 
decrease in absorption at 265 mu oan be adopted for 
ere the rate of enxymatic oxidation of ascorbic 


sar Beckman DE2 recording spectrophotomster 


with a time drive was used in this work; however, ooo E 


spectrophotometer may be used. Small oranges, Ottrus 
Dat LL Dene), wer sound topo IER acer o 
acid oxidase and were used as a source of the enzyme. 
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the enzyme oantaining 
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and/or enxyme 


Details of the an ey i and purifloation appear 


elsewhere‘. In tissue was macerated with 5 parta 
(w/v) 0-1M pears buffer pH 6-5 in a Potter homogen- 
irer. The konnani Was at 3,000g oe 


15 min. The supernatant was retei 
or purification. All p soceduros wera camied ont at 0-85 0. 

The assay was carried out in silica cuvettes with a 1-om 
light path at 25° O. Ascorbic acid in 0-5 umole quantities 
in 8 ml. of 0-1 M phosphate buffer at pH 5-6 (ref. 4) was 
added to both the sample cell and the reference oell to 
compensate for autoxidation and large absorbance values 
of the ascorbic acid utilized. 
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A Absorbance/min ad £65 ms 
ku 





m Hnxyme preparation (al.) 
Fig. 2. Proportionality of enzyme activity (change in abecrbanos) to 
Dp UD eR ce d 
was followed with variation in of the 
as indicated. add (5 amol both the 


concentration was 
Tefeconcd and sampio cell in a total volume of 3 ml. of 0-1 M phesphate 
buffer at pH 5-6 
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At zero time, various amounts of the enzyme prepara- 
tion were added to the reference cuvette, thus allowmg for 
& positive increage in the change in absorbance due to the 
oxidation of ascorbic acid. This was recorded 
continuously at 265 my using & time-drive at 1 in./min. 
The rate was constant and could be extrapolated back to 
zero time. 

The relationship between the amount of enzyme activity 
(change in absorbance per minute) and enzyme concen- 
tration can be seen in Fig. 2. 

Absorbance results obtained spoectrophotometrically 
were converted to establiah enzyme unita obtained mano- 
metrically (10 ul. oxygen/min)*. Temperature corrections 
were made on 10 pl. oxygen at 25° O and the corrected 
volume was converted to umoles of molecular oxygen. 
One enzyme unit is equivalent to 0-405 umole oxygen/min. 
Ascorbio acid requires only 1 atom of oxygen per molecule 
oxidized. Therefore, 0-81 umole of [| oxygen/min is 
utilized per enzyme unit. From Daglich’s results’ ascorbic 
acid has an Bi%, of 760 at 265 mu. From this it was 
ealoulated that ascorbic acid has an absorbance of 44 
per umole in a 3-ml. volume. Therefore, 1 enzyme 
unit (0-81 umole of 4 oxygen/min) would be equivalent to 
an absorbance change of 8-58/min. Manometric and 
spectrophotometric assay of enzyme unite of the same 
enzyme preparation gave 11 and 12 enzyme units/ml. 
respectively. 

M. F. OBHRBAOHER 
H. M. VixEs 
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Presence of Phosphate-mediated Cross- 
linkages in Hard Tissue Collagens 


Ir has often been that covalent interchain 
cross:Li contribute to the stability of collagen 
flbrils^*. Gustavson! speculated that ester bonds exist 
between free carboxyl groups and the hydroxyl groups of 
the hydroxy amino-acids. The work of Gallop e£ al.? and 
Hormann e al.‘ has substantiated this proposal, implicat- 

-ıng carbohydrate or sugar cross-linkage as well. We have 
found in our work with dentine collagen evidence for still 
another type of oroes-linkage which might apply to the 
collagens of the calcified tissues, bone and dentine. 


Bovine dentine collagen, decalcified with ethylenedia- l 


mine tetraacetic acid (EDTA) at pH 7-5. waa found to 
exhibit markedly different swelling and.solubility charao- 
teristics ın comparison with purified bovine corium oolla- 
gen. For example, bovine corium collagen swells maxim- 
ally to 700 per cent at pH 2:3 in salt free hydrochloric acid, 
whereas dentine oollagen has no appreciable swelling in the 
entire acid-range. Bovine corium collagen oan be ren- 
dered soluble to the extent of 8 per cent by isoionic heating 
at 60° O for 1 h. With bovine dentine collagen less than 
2 per cent is solubilized under the same conditions after 


20 h. These resulte obviously bird a difference in the 
mode or extent of the intermol stabilization of these 
two types of collagen. | 


Comparative chemical analyses showed both collagens 
to have very similar ammo-acid compositions and carbo- 
hydrate contents. However, the purified decalcified 

' dentine collagen had a phosphorus content which, ex- 
pressed. in phosphate residues (HPO,), averaged 0:4 per 
cent by weight. This phosphorus could not have been 
the result of residual calcium hydroxyapatite smoe the 
calcium/inorganic phosphorus ratio was 0-002 in the 
purified dentine collagen, compared with a ratio of 2-12 


* 
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in the undecaleifled dentine and 216 in pure calcium 
hydroxyapatite. Since the phosphorus could not be 
removed by prolonged EDTA extraction or dialyms, it is 
apparently present in a covalently bound form, presum- 
ably as the phosphate. The phosphate content noted 
here would correspond to 4 hate residues 1,000 
amino-acid residues, or to 12 potential croes-li sites 
per tropocollagen monomer unit. Phosphorus is easen- 
tially absent in the bovine corium collagens. E 

Tbe phosphorus-containing moiety is present in a 
relatively stable form. On convermon of the purified, 
decalcified dentine collagen into gelatin by heating in 
water at 110° O overnight it was found that the non- 
dialysable gelatin still mamtained two-thirds ita original 
phosphorus content. Venom and spleen phosphodies- 
terases, used at their usual optimal pH, were ineffective in 
degrading the purified dentine collagen. The acid swelling 
and solubility properties of the treated collagen were 
unchanged after this treatment. However, these resulta 
certainly do not rule out the presence of phosphodiester 
linkages, since the highly organized collagen structure may 
mask the phosphate groupe and diminish the enzyme 
activity. Likewise, the gpeoifloity of these enzymes may 
not be appropriate; all phoephodiesters are not equally 
good substrates for every phoephodiesterase*. In this 
regard ıt is pertinent to note that dentine collagen is also 
particularly resistant to the action of the ugual.protem 
denaturants (for example, 8 M urea) which have a strong 
denaturing action on bovine corrum collagen. Work is in 
progres on the more accessible phosphate groupe in the 
non-dialysable gelatins obteinod by high-temperature 
hydrolysis. Investigations with oxidizing agente such aa 
sodium periodate that the phosphate may be 
associated with the carbohydrate moieties in dentine 
co 
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These results lead us to suggest that the unusual proper- 
ties of dentine collagen may be ascribed, in part, to the 
presence of cross-linkages mediated by phosphate groups. 
Perlmann' has described phosphate esters of three types in 
other proteins and peptides, —O—P—O—, —N—P—oO~—, 
and pyrophosphate, involving serme, threonine and 
argmine, and poesibly carbohydrate. In addition, the 
hydroxy amino-acids peculiar to collagen, hydroxyproline 
and hydroxylysine should be considered as potential sites 
for phosphate ester formation. j . 

This work was supported by the U.8. Publio Health 


Service, grant D1874. 
ARTHUR VEIS 
ROBERT J. SOHLUETER 


Department of Biochemistry, 
Northwestern University, 


- Medical School, 
Chicago 11. 
1 Gusta K H., The Chemistry and Reactivity of Collagen, 188 (Acadomto 
Press, New York, 1956). 
"Vela, A, and Cohen, J., J. Phys. Chem., @B, 450 (1958). 
"Gallop, P. ML, Beifter, 8., and Meilman, H., Natwie, 183, 1659 (1050). 
‘ ore oes Riedel, A., Altenschopfer, T., and Klenk, AL, Das Leder, 18, 
* Perlmann G., Advances in Protein Chemistry, 10 1 (Academic Press, 
New York, 1955). 


Heterogeneity of Urinary Acid 
Mucopolysaccharides 


687 mg of crude urinary acid mucopolysaccharides 
(preparation A) were precipitated from 30 litres of normal 
human urine according to methods previously deeoribed!, 

587 mg of A were incubated with crystalline papain at 
87° for 70 h in phosphate buffer pH. 6-30, 0-2 M, containmg 
ethylenediamine tetraacetic acid 0-001 M and cysteine 
0-005 M. The digest waa applied to a 30 x 1 am column of 
‘Dowex 1 x 2’ (200-400 mesh, acetate form) and elution 
was performed with 200 ml. of acetate buffer pH 5-90, 
0-1 M, followed by 200.ml. of 4 M sodium chloride. The 
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Table 1. AKALYERB OF CRUDE URINARY MUOOPOLYAAOCHARIDES (PREPARATION A AND B) AND OF THE 10 PLAKS ELUTED FROX ‘ECTEOLA’ OOLUYA 









































€— M T 
. | Molar ratio, hexosamine =1 00 
Hexuronie Glucos- [ r — 
Welght acid x 8-80, amine Hexuronte 
Preparation (mg) (per oent) (par oent) (per cent) (per eent) | (per oent)* acid x 8-80, 
A 087 | 140 | 100 8 76 1-76 Wot 0 77 0 ez 
à. performed 
132 2232 254 5-00 290 20 1-00 32 074 
*BOTHOLA' , 
Peak 1 30 10 6 170 530 0 17 0 80 35 0 
Peak 2 4-85 21-7 25-6 7:80 0 13 1-10 4:6 0 
Peak 8 700 20-7 270 10-40 0 94 27 1 80 67 0:27 
Peak 4 5 72 20 8 26-5 6-40 190 14 1-20 42 0 55 
Peak 5 10:40 214 272 10-30 1:87 n 1-15 0:1 0 48 
Peak 6 16-10 m3 20-4 9-20 t 143 24 105 52 0-86 
Peak 7 20 40 25 9 26-0 780 1300 14 0-93 34 0 43 
Peak 8 24 20 25 0 27-0 6-40 4:40 10 100 3.3. 100 
Peak 9 25 60 24 6 25 4 8-00 3-50 27 0 96 40 0-80 
Peak 10 13 30 21-7 210 7°70 3 30 28 0 92 44 100 
Total t material in 
peaks 1-10 180-70 
values for 
1-10 22 8 25-0 793 415 ?0 1-04 at |: 0e 














* The balance ts per cant galactosamine. 


4-ml. fractions collected were scanned for absorption at 
280 my and for hexuronic acid content with the carbazole 
reaction. The protein material was eluted with the 
acetate buffer; the hexuronic acid-containing material, 
eluted with 4 M sodium chloride, was concentrated, 
dialysed, dried (132 mg recovered) and analysed (prepar- 
ation B). The latter was then applied to a 40 x 4 cm 
column of ‘EOTEOLA’ modified cellulose (reagent grade; 
Brown Co., Berlin, New Hampshire), which was washed 
and eluted stepwise with solutions of increasing chloride 
concentration, according to the technique described by 
Anseth and Laurent’. i g 

Table 1 gives the weight and the analyses of preparations 
A and B and of the 10 peaks eluted from the ‘EOTEOLA’ 
column. 

Tho 10 peaks were pooled as follows: peaks 1 and 2 = 
pool 1; peaks 3, 4, 5, 6, 7 = pool 2; peaks 8 and 9 = 
pool 8; peak 10 = pool 4. 

The material from each pool was dissolved in water, 
electrodialysed and precipitated with 3 volumes of 95 per 
cent ethyl alcohol contaming 0-3 per cent barium gcetate. 
It was then delivered to a 12 x 2 cm column of cellulose, 
previpusly equilibrated with 80 per cent ethyl aloohol 
containing 0-8 per cent barium acetate. ution was, per- 
formed with a decreasing alcohol gradient? and the peaks 
were localized by the carbarole and anthrone reactions. 

Ineach chromatographic run, anthrone-positive material 
was eluted between 80 and 40 per cent alcohol concentre- 
tion and carbazole-positive material between 40 and 10 
per cent alcohol concentration. 

The anthrone-positive material from the four pools was 
combined, i dried and analysed (Table 2). 
An aliquot was hydrolysed and used for bi-dimensional 
ascending paper chromatography, using butanol 3, 
pyridine 2, water 1-5 as first solvent, water-saturated 


Table 2. MOLAR RATIO OF TAE FRACTIONS OBTAINED FROM POOLS 1-4 BY 
ALOOKOL FRACTIONATION 
-  Glineos- 
Fraction amtne* aad N 8—80, Hexose amine 
Anthrone- per- (per ceni) 
1-00 0-30 4-00 formed 1-85 95 
1 A 100 0-90 3-70 0 13 
B 1-00 0-06 640 35 
&verage 1-00 002 506 0 24 
Pool 2 A 1-00 0-04 430 0-40 35 
B 1-00 1:10 1:50 O4i 17 
C 1-00 1:10 1:85 034 19 
D 1-00 1-00 200 037 44. 
average 1-00 1-03 256 038 28-7 
Pool 3 A 100 100 230 0 65 e5 
B 100 1:20 175 0 44 43 
[0] 1-00 1-00 1-65 083 125 
D 1-00 0-94 7-10 1-18 35 
average 100 103 4-00 077. 153 
Pool 4 A 1-00 0-60 8-40 088 a2 
B 1-00 0-05 4-00 1-00 T8 
[6] 1-00 1-20 2-90 004 115 
D 1-00 1-20 420 100 40-5 
average 100 098 4-90 0-96 23 
* Hexosamtne is arbitrarily mede equal to 1 00 


" 


phenol as second solvent and aniline phthalate as the 
spray for development. ` The presence of galactose, 
glucose and arabinose was re ' 

The carbazole positive material of each pool was 
eluted in a pattern suggesting the presence of several 
partially resolved peaks and it was separated accordingly 
into arbitrary fractions (4, B, O, D). Analyses of the 
different fractions are presented in Table 2. 

When the average molar ratio for each pool is compared 


-with the average molar ratio of the ‘EOTEOLA’ peaks 


which constituted the pool, a fairly good t is 
observed, with the exception of the nitrogen value for pool 
2, which is considerably lower than the average nitrogen 
value of peaks 3-7 from the ‘ECTEOLA’ column. 

Although a separation of the glucosamine and galactoe- 
amine-containing mucopolysacoharides was not achieved 
with these techniques, nevertheless the resulta obtained 
are interesting in two respects. 

"First, the presence in normal human urine of a muco- 
polysaccharide containing glucosamine and neutral sugars 
is suggested. Whether this represents keratosulphate or 
the prosthetic groups of a glycoprotein cannot be stated 
at this moment. -The small amount of material available 
(lees than 1 mg) did pot permit further purification for 
infra-red analysis or sulphate determination. The fact, 
however, that the material was retained on the 
‘EOTEOLA’ column and was eluted with moreasing salt 
concentration indicates the presence in it of strongly 
anionic groups. ^ 

Second, analyses of the hexuronic acid-containing 
fractions clearly indicates a different degree of sulphation. 
This fact suggests that a mechanism for the d hation 
of acid mucopolysaccharides may exist, despite the 
failure, thus far, to identify the system responsible 
for it. 

Recently, Kaplan and Meyer? have injected intra- 
venously, in humans and highly purified acid muco- 
polysaccharides at a dose of approximately 1 mg/kg and 
have followed the ensuing urinary excretion of the polymer 
injected. Their finding that the small percentage of the 
material excreted was chemically identical to the injected 
polysaccharide is in contrast With our date and a possible 
explanation may be found in the substantial difference 
between the two experimental conditions. The hexuronic 
acid-containing fractions isolated in our study have a 
considerable amount of non-hexosamine nitrogen. This 
fact in conjunction with the observation of Kaplan and 
Meyer suggests that desulphation may occur at or uear 
the natural site of occurrence of acid mucopolysdocharidee, 
or at least prior to their entry into the circulation. Even 
if it is assumed that a highly purified mucopolysaccharide 
could be accepted as a substrate by the system responsible 
for desulphation, the question remains as to whether the 
injected polymers are able: (a) to reach the site of the 


i 


1208 
specific desulphating rystem and (b) to oampete for it with 
the already present substrates. 
This cal Rae esi eid grant AM 08029-02 
of the U.S. Public Health 
Wouw R. Kauusy* 
Insa B. Poxwowr 
Nrioon& Di EmERANTET 
of Physiology, 
Oollege of Medicine, 
University of Cincinnati, 
Omeinnati, Ohio. 


* Medion] student research grantee. 
t Fellow of the Helen Hay Whitney Foundation. 
i . and Olin. Med. (in the press). - S 
A., and Laurent, T. C., Kap. Bye Ræ., 1, 25 (1961). 
D., and Meyer, K, J. Chim, Insent., 41, 743 (1902). 


Purlfication of Human Growth Hormone 
on 'Sephadex G-200' 


We have previously reported the preparation of human 


-high yield and proved sati ini 
tions but were by no means electrophoretically homo- 
geneous. We wish to describe now & simple and repro- 
ducible method for further purification of this material : 
"which has resulted in a growth hormone preparation of 
markedly increased specific biological activity. This 
preparation, although still not, was shown 
to be substantially purified by the ortteria of disk eloctro- 
phoresis and ultracentrifugation. No serum protein 





* Optleal denstiy (200 ma) 









A 





0 = 
100 20 300 400 
7 Bffinent (mL) 
L A, Inthtal "Bephadex G-00'; B, ohromato- 
TE s of’ combined fractions and Ile; C of com- 
bined fractions IIs and ILID 
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£. Disk matertal ond 
Fig. skoirophoresis pattems of starting (0) 





contamination could be detected when this puriflec 

preparation was gasayed by immunological techniques 
A second fraction obtained by this procedure showed somt 
growth hormone activity and in addition possessed con 
siderable lutemising horrnone (LH) potency. This fraotior 
was analysed by ee! techniques and found t« 
contain serum albumin a smaller amount of serum 
globulins. 

In a typical experiment, 1 g of a human growth hormone 
concentrate (fraction C): was dissolved in 17 ml. of ammon. 
ium-formate buffer, pH 9-2 (0-1 M ammonia, 0:05 M 
formic acid), and placed on a column of ‘Sephadex G-200 
(1:8 x 120 am) which had been equilibrated with the same 
buffer. often Gagan town ing oa 


material. The effluent diagram is shown in Fig. 1 
was collected in 7-ml. cute at l-h time-intervals. 
concentrations were estimated by measuring V ecu 
at 280-my. The effluent portions were grouped intc 
ee ee ee 
individual cuts by horesis**. Fraction [Vc 
xj pes pe ge DL pacte EE E 
acids. Hach of the other combined fractions was lyophil. 
ized and then desalted by gel filtration on ‘Sephadex G-25' 
All the material eluted prior to fraction was com 
bined and again passed over a column of ‘Sephadex 6-200" 
yielding fractions Ib, IIb and IIb. The effluent diagram 
resulting from this procedure is algo shown. in .1. Or 
the basis of electrophoretic analyses, fractions anc 
Ib were combined and again put through a column ol 
‘Sephadex G-200' to remove an an ae Ue 
fractions Ib and Lib. The p hormone thui 
Feito men aaa noa DH as sion th Wie 1 
Fig. 2 ahows the patterns whioh were obtained by disi 
electrophoresis. Fraction IJI exhibits considerable im. 
e 

3a addition, ion III was white in appearance and its 
solution was essentially colourless, while fractions Ib anc 
Ib possessed the same brown, hssm-like colour as the 

The yields and biological activities of various fraction 
are summarized in Table 1. 

All hormone assays were performed by standard pro 
- cedures previously deecribed!. Protein concentration wai 
meme by a modifloatign of the phenol-biutet: methat 
as described by Sutherland e¢ al.*. 

Ultracentrifagal analyses of fractions IIb and III at om 
protein concentration (1-4 per cent) showed sedimentation 
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Table 1. YINLDS AND BIOLOGIDAL ACTIYTTIAS OT FRACTIONS 
Fraction i DEB untamg LH : 
LU. 
se matal Ere o 
m 0-8-0 n 01 15 
Ib 450-500 01 «0-01 N.D. 
Ib 100-150 0-3-0-$ 1-1:5 «0-5 
n 1250-300 2-2-5 «001 4 
* Average of 80 
Ned LH standard 127 
Prolactin assays were provided Dr. A. Begaloff. 


constanta (Sasu) of 4:91+0-1 and 2-340-1, respectively. . 
Both fractions sedimented as si boundaries. 

It is of interest that fraction containing luteinizing 
hormone activity and the human grawth hormone fraction 
(III) were easily separable on ‘Sephadex G-200', but were 
not separated by disk electrophoresis. When a 1 : 1 
mixture of these two fractions was analysed by disk 
electrophoresis the main electrophoretic component of 
fraction IIb was superimposed on the major component 
of fraction III. This we found to be true with both 7-5 
per cent and 15 per cent scrylamide gels. Whether the 
prolactin activity of the highly purified fraction IIT is due 
to an intrinsic property of human growth hormone or to 
contamination with prolactin cannot yet be ascertained, 
since this preparation. still contains two significant electro- 
phoretic components. 

RALPH A. REBFILD 
BARBARA G. HALLOWS 
Dowanp E. WILLIAMS 
NogwAN G. Barwx 
SANFORD L. BTHNLMAX 
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1 B. A., Lewis, U. J., Brink, N. G., and Bteolman, 8. L., Endosrinel., 
71. Bh) (1068). i ° 
" Ornstein, L., and Devis, B. J. (personal communications). 


* Reixfeld, R. A., Lewis, U. J., and Willtams, D. H., Nature, 196, 281 (1062). 
i X. W., Cori, O. F., Haynes, R., and Olsen, N. J., J. Biol. Chem., 
ope, ead Godd). . 


Effect of Carbon Tetrachloride Intoxication on 
the Activity of Enzymes of the Urea Cycle In 
the Liver of the Rat 

Tumang are many indications that amino-acid metab- 
olism is altered following administration of carbon tetra- 
chloride!*. Smuokler e£ al.! have shown that there is an 
impairment of incorporation of amino-acid into protem as 
early as 1 h after administration of carbon tetrachloride, 
probably associated with changes in the structure of the 
endoplasmic reticulum. The level of activity of ornithine 
transcarbamylase in the blood also rises rapidly following 
this type of liver damage‘ while at longer time-intervals 
there is a decrease in the activity of glutamic dehydro- 
genase’ and glutemio-pyruvio transaminase’. 

In investigating the changes following carbon tetra- 


chloride intoxication the measurement of a series of 
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enzymes linked in a metabolic cyole or chain is perhaps of 
greater interesb than that of individual enzymes. The 
activity of urea oyolo enzymes in rata treated with carbon 
tetrachloride are of significance not only in relation to 
changes in the metabolism of amino-acids but also because 


mitochondrial-linked enzymes, carbamyl phosphate syn- 
thetase and ornithine transcarbamylase, both as unita/g 
liver and as total activity. At 8h this effect was even 
more ing. The other enzymes of the urea cycle, 
located in the soluble fraction of the cell, remain com- 
pletely unchanged. 

At longer time-intervals (24 h after administration of 
carbon tetrachloride) the activities of carbamyl phosphate 
synthetase and ornithine transcarbamylase fell, both m 
relation to the elevated values at 3 h and, in the case of 
the former enzyme, in relation to the control value. The 
specific activity (unite/g liver) of the other three enzymes 
of the urea cycle decreased considerably; there is, how- 
ever, a large increase in weight of liver at this time follow- 
ing carbon tetrachloride administration, and the total 
activity of these enzymes in the liver was significantly 
decreased only in the case of the arginine synthetase 
system. Flores e£ al.? found that the total activity of both 
arginine synthetase and arginase were decreased. 

and Litteris’ have shown that carbon tetra- 
chloride reaches its maximal concentration in the liver at 
about 2 h after the administration by stomach tube. The 
present resulta, showing & significant rise in the activity of 
carbamyl phosphate synthetase and ornithine trans- 
carbamylase at this time-interval, are among the earliest 
changes rted in mitochondrial enzymes in carbon 
tetrachlori: intoxication. Rossi and Zatti have 
that the incorporation of phoephorus-83 into 
liver phospholipids in vivo rises at this stage and this may 
be closely related to some modification of mitochondrial 
structure. There is, however, no evidence from electron 
microscopy studies of extensive alterations in mitoohond- 
rial morphology as early as 90 min after administration of 
carbon tetrachloride, and it is generally thought that the 
first biochemical and morphological alterations are in the 
endoplaamio reticulum and that the mitochondrial damage 
takes place lateri*"*. 

We thank Dr. R. G. Westell for a supply of arginino- 

succinate and the Wellcome Foundation for a grant to one 


of us (F. R.). This work was supported in part by a grant 


Table 1  Errxot OF CARDON TETRACHLORIDE INTOXICATION OX THE ACTIVITY oF EXXYXES OF THE URNA CYCLE DX HAT LIYER 




















Untta/g liver 
unies. | debe | Mais. |. uicina Arginase 
14,190 + 060 56 r4 208 t 12 98,900 + 6,340 
18,880 + 1,440 de s1 $ 10 107,900 + 13,400 
20,480 + 900 e i5 mdi 02,500 $ 7,370 








Jeims ee mero at the method of Brown and Coben 11) A unit of enxyme activity ts defined as that 
o ae eee mero or ceardiine or cecil cies tin amay: ani dona, Tha values aro: orpromod means t S.8.M. 





as 
ts no greater 


for comparison of the trol and experimental groups diffarence being considered significant 0-06. N.S. indicates 
that the results are not mis differant. OD aro ered orent and orton tetrachloride In paraffin (1: 1 v/v) was 
tube (0-5 mL/100 g body-weighi) with the rat under light other ansesthesis, The control animals were a ern reet Ra ecd peram (DLP) 


100 g body- 
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Triphospho-pyridine Nucleotide dro- 
genase Isozymes on an Agar-gel Plate 

We have been looking for a quick and relatively cheap 
method of screening deh isozymes, after 
electrophoreais. For this wo chose agar gel as a 
support. We recognize that there is a greater diffusion on 
agar gel than on-starch gel, and also that there is some 
difficulty in slicing the gel before detecting the iso- 
enzymes. Nevertheless, we prefer agar gel because: (1) 
it allows a relatively quick electrophoretio partition; (2) 
it is t when dry; (3) it allows the use of the 
Grabar and Williams technique of immunoelectrophoresis'. 

For this medium, we developed a convenient tetrazolium 
method which: (1) mute the diffusion during the reaction 
period: (2) requiree a minrmal quantity of reaction oom- 
ponente, some of them being very expensive; (3) can be 
used rapidly for different purposes on the same plate. 

Bo far as we know, the method described here seems 
quicker, cheaper and more versatile than some other 
isozyme methods using tetrazolrum salte’*. 

The electrophoresis was carried out in a 1 per oent agar 
gel (‘Agar Noble’, Difco), in 0-05 M phosphate buffer at 
pH 7 for a good partition of slow components, or in tris 
buffgr 0-05 M when phosphate ions are to be avoided. The 
gel was poured on photographio glass plates (13 x 18 om 
for 4 samples, or 18 x 24 am for 8 samples). Each sample 
was inserted in a 20x 3 mm slit cut out of the agar gel 
with & special punch. The preparation waa kept for 105 
min in a fleld of 6 V/cm in the cold (+ 4°). The plate was 
then brought to laboratory temperature. It was covered 
with a wooden board which has been wetted before applica- 
tion so that ıt will stick to tho agar gel. This little board 
outhned 4 or 8, 25x 150 mm alita which lay over the 
fractionated samples. In each slit of the board was 
poured a solution contaming the buffer, some substrate, 
ooenzyme, oxidation inhibitor electron transporter (phen- 
azine methosulphate) and tetrazolium salt, in 1 per cent 


agar gel. 

For the détection of lactic deh in plasma, 
0-1 ml. of plasma was mixed with 0-1 ml. of 2 per cent 
agar gel. During the time the electrophoresis is being run 
in phosphate buffer at pH 7, the following solutions waa 
prepared -, f 

(a) Aliquots of a stock solution of the following oom- 
positions, prepared beforehand, and stored at 85° O in 
5 ml. vials, were taken from the freezer: sodium lactate, 
$0 mg; diphoephopyridine nuoleotide (Sigma), 3 mg; 
sodium azide, 10 mg; 8(4,5 dimethyl thiazolyl 1,2)2,5 
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diphenyl tetrazolium bromide (ATT: Mann), 2 mg (dis- 
solved in 0-2 ml. acetono); tris buffer (0-05 M, pM 8-2), 2 ml. 

The solution was transferred to a hemolysis tube and 
warmed to 42? C. To this was added 2 mL of 2 per cent 
agar gel in water, then 0-2-0-5 mg of sodium phenazine 
methosulphate (Bigma). After quick mixture, it was 
poured in one of the slita and immediately covered, to 
protect the complex from light. 

After incubation for 1 h at 87° O in a damp atmosphere 
or 2 h at laboratory temperature, the isozyme pattern 
was very apparent. If desired it could be covered with a 
thin layer of 1 per cent agar gel in order to obtain a flat 
surface. Afterwards, the plate -was fixed for 2 h in 2 per 
cent acetic acid. The preparation was then covered with 
filter paper and dried at 87° C. 

The plate with the dried film could be kept indefinitely 
in the dark, and filed as a laboratory record. 

We applied this system to visualize the isoxymes of 
lactic acid dehydrogenase of normal and pathological 
plasma, aa well as the isoxymes of lactic, malic, isocitrio, 
glutamio, 8-hydroxybutyrio and glucose-6-phosphoric acid 
dehydrogenases in rat liver homogenates. In addition, we 
applied our system after plasma immunoelectrophoresis. 
We are now examining the coloured precipitation linea 
obtained to determme whether they are enxymatically 
active. 

Q. Broun 
B. AvERAMHAB 
Institut de Recherches Scientifiques sur le Cancer, 
Villejuif (Seine). 
1 Grabar, P., and Williams, O. A., Bíookiem. Diophys. Acta, 17, 65 (1955). 
* Vesell, H. 8., Ame. N.Y. Acad. Sci., 94, 877 (1961). 
* Markeri, O. L., and Appella, H., Aan. N.Y. Acad. Soi., 94, 678 (1901). 
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Uterine Relaxant Properties of Bradykinin 
In vitro 


Ar the present time, there is no effective means of 
blocking uterine contractions in order to prevent prema- 
ture labour. A drug which would block uterine contrac- 
tions may reduoe the incidence of prematurity. Of all 
infant deaths occurring at the New York Hospital in 1961, 
72-5 per oent were prematurely born. 

Bradykinin was synthesized by Boisgonnas, Guttmann 
and Jaquenoud! and was shown to be a nonapeptide. 
Elliot, Horton and Lewis? demonstrated the great sensi- 
tivity of the isolated rat uterus to bradykinin as indicated 
by increased contractility. Because of thia constrictor 
response in the rat, Berde and Saameli* investigated 
the effect of bradykinin on the human uterus en eitu. Intra- 
venous injections of 2 pg/kg were without any effect on 
the human uterus. These authors concluded that brady- 
kinm had no oonstrictor activity on the human uterus. 
Because of its known relaxant effect on smooth muscle, 
bradykinin in various concentrations was applied to 
human uterine muscle. Strips were placed in an organ 
bath of 5 o.c. capacity containing oxygenated mammalian 
Krebe's solution which was kept at constant temperature 
and pH. 

Bradykmin was applied 112 times to 82 non-pregnant 
uteri and 52 times to 18 pregnant uteri at the time of 
section. The effect on tonus, frequency and amplitude 
maximum was recorded after a pattern of spontaneous or 
induced contractions was established. A reduction inat 


Table 1.  HrrBOT OF BRADYKININ OX THR HUMAN UTERUS ta pitro 
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1. In the - uterus prompt relaxation following 
UP kte seo predicte f eee 


WASH 


least one of these variables was considered a relaxant 
response. In the non-pregnant uterus a concentration of 
0-2 pg/ml. produced a significant relaxant response in 57 
per cent of the teste. At levels of 0-8 pg/ml. a maximum 
response in the non-pregnant uterus resulted in a com- 
plete inhibition of all contractions. In the pregnant 
uterus, as indicated in Table 1, slightly higher conocen- 
trations were required to inhibit contractility. Oxytocin- 
induced contractions required slightly higher levels of 
bradykinin than the spontaneous variety. This was 
ioularly true in the pregnant muscle. Fig. 1 shows a 
w concentration of bradykinin-inhibiting contractions 
of the non-pregnant uterus in the presence of oxytocin 
and a return to the original pattern following a wash. 
` The high potency of this compound on human uterine 
muscle with ita inhibiting action on contractions is of 
considerable interest. A study of bradykinin on tn situ 
human uterus is indicated to determine ita possible effect 
in preventing the onset of premature labour. The known 
hypotensive effect of bradykinin makes it unlikely that ite 
use alone may be practical. A combination of a hyper- 
tensive agent, such as angiotensin, with bradykinin may 
provide effective therapeutic agent. 
: RonmnumkET LANDESMAN 


Oornell University Medical College, 


Department of Obstetrics and Gynecology, 
530 Hast 70th Street, 


New York 21. 
E B. A., Guttmann, B. T., and Jaquenoud, P. A, Hely. Chim. 
Ads, 4i, 1481 (1960). 


1 Hillot, D. F., Horton, H. W., and Lewis, G. P., J. Physiol., 153, 473 (1960). 
* Berde, B.. and Saameli, K., Netwre, 191, 88 (1061). 
‘Coutimho, E. IL, and Osapo, A., J. Gen. Physiol., 43, 131 (1959). 


Effect of Hydrogen lon on the Rates of 
Migration of Sodium and Potassium lons : 
Possible Relationship to Magnetism - 


I mava read with interest the recent communication of 
Salminen! on the effect of hydrogen ions on the differential 
rates of migration of sodium and potessium ions. I 
believe this may relate to an experiment which I have 
performed demonstrating a differential effect of external 
magnetio fields on the concentration of these ions across 
a semipermeable membrane. . 

A 4-in. length of ‘Cellophane’ tube of the sort used 
in the artificial kidney apparatus was filled with the usual 
dialysate solution for blood lavage, the ends were sealed 
Pe ee 

of a t magnet capable of lifting a 
125-lb. weight SP taal yen poes PEES 
tube so that the io fleld was inmde the 
tube. After incubation for 9 h the concentration of ions 
m the two compertmentsa was determmed by standard 
methods available in the clinical laboratory. The erperi- 
ment was repeated five tunes, and in each instance 
the results were similar to those given in Table 1. 


Table 1 


Mg Os K Na a HOO, 
‘Cellophane’ tabe 35 45 40 160 132 s 
Beaker 3-5 45 44 151 123 * 
AL values tn JL. d 


* Present but not 
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The sodium, potassium and chloride ions were always 
more concentrated in the ‘Cellophane’ tube than in the 
surrounding bath. This difference could be increased 
greatly by decreasing the volume of solution inside the 
‘Cellophane’ tube. The increase of potassium was always 
proportionately greater than the sodium. The failure 


- to demonstrate any effect on magnesium and calcium may 


have been due to formation of unionized complexes with 
bicarbonate. 

I have surmised that the movement of electrons along 
the chains of respiratory enzymes in the mitochondria 
and the concurrent movement of hydrogen ions in the 
same direction generate o flelds, as do 
other electric currents, and that these magnetic forces may 
be a determining factor in the characteristic proportions 
of intracellular ions, and thereby related to the mechanism 
of the ‘salt pump’. 

Worm K. Groran 

Department of Medicine, 

University of Texas, 
Galveston, Texas. 
1 Balminen, 8., Nature, 198, 908 (1062). 


De. Gmoman's communication contains no mention of 
control experiments without a magnetic field. Thus it is 
open to question whether the resulta, interesting as such, 
aro related to some factors other than the magnet. The 
fact that the experiments were performed with dialysate 
fluid made for blood lavage suggesta that ita Poo, would 
have been higher than that of the air. The loes of carbon 
dioxido from the beaker might have produced a higher 
gradient of H+ in the ‘Cellophane’ tube, resulting in an 
accumulation of other cations in this phase, as waa found, 
for example, by Toorell in his classical work’. That 
the effect of H+ on the rates of simultaneous non-equili- 
brium migration of Na+ and K+ is different was experi- 
mentally found in my communication referred to by 
Dr. George. 

A theoretical treatment of these problems is in progreee 
by our group, using the concepts of irreversible tharmo- 


dynamics. 
Smo BALMINHN 
Wihuri Ressarch Institute, 
Helsinki 
1 Teorell, T., J. Gen. Physiol., S1, 107 (1987), 
Effect of 3:5:3'-trilodothyroacetic Acid 
on the In vitro Oxy ptake of Leuco- 


cytes of Hypopituitary Patients 

NEITHER L-3 : b : 3’-triiodothyronine (T,) nor 3 : 5 : 3’- 
triiodothyroaoet:io acid (TRIAC) affect the uptake of 
oxygen by leucocytes from normal individuals studied in 
vitro with the direct method of Warburg with a modified 
Krebe's No. 2 buffer. When, however, these sn vitro 
investigations are carried out with leucocytes from 
patients with primary hypotbyroidiam, an immediate 
stimulation of oxygen uptake can be demonstrated with 


: TRIAO although no effect is produced by T, (ref. 1). 


The opportunity was taken to carry out similar mveeti- 
gations on the leucocytes from 5 other patiente who were 
also hypothyroid. In these patients, however, the hypo- 
thyroid state was the result of hypopituitariam and there 
was clinical and investigational evidence of the other 

endocrine deficiencies. 

Blood was collected in siliconed tubes 
according to the method of Bisset and Alexander*. The 
leucocytes were isolated after sedimentation with dextran 
(6 per cent w/v in 0-9 per cant sodium chloride solution). 


` From 80-100 ml. of blood from each patient sufficient 


leucocytes were obtained to set up 4 flasks, each of which 
contained approximately 40-50 million leucocytes in 
Krebe's No. 2 buffer. T'RIAO in two concentrations, 25 and 


` 
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50 pg/100 ml. medium, was added to duplicate flasks. The 
oxygen uptake of the leucocytes was examined by the 
direct method of Warburg using air aa the gas phase. 
Readings were taken every 15 min. The resulte were 
expressed as the upteke of oxygen in pmoles/h/10" 
leucocytes. ` 


"Table 1. UPTAKE OF OXYGER BY LEUOOCYTBS (xMOLBR/8/10! Lavoocrrms) 
pou TRTAO/L00 vil, saedium 


Control 
1. 0-088 0-090 0-089 
2. 0-100 0-103 0-100 
3. 0-112 0-107 0-112 
4. 0-004 0-077 0-079 
5. 0-078 0 078 0-098 


The results are shown in Table 1. Each value is the 
average of 2 readings. Patients 1—4 were receiving no 
therapy. Although they were hypothyroid, the uptake of 
oxygen by their leucocytes failed to show the stimulation 
produced by TRIAO which is usually found in patients 
with primary hypothyroidism. Patient 5, however, 
although he was also hypothyroid, was receiving main- 
tenance treatment with cortisone. Unlike the other 
patiente, there was a significant increase in the uptake of 
DIR n by Bis lpubooy tee DA S readli of miotibation witli 

O. It is possible that, in this patient, cortisone 
facilitated the acoees of the thyroid hormone to the site of 
action. The absence of the expected stimulation of oxygen 
uptake by TRIAO in patients with untreated 
hypothyroidism may therefore, in part at least, be related 
to the secondary adrenal deficiency. Our findings at 
present do not permit further specplation, but once more 
emphasize the importance of the inter-dependence of the 
endocrine glands. f 

This work was supported in part by a grant from the 
Soottish Hospitals Hage neta Research Trust, and by 
grant A/5444 from the U.8. Publio Health Service. 

I. Provan C. MURRAY 
BumsxaH K. Brssmr 


University Department of Medicine, 
Royal Infirmary, 


Glaagow. 
1 Biaget, B. K., and Murray, T. 
and 


P. O., Bicohem. J., 84, 13P (1902). 
* Bisset, B. K., Alexander, W. D. 


» Quart, J. Esp. Physiol., 48, 50 (1901). 


Stimulation of Secretion of Insulin by 
Adenosine-triphosphate 


Ix previous papers! we showed that different meta- 
bolites, both #n vico and $^ vitro, produce insulin secretion 
whiéh we measured by the method of the epididymal fat of 
the rat. In view of some of these results we decided to 
ascertain whether-the intravenous injection of ATP was & 
stimulant to insulin secretion; although we are aware that 
the point of view actually held is that the metabolio 
processes affected by this nucleotide are intracellular. 

Animals from our rat colony (140-160 g) were intra- 
venously injected with ATP 17x10 M (total volume 
0:26 mL, pH 7) and killed immediately after the injection 
(10-20 seo.). Tho evaluation of the plasma insulin effect 
and glucose uptake of the diaphragm and epididymal fat 
were carried out following the method already described’. 
As control of the effect of the ATP injection, we injected 
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the same quantity of hydrolysed ATP (1-0 hydrochloric 
acid for 10 min at 100? O) and other experimenta were also 
realized with hydrolysed ATP versus control. 

As is shown in Table 1, the injection of ATP pro- 
duces secretion of insulin, which shows itself by a greater 
plasma insulm effect and the increase of the glucose 
uptake of the diaphragm and of the epididymal fat. This 
action is similar to, although much speedier than, ‘that 
obtained when we used glucose and Lleucine injections. 
On the other part, the h lysed ATP has no effect. The 
resulta obtained show the need to know the mechaniam 
of action implied by possible extra-cellular activity of this 
nucleotide. 

We thank Dr. S. Ochoa for his advice. This work was 
supported in part by a grant from J. March Foundation. 

J. L. R-OANDHLA 
M. O. GanoOIA-FERNANDEZ 
Instituto ‘G. Marañon’, 
Ve 138, 
Madrid, 6. 
1 R-Oandela, J. L., and B-Candele, R. . Third Cong. International 
Daban F 


, Pros 
ederation, Dusseldorf, 762 (July 1068). 
1 Garcia-Fernandez, M. O., R-Oandela, J. L., and R-Oandels, R., Béookun 


Biophys. Acta (in the prom). 
+ ann y Garola-Fornandes, M. ioe ee 


„AL C. 

, Proc. Hoo. Kerp. Biol. and’ Mod., 169, 172 

! R-Oandela, J. L., R-Omndel, R., Martin-Hernandex, D., and Oastilin- 
.. Onrazar, T., Naéwre, 108, 711 (1001). 


Transport of Potassium lons In the Rat’s 
Intestine 


THe transport of sodium ions aoroes the epithelium of 
the grnall intestine of the rat seems to be an active process 
(for & review of the evidence see Durbin, Curran and 
Bolomon!) This active bre mien sodium ions may be 
responsible for the potential di co existing across the 
gut wall, the mucosal side of whioh is negative with respect 
to the serosal side. In the ehem the amplitude of this 

iterature ranges from about 
8 mV (refs. 2, 8) to 12 mV (ref. 4); the,potentials in the 
ileum are smaller’. 

Evidence for the active -transport of ions other than 
sodium across the epithelial membrane is slight and the 
possibility has frequently been discussed that many 
cations and anions move passively along their electro- 
chemical gradients! ^*. We have been interested in the 
transport of potassium ions by the epithelial cells of the 
rat’s jejunum and ileum. From measurements of the 
concentration of this ion on both sides of the cellular 
barrier between mucosa and seroee, together with determ- 
inations of the transcellular potential, we have come to the 
conclusion that the total electrochemical potential of the 
potassium ions is the same on both sides of the epithelial 
membrane. This provides experimental evidence for the 
suggestion that the transport of potassium ions is a passive 
process and there is no need to postulate an active trans- 
port mechanism. 

The rat’s small intestine was divided into ‘jejunal’ and 
‘ileal’ portions and the lumen was in vitro by the 
method described by Gilman and Koelle'. The perfusion 
fluid was Krebe'a bicarbonate solution gassed with 95 per 
cent oxygen and 5 per cent carbon dioxide, at pH 7-4 and 
at 87° 0. It flowed at a rato of 5—7 ml.fmin; this provided 


Table 1. mas oF INEULIX ACTIVITY OF BLOOD PLASMA, GLUCOSE UPTAKE BY DUPHRAGM AND ADIPOSE TIRSUS AFTER ATP IXIKCTION 








Tasalin aettvity of blood plasms 
mg/100 of tiasuo* 





Injection 




















ATP (1-7 x 107 M) 0-240 + 0 016 (16) 

Ócntrol P«001 
ATP17x10* 0-157 + 0-018 (13) 

Horo Taa ATP i 

17x10*M 0-186 + 0-017 (18) 






P>0-085 








Oontrol 0-189 + 0 O22 (10) 





Glucose uptake by diaphragm 
100 of tase * 
0-436 + 0-016 (32) 


0 382 + 0 013 (82) 










images wp rere by adipose teris 
E mg/100 of tissue * 
0 190 1 0 017 (30) 
P«001 





P«001 
0-202 + 0-018 (80) 





0-448 + 0-008 (66) 
0-456 + 0-015 (85) 


P>0 08 














* All values are means S.N. The values in parentheses represent the number of experiments. 
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adequate oxygenation and presented to the mucosal 
surface a fluid of constant composition. The relationship 
between the potassium concentrations of the fluid pres: 
ted to the mucosal surface and that transported by the 
epithelium to the seroeal side was obtained ih experimenta 
in which the gut segmenta were maintained in & chamber 
where the serosal surface was exposed to 95 per cant 
oxygen, 5 cent carbon dioxide and water vapour. 
Transpo fluid, escaping from the serosal surface, cut 
blood vessels and lymphatics, was collected so that a direct 
analysis of the composition of the fluid actually trans- 

rted could be made. Table 1 shows that for both the 
jejunum and ileum the potassium concentration in the 
fluid transported to the serosal side was lees than that in 
the perfusing. mucosal fluid (as already observed by Smyth 
and Taylor‘), both when the latter concentration was 
6 mM and when it was 12 mM. 


Table 1 
> Oheznical expertments Hieckneal 
Mucosal Mnoosalpotamsium Potasstum Measured 
potasstum concentration equilfbrtum potential 
concentration Ferosal potassium * Dotentlalt  rmuoosa-seroma f 
(mk) ocneeniraijon (mV) (mV) 
, Jejunum 6 1.56 Y 11:8 t 0-5 než 6-8 
12 154 + 0-08 114 + 03 nag 05 
Team 6 1:46 + 0065 O7 + 00 Mat 07 
12 1:52 + 0-02 109 + 08 102 +06 
& C; 


Figures aro means and are S.3.'3; Mos. of expertmenis are given in paren- 


LE dde MEUS COMMA LONE IO of 1 i 

Potential measurements were made with calomel eleo- 
trodes with saturated potassium chloride bridges (Beok- 
man fibre junction reference electrodes) feeding into 
a low grid current cathode-follower. In the experiments 
in which potentials were measured the gut segments 
were immersed in 25 ml. of fluid of the same composition 
as that used to perfuse the lumen of the gut. The serosal 
electrode dipped into this and thus made contact 
with the whole of the surface of the segment being 
studied; the mucosal electrode dipped into the finid 
perfusing the lumen. The electrical potential measure- 
ments were thus made in seperate experiments and under 
somewhat different experimental conditions from those 
where the chemical composition was determined. This 
measured potential was assumed to be a reliable measure 
of the potential which existed across the gut wall in the 
chemical experiments for the following reason. There is 
ample evidence that the gut transporte well in the presence 
or abeence of bathing fluid on the serosal side!'-*; thus in 
the electrical experiments although the composition of 
the bulk of the fluid on the serosal side was Krebe’s 
solution (or a Krebe's solution modified by transported 
fluid) the fluid immediately outside the serosal pole of the 
epithelial cell (that is, the fluid important with respect to 
the potential difference across the epithelium) would have 
had the composition of the transported fluid, as in the 
chemical experiment. The advantage of using the two 
procedures was that the potential and the chemical 
determinations were each made under conditions which 
permitted the greatest accuracy of measurement. 

In six i ts on the jejunum the potential 
initially recorded (within 10 min of mounting the gut in 
the perfusing apparatus) was 11-8+0-9 mV; during the 
next 20 min the potential rose to & maximum of 12:7+ 
1:0 mV and thereafter declined to a value of 9-8+ 1-3 mV 
at the end of 1 h. In the ileum the oo ing potentials 
were 9-24 1.2, 10-34.0-7 and 8-2+0-9 mV. This falling 
off of the potential did not seem to be due to any change 
in the composition of the serosal fluid; when this fluid was 
replaced by fresh Krebs’s golution there was little or no 
change in the potential. In each experiment six potential 
measurements were made at intervals of about 10 mm 
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during the first hour and the value of their arithmetical 
average determined. The mean of these average values in 
all the experimenta is given in Table 1, for experimenta in 
which the potassium concentration in the Krebe’s solution 

ing the lumen was normal (6 mM) and for experi- 
menta in which it was twice this value. 

Correlation between chemical and potenisal measurements. 
If potassium is free to diffuse across the gut wall then at 
equilibrium for this ion the concentration difference 
obeerved must be associated with a potassium equilibrium 
potential (Æ) the magnitude of which is given by the rela- 


tionship, E = BT og (K]e/LK], whore R in tho gas con- 
stant, T' the absolute temperature, P Faraday’s oo nstant 
and [K]~ and [K], are the mucosal and serosal oono entra- 
i i i . The average ratio of 
[K]m/[K], in 25 experiments on the jejunum (using 6 mM 
ium Krebe's solution) was 1:56 + 0:03; the mean 
value of the potassium equilibrium potential obtained by 
averaging the individual potentials caloulated from each 
experimentally determined ratio was 11-8 + 0-5 mV. The 
corresponding values for 23 experimenta on the ileum were 
1-46 + 0-05 for [K]a/[X ], and 9-7 + 0-9 mV for the mean 
noun E As can be seen from 
‘able 1 the predicted potentials are very nearly the same 
as the potential differences actually measured (11:6 + 0-7 
mV for the jejunum and 9-8 + 0-8 mV.for the ileum) 
when & over an hour to oo with tho 
chemical measurements which were on samples 
collected during an hour. This close agreement between 
the predicted and measured potential difference was also 
obtained in the experiments using 12 mM potassium 
Krebe's solution. : 
The net difference in electrochemical potential for the 


potassium ion on the two sides of the gut wall, T 


log [K]a/[K],-H, is thus practically zero. Whareas this 
finding does not exclude the possibility that potassium is 
acti transported, the simplest explanation of our 
resulta is that potassium ions move passively across the 
wall of the jejunum and ileum and that their distribution 
is i by a -existing potential across the gut 
which is at present believed to result. acoording to the 
work cited here, from the active transport of sodium ions. 


This work was in part by a grant (H.8-02329) 
from the National Institute of the U.8. Public 
Health Service. 

A. GOMAN 
ETHOL KOSLLƏ 
J. M. Rrroum 


Department of Pharmacology, 
Albert Einstein College of Medicine, 
New York 61. 
! Durbin, R. P., Oarran, P. F., and Solomon, A. K., Adv. Biol. and Med. 
Phys., 8, 1 (1058). 


a B. J. O., Dikstoh, 8., Matthews, J., and Smyth, D. H., J. Pkyeid , 
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* Smyth, D. E, and Taylor, 0. B., J. Physiol., 138, 682 (1957). 
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PHARMACOLOGY 


Varlable Action of Monoamine Oxidase-Inhibiting 
Hydrazines on Serotonin Metabólism 
RECENTLY, van Praag and Leijnse! reported an interest- 
ing finding concerning monoamine oxidase-inhibitng 
hydrazines ‘Marsilid’ (iproniacid) and lan’ (ino- 
carboxazid) on serotonin metabolism. They found that 
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s b opinion that the side effects of mono- 
zi i amine oxidase-inhibitors can be of just 
Before treatmen i Batore, with Narall” After , 28 much importance in ‘their ability to 
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Average excretion of 5-HIAA after oral loading with 5-HT (O) and 5-HIAA (6) (days) 
dn ME MIN DRM dring end Measured tn four subjects, be- 


after treatment with 


roccia clear mado 


Fig. 1 


during treatment with these drugs the increase in the 
exoretion of 5-hydroxyindolylacetio -acid (5-HIAA) in 
urine after oral feeding of 5-HIAA decreased in the same 
way as after oral admmistration of serotonin (5-hydroxy- 
_tryptamine = 5-HT) (Fig. 1a). They concluded from this 
result that : 


(1) Monoamine oxidase-inhibiting hydrazines have & 
similar and practically ous effect on 5-HIAA 
exoretion after serotonin and 5-HIAA. 
rought about through the same 


(3) The action of the so-called monoamine oxidase- 
inhibiting hydrazmes on the serotonin loading test cannot’ 
fente ake inhibition of monoamine oxidase. , 

In re-examining the work of van Praag and Leijnse, I 
have obtained the samo results for 'Marplan'. I have not 
investigated 'Marsilid' due to the danger of torio side 
effecta. However, I feel that the conclusions drawn by van 
Praag and Leimse are erroneous. I have found that 
treatment with two other monoamine oxidase-inhibiting 
hydrazines, 'Niamid' (isonicotinyl-benryloarbamylethyl- 
hydrazine) and ‘Nardil’ ate on oa decreases 
5-HIAA excretion only loading with serotonin while, 
however, the 5-HIAA excretion after loading with 
5-HIAA itself ia not influenced (Fig. 1b). 

The conclusions are : 

(1) Only ‘Marailid’ and ‘Marplan’ among the four 
monoamine  oxidase-inhibiting hydrazines influence 
5-HIAA excretion after loading with serotonin or 5-HIAA 
m the same way. ‘Niamid’ and ‘Nardil’ reduce the 5-HIAA 
excretion only after loading with serotonin. 

(2) I believe that it is, therefore, improbable that the 
effect of ‘Marsilid’ and '"Marplan' on 5-HIAA excretion 
after loading with serotonin and 5-HIAA is- exerted 
through the same mechaniam. 

(3) The action of monoamine oxidase-inhibiting hydra- 
zines on the serotonin loading test is certainly an expres- 
sion of monoamine oxidase-inhibition, for those mono- 
amine oxidase-inhibitors not belonging to the hydrazine 
series, such as benryl-methyl-propinylamine, prevent the 
formation of 5-HIAA from serotonin in the same way. 
An action of these monoamine oxidase-inhibitors on 
5-HIAA excretion after loading with 5-HIAA was not 
obaerved?. 

I should like to interpret the action of '"Marsihd' and 
"Marplan' én 5-HIAA excretion after loading with 5-HIAA 
as a side affect of these two substances. The resulta of 
Stock and Westermann? also point in this direction. They 
found that inhibitors of monoamine oxidase exert a 

pharmacological action that is often independent of their 
capacity to block the enzyme. These authors are of the 
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bring about other pharmacological, bio- 
chemical and, possibly, also therapeutic 
actions aa their ability to inhibit mono- 
amine oxidase. 

. _ Further investigation will be needed to 
clarify if the decrease in the 5-HIAA 
excretion after loading with 5-HIAA is an 
effect of 'Marailid' and "Marplan" without 
recen meaning, or if there is a rela- 

tionship to clinically important symptoms 
such as toxic side effecta. With the 
introduction of new monoamine oxidase- 
inhibitors in the future, the behaviour of 
5-HIAA excretion after loading with 5- 
HIAA must be examined. 

The decrease in 5-HIAA excretion after 
oral loading with 5-HIAA brought about 
by ‘Marsilid’ and 'Marplan' is of general 
interest, since it is possible that 5-HIAA 
is not the end uct of serotonin cata- 
bolism, but is transformed in tho 

body under certam conditions. Preliminary results indicate 

& change in the indole ring. Paper chromatographio in- 

vestigation of urine after loading with 5-HIAA shows a 

strong colour reaction with Ehrlich’s and diazo reagent 

corresponding in position on the chromatogram to 5-HIAA. 

With treatment with 'Marplan' after loading with 

5-HIAA, it is no longer posable to detect diazo or Hhrlich- 

reactive material in the chroma 

Methods. STEAM enean tae md delindbusd 
by the method of Udentriend 6 al.^*. Urine was quanti- 
tatively collected for 8 h after loading with serotonin or 
5-HIAA. mo Boe ee 
were eliminated’’. Serotonin was 

serotonin creatinine sulphate. Both serotonin and 5-HIAA 

were dissolved in & few millilitres of hot water. The doses 

were 0-15 mg/kg body-weight 1, pares Ue and 

equimolar amounts of serotonin and 5 
Two tablets of ‘Niamid’ or ‘Nardil’ were administered 

and evenings. 
This work was supported by the Deutsche Forschungs- 

ME We should like to thank the following firms 

the supply of chemicals: Abbott, Chicago (benzyl- 

rtd Q usus Godecke, Memmingen (‘Nardil’); 
Isruhe (‘Niamid’); Sandoz, Basel (serotonin 
pia sulphate and 5-HIAA). 
E. KraBunama 


Nervenklinik der Stadt und Universitdt, 
Frankfurt am Main, Germany. 


, Praag, H. M. van, and Leijnse, B., Pzychepharmacol., 8, 02 (1002). 
* Kirberger, H. (unpubliahed resulta). 
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t Praag, H.M. van (personal communis tion). 
* Udenfriend, H., Trius, H., and Weissbach, H.,J. Biol. Obem., 818, 400 (1065). 


Bui c RW dy a cpenpr, B ., Kulenkampfr, O., and Mohs, U., 
' Kirberger, H., Deutsche Med. ae 87, 929 (1062). 


Diminution of Imipramine Mortality is 


Hypothyroid Mice 

dRdgaviscE repent due od a cea amoniis 
toxicity in hyperthyroid mioe!. This work had been 
prompted by the observation of a clinical case in which 
the simultaneous exhibition of mipramine and thyroid 
hormone had a bout of paroxysmal auricular 
tachycardia’. Although we had no similar olinical ex- 
perience to commend our prosent work, we nevertheless 
considered it of interest to teat the effect of hypothyroid- 
ism on imipramine mortality. 

100 adolescent male Swiss—Webster mice were obtained. 
50 were given a standard laboratory diet and 50 were 


^ 
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treated in the same way except that 0-2 per cant propyl 
thiouracil (PTU) was added to their water. All 
mioo were weighed at intervals of 48 h. Throughout 
this preparatory period the P'TU-fed mjoe showed re- 
tarded gain in weight. On the sixteenth day these mice 
were found to use alightly leas oxygen per unit time than 
the normal mice. At this timo, using spontaneous be- 
haviour as a criterion, five judges were able to identify 
cages containing PTU-fed mice versus ‘normal cages’ 15 
times oub of 25 tries (not significant). 

The same day the mice were injected intraperitoneally 
with a solution of lyo imipramine m saline 
(10 mg/mL). At the dose of 100 mg/kg, 5 of 10 normal 
mioe died; 1 of 10 PTU-fed mice died. At the dose of 
130 mg/kg, 12 of 20 normal mice died; 12 of 20 PTU-fed 
mice died. At the dose of 165 mg/kg, 17 of 20 normal 
mice died; 11 of 20 PTU-fed mice died. On the basis 


180 


our failure clearly to demonstrate the phenomenon to 
the probability that the PTU.fed mice had been only 
mildly hypothyroid. 
Another group of mice -were chosen for further study. 
re anaes ee enn 0-2 per 
water for 80 days. At the end of this time the 
` PTU-fed mice were inoontrovertibly-hypothyroid. They 
had gained less weight than normals, their coats were 
dull and yellowish, and they appeared al At the 
dose of 85 mg/kg, 4 of 10 normal mice died; 8 of 10 
PTU-fed mice died. At the dose of 130 mg/kg (the non- 


discriminating dose in the first experiment), 18 of 20 
normal mice died; 12 of PTU-fed mice died. All deaths 


Results from the two experiments are combined in 
Fig. 1. The d voe oe eet over aon s ot deren 
is 430 (P = < 0-08). 7 
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Fig. 2 ta in idealized form the results of work 
recorded here plus the resulta from ref. 1. In mioe, intr&- 
peritoneal imipramine presents & slopmg dose—mortality 
curve. The curves for hyper-, hypo- and eu-thyroid mioe 
are parallel over the dose-range tested. Hyperthyroid 
mice are significantly more sensitive, and hypothyroid 
mice significantly leas sensitive, than euthyroid mice, to 
the mortal effects of imipramine. 

This work was sup by National Institute of 
Mental Health grante MY-1870-04 (A. J. P.) and 
AM-08062-02 (M. A. L.). 

We thank the Geigy Corporation for supplying 


injectable imipramine. : 
: ARTHUR J. PRANGH, JUN. 
Morris A. LIPTON 
G. Nur, Lovs 
School of Medicine, 
University of North Carolina, 
Chapel Hill. : 
1 Prange, jan., A. J., and Lipton, AL A., Weture, 196, 588 (1901). 
1 Prange, jun, A. J., Amer. J. Pryoh. (In the press). 


H/EMATOLOGY 


Synthesis of Ham in Normal and 
Leukæmic Leucocytes 


RaamwT investigations suggest that the formation of 
hæm from iron and protoporphyrin is enzymatic in avian 
erythrocytes!+, rat liver’* and canine muscle’. The 
hesmoproteins, such as catalase, peroxidase and the oyto- 
chromes, exist in leucocytes*; however, the origin of ham 
for theee proteins 1s not apparent. The present study 
concerns the formation of hem in a leucocyte system. 

Leucocytes were isolated from human blood which was 
collected in siliconized containing heparin. The 
blood was mixed with an equal volume SE L5 por cent 
dextran, and allowed to sediment until the plasma rich ' 
leucocyte layer and the erythrocyte mass were clearly 
separated. The leucocyte layer was removed and centri- 
fuged at 320g for 5 min. The sedimented leucocytes were 
resuspended in 1-5 vol. of de-ionized, distilled water and 
ho i in a motor-driven glass homogenizer for 
5 min at 4°. 5-ml. aliquots of homogenate, obtained from 
2:1x10* to 1-5x 10* leucocytes, were-added to reaction . 
mixtures which contained 0:13 uo. ferrous citrate (iron-59), 
0-5 umole protoporphyrin, 10 pmoleæ cysteine and 1,000 
umolea iris buffer pH 7-8, in a final 10-ml. vol. with 0-15 M 
sodium chloride. This mixture was incubated for 4 h at 
37° and the reaction stopped with 0-1 M potassium 
cyanide. -Oarrier hmm waa added, the total hmm was 
isolated, and the radioactivity of the recrystallized ham 
was determined. Hæm synthesis was measured as the per 
cent incorporation of added radioiron into hæm (per cent 
uptake iron-59). Synthesis was considered to be signifi- 
cant if the total counts per minute of the isolated ham 
were greater than twice background and the per oent 
uptake of iron-59 E P UM In each 
experiment, 5 ml. of and 5 ml. of a hwmolysate, 
prepared from the patient’s sedimented erythrocytes, were 
substituted as controls for the leucocyte homogenate. 
Incorporation of radioiron under these conditions was 
always leas than 1 per cent. 5 ml. of an active avian 
hemolysate was also included as a control in each experi- 
ment and the uptake of iron-59 was always greater than 
5 per cent. 

The results are shown in Table.1. When leucocytes 
isolated from normal individuals were used little, if any, 
hæm synthesis occurred and the uptake of iron-59 was leas 
than 1-0 per cent. Similarly, when leucocytes from two 
patiente with chronic myelocytic leukemia, two patients 
with chronic lymphocytic leulsamia, and one patient with 
monocytic leukemia were used, the uptake of iron-59 was 
lees than 2-1 per cent. However, if the source of lenco- 
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Tabl 1. Hax SYy"rérs of LNUOOCTTAS 

Hxp. Diagnosis Total No, 
No. Patent ' of blasts Pius d 

1 G. EK. Normal 0 0-4 

1 T. G Normal 0 10 

3 D.O Normal 0 05 

4 T. 8 Normal 0 04 

Chronis leukemia 

5 B. Lo ALyalooy tic Saal ia A 

7 J. T. — Lymphogyile 0 01 

8 A. B. MIN Hn 0 2-1 

9 EE. 0 14 

Acute lukemia 

10 N. L. Myeloblastio 1:1 x 10 199 

11 AG Myeloblastio 3-3 x 10* 115 

12 0.0 Myeloblastio 3-1 x 10* 4-9 

13 L. W. Lymphoblasiio 1:3 x 10* 20-9 

14 B. 0. Lymphoblastio 3-7 x 10* 60 


cytes was from patients with either acute myeloblastio or 
acute lymphoblastic leuksemia, considerable synthesis of 
hmm occurred. When leucocytes from 3 patients with 
acute myeloblastio leukwmia were used the uptakes of 
iron-59 were 29-9, 11-5 and 4-0 per cent. In two 

ments with leucocytes from patients with acute lympho- 
blastic leukemia, the uptekea of iron-59 were 26-9 and 
6-9 per cent. 

Since the enzymatic ayntheais of ham is similar in avian 
erythrocytes!, rat liver**, and canine muscle’, a pre- 
imi characterization of this reaction was performed 
with leucocytes from patient L. W. Preheating the leuco- 
cyte homogenate to 80? for 10 min resulted in complete 
loes of activity. Optimal activipy occurred at approxim- 
ately pH 7:8. When the concentration of the homogenate 
was increased, there was & proportional increase in per cent 
uptake of iron-59. The rate of the reaction was linear for 
the first 80 min and approached a maximum after incuba- 
tion for 4 h. As regards these characteristics, the syn- 
thesis of hsm in leucocytes appears to be similar to that 
pardon for other tissues!-'. 

In summary, hem synthesis oan be demonstrated in 
leucocytes obtained from patients with acute leukemia, 
but not in leucocytes obtained from normal individuals or 
patients with chronic leuksamia. This difference probably 
results from the high concentration of lymphoblasta or 
myeloblaste in the blood of patients with acute leukemia. 

These findings are i in view of Vannotti’s 
observation that leucocytes isolated from patients with 
acute leukeamia could convert 3-aminolsvulio acid to por- 

hobilinogen and then to porphyrin’. However, when 
[kracody tes were isolated from normal individuals, petiente 
with infections, or pregnant women, S-aminolevulio acid 
was converted to porphobilinogen, but porphyrin forma- 
tion was not observed. 

This work was supported in part by & grant from tho 
John A. Hartford Foundation and in part by grant H—7184 
from the National Heart Institute, U.8. Public Health 
Service. - 
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Hypohaptoglobinzmia in an American Negro 
Family 


Wru the demonstration that random population pairs 
and dizygotic twins show greater intra-pai variability 
than m tic twins in serum haptoglobin (Hp) level, 
evidence for e genetic regulation of this protein has been 

ted. This work also demonstrated that the normal 
values for haptoglobin phenotypes Hp 2-2 and Hp 2-1 are 
lower thea “thoes fe Hip l-1. If these differences are 
[53 determined, a armilar mechanism involving the 

2 allele may be operative in & benign, genetically 
dotikumed deficiency of serum haptogliobm**. A 
family of Dominican descent in which nine members drawn 
from two generations had haptoglobir-levels ranging from 
6 to 52 mg/100 mL and Hp 2-1 and Hp 2-2 phenotypes has 
also been reported’. On the basis of the available 
grees, inheritance of this trait via a recessive ba 
allele (Hp*) or & ample non-allelio dominant 
excluded. Although so far all Caucasiana with is 
haptoglobmsmia have been, when typable, pheno vay 
Hp 2-1 or Hp 2-2, a strong association between Hp 
27-1 phenotype and haptoglobin depression exista in the 
American Negro’. We have an American Negro 
family, containing & pair of monozygotic twins in which 
hypohaptoglobinsmia unrelated to hsmolysis existed 
throughout an entire generation of offspring. 


bin 
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2-2 
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2-1 


HAPTOGLOBIN LEVEL 


wo 


LOW NORMAL & 
Tg.1 


The methods used in this investigation to exclude hamo- 
lysis and hæmoglobin abnormalities and to canfirm legiti- 
macy have been described elsewhere*. A complete blood 
count was normal in all family members except T1-1, who 
was in the nephrotio.phase of glomerulonephritis when 
studied. Serum haptoglobm was measured on serial 
specimens by the peroxidase-guai&col method of Connell 
and Smithies and haptoglobin phenotyping performed 
after vertical starch electrophoresis in te buffer at 
pH 8:6 (refs. 7, 8). e family pedigree and haptoglobin 
phenotypes are presented in Fig. 1. Haptoglobin values 
are given as a suprascript for each family member. Age 
ranged from 17 to 52.years. The values considered 
subnormal are distinctly abnormal in our laboratory for 
Hp 2-1 and Hp 2-2, and are below the mean normal values 
obtained by Bayani-Sioson e£ al. using the peroxidase— 

1 determination. Haptoglobin depression was 

ound m 6 family members all having Hp 2-1 or Hp 2-2 
phenotypes. Values ranged from 6 to 45 mg/100 ml. in 
these individuals. Despite his nephrotic syndrome, the 
characteristic rise in a-2-globulin was not observed m H-1 
and haptoglobin depreasion was found in his otherwise 
normal identical twin. Although marked proteinuria may 
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be associated with considerable haptoglobinuria, only trace 
quantities of haptoglobin could be identifled in the urine 
of II-1 (ref. 9). It is noteworthy that renal bio 
i obtained ly from II-1 and I-2 
failed to reveal abnormal iron deposition in the renal 
perenchyma as might result with chronic hamoglobinsmia. 
These resulta indicate that genetically determined hapto- 
globin depression is not invariably associated with the 
Hpm-1 phenotype in the American Negro. Although the 
mechaniams involved are unclear, they would appear to be 
discrete from the Hp2™ allele, and as yet manifest only in 


eee Hp allele. - 

is work was supported in by the Albert A. List, 
Frederick Machlin and Anna Ruth Lowenberg Research 
Funds. 
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‘ HISTOLOGY 


Enzymatic Maturation of Skeletal Muscle 
-Ix adult human and mammalian skeletal muscle there 
are two types of fibre. One is rich in oxidative enzymes 
and poor in phosphorylase and usually of smaller diameter, 


while the other group is rich in phosphorylase and poor in’ 


the oxidative enxymes'. In two cases of benign congenital 
hypotonia" and in a case of central-core disease’ it was 
noted that all the fibres had a uniform enzyme activity. 
The lack of differentiation of the muscle fibres in some 
diseases may represent a failure of maturation of the 
muscle. The investigations recorded here were under- 
taken to determine whether the muscle is already differen- 
tiated at birth. 
Human muscle was obtained at autopsy from the 
ius and quadriceps of full-term infante who 
had died withm 24h of birth. Muscle was taken from the 
limba and trunks of freshly killed animals (guinea pig, 
rabbit, rat and hamster) lees than 24 h old. ^ 
All specimens were mounted in a transverse plane on & 
alice of cork, rapidly frozen in liquid air and approximately 
5p sections were cut on a cold microtome at —25° C. 
Sections were mounted on coverslips and the followmg 
enxrymes investigated: phosphorylase, DPN diaphorase, 
DPN-linked lactate dehydrogenase, and adenosine tri- 
phosphatase. 3 
In full-term human infante the muscle was already 
differentiated at birth. The muscle fibres were much 
smaller than in adult muscle and were rounded in trans- 
verse section. They were arranged in bundles. The fibres 
rich in phosphorylase were of slightly greater diameter 
than thoee rich in the oxidative enzymes. The adenosine 
triphosphatase activity also showed va&ristion, and in 
mdividual fibres it correlated with the phosphorylase 
activity. In autopsy muscle the adenosine triphosphatase 
and oxidative enzymes gave consistently positive resulte, 
but the phosphorylase was sometimes negative. 
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In the guinea pig, rabbit and hamster there was also 
differentiation of the muscle flbres at birth. This was moet 
striking in the guinea pig where the fibres were polygonal 
in shape and in bundles and resembled adult 
muscle. In the rabbit and hamster tho differentiation was 


‘leas marked, and the fibres tended to be rounded and were 


not so clearly grou into bundles. 

In the ‘rat the fibres were not differentiated at birth. 
The investigation was then extended to include rats aged 
1-14 days. Differentiation usually occurred between 7 
and 10 days of age. This varied from one group of musclos 
to another, and in some muscles waa noticeable with the 
adenosine triphosphatase reaction before the others. In 
some instances, particularly in the abdominal muscles, 
there was evidence of focal differentiation at 2 or 3 days 
of age. The rate of ditferentiation also seemed to be 
influenced by nutrition and general growth since rate fronr 
smaller htters tended to be larger and more mature and 
their muscle showed earlier maturation. By 14 days the 
muscle resembled that of the guinea pig at birth and 
appeared to have reached full maturity. 

The difference in maturation in theae snimals may be 
partly accounted for by their length of gestation and their 
degree of general maturity at birth. The guinea pig with a 
68-day gestation period has a more mature fur at birth and 
is much more mobile than the others. The rabbit (80-82 
days’ gestation) has a better-developed fur and is more 
active than the rat (gestation 21 days). The hamster. 
although having a shorter gestation (16-19 days) than the 
rat, also appears to be more active at birth, and its fur 
develops more rapidly. No direct comparison can be. 
drawn im humans. 

This work was supported by grants from the Musoular- 
Dystrophy Group and the University of Sheffield. 


Vioron DUBOWITE 
Department of Child Health, . 
University of Sheffleld. 


* PATHOLOGY 
Electrophoretic Mobility of Human Tumour 
Cells 


IT has been that one of the characteristics af 
embryonal!, proliferating’, or neoplastic’ mammalian. 
cells is the presence of a high surface negative charge. aa. 
measured by cell electrophoresis. Data on fresh human 
tumour oells have not been available, however, except far- 
studies of leuksamic cells‘:*. The present investigation wes 
designed to accumulate ocell electrophoretic mobilities. 
from a variety of freah human tumour tissues. 

Human tumour tissue waa available fram surgically 
excised specimens; in all instances the neoplastic tissue 
was dissected immediately following removal from tho 
patient. Care was taken to select tumour tissue which was 
completely viable and without evidence of cyst formation, 
degeneration, hemorrhage, inflammation or ulceration; 
it was selected to avoid adjacent normal tissues. The 
tumour tissue fragmenta thus obtained were placed in 
cold, sterile, isotonic saline solution within 5-10 min after 
removal from the patient; in some instances specimens of- 
corresponding normal tissue from the surgical specimen 
were similarly treated. The tissue fragmenta were then 
washed with cold isotonic saline, followed by fme mecham- 
cal separation with eye scissors. Those fragments, sus- 
pended in saline, were then passed through either a small 
Latapie mill or graded sieves. Sedimented tissue debris 
and cell clumps were discarded. The cell suspension was 
then suspended in sucrose—phosphate buffer. 

The electrophoretic apparatus and general technique. 
was similar to that described by Eylar ef al.*. The reat-. 
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Table 1. TUMOUR OXLL kONEILITINS 
Specimen Mobility B.8.U./enr-* 
1 Adenocaromoma of reotum 1-14 2,230 
2 Adenocaremoma of breast 1:10 2,380 
3 Adenocarcinoma of 125 2,520 
4 Squamous carcinoma of lung 121 2,420 
5 DATA oe of lung 1:23 2,640 
6 A of oolon 1-30 2,0000 , 
7 Ss AA eller or colon 132 2,520 
ormal epithelium of oolon I: 2, 

8 Adenoearcmoma of colon 1-29 155) 
Normal epithelium of colon 147 2,920 
9 Lelomyoma of 1:01 3,220 
10 Osteosarcoma of marilla , 187. 3,140 
11  Letomyoma of uterus » 1:55 3,100 
Normal myometrium 1:55 $,100 
12 Lelomyoms of uterus 149 2,920 
13 Blast cell lukema: large cells 1-02 3,240 
Blast cell leukemia: small cells 152 3,040 


Mean negative to viscosity of water at 25°C., are 


mobilities, corrected 
expreased as a/seo/V/em. “BD. < 0,06. 
angular oell, placed in a thermostat at 25+ 0-01? O, waa in 
the lateral position. Readings were taken at either the first 
or second stationary levels. The current was 4:0 m.amp, 
and the electrodes were silver, silver chloride. The buffer 
contained 0-201 M sucrose, 0-012 M disodium hydrogen 
phosphate, 0-008 M sodium dihydrogen phosphate and 
0-0441 M sodium chloride; the pH was 7-0 and the ionic 
strength 0-088. An average of 20 or more mobilities was 
determined on each specimen. The apparatus was checked 
by daily runs of human red cells; ın this apparatus, human 
red cells have an average negative mobility of 1:64 u/seo/ 
V/om and Ehrlich ascites cells 1-21 p/se0/V/om. 

The results (Table 1) show that epithelial malignant 
tumour oe[ls Ais are 1-8) do not reveal & particularly 
high (negative) electrophoretio mobility; indeed, speci- 
mens 7 and 8 suggest that the tumour cell mobilitiesmay be 
lower than correspon normal tissue cells. On the 
other hand, connective tissue tumours (specimens 9-13) 
exhibit à fairly high mobility. The blast cell leuksnia “ 
buffy coat contained two cell populations according to size 
and electrophoretic mobilities. 

The significance of these results is, at present, obscure. 
Present investigations in this laboratory are being carried 
out to elucidate the nature of tumour oell surface charges 
by enzyme treatment (neuraminidase, hyaluronidase), 
anion blocking (organic bases, polyvalent,cations) and 
cation blocking. 

This work was supported by & grant from the National 
Cancer Institute of Canada. 

Pour 8. Vassar 
t of Pathology, 
University of British Columbia, 
Vanoouver, British Columbia. 
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Production of a Highly Tissue-specific Antiserum 
against a Particular Sub-fraction separated from 
Kidney Microsomes 

IwxuUNOLOGICAL studies on tissue- or organ-specificity 
Ped been ran handicapped by difficulty in obtaining 


y specific to a particular tissue or 
pue p em microsomes of several organs guch as 
liver and ki by ce Known d Qui ica of c oalled 


‘organ-specific’ antigens’, the antigenic composition of 
the microsames is extremely complex’. They usually 
contain a number of ‘non-specific’ components, besides 

‘organ-specific’ one. Recently, one of us* has reported 
that the deoxycholate extracta of kidney microsomes can 
be separated into several immunologically distmet sub- 
fractions, one of which contains "kidney-speociflo oom- 
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ponente. In the present communication the antibody- 
of antisera produced against the separated sub- 


fraction will be described. 


The microsomal fraction isolated from chicken kidneys 
was treated with 0-5 per cent deoxycholate and was centri- 
tant thus 

obtained (D-fraction) was separated into three sub-frao- 
tions by means of the fractional precipitation with 
ammonium sulphate after much the same procedures as 
previously given? though somewhat modified. These were: 
(1) the proteins precipitated between 10 and 20 per cent 
saturation of ammonium sulphate (sub-fraction 20); (2) 
the precipitate between 25 and 45 per cent saturation 
(sub-fraction 45); (8) the precipitate between 60 and 80 
per cent saturation. Preliminary resulta on the chemical 
composition of each sub-fraction indicate that sub-fraction 
20 and sub-fraction 45 contain most lipids of the miorv- 
somes, probably representing the materials of the mem- 
brane of endoplasmic reticulum, while lipid-poor sub- 
fraction 80 may be the content of the microsomal vesicles‘. 

Each sub-fraction, after being dissolved with water and 
dialysed against it, was injected into rabbite with adjuvant 
technique. Ring precipitin testa with different dilutions 
of both test-antigens and the antisera revealed that each 
antiserum contains relatively high concentrations of the 




















Table 1 
Maximam aníigen-dilu- 
tions to a visible 
itato * 
Antisera | Anti Ant- Anti- 
Antigens SF2 SF45 SFO 
nie < 80 160 80 
D-frotion of 
liver 40 20 160 
Bub-frastlon 20 320 80 — 
Sub-frastion 45^ 80 640 40 
Sub-frastion BO | 20 80 640 
s —__| 
* Beoh undiluted contains e, 1-0-1-5 protein/ml. 
t Hach test-antigen e. 30-50 
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antibodies against the homologous antigen (Table 1). The 
results were well confirmed by double diffusion test in 
agar. Antigenic component to cause a strong line in 
reaction with the antiserum i sub-fraction 20 is 
commonly distributed to D-fractions of both kidney and 
liver, but is scarcely detectable in sub-fractions 45 and 80 
as well as in the unsedimentable fraction (cell aap, sub- 
fraction) of the kidney a arate (Fig. 1). Therefore, 
this type of antisera can be said as highly ‘fraction- 
specific’ but not ‘kidney- specific’. The antiserum against 
- sub-fraction 45 is highly ‘kidney-specific’. In reaction 
Mice fraction 45 and D-fraction of kidney, it produces 
Bue pepe identical line to which is scarcely 

e against other test-antigena prepared from the 
horsologotá and the heterologous organs such as liver and 
lung (Fig. 2). Besides, this antiserum is contaminated 
with several minor antibodies to produce a few weak lines, 
some of which occur also against sub-fraction 20 or sub- 
fraction 80. The antiserum against sub-fraction 80 has 
quite different.antibodiea from those contained in the fore- 
going two types of antisera. Strong linea produced by 
anti-sub-fraction 80 against the homologous antigen are 
identical to thoee developed against D- and sub-fractions 
of both homologous and heterologous organs. The 
antibodies oonteined in anti-sub-fraction 80 may be 
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sub-fraction 45 was conjugated 
with rhodamine ird and used as & histochemical 
reagent to stain the freshly frozen sections of kidney, liver 
and lung of embryonic ehiokens (16-17 days) and newly 
hatched ones. Only the epithelial cells of the kidney 
tubuli bind thé conjugated antiserum. 

Since these antisera, the antibody patterns of which 
were briefly described here, make it possible to detect 
particular molecular contained in kidney micro- 
somes, they may be valuable tools to follow sub-cellular 
or molecular changes occurring in the course of embryonic 
differentiation as well as of carcinogenesis of kidney. 

T. 8. Oxapa 

Zoological Institute, A. G. Baro 

Faculty of Science, 
University of Kyoto, 
Japan. 
! Furth, J., and Kabat, B. A., J. Bap. Mod. 74,257 (1941). Henke, W., 


, tbid. 405 (1041). Weller, B. E. 
QOL uad Tecos CBE M 560 (1966). 


1 Okada, T. 8., Symp. Sog. Oellster Chem, (In the prees) (in Japanese). 
*Rmderknecht, H., Eeperienta, 16,480 (1900). 


Age Changes of the Thymos in Two High- 
leukaemia Strains of Mice, SL and AKR, 
and in their F,; Hybrids 


MrrocaLr! has shown that the thymus from both sexes 

of the high-leuksernia strain of mice, strain AKR, greatly 
exceeds in weight that from the low-leuksmua stram 08H 
mice. Furthermore, it was noted that the weighta of the 
AKR thymus show & pronounced sex difference, the 
thymus of females bemg much heavier than that of males. 
Arnesen’ has also observed that the weights of the thymus 
from strain AKR exceed those from the low-leukmmis 
strain WLO. He also pointed out that the adrenal cortex 
in strain AKER contains a smaller amount of lipid-staining 
material as compared with the tissue of the latter strain. 
, In the present work, two high-leukmmia strains AKR 
and SL and their F, hybrid mice bred in our laboratory 
were used. The origin of these two inbred strains of mice 
has already been described’. 

A comparative study of the pathology of leukemia in the 
two high-leuksmia strains, AKR and SL (ref. 3), showed 
that the majority of cases of lymphoid tumours in AKR 
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were of thymic ongin, es in strain SL spontaneous 
leukemic tumours of thymic origin were not observed. 
The tumours more frequently originated in the mesen- 
terio lymph node. 

All experimental animals were separated according to 
Bex and maintained in an air-conditioned room kept at 
approximately 23° O with free access to ‘Oriental Oom- 
pressed. Diet OM F and water, and were not subjected to 
any type of treatment. The animals were killed with ether 
at designated intervals after birth and the thymus, spleen, 
and mesenteric lymph node were dissected free of extran- 
eous tiasues and weighed on a torsion balanoe. The 
kidney and liver were also weighed. After weighing, all 
tissues were fixed in 10 per cent formalin, embedded in 

and stained with hematoxylin and eosin for 
histological study. All animals included in the tabulation 
were confirmed to be free from leukssmia or other signifi- 
cant diseases. Each age group of either sax consisted of 
more than flve mice. 

The maximum weight of the thymus was reached in 

strain AKR at sixty days after birth in the females and at 
thirty days in the males. In strain SL, the age for attain- 
ing maximum thymus weight was somewhat earlier than 
in strain AKR and was at forty days in the females and at 
twenty days in the males (Fig. 1). It was of particular 
interest to note that sexual maturity in femalea, as determ- 
ined by the vaginal smear method, is reached earlier in 
strain SL (thirty-four days of age) than in strain AKR 
(thirty-eight days of age) and that the age of onset of 
involution of the thymus was well correlated with the 
time of sexual maturity. In agreement with Metcalf’s 
observations, a pronounced sex differance in the thymus 
weight was clearly demonstrated in the two strains of 
mice: the thymus glands of females weighed much more 
than those of males. A si t sex difference (examined 
using Student’s series at the 0-05 level) was noted from 
forty days after birth in strain AK E and from thirty days 
in strain SL. Although the resulte obtained with F, 
hybrid mice are incomplete, the shape of the thymus- 
pore curves wee euler tO Tay oe 
From Fig. 1, it is also evident that the AK E thymus 
greatly hyperplastic when compared with that of iat 
SL of the same sex. 
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Table L AVERAGE PROPORTION OF THE MEDULLA IX THE THYXUS 


Male Yemale 
Strain Age (months) å E asi fone 
AKR 165% (5)* 11:1 142 27-7 
AL 29-6 i 28:2 i 23-8 (6 ttl ‘3 
(AER x SD) F, 13:0 6 £55 (5 223 32-3 (5 


* Total number examined. 


Sections of the thymus were projected on white paper 
and the outlines of the cortex and the medulla were 
traced. The percentage of the area oocupied by the 
medulla in the thymus was calculated. The results ob- 
tained at one and six months of age are presented in 
Table 1. The relative size of the medulla seams to increase 
with advancing It was also interesting to find a 
difference m hi gy of the thymus between the two 
strains examined: the relative size of the medulla being 
larger in strain SL than in AKR, and the values obtained 
m the F, hybrid mice were intermediate between those of 
the two parental strains. 

A detailed study of the histology of the lymphoid 
tissues fromthe two strains of mice is now in progreas, to 
investigate preleuksemic lesions and the earliest stage of 
leaksxmio proliferation in the thymus and/or other 
lymphoid tissues: 

K. NAKAKUXI 
Y. NismmUxKA 


Department of Pathology, 
Mie Prefeotural University, 
School of Medicine, 


Tsu, Mie-Ken, Japan. 


109, 1 (1986). 


* Nakakuki, K, and Nishizuka, Y., Mis Med. J., 11, 235 (1061). 


Encephalitogenic Factor in Experimental 
‘Allergic’? Encephalomyelitis 

Szvunar aitempte to isolate purified aia pe a Sea 
factor(s) capable of producing experimental ‘allergio’ 
encephalomyelitis (with Freund’s adjuvants) have been 
reported!+. Recently, Kies, Gordon, Laatech and Alvord* 
were successful in obtaining a-derivative from guinea pig 
brain active in doses of 1-2 pg; and Robertson et al.’ 
obtained & preparation which showed “high . . . activity 
even at five gamma doses”. 

A material capable of producing disease in twelve out of 
twelve guinea pigs (about 500 g weight) when 1 pg was 
injected with Freund’s adjuvanta has been isolated from 
fresh human post-mortem brain. It was obtained by a 
method differing from that of Kies et al.” only in so far as 
special precautions were taken throughout to maintain an 
acid pH (refs. 2-5). On passing through a ‘Sephadex G100' 
column this material gave five components, moet of the 
activity bemg contained in the second ) fraction. 

horetio examination showed that the original 
ma comprised a major and & minor moiety migrating 
towards the cathode at pH 5. The most active eluate 
from the Sephadex column migrated as a single oom- 
ponent in the same direction, provided that the pH was 
again maintained at 5-0. If the pH were altered to 9-0 
then this purified material showed one major and five 
minor bands. - 

An analytical kindly carried 
out by Dr. R. A. Kekwick of the Lister Institute, showed 
only one component in both the crude and the column- 
purified enoephalitogenie material. It seems probable that 
relatively small molecules (20,000—50,000 mol. wt.) are 
involved. 

The non-specific antigens shared by brain with various 
other tissues"’ can still be demonstrated in both the 
crude and the purified encephali ic factor by the 
Ouchterlony plate method. Obviously then, despite the 
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high activity of the final material, non-active contaminant 
yet remains. 

An attempt haa been made to demonstrate circulating 
antibody to the encephalitogenio factor both in experi- 
mental 'allergio' encephalomyelitis of guinea pigs and in 
human multiple soleromis cases by the tanned red 
blood cell technique. So far, no statistically significant 
difference from controls has been demonstrated in either 
case. Nor have serial estimations of the serum titre of 
encephalitogenic fastor- -antibody in animals which de- 
veloped experimental ‘allergic’ encephalomyelitis after the 
inoculation of freeze-dried brain plus Freund’s adjuvants 
demonstrated a rise in antibody level. 

Since the development of experimental ‘allergic’ en- 
cephalomyelitis has in general been linked with the 
evolution of & delayed tuberculin type sensitivity to the 
brain used as antigen, akin sensitivity to enoephalitogenio 
factor has been tested in animals suffering from the 
disease. This sensitivity has been compared with that 
developed to the saline supernate from fresh brain emul- 
sion, known to be non-enoephalitogenio. 
Pigs suffering from experimental ‘allergic’ encephalo- 
myelitis (induced by freeze-dried brain plus Freund's 
adjuvants) show definite sensitivity to encephalitogenic 
factor (P « 0-001), they do Bo also to the inactive super- 
nate teferred to here (P « 0-001). Moreover, sensitivity 
of such animals to supernate is greater than it is to 
encephalitogenio factor (P<0-05-0:02). These resulta 
suggest that many of the skin hypersensitivity obeerva- 
tions hitherto published may relate to material which ie 
non-enocephalitogenio. 
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RADIOBIOLOGY 


Effect of Fluoroacetate on Uptake of 
£ Yttrium-91 in Rabbits 
SruDrIES of yttrium-binding by bone powder and bone 
extracts have indicated that the presance of citrate might 
explain the of vttrium-91 in bone. The experi- 
ments here were undertaken to determine 


.whether the citrate content of tissues could be correlated’ 


with uptake of yttrium, and for this the uptake of 
ylicium m the sot Hara of iha Tabb was inych eiod 
aftar giving sodium fluoroacetate to the animal prior to 
the yttrium. 

Several workers*+ have examined ‘citrate accumulation 
in the soft tissues of rata at various times after injection 
with non-lethal doses of fluoroacetate. They were able to 
observe a 10- to 20-fold increase in concentration of citrate 
in tissues such as heart, spleen and kidney, but no signifi- 
cant increase in bone*:*. Similar investigations of citrate 
gocumulation in the soft tissues of rabbits have not been 
reported. In my experiments Dutch rabbits received 
intraperitoneal injections of sodium fluoroeoetete; the 
dose ranged from 0-1 mg/kg to 1:0 mg/kg body-weight. 
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The rabbita either died or were killed by anwethetizing and 
cutting ihe ju gular vein, and the citrate content of the 
spleen, liver, kidneys and heart was analysed by the 
method of Taylor*. Tho resulta are shown in Table 1. 
Wherees in the rat all the soft tissues except liver show 
elevated citrate-levels, in the rabbit the heart was the 
only organ in which & large increase in citrate content 
could be demonstrated. ‘ 2 


Table 1. OrrRA4TR-LSYELR IN Sore Tissues OY YOUNG RABBITS AFTER 
INTRAPERTTONRAL INJECTIONS OF FLUOROACRTATA 


Dose Liver Spleen Heart Remarks 
LACE wet nno) 

Control 20 50 30 70 = 

01 20 50 40 120 ‘Killed after 4$ h 
oi 30 50 40 110 Kiled after $ h 
0-6 20 50 140 850 Died after 3 h 
O-5 80 70 70 - 080 Died after 1¢ h 
10 80 50 100 300 Ded after 1 h 


In the experimenta where yttrium was injected after 
giving fluoroacetate, a series of 5 fluoroacetate Injections at 
-hourly intervals (total dose 0-5 mg/kg body-weight) 
were given prior to intravenous injection of carrier-freo 
"YOl, (dose 45-80 yo./kg body-weight). Tbe animals 
were killed 10 min and 1 h after receiving "'YOl, and the 
tissues were analysed for citrate and yttrium-91 content. 
Control rabbita received saline injections in place of 
fluoroacetate. Although at least & 6-fold morease in 
citrate concentration could be demonstrated in the heart, 
there was no similar increase in yttrium-91 content. The 
content of yttrram-91 in the liver, kidney, heart, spleen, 
blood, femur and tibia were examined and at both time 
intervals there was good agreement between the values for 
the control rabbits and those receiving fluoroeoetate 
injections. It was therefore concluded that in soft tissues 
there was no oorrelation between yttrium uptake and 
citrate content. In bone, however, under normal oon- 
ditions, this argument may not hold, since the citrate may 
be present in a different form—as a polypeptide complex’, 
or as a calcium salt’. 
I thank Dr. Janet Vaughan and Dr. O. A. Pasternak for 
their advice. 
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Change of Phytol Into Chlorophyll a in 
Chlorella vulgaris 

Chlorella vulgaris was grown in sterile wort agar under 
constant illumination. When the alga had reached 
maximum growth it was collected and ing 6 
sterile solution!. logus 

After filtration and several washings the plants were 
resuspended in the same solution used for washing to 
which 2-10-glyoine (specific activity 5-69 mo./mM (Radio- 
chemical Centre, Amersham, d)) were also added. 
About 9:2 g wet algae, and 200 ml. of the solution contain- 
ing 12 uo. of labelled glycine were placed quickly in each of 
7 Erlenmeyer flasks. The flasks were whisked from time 
to time. Incubation was after the following 
periods: 1-5, 8-0, 4-5, 6-0, 8-0, 12-0, 21-0h. The cells were 
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collected by centrifugation, washed alternately with 
saline and with saline plus 1 per oent of inactive glycine 
and stored in deep freeze (— 50° O) until the chlorophyll 
could be extracted, following the procedure described by 
Strain and Manning’. The separated chlorophyll a was 
again chromatographed on cellulose (solvent benzine 
+0-5 per cent propanol). The prepared chlorophyll had 
an absorbance ratio at 660 mp and 428 mp of 1:27 
+0-02. Amounts of chlorophyll, spectrophotometrically 
quantitized, were added with carbon carrier and their 
activity measured using the gas counting technique’. 
Then the pheophorbide was prepared as outlmed in ref. 4, 


and assayed again for ita ific radioactivity in the same 
way as that used for the chlorophyll. The molar extinction 
coeffciente used were: 8:80 x 10‘, and 5:27 x 10* for 
pheophorbide*'*. 
" Table 1 
Incubation time (h) 
xp. Materiel 145 8-0 45 60 120 8190 
(1) Ohbloro- , 
um. 24- 1,100 520 000 5,20 824 1,150 
bide 90 M5 iria o Mb 505 — 510 513 
Phptol* 174 855 — 258 27 Tb 314 638 
(3) 
JU. 228 u7 1% 129 2u Bı $08 
bide 33 52 70 71 100 103 98 
Phytol* | 190 195 6 168 14 — 178 210 


Specie activity in disintegratlons/(mm x aM) ab different tnoubetion 
times Comet erra < 3-4 oent). ^ 
d from those chlorophyll and pheophorb!de. 

The resulta of two experimenta are presented in Table 1. 
It can be seen that the oarbon-l4 incorporated in the 
second experiment is amaller and that the relative heights 
of the two peaks are also different; but the specific activi- 
ties are the same. We believe the age of algal culture 
explains this: the algae used for the first experiment were 
collected after two weeks and those of the second experi- 
ment after one month. It must be remembered that the 
metabolio activity of ohloroplaste changes with the age 
The speciflo activity of chlorophyll a reaches two maxima 
at about 2:5 h and 8h, and at the end of the incubation it 
is increasing again. The specific activity af pheophorbide 
increases closely according to an tial law, and 
reaches a saturation value at about 8 h of incubation. 
Therefore, the activity peaks of chlorophyll are due to the 
phytol. 

These resulta may be explained by the following 
hypothesis: 

(1) The speciflo activity of glycine decreases during the 
course of the experiment: the speoiflo activity of pheo- 
phorbide reaches & constant value at about 8 h incubation 
and it was shown that the Chlorella could be cultivated 
for 5-6 days, at least, in the solution used. Therefore, if 
the specific activity of pheophorbide does not merease 
after 8 h, it must be argued that the glycine cannot be 
labeled at this time. 

(2) The glycine is signifloantly converted in other com- 
pounds: we found the phytol to be radioactive. But we 
have also direct proof of this fact. In the second experi- 
ment an eighth sample was made, from which, after 20 min 
incubation, the dinttrophenylhydrazones of pyruvic and 
ketoglutario acids were isolated, separated from them- 
selves, and assayed for their specific activities. The 
activity found in these two compounds was about 5 per 
cent of that of the 2-40-glycine used in the experiment. 

(3) There is an exchange reaction between the free phytol 
and that linked to chlorophyll: we found that the specific 
activity of phytol reaches a maximum value and then 
decays, contrary to pheophorbide. It can be demonstra- 
ted that the specific activities of precursor ard product 
have the same values when the specific activity of the pro- 
duct had reached its maximum‘. Obviously, if a p ct 
has more than one precursor, the speoiflo activity of the 
product must have more than ane maximum, because this 
relation must be verified for every precursor. The results 
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show that there are, at least, three sources of carbon-14 
coming from 2-140-glyoine for the phytol. 
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BIOLOGY 


A Germplasm-transmitted Alteration of 
Histocompsibiliex in the Progeny of Homograft 
i olerant Mice 


Tum in vivo co-existence of cells of two genotypes 


achieved in the state of actively acquired tolerance ' 


inspired this investigation to determine if any detectable 
changes ocourred in progeny of tolerant mice secondary 
to the exposure of maturing germ oella to a chimmric 
environment. 

A litter of 5 O,H mice was injected intravenously 
during the first 24 h of extra-uterine life with 24 x 10* 
nucleated cells from the spleen of an A strain adult male 
donor to produce tolerance after the model of Billingham, 
Brent and Medawar}. When they reached 80 days of age, 
the 4 animals, weaned from the injected litter, were 

with full-thickness abdominal skin measuring 
1-5 x 2cm from A male donors. These were placed 
on the dorsum of host mice, rotated 180°, and observed 
for groes signs of acceptance or rejection. At 60 days 
post-injection, the litter of 2 males and 2 females showed 
1 male and the 2 females bearing healthy appearing A 
strain allogeneic grafte. The tolerant male was lag iem 
in a breeding cage with (4 x OC,H)F, hybrid female 
mice and afterwards produced 7 litters of the back-crogs 
p y hereafter known as ZBOs;(O,Htoweant Ad X (A x 
OFF )F 9). Non-injected O,H males bred with (A x 
O,H)F, hybrid females produced the back-cross 
control group of ZBO mice and breeding between 
(4 x O,H)F, hybrid males and females produced the 
(4 x CO,H)F, hybrid. Additional control groups were 
formed by using inbred C,H, A, and (4 x C,H)F, hybrid 
mice. An(A x O,H)F, hybrid breeding female in our ool- 
ony spóthitaneoualy developed a mammary adenocarcinoma 
which was used with an 18th transplant generation A 
strain mammary adenocarcinoma to test the acceptance 
by the various groups of mice. The latter tumour had 
been transplanted among A strain animals only, during 
its course of development, to avoid any of the changes in 
histooompatibility known to occur in tumours grown in 
donor and host of different genotypes previously described 
by Barrett and Deringer’. A cellular suspension of each 
neoplasm was prepared by mechanical homogenization of 
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2 g of tumour in 10 c.o. of saline and was then diluted to 
a concentration of 20-25 x 10° nucleated cells per 
c.c. All test animals were injected with 0-1 o.c. of this 
suspension subcutaneously, injecting the (4 x O,H)P, 
hybrid tumour in the dorsal neck region and the A tumour 
in the right inguinal area. The animals were checked 
weekly for the presence of tumour until time of deáth. 
The resulta are summarized in Table 1. 

The b&ck-aroes population bred from the tolerant male 
and (A x CO,H)F, hybrid female showed an (A x C,H)P, 
hybrid tumour incidence at time of death of 91-8 per cent 
although 5 weeks after tumour inoculation there were 45 
nodules palpable in the 46 ZBOs, mice and at 7 weeks 
there were 43 palpable growths. There were 18 palpable Æ 
strain tumour nodules at 5 weeks of growth, 17 at 7 weeks 
and 14 large tumour masses at time of death. The 
animals succumbed to their malignancy between 6-14 
weeks following injection. In the other groupe of animals, 
no instance of growth of tumour followed by regression 
was noted. The incidence of the A and (A x O,H)F, 
hybrid neoplasms in the 4, C,H, (A x O,H)F,, ZBO, and 
(A x O,H)F, groupe followed the expectations of suscep- 
tibility determined by multiple dominant hi ti- 
bility faotors which are formulated in the theory of the 
genetio basis of lantetion**. The acceptance of 
both A and (A x O,H)F, hybrid tumour in the ZBOs, 
mice, however, compared with the ZBO mice can be seen 
to be significantly different. 

The explanation for an almost uniform acceptance of 
the hybrid tumour by the ZBOs, and only a 80 per cent 
rate of take of the A tumour is not clear. If the inherited 
change in the baok-oroes progeny of the tolerant mouse 
involved the acquisition of an A complex of antigens it 
would be expected that the A tumour be accepted with the 
same incidence as the (A x O,H)#, hybrid tumour. 
The change in the progeny, however, may involve the 
failure of response to A antigen in the hybrid dose while 
the tumour from the inbred animal presented enough of an 
antigenic stimulus to prevent ita acceptance in some of the 
animals. 

Owen! and Stone ei al.* have demonstrated that the 
progeny of chimsrio bulls possessed blood cells of one 
genotype only and thus further evidenced the cattle 
chimerism as a phenomenon of transplantation of hsmato- 
poietic tissue during pre-natal existence. It is not known, 
however, whether these animals would have responded 
with the production of agglutinins after challenge with 
cells of the non-transmitted blood type of their sire’. 
Further study is in progress to determine the nature of 
the change described in this report. The length of ita 
heritability would give information whether the germ cells 
of the tolerant animal are functioning with a replicating 
chemical messenger of non-genetic material which renders 
a degree of tolerance to ita cells until diluted out through 
successive cell divisions. The recent demonstration in 
Drosophila by Fox* of a one generation modification of a 
speciflo type protein in progeny lacking the appropriate 
chromosomal segment, but present in their female parent, 
may have a mechanism parallel to the alteration of 
histocompatibility seen in these experiments. 

Elucidation of the nature of the tolerant state as well 
as the study of other types of cellular changes secondary to 
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Table 1. ALLOGENEIO TUMOUR BUBOEPTIBILITY IN BAGK-OROSS PROGENY OF CH Tolerant 4 d 





Strain 
Strain host Tumour donor 








Takes 
14 A AXO,H)F, 0 
8 H A X C1H)F, 0 
Ve n xXC,H)F, 4x0.H)F, 9 
4X C,H)F, AXO,H)F, 2 
39 £ZBC* AXOC,H)F, 2 
46 £BCs5t Ax0O,H)F, 42 





Btram ' 

*6 Tumour donor Takes % 

0 A 14 100 

0 A 0 0 

100 A 9 {oo 
65 A 5 161 

77 A 0 0 
013 A 14 $0 4 





* ZBO-O,H d X (A x C4H)F, hybnd 9 
£BOs;—O,HToeraà. 43 X(4 X C,H) F, hybrid 9. 
animals (46-90 ) were inoculated subed 


days old) were 
a spontaneous and the A tumour was in its 18th t 


tansously with 2 -0—2 -5 x 10' tumour cells {n saline suspension. The (4 x O,U)F, hybnd temour was 
transplant generation. 
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expoeure with allogeneio oells may be ible with this 
type of system. In addition to determining the length and 
specificity of the change, it will be important to'determine 
whether the alteration noted involves the transfer of 
genetic material, the precursor system of antigenic speci- 
fioity or, more likely, whether these animals have an 
alteration in the cellular system involved in the recog- 
nition of A strain antigens. D.G š 
J. BRADLEY Aust 
t of Surgery, 
University of Minnesota Medical School, 
Minneapolis 14, Minnesota. 

* Present address: Tissue Bank Department, U.B. Naval Medical Bobool, 
Bethesda 14, Maryland. 
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Rumen Function in the Camel 


laboratory. 

Other chemical methods were as follows: total nitrogen 
—Kijeldahl technique using selenium as the catalyst; 
total volatile fatty acid—steam distillation through a 
Markham still after acidification with sulphuric acid; 
proportions of volatile fatty acids—gas chromatographic 
technique of James and Martin’. y 

Although a fall botanical analysis of the contents of the 
rumina was not made, leaves of Eucalyptus gamophylla 
predominated and were associated with small quantities of 
‘Acacia aneura and Acacia rempeura. A diet of this oom- 
position would be low in protein as eucalyptus leaves 
contain approximately 1 per cent nitrogen and acacia 
leaves 1-5 per cent nitrogen‘. 

Ruminants re-cyole nitrogen into the rumen from the 
plasma via the saliva and by diffusion through the rumen 
walli’, Schmidt-Nielsen et al.’ have shown that on a low 
nitrogen intake camels are very efficient at conserving body 
nitrogen by limiting urea excretion in the urine, and if 
re-oyoling also occurs in the camel these mechanisms would 
result in higher rumen nitrogen and more active fermen- 
tation than would otherwise be possible. 

The resulta which were obtained are summarized in 
Table 1. 


Table 1. CHEMICAL CONSTYrUMTs OF THE LUXEX FLUID 
5 Ooneen- No. of 
tration S.D. Range 
Volatile ony aci s 
(mM). 183.8 25-0 98-1-185-0 25 
Total nitrogen 
) 726 254 1,230 23 
? e 4 G3 48-98 25 
Proportion of volatile fatty acids (per ont) 
o dato oD S.D SD 
1 Tl 46 The 3 fs 38 
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Table 1 shows that the rumen oontente were low in 
nitrogen and high in volatile fatty acids. The latter does 
not necessarily mean that the rate of fermentation of the 
diet was rapid. The ramen contents were relatively dry 
‘and apparently similar to those described by Bohmidt- 
Nielsen ei al.*. Camels do not have rumen papille*. Both 
these factors could slow down the rate AP abeo Dion of 
volatile fatty acid from the rumen. 

The proportions of volatile fatty acids are similar to 
those produced in the rumina of sheep or cattle by any 
high roughage low nitrogen diet!’, and the microbial 
populstion of the rumen had a similar morphological 
appearance to that present in sheep on low nitrogen diota, 
but no protozoa were seen. 

Camels. graze & wider range of top feed than cattle 
because of their greater height, and the evidence presented 
here suggests that the camel can maintain quite satis- 
factory rumen function on this diet. Cattle can be forced 
to eat eucalyptus leaves under serious drought conditions, 
but even if the top feed eaten by camels were made 
available to them it would not constitute a suitable main- 
tenance ration. Š 

Differences in the rate of passage of food through the 
alimentary tracts of camels and cattle could bo of interest 
parioa eS ea ae here and the 

‘act that the camel does not have an omasum!'!, 

The samples were obtained and processed in the field by 
Mr. A. J. Mackenzie, leader of the University of New 
England Exploration Society’s Expedition to Contral 
Australia. This work was supported hy research granta 
from the Australian Wool Research Committee and the 
University of New England. 
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Immunogenic Activity of the Larval Stages 
of Haemonchus placei 

Ir has been shown in calves which have experienced 
a substantial initial infection of H. placet that they 
develop a level of immunity to further larval 
challenges and that the removal of a mature adult bur- 
den with phenothiazine therapy appears to delay the 
development of the mmunity!*. More recent work where 
calves had mature H. placei surgically implanted into 
the abomasum indicated that the implant conferred no 
immunity to the recipient calves to a challenge with 
10,000 infective larve’. 

The development of the anthelmintic ‘Neguvon’, which 
is highly effective against all parasitic stages of H. plaosi*, 
has made it possible to stop an infection at selected 
stages. In the present investigation, "Neguvon' was used 
to terminate artificial infestations in calves on*the twelfth 
day when the moult from the 4th to 6th stage occurs. 
Thirty calves were reared parasite free and infected with 
3rd-stage infective H. placet larve to compare the im- 
munity produced to a challenge of 10,000 infective 3rd- 
stage larvæ, by two infections of 3rd and 4th stages and 
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Table i. Dian oF HX*ERDODT 





Treatment on day 





0 





Leth 
fediment 


10,000 3rd stags 
larvm orally 








two infections of 3rd, 4th and bth stages. Details 
of the treatments &ooorded to the three main groups of 
calves in the i t are shown in Table 1. A further 
aix groups Godin were used to establish the infectivity 
of the larval batches used and tho effleacy of the treat- 
ment with ‘Neguvon’. 


Tabl 2. MEAN POST-MORTEM WORK COUNTS 


Group 4th-stage larvæ 5th-stago adults Total worm burden 
1 157 2,108 2,555 
2 57 . 2,374 2,431 ` 
3 $8 ‘ 10 45 


The mean post-mortem worm oounte for the three 
groups are given in Table 2. Oontrol groups showed 
that at the time of treatment with ‘Neguvon’, on the 
twelfth day post-infection, the larvs had developed to 
the late 4th stage or very early Sth stage. The resulta 
indicated that little effect on the course of a challenge 
infection, other than slight delayed developmant, resulted 
from the host's previous experience of a double infection 
consisting mainly of the 3rd and 4th stages of the parasite, 
while a continuance of the original infection to inolude 
the patent 5th stage produces a high level of immunity. 
These and previous resulte? appear to emphasize the 
importance of the early 6th stage of H. place in the 
production of immunity in the bovine; but further work 
is necessary to consider the effects of time, length of 
infection, larval moulta and other possible immune 

This work was supported by an Agricultural Research 
Council grant and carried out at the Veterinary School, 
University of Glasgow. 

- Joms QG. Ross 

Veterinary Reeearch Division, 

Ministry of Agriculture, 
Stormont, Belfast 4. 
1 Roberta, F. H. B., Austral. J. Agric. Res., 8, 740 (1067). 
' Roberts, F. EL 8., and Keith, E. F., Austral, Vet. J., 85, 409 (1969). 


* Roms, J. G., Armour, J., and Hart, J. A., J. Pararitol., 48, 496 (1962). 
t Riok, R. K, and Keith, R. F., Austral. Vet. J., 394, 08 (1968). 
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Energy. Utilization of Poor Quality Roughage 
by Water-deprived Steers 

Raomwr, but as yet unpublished, work by Livingston, 
Payne and Friend! and Payne and Livingston? has shown 
that cattle are able to reduce their nitrogen output on a 
low nitrogen intake treatment when water consumption is 
either voluntarily or compulsorily restricted. At the 
suggestion of these authors it was decided to extend this 


work to make a preliminary examination of the energy as 
well as the nitrogen balance of water-deprived animals. 
Table 1 

retention h) x 100 

energy 

i le Ig 1 2 
12 per eent crude protein and ed hb. water 305 4*1 301 325 
4 per oent protein and ed Hd. water —18&7 —1938 -49 -107 
4 per cent protein and water deprtvation 17 10 -1-8 21 


Two sete of identical steer twins, one Bos taurus 
(Ayrshire) and the other Bos indicus (Boran), were used in 
this i t. The rations, which were fed to all four 
animals, were: (1) 12 per cent crude protein ration of hay 


and concentrates with ad lib. water; (2) 4 per cent orude 
protein ration of hay to appetite with ad lib. water; (3) 
4 per cent crude protein ration of hay to appetite with 96 h 
water deprivation. 

A change-over period of three weeks was allowed 
between the different rations. Oxygen consumption, 
carbon dioxide output and methane production were 
measured for each animal on each ration at 20° O and 
50 per cent relative humidity in a closed-circuit reepira- 
tion chamber (Rogerson*). Urinary and fæoal nitrogen 
and carbon were determined. 

The ratio of metabolizable to digested energy was 
slightly higher for the Ayrshires than for the Borans, due 
principally to a ter loss of urinary energy by the latter, 
but the ratio did not seam to be affected by water depriva- 
tion in either breed. 

The change from 12 to 4 per cent crude protem ration 
with ad lib. water resulted in & decline of some 60 per cent 
in digestible energy intake and caused about a 20 per cent 
fall in the animals’ heat production. The heat production 
of both Ayrshire steers and one of the rebus exceeded the 
metabolizable energy by 20-25 per oent. The heat 
production of the other zebu exceeded its motabolizable 
energy by 6 per cent. When fed the same 4 per cent crude 
protein diet but allowed water for only 80 min every 96 h, 
the heat production of the three steers previously in 
negative energy balance was reduced, while the other 
steer remained relatively unchanged. All four animals 
were then in approximate energy equilibrium. 

Water balance data suggested that, although on 96-h 
water deprivation, the animals were not under severe 
strees. "The average daily water intake over the period of 
three weeks on 96-h deprivation was 5-5 1. 

Under the conditions of this experiment the reeulte 
suggest thab cattle on a low protein roughage diet might 
be better able to maintain themselves in positive energy 
balanoe if subjected to some degree of water restriction. ' 


A. ROGERSON 
East African Veterinary Research Organixatian, 
M P.O. Box 82, 
Kenya. 
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Propylene Phenoxetol as a Fish Anzsthetic 


PROPYLENE phenoxetol has been found to be a suitable 
anssthetio for fish at this laboratory. This substance has 
been used as a preserving agent by Owen and Steedman!? 
and as & narootio for relaxing animals prior to fixing for 
histological ination’. “As an anesthetic it has, like 
M.S.223, the advantage over urethane of not being 
& known carcinogenic subsbance. I have used it to 
quieten live fish when they are being weighed, and also 
as a narcotic to relax fish so that they may be fixed with 
the fin rays extended. 

ee eee Pleuronscies platessa L., 
have been oarried out which show the strength of the 
solutions to use under different oonditions. 
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Small plaice of 10-5—-20 om were used at 8-5? O in 3 1. 
of solution each of 0-0025, 0-01, 0-025 and 0-05 per oent 
propylene phenoxetol. In the two weakest solutions the 
fish never became completely anmsthetized even after 6 h, 
though they were considerably quietened. In 0-01 per 
cent propylene phenoxetol the plaice were limp and did not 
curl when turned over after 80 min, and even after 6h 
they recovered in 20-30 mm when returned to clean sea- 
water. In the 0-025 per oent solutian the plaice were again 
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anwethetized after 30 min, but they were not , 


able to recover after 6 h in the solution. “They took 30 mm 
to recover their normal activity after 1 h exposure tő the 
angwethetic. In the strongest solution, 0-05 per cent, the 
fish were quite limp, and opercular movemente had 
EODEM MD 30 min, but within 6 min of being transferred 

water they were able to recover, and even after 
1 h in the propylene phenoxetol recovery was possible. 
After 3 h in this solution the fish were dead. 

The second experiment was carried out with larger 
fish of 27—83 am in three strengths of propylene phenoxetol 
solution at 15? O. In the weakest solution, 0-005 per cent, 
the fish took 2 h to become completely anmsthetized and 
were unable to recover after 3 h in it. In 0-01 per cent 
ee ee 

uld recover after 2 h in the solution, but not after 
3h. In the strongest solution, 0-025 per cent, the fish 
appeared completely anwethetixed after 5 min and were 
able to recover after 30 min in the propylene phenoxetol 
but not after 1 h. 
hance: he experimenta it is concluded that, for ansme- 
or & period of more than 3 h, propylene 
SEED bs ae it A ere ae the eect 
of the solution and the temperature are critical. On the 
other hand, the experimenta also show that it is a useful 
angethetio for periods of up to 1 h when a solution of 
0-01—0-025 per cent can be used at normal laboratory and 
aquarium temperatures with fish of a wide range in size. 
T. B. BAGENAL 


Marine Stetion. 
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Tubularia crocea L. Agassiz in British 
Waters 

Ramaomwrn some colonies of a tubularian hydroid were 
submitted to the British Museum (Natural History) by 
Dr. 8. Markowski. The colonies were found attached to a 
rope at the intake of Oliff Quay Power Station, near 
Ipswich, on the River Orwell in July 1959. In general 
appearance the colonies resembled T. larynx in having a 
stem height of about 5 om. 

However, careful examination of the ripe female gono- 
phores revealed that instead of the usual four, blunt, 
rounded tentacular rudimenta, the gonophores possessed 
6-8 laterally compressed ridges. The species was there- 
fore something unusual for the British fauna and it was 
identified with Tubularia crocea L. Agassiz!, a species of 
cosmopolitan distribution in warmer waters. 

The latter ies has previously been reported from 
British waters—by E. T. Browne’, on the stern of a sailing 
ship in Plymouth Sound. This ship had arrived direct 
from Iquique, Peru, in September 1895, and it is evident 
that some colonies survived in Plymouth Sound for some 
years because two colonies were found in 1907. They were 
examined by Browne and are briefly recorded?. Browne's 
manuscript notes state that two specimens were found on 
the bottom of the laboratory boat on October 21, 1907; 
one of these polyps possessed the eight apical ridges on the 
female gonophores. Later (October 25), a special search 
of the buoys in the Sound yielded a large oolony with 
gonophores containing &ctinule. Browne noted that in 
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the hydranth. the hypostome, stomach, collar and the 
spadix in the gonophores were a deep crimson. From a 
comparison of T. crocea and T. laryna side-by-side he 
noted that whereas the collar and neck of the hydranth 
were deeply p ted in the species orocea, it did not, on 
the other hand, show any conspicuous coloration in that 
part in T. larynz. Other differences in trophosome indi- 
cated by Browne may be summarized as follows: 


T. laryas T. croce. 

distal tentacles later- tentacles with 
with sharp edge more rounded with 

inner edgs with broader nematocys band. 

band of nematocysts, 

Proxtmal tentacles with few seat- Proximal tentacles thiekly cov- 
tered ered with more or 

lem arranged in s; 


A search of the British Museum collections did not 
reveal any genuine material of T. orocea from North 
American waters bub & chanoe examination of tbe type 
material of T'ubularia polyoarpa Allman‘, from Coquimbo, 
Peru, yielded abundant fertile polyps. The gonophoree of 
these, too, poeseased the characteristic apical ridges in the 
female gonophores and in the male gonophores the tentacle 
rudiments were reduced to a slightly raised ring around the 
aperture: these characteristics indicate that this species 
must now be regarded as synonymous with T. orooea. 
^ Oneother Tubularia Allman, 
remains to be considered. This was described and figured. 
by Allman from the Gulf of Spezia at the same time that he 
described T'. polycarpa. In his diagnosis of T'. mesem- 
bryanthernum, Allman mentions that the female gonophore 
possesses “‘eight compressed, crest-like apical processes, 
which are replaced in the male by four small rounded 
tubercules”. In the Ipswich material (but not Browne's 
Plymouth colonies) male gonophores have been seen. 
Agassiz declared that in his T'. crocea there were no tuber- 
cules but whether T. is a distinct 
species on account of the four small rounded tubercules 
remains to be elucidated. The species which Bedot* 


unlees the latter species 
proves to be identical'with T. grovea. 

It is significant that the occurrence of Tubularia orocea 
in a new British locality should be in the vicinity of a 
power station which uses sea water for cooling purposes. 

v» os W. J. Rugs 

British Museani (Natural History), 

London, 8.W.7. 
1 Contrib, Nat. His. U.S., 4, 349 (1882). - 
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3 Plymouth Marine Fauna, third od., 37 (1957). 
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Beginning of the Accumulation of Vanadium 
during the Early Development of the 
Ascidian Phallusia mamillata Cuvier 


Wuan the uptake of vanadium by the tunicate Phallusia 
mamillata was investigated, ib was observed! that small 
(young) animals (< 20 g fresh weight) accumulated the 
metal far more intensively than adult ones. This gave 
rise to the question at which of their development 
the animals become capable of absorbing vanadium. 
Furthermore, an attempt was made to find out whether 
this phase coincides with the differentiation of the blood 
cells, because in Phallusia mamillata the vanadium is 
present almost exclusively within specific blood cells, 
that is, 

Unfertilized and fertilized eggs (fertilization rate 80-90 
per cent) were incubated in sea-water with an addition of 
nearly carrier-free vanadate-[“*V] at 18° O in the dark. 
The unfertilized eggs contained no more than 5 per cent 
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of the total activity (10* c.p.m./ml. sea-water) even after 
an incubation period of 40h. The activity of vanadium-48 
18 of the game ordor in all stages of development until the 
larva are about to hatch, that is, during 18 h (Fig. 1). 
Not until the ap oe of swimming larva (up to 90 
per cent of the fertilized eggs) does the accumulation of 
vanadium rige. During the following 18 h in single samplee 
up to 80 per cent of the total activity offered was absorbed. 
At that time the absorption of the tail of the larva, which 
was now attaching itself to a substrate, had already begun. 
Further uptake of vanadium-48 was now reduced. 
obviously ın consequence of the decreased concentration 
of vanadate in the medium. 


~ 


*'y-uptake (per oent) 





Fig. 

a T Om à "ET rocking 
move- 

maniaja). onr parallel ramplas: El. Sf ooh semi wero wi 


three times with sea-water and measured by a sotntilation counter 


If it is assumed that the larva, the epidermis of which is 
already covered with a cuticle, absorbs the vanadium m 
the same way as the adult animals dot, namely, through 
the branchial sao, 1t can be concluded that the gill slite 
develop during the larval stage’, by which the branchial 
cavity may communicate via the atrial apertures with the 
outer medium. According to Kowalevaky? hsmatoblasta 
have separated at that time from the mesoderm and from 
the 'Darmdrüsenblattrellen' of the tail and migrated to 
oa of the mtestine, which now has opened into the 

We thank Deuteche Forschungagemeinschaft (Bad 
Godesberg) for supporting this work. D 
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Leeches as Endoparasites of Frogs 


Lamouss are adapted by their structure and physiology 
to an ectoparasitic, blood-sucking mode of life. Some have 
secondarily become predators, but none has obvious 
adaptations to endoperasitaam. Those that enter the 
upper respiratory tracta of birds and mammals to suck 
blood from the muoous membrane usually remain only 
long enough to get their meal. It is therefore interesting 
to find that at least one species has been found living 
internally in frogs, usually in the lymph space beneath the 
skin but sometimes in the ooelom. The leech is a species 
of, Phtilaemon, poambly P. grandsdiert Blanchard. The 
frogs are of aix species and were taken in primary montane 
forest from the central mountains of the Australian 
Trusteeship Territory of New Guinea. They were at an 
altitude of 4,600—10,500 ft., between 143° and 146° E. ona 
latitude of approximately 6° S. 

Rana grisea van Kampen (1 specimen infested) and Hyla 
angularis Loveridge (5 specimens) are ground-dwellers 
which rarely travel far from water. Hyla becki Loveridge 
(8 specimens) and Ayla n.sp. Tyler’ (6 specimens) are 
normally found among low vegetation which they ooca- 
sionally climb. Nyotimmystes kubort Zweifel (1 specimen) 
and N. nartnosa Zweifel (2 specimens) are typical tree- 
climbing frogs. Except for Rana grisea little 1s known of 
their breeding habits but it is unlikely that any exhibit 
arboreal spawning or direct development. They probably 
congregate at water for breeding and the leech may well 
attack them there. None of the frogs shows a scar marking 
the point of entry, go the leeches must have entered when 
they were very small and have lived and grown for a oon- 
siderable period within the host. The jawa of the leech 
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are well adapted to piercing skin ; but it 15 surprismg to 
find that almost one-third of the specimens had pene- 
trated the muscles of the body- and settled in the 
ooelom. 

The leech shown in Fig. l is capable of taking almost 
the whole of the blood of the frog in one meel, and & 
HUNE endoparasitio relationship is possible only if the 

has modifled its feeding babita to the extent of taking 
little and often. Those in the coelom would also have to 
adapt themselves to life in a very low oxygen concentra- 
tion. 

There ia one previous record of such & phenomenon. 
Richardson described the occurrence of Batracobdella picta 
(Verrill) in the dorsal subcutaneous lymph space of Rana 
catesbiana in Canada. In this case the entry seams to have 
been accidental and abnormal, for the leech is well known 
in the free-living state, and only two oases of the associa- 
tion were discovered from many hundreds of frogs 
examined. PAhtlaemon is known as an ectoparasite in 
Madagascar, Australis, the Samoan Islands and Juan 
‘Fernandes*, but we have discovered no records from New 
Guinea. Leeches are hermaphrodites and this might be 
regarded as an advantage in an endoperasite, but croes- 
fertilization is normal and the eggs are deposited in a 
cocoon. It therefore seems likely that either the leeches 
leave their hoste to breed or there is a breeding population 
of free-living leeches which has not yet been discovered. 
In either event this curious throws interest- 
ing light on the origins of the endoparasitic habit. 

K. H. Mans 
t of Zoology, 
University of Reeding. 

M. J. TYLER 

Department of Human Physiology and Pharmacology, 
University of Adelaide. 
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Emerson Effect in Isolated Chloroplasts 


THE oxygen production resulting from flash illumination 
of chloroplast fragments was determined, using the method 
pee described!. Spinach leaves were ground in 

85 M sodium chloride, 0:037 M magnesium cbloride, 
0-01 M ascorbate and 0:1 M tris buffer adjusted to pH 7-6. 
After centrifugation, the chloroplasts were washed once 
in the grinding medium but without ascorbate and broken 
in the same medium diluted ten times. The reaction 
mixture contained, in & final volume of 2 ml., chloroplast 
fragments containing 0-15 mg chlorophyll and the 
following (in umoles): potassium ferricyanide, 3; sodium 
chloride, 70; magnesium, chloride, 10; &denomne triphos- 
phate, 1-5; inorganic phoepete, 80; tris buffer, 50, adjus- 
ted to pH 7-4. Throughout the measuremente the 
reaction mixture was maintained at 5°+1° O and was 
flushed with nitrogen gas containing less than 1 p.p.m. 
oxygen. Flashes, from Philips photoflux bulbs, were of 
sufficient intensity to saturate the reaction (2-8 x 10-* 
lumens, 36-meeo duration). The change of oxygen yield 
per single flash was used to determine the rate of decline 
of activity of the chloroplasts with time. 

It haa been shown previously!, with white light, that the 
yield of oxygen from a single flash is greatly increased 
when an algal suspension is illuminated with very low 
intensity continuous light. These experiments have been 
repeated using isolated chloroplasts with monochromatic 
flash and illumination. The flash was 
filtered through a GAB filtra flux interference filter with 
transmission either at 644+183 mu or 697+7 mp. The 
continuous light was passed through a D.290 Hilger and 
Watt's small grating monochromator, with the slib width 
adjusted to give & band-width not greater than 5 my. 
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‘The intensity was approximately the same at all wave- 


lengths. The chloroplasts were illuminated with con- 
tinuous monochromatic light of & selected wave band until 
a steady rate of photosynthesis was obtained; then the 
additional oxygen produced by a single flash was measured. 
The yield of oxygen from the flash as a percentage of the 
yield obtained in darkness without any continuous illum- 
ination is plotted against the~wave-length of the con- 
tinuous light and is shown in Fig. 1. With a flash at 697 
my, the greatest yield of oxygen was obtained when the 
continuous light was at 651 or 675 my, with a*maximum 
effect at 675 my. With a flash at 644 mp, the greatest 
yield was obtained when the continuous light was at 675 
or 700 mp. The wave-length for the maximum enhance- 
ment of the yield from the flash was unchanged when the 
intensity of the continuous light was varied several fold 
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The marked dependence of dxygen yield on wave-langth 
indicates the existence of drfferent chlorophyll forms 
which must have aharp absorption bands. 

In other experments the chloroplasts were illummated 
by a single flash given at a measured time-interval after 
the continuous background light was turned off. Fig. 2 
shows the yield of oxygen from the flash as function of the 
time between the ceasation of the background illumination 
and the flash. Even 8 sec after the continuous light was 
turned off, the yield of oxygen from the flash was increased 
compared with that from the same flash given after a 
prolonged dark period. The results were appreciably the 
same whether the flash was at 697 mu and the background 
light at 651 my, or the flash at 644 mp and the back- 
ground at 700 mp. i 

These results show that isolated chloroplasts reducing 
ferricyanide exhibit the same type of enhancement effect as 
has previously been obeerved with photoeynthetio plants’, 
and with Chlorella reducing quinone’. Furthermore, they 
demonstrate in spinach leaves, chlorophyll forms which 
absorb at essentially the same wave-lengths as those 
observed by French and Fork, in leaves of different 
plante and in green algae, umng the differential spectro- 
photometer. If two pigment systems are postulated (one 
absorbing at 675 and 700 my and the other at 651 and 675 
mp in spinach) catalysing two separate photochemical 
reactions the products of which interact in photosynthesis, a 
lifetime for the products of several seconds is indicated. 
Our observations were at 5°+1° C, whereas those of 
French were at room temperature. French found no 
enhancement, in Chlorella, of the yield at 670 my as a 
result of simultaneous illumination with 650 my. When 
studying the reactions of isolated chloroplasts the effect 
of a light-induced respiration, if present at all, may be 
smaller than with whole cella. It is not clear as yet 
whether this apparent difference in wave-lengths is due 
to the difference in temperature or to the complications 
introduced in a respiring system. Witt has observed 
absorption consequent on illumination and 
suggested that the longest lifetime of any intermediate in 
photosynthesis is of the order of 10-3 seo. Our work sug- 
gesta the existence of a long-lived intermediate which may 
not be detectable by the method of difference spectroscopy 
used by Witt, but which is required in the reactions leading 
to the produotion of oxygen. 

We aro grateful to the Royal Society for a Government 
grant-in-aid of this investigation. One of us (P. M. B.) 
holds a postgraduate studentship of the University of 
London. We are also grateful for & grant from the Central 
Research Fund of the University of London. 

P. M. BisHor 
Department of Botany, O. P. WurrTINGHAM 
Queen Mary College, London, E.1. 
* Whittingham, O. P., and Brown, A. H., J. Bap Bot, 9, 311 (19058). 
E Ma e balmar, R., and Cederstrand, O., Proc. U.S. Nat. Acad. Sa., 
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ENTOMOLOGY 


Insecticide absorbed by the Central Nervous 
System of Susceptible and Resistant 
Cockroaches exposed to Dieldrin 


PHNHTRATION and metaboliam studies carried out m. 


this Depattment on susceptible and resistant houseflies, 
using the sulphur analogue of dieldrin or a non-insecticidal 


bromine derivative of aldrin!; aldrin, dieldrin, isodrin or 
endrin’; failed to reveal any differences between the 
strains which would explain the mechanism of resistance. 
There is some evidence that dieldrin acts on the central 
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nervous system of susceptible insecta? and it seemed 
possible that dieldrin failed to reach the senmtive oolls of 
this system in the resistant insect due to some internal 
local barrier, for example, a dieldrin impermeable neural 
lamella. 

In order to investigate this, dieldrin resistant and 
susceptible Blattella germanica were treated topically with 
dieldrin (10 ug in 2 ul. acetone) on the dorsal abdomen and 
kept at 25°. The susoeptible insecta became prostrate 
within about 6 h of treatment; but the resistant ones 
were unaffected. The intact cockroaches were rinsed 
externally in &cetone/petroleum ether (20 : 80 by vol.) 
to remove unabsorbed msecticide and the nerve cords 
dissected out. The nerve cords were homogenized with 
&oetone-potroleum ether and the dieldrin in the extract 


Daeldrtn reeovered from nerve oord (amg) 
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sasayed by gas-liquid chromatography. The results are Table 1. CONPARATYI GEOWTH IXDEXXS OF MALE AND FEMALE A8 DM- 
shown graphically in Fig. 1. Increasing doses of dieldrin XLUNNOED Brae Eee 
were topically applied to the resistant strain and the Supplement Grow indares (%) 
animals left for 24 h before the insecticide in the nervə Pentel! iis iMd 
cord was assayed (Fig. 8). None of these insects was Okandomyoin 90-5 100-7 
showing any aigns of poisoning. Penetration into the Pur r - =- Te d 109 20 


whole insect was studied in both strains, Fig. 2. 

From Figs. 1 and 2 it will be seen that there were no 
differences between the amounts of unchanged dieldrin 
recoverable from the tissues either of the whole animal 
or the nerve cord in the resistant or susceptible cockroach. 

Fig. 3 shows that in the resistant animal the concen- 
tration of dieldrin in the nerve cord increased with 
increased topical application of insecticide. 

These results are not consistent with the existence of 
a dieldrin-tmpermeable membrane around the .nerve 
cord of the resistant animal. 

These and earlier investigations therefore suggest that 
resistance is not due to metabolism or to lack of pene- 
tration of the insecticide, but rather to the ability of the 
resistant insect to withstand higher concentrations of 
unchanged dieldrin within the central nervous system 
iteelf without showing any si of poisoning. 

This work was supported in part by & research grant 
from the World Health Organization. 

J. W. Ray 


London Road, Slough, Bucks. 
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Differential Growth of the Male 
and Female Rice Moth to Antibiotic 
Supplements 


Durma the course of the nutritional studies! on the 
rice moth, Coroyra cephalonica Staint., to determine the 
comparative value of several commercially available 
antibiotic feed supplements, it was obeerved that in some 
casos malo moths of Coroyra cephalonica Staint. ex- 
hibited a higher growth response than the females ro- 
ceiving dietary antibiotics in their larval stages. A 
survey of the literature failed to disclose specific obeerva- 
tions on this phenomenon among insecta, although Palafox 
and, Rosenberg’ observed that male chicks respond in & 
more satisfactory manner to antibiotic feed supplements 
than the female. 

The culture of Corcyra was maintained as described 
earlier’. For experimental purposes 10 in. x 2 in. glass 
vials wore filled with 120 g of crushed ‘juar’ (Sorghum 
vulgare). Weighed quantities of the antibiotics penicillin, 
oleandomyoin and terramyoin were mixed in the diet at 
the rate of 100 p.p.m. by thoroughly distributing the pre- 
mix in the vials, containing the food. Premix was pre- 
pared in glucose in convenient amounts for efficient mix- 
ing. The control groupe received an equal amount of 
glucose only in the diet. Fifty freshly laid eggs (24-h lay- 
ae were introduced in the experimental vials containing 

ifferent antibiotic-feed supplements. Six replications 
were used for gach treatment. Moths emerging from 
the different treatments, after completing their develop- 
ment in the different antibiotic-feed supplements, were: 
sorted out for males and females. Ten males and an 
equal number of females were weighed individually from 
each replication to aseoes the growth response in the 
sexes. Results are summarized in Table 1. The growth 
indexes shown in Table 1 were obtained by dividing the 
average body-weighte of erther males or females in each 
experimental group by the mean. body-weight of the 
respectivo control group. ` 


From theee results it is seen that the males fed on 
penioillin-feed supplementa grew 12-2 per cent heavier 
than their controls, and those fed terramycin grew 8:3 per 
cent heavier, whereas the females grew only 6-4 per oent 
and 8-2 per cent heavier than their respective controls. 
On is, F value between sex growth indexes was 
highly significant (P < 0-01) ^ Oleandomyoin proved 
ineffeotive in enhancing tbe growth. of either male or 
female. 

I thank Mr. B. N. Jha, vice-chancellor, for encourage- 
ment, and Dr. B. K. Srivastava, entomologist to the 
Government of Rajasthan, Jobner, for guidance. I also 
thank M/S. Dumex Private, Ltd., Bombay, for gifts 
of the antibiotics. 


Daya BHANU 


Department of Zoology, 
University of Jodhpur, 
India. 
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A Modified Window-trap for Assessment 
of Fumigant Insecticides in Experimental 
Trap-huts 


Wa are ing the toxicities of now insecticidal 
as of a World Health ization pro- 
to e possible substitutes for the chlorin- 


trap-hut of the Muirhead-Thomson type! is used for this 
assessment as it is a research tool of proved value. There 
are, nevertheless, a number of weaknesses in its design 


- that lead to errors in seseasing inseoticide-toxioity : 


(1) Nearly all resting is on the roof so that the toxicity 
of the roof-substrate has an over-riding effect on overall 
mortality. 

(2) In the presence of & fumigant insecticide an unas- 
sessed. proportion of mosquitoes die simply due to confine- 
ment in the atmosphere of the insecticide in the window- 
trap, whereas under natural conditions they would have 
escaped from the hut and survived. 

(8) An unaasessed proportion of hut-entermg mos- 
quitoog leave through the eaves. 

Investigations of these three pointa are in progress in 
our outetations at Magugu in Tanganyika, and at Tavete 
in Kenya. Errors due to the first pomt have been largely 
overcome by assessing mortalities in buts with different 
types of roof-surfaces*. Errors due to the second point 
have been greatly reduced by a simple technique which is 
the subject of this communication. The third point is 
still unresolved, but is receiving attention. 


Table 1. MORTALITY OF BLOOD-FaD MOSQUITOES IN WINDOW-TRAPS 
(W.T. Wen FUNNELS oF Corrox Moequrro NarriEG AND oF SHEET 
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mortality with num ber 
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The normal type of window-trap, fitted to an experi- 
mental hut, is supported on a frame that fita into a window 
1 ft. square. There 1s an exit funnel of cotton mosquito 
netting, with a mouth 1 in. in diameter. and a trap of 
similar netting which has sides and a back 1 ft. square. 


Thus in a hut with a fumigant insecticide such as 'Di-' 


chlorvos’ there is a diffusion of vapour from the hut 
into the window-trap through an aperture virtually 1 ft. 
square since the vapour diffuses readily through the 
mosquito netting. By the funnels of netting for 
ones of polythene sheet (250 gauge) the area for diffusian of 
‘Dichlorvos’ vapour was reduced from approximately 
1 ft.! to 1 in.', while tho ext aperture for mosquitoes 
remained the same size. The resulta in Table 1 show that 
this modification greatly reduced the mortality of blood- 
fed mosquitoes confined in the window-traps. The per- 
centage mortalities are for 24 h after and are 
corrected against control mortalities by Abbott's formula’. 
Complementary chemical determinations, using a method 


to be published later, showed that the concentration of . 


"Diehlorvos' in the window-traps with plastio funnels was 
of the order of 0-005 ug/l., compared with .0 020 ug/l. in 
traps with netting funnels. 

The modified window-tráp has now been incorporated 
‘oto our routine trials with experimontel huts to assess the 
toxicity of ‘Dichlorvos’ to naturally entering mosquitoes. 

1 A. Sar 


/ D. J. WEBLEY 
Tropical Pesticides ‘Research Institute, 
P.O. Box 8024, 
Arusha, Tanganyika. 
! Baploy, B. E., Dull. World Health Org., 94, 650 (1061). 
* Smith, A., and Hooking, K. 8., Bwl. World Health Org., $7, 231 (1062). 
' Abbots, W B, J. Foon. Entomol , 18, 205 (1025) 


MICROBIOLOGY 


, Deoxyribonucleic Acid Type attributable to 
a Bacteria! Endosymbiote in the Protozoon 
Crithidia (Strigomonas) oncopelti 


Iw the course of an investigation of the oocurrenoo of 
two paths of lyame bioeyntheais'!. tracer and 
experiments provided evidence that the trypanosomatid 
flagellate, Orithidia (Strigomonas, Herpetomonas) oncopelis, 
contains a bacterial endoeymbioto':*. This evidence waa 
supported by electron microscopy: the inferred endosym- 
biote shows structures consistent with a cytoplasmic 
membrane, a cell wall, and nuclear zones, and endosym- 
biotes which are dividing, as judged by the presence of a 
constriction, exhibit membrane septa**. The protozoon 
can be ‘cured’ of ite endosymbiote with penicillin‘. It 
waa suggested that the endosymbiote furnishes lysine and 
probably other metabolites to the protozoon, which in 
turn provides a protective environment for the endo- 
Bymbiote**, This suggestion took into account: (a) the 
exceptionally simple nutritional i ta of the pro- 
tozoon, which were recorded by Newton'; (b) the presence 
of ‘brpolar bodies’ within the protoroon, which were 
described by Newton and Horne’ and afterwards recog- 
nized as the endoeymbiote?4. Attempts to demonstrate 
deoxyribonucleic acid (DNA) in the bipolar bodies had 
given inconclusive results’ 

In parallel experiments, DNA samples from C. oncopelis 
and other protozoa were examined for their base compos- 
tion by their buoyant density in a cæsium chloride grad- 
iont*^. The buoyant density ia known to be lnearly 
related to the mole per cent guanine plus cytosine (G + C) 
composition of DNA, and may correlate with the taxon- 
omic position of the organism involved!*. For C. oncopelti. 
three DNA bands were obeerved in the cesium chloride 
gradient (Fig. 1): & quantitatively major one, corre- 
sponding to a density of 1-709 g/o.c. and presumably 
derivec| from the protozoan nucleus, and two minor ones. 
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with densities of 1-699 g/o.o. and 1-691 g/c.o. The base 
compositions corresponding to these densities are 50, 40 
and 32 per cent G + O, respectively. Accordingly, it was 
of interest to examme the possibility that one of the minor 
bands representa DNA from the endosymbiote. 

Preparations of the endosymbiote were obtained as 
follows. Cells of C. oncopelti were collected during active 
growth on peptone—lver extract-glucose medium and 
were suspended in 0-3 M (potassium) phosphate buffer at 
pH 7-0, made 0.25 M in sucrose. The suspension was 
treated with glass beads in a Mickle disintegrator until 
approximately 80 per cent of the protozoan cells were 
disrupted, and was then fractionated by centrifugation ; 
the material sedimenting (for 10 min) between 900 and 
1,200g was collected. Microscopic examination. indicated 
that this fraction consisted largely of the en biote, 
along with some fine debris. This fraction was suspended 
in 0-2 M phosphate at pH 7-0, containing 0-25 M sucrose 
and 0-01 M magnesium sulphate, and was treated with 
deoxyribonuclease to destroy, so far as possible, any 
contaminating protozoan DNA. The treated suspension 
was made 0:04 M in trisodium citrate, and was centrifuged 
The sedimented material was washed by centrifugation 
with a solution containmg 0-15 M sodium chloride, 0-25 M 
sucrose, and 0-015 M trisodium citrate, and was then 

ded in & solution containing 0:15 M sodium chloride 
and 0-015 M trisodium citrate. The resulting suspenmon. 
was lysed by addition of 20 per cent sodium lauryl sulphate 
(0-5 part by volume per part of suspensior), and was 
heated at 55° O for 10 min. The lysed suspension war 
subjected to the procedure for the extraction of DNA. 
essentially as previously described". 

The banding patterns of the DNA obtained from the 
endosymbiote-containing protozoa (Fig. L4) and from the 
wolated endosymbiotes (Fig. 1B) indicate that the minor 
band of deamty 1-691 g/o.c. of tracing A and the majo: 
band of tracing B represent DNA from the endosymbuote. 
The calculated base composition (82 per cent G + C) for 
the DNA from the endoeymbiote resembles that for the 
DNA. from various bacteria; pleuropneumonia-like organ-_ 
isms, and kappa*:1*3, The origin of the bands of density 
1-699 g/o.c., representing minor componente in ings A 
and B. remains unknown. The narrow width of these 
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bands, which may reflect a high degree of homogeneity or 
high molecular weight or both, suggests that these bands 
may correspond to DNA from specialized homogeneous 
structures or & virus., If so, the cesium chloride density 
gradient technique would be useful in investigating not 
only bacterial endosymbiotes, but also other inclusions 
exhibiting genetic continuity within a cell. 

This work was aided by grants from the National 
Science Foundation and the U.8. Public Health Service, 
and by a contract between the Office of Naval Research, 
Department of the Navy, and Rutgers, The State Uni- 
i O.onoopeli used was kindly 
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VIROLOGY 


Lettuce Necrotic Yellows Virus 


A DESTRUCTIVE virus disease of lettuce, causing exten- 
sive crop losses sometimes aa high as 100 per cent. was 
recognized in Victoria in 1954 as being distinct from the 
lettuce moeaic disease. Until 1959, however, all attempts 
to transmit the virus to lettuce with aphids which com- 
monly infest lettuce, with thripe, leaf-hoppers and sap 
inoculation methods were unsuoceseful. In that year 6 
virus was transmitted mechanically to Nicotiana glutinosa 
L. from many diseased lettuce planta and from apparently 
normal common sowthistle (Sonchus oleraceus L.) plante. 
Those isolates were, at first, incorrectly identified as mild 
variante of the tomato spotted wilt virus!, because of the 
remarkable similarity between the diseases caused by the 
two viruses on some common hosts, including lettuoe. The 
tomato spotted wilt virus has been isolated occasionally 
from lettuce; but it is of minor significance in Victoria, 
Australia, poasibly because common strains found here on 
‘tomato and other hoste do not appear to infect lettuce in 
Nature. 

The causal virus, which appears to be distinot from any 
previously described, is to be named lettuce necrotic 
yellows virus. The virus is unique in ite host and veotor 
relationships. It is not seed-borne in lettuce, or any other 
host so far examined, but it is widely distributed in Nature 
on S. oleraceus, which is its only known source. It is 
transmitted specifically, and most efficiently after moult- 
ing, by the aphid Hyperomyzus lactucae L., which breeds 
only on Sonchus spp. although currants (Ribes spp.) are 
reported! to be an overwintering host, and may be the 
original source of the virus. This possibility is being 
investigated. The aphid transporte the virus to lettuce on 
which it feeds transiently, but not preferentially. It dios 
neu multiplying when caged on lettuce for several 

ys. 
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In addition to the hoste already mentioned, the virus 
has been experimentally 3 to and recovered 
from Datura stramonium L., Gomphrena globosa L., 

tomato and spinach.  Attempte to infect 
Nicotiana tabacum L. var. canthi and Turkish have not 
been successful. Lettuce is extremely difficult to infect 
by sap inoculation, and mechanical transmission of the 
virus from lettuce to lettuce has not been achieved. 

Sowthistle, lettuce and Lactuca serriola L. are the only 
hosta from which the virus has been recovered in Nature. 

Thermal mactivation of the virus in expressed sap from 
N. glutinosa occurred between 52°-84° O after 10-min 

Ita longevity in viro ranged from 2 to 8 h for 
individual iolates. These differences may be due to 
different concentrations of the virus rather than to strain 
differences. 

There is evidence that the lettuce necrotic yellows 
disease can be effectively controlled by eradicating sow- 
thistles in the close vicinity of lettuce crops. 

L. L. Bro228 
Biology Branoh, 
t of Agrioulture, 
Victoria, Australia. 
R. Q. GROGAN 
Department of Plant Pathology, 
University of California, 
Davis. 
1 Norris, D. O., C.8.I.R. Bull. No. 202 (1046). 
1 Hille Ris Lambers, D., Tesemenokia, 8, 290 (1040). 


GENETICS 


A New Chromosome Number and Karyo- 
type In L. radiata 

OvrorogioAL investigations in several species of Lycoris 
have been carried out by a number of workers!-*. The 
somatic chromosomes here are fairly large in size and few 
in number, reported to be between 12 and 33. Of these 
12, 13, 14, 15, 17, 22, 39--1 B, 30 and 88 have already 
been counted. In karyotype analysis the chromosomes 
could be classified broadly into V and rod-shaped types 
No species have been found with all V chromosomes in 
their complement but those with 22 and 83 chromosomes 
have been observed to have rod chromosomes with sub- 
terminal constrictions only (L. haywardti, L. radiata, 
L. sanguinea and L. eprengeri) Among those with both 
V and rod chromosomes in their complement some have 
rods of the nearly terminal constrictions only (L. aurea, 
L. chinensis, L. ‘perry? and L. traubw), others have rods 
with subterminal constrictions (L. albiflora and L. elsias), 
still others have rods with subterminal and nearly terminal 
constrictions (L. caldwellsi, L. squamigra, L. incarnata and 
L. houdyshelis). In L. chinensis one V chromosome was 
observed to be much shorter in size (designated small v) 
than the rest of V chromosomes‘. 

In L. radiata somatic chromosome numbers have been 
reported with 22 and 33 chromosomes and the usual 
karyotype consists of only rod chromosomes with sub- 
terminal constrictions (Fig. 14). Recently, while making 
cytological observations on a number of bulbs labelled as 
L. radiata, one was found to have a chromosome number 
and karyotype quite different from the others. Here 31 
rod chromosomes (all with subterminal constrictions), 1 V 
chromosome and 1 small chromosome with nearly median 
constriction were observed (Fig. 1B). Henoe, 2n number 
here could be counted as 32+1 B or supernumerary 
chromosome. This small chromosome was much shorter 
in size in comparison with the rest of the chramosomes. 
Previously only one species of Lycoris has been found with 
a Bor supernumerary chromosome, that is, in L. incarnata 
with 29+ 1 B (ref. 5). In all the other bulbs 83 rod chromo- 
somes were observed with subterminal constrictions (Fig. 
14). All these bulbs with 83 rod chromosomes and that 
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L A, radiais, somato with 33 rod-ahaped 
TeL a x e. 1,100); B, L. prr anfii, metaphase with 
rod-shaped, 1 V-shaped and 1 B or 


V and B ot supernumerary shown by arrows (x o. 1,100) 
with 31 E + 1 V + 1 B chromosome had leaves like 
those in L. radiata but none of these has flowered yet. 

With regard to the finding of a V chromosome in L. 
radiata the mechanism of the formation of a V chromosome 
from two rods with subterminal oonstrictions through 
reciprocal translocation or fusion can be taken into 
socount. The formation of & Y chramosame by theee 
methods has been by Cave and Bradley* in 
Miorsia chilensis. Although the exact nature of the origin 
of a B or supernumerary chromosome 18 not known, 
Darlington's!^ idea regarding the origin of this type of 
chromosome from an A seems relevant. 

This new chromosome number and altered karyotype 
observed in L. radiata once more shows the role of struo- 
tural change in speciation and in the formation of chromo- 


some races in Lycoris (Table 1). 
Table 1. OHXOMOBOME NUMBAR AND KARYOTYPE IK Lycors 
Toots taxa Types of chromosomes Chromosome Possible potentialtijes 
V BR No. m rod chromosomes 
sauros 10 2 12 22 R 
9 4 18 22R 
6 8 14 22 R 
7 8 15 me 
NY 7 8 15 22 R 
10 2 12 [eR 
' 9 4 18 RR 
chonensis T7 9 16 22 R 
albytora 5 
clsias 5 12 17 72 R 
ee 22 22 22 R 
amia 2 E na 
22 
sprengen 2 22 31 R 
tnoarnate 1 5 1B 2 im oe ee 
radiate 1 31 1B 22 - 1B 935 B - 1B 
88 33 $5 R 


I thank Dr. W.8. Flory, jun., for his guidance during the 
course of this investigation. I also thank Dr. A. K. 
Sharma for advice. 
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MISCELLANEOUS 
Storage of Standardized Radioactive 
Solutions 


THERE 1s considerable interest in the storage of radio- 
nuclide solutions in polythene bottles. Kerth, in a recent 
communication, indicated the losses of solvent through the 
walls of polythene ampoules. The experience of our 
laboratory is comparable in this respect, but it might be 
noted that the rate of loss was extremely high from 
concentrated hydrochloric acid solutions where apparently 
gaseous hydrochloric acid was being transferred through 
the walls. We believe that the following information on 
other types of losses will be of interest. 

The stability of nuclide solutions in polythene bottles 
and possible loases through adsorption on the walla have 
been questioned many times. A series of tets waa 
performed to determine if appreciable losses oceurred in 
the normal use of these bottles for solution storage and 
handling. The results obtained should be considered only 
as & guide and appropriate testa carried out as needed. 

Six nuclides (cmeium-187, oerium-144, xirconium-95, 
iodine-181, rathenium-106 and barium-140) were obtained 
from Oak Ridge, aliquote taken, diluted and stored in 
sealed polythene ampoules (6 ml. capacity) for a period of 
from 10-68 days. 


Nuelide Carrier Add nee 
Water Acid 
ms ET = 0 
x - 0 
x x 0 
He -= - 5 06 
x — 0 
x = 0^ 
- x 0 
— x 0 
le - = 43 » 
x - 0* 
= x 12 08 
wp - - 25 25 
Se ie dE 
- x 
mI with Na,80, at pH B 0 
"Bu = - 35 15 
0 3 w* 8 
= x 
“Be - - 0 
x - 0 
- x 0 


* With ertber xiroontum or nlobrum or with both as carriers. - 


In each caae, duplioate samples were prepared in water, 
with carrier (1 mg/ml.) and with 0-1 N hydrochloric acid 
solution, except in the case of iodine-131 where sodium 
sulphite (pH at 8) was used, and ziroonium-05 where 
oxalic acid was used. 

The samples were y-counted in a 3°25 in. x 5 in. sodium 
10dide well-crystal, with a lin, x 1:75 in. well surrounded 
by a stainless steel, mercury-filled shield. All samples were 
counted for 5 min and a counting error of at least 1 per 
cent was maintained. The average counter background 
was 225 0.p.m. After the initial count, the drawn stems 
of the ampoules were cut off, the bottles rinsed four times 
with warm water, and re-counted. In the case of residual 
activity, the bottles were re-washed four times in a 1 N 
hydrochlorio acid solution and re-counted. 

The resulta are shown in Table 1. In every oase except 
one, the nuclide may be kept in solution by addition of 
appropriate acid or carrier. Ruthenium adsorbs appre- 
ciably on polyethylene and even at beat 25 per cent will 
remain on the walls. ; 

J. H. HARLEY 
N. A. HALLDEN 
I. M. FisguswE 
U.8. Atomic Energy Commuseion, 
Health and Safety Laboratory, 
New York 14. 
! Keith, R L. G, Nates 188 500 (1962) 
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FORTHCOMING EVENTS 


(Mestings marked with en astersh are pen to the public) 
Monday, March 25 


Borm BOTE oE oe, Londen WD a S 


BOTAL G P i Sco aM bp London, B8.W.7), 
[deba nog e John D. eis aud Mr Brian * Archaeology 


Monday, March 25—Wednesday, March 27 


accor, HKGINNERS, HLEOTRONIOR DIYUMION (ai 
Bavoy Place, London, W.0.2)—Oonvention on “H.F. Communiesition". 


Tuesday, March 26 


IZBRAEY (Scientific Research) BROTOX 
Arai ora Es sinh *The 


BSoowry oF OHENICAL Ob AKD POLYXER GEOUP (ai 
14 Belgrave London, 8.W.1), at 6.30 p.m.—Prof. D. 0. Pepper: 
“Polymerization of Styrene by 

Socmerr oF 


Imor TROHNOLOGY, MOUSUREWENT TEOHNOLOGY 
at Manson House, 26 Portland Piace, London, W.1), ef 7 p.m.— 
$ “Prinetples of Measurement”. 
Tuesday, March 26—Thureday, March 28 


BOTAL IXETTTUTIOK IxerrruUTUK oF MAYAL AROHTEECTS (in the Weir Teoture Hall. 
10 Upper Belgrave Bireek Street, London, 8.W.1)—Bpring Meeting. 


Tuesday, March 26—Friday, March 29 
XrrLUENT AND WATER TRRiTMENT EIMIBEMON AND OOXYNNTION (at 
Seymour Hall, Seymour Place, London, W.1). 
Wednesday, March 27 
Soousry (at 49 Cromwell Road, London, 8.W.7), 
: “Tbs General Ctreulation” (Symons 


IxwrrrorA oF FUIL (ai the Institution of Otyil Engineers, Great George 
Buen London, S at 5.80 p.m.—Mir. J I. Krzymusk!: 
of Air Cooling ay 


OOA InDUETEY Boop Gov (at 14 Belgravo 
Ay g7 oeme Ja 98 pm- M D. H. W i ii Darum Bua 


Wednesday, March 27—Saturday, March 30 
Toranwamrs (at the Modari aati aad, 


Issrrrormos OF 

LUBEICATION 

B. W.1)—AIl day Symposium on 
(at the Welloome Building, Huston Road, London, 

—Bymposium on ''Reinforoenents other than Glass 


Piaerios INETTTUTA 
NM at 4 p.m 


CERA MOCHANIOAL ÉNGIERERS, S ERI Saag AND 
MAOHDIENRY GROUP (at the College of Further Hariom: at 
7.90 p.m.—dir. E. 0. Worster: The Effect of Volte Shape on 
Pump Performance”. 


BIOMOL Boakrr ttis cri gu 
Gower Street, London, W. , at 4.90 "Thursday—Annual 
Business Meeting; TU acm. on Friday- Original 
Friday, March 29 
Royal Boourr oy MAD at 1 wW. 
M ptis or DN te Longan, 1), at 
epi Conan Ga 


Brea MYOOLOGIQOAL 
Lecture Theatre Theatre, Imperial College of Science and Technolegy, 
WD, 8 1045 am.—Sympostum on "Experimental Techniques 


BooUEX OF ENVIRONMENTAL HEGINEXES (at Imperial College, London, 
si Led po Asma Genera Mesi 


and 
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AL Dxgerroriox (ut 21 ATbamarie Beet penn Toe Wocdbull 
prof. fe 8. Pare, FEB. “Limitations of 


Monday, April I 
ROTAL at EL Albemarle Sirol, bns at 5.90 p.m. 
Mr. Norris D. Mc “Facts and How to Find 


IxsrruTIOK oF MUCHANICAL HX HNGINNNRS, MANIPULATIYB AND 
ANICAL HANDLIN! T incr once (ai phous Walk, Wosbee 
London, 8.W.1) AB Dc "Passenger Handling Within 
Large Buildings’. 
Royal GSOGRAPHIOAL BOUNTY at 1 Kensington Gore, London, B.W.7), 
E (ei ish txenment&ry by Mr. Adrian 


Broxton (a5 16 Bolgrave C Uh: 


Aa T TUENTUR Os E 
APPOINTMENTS VACANT 


AFPLIQLTOKS are invited for the following appointments on or before 
tho dates 


Ta BXDOORINB 
: D ERES Hh 
BXGIyEXAING— 
Se cundus a. No. OV/£T8/N 


6) 

UXIOR with medical qualtücailon 
Ga Lava preti v See mrar Trinity College, 
Dublin 2, of Ireland (April 8). 

IW BOoTAKY or LooLogY— The Secretary to the 
Londonderry, Northern Ireland 


fonoa x T E bathe 
& ana Sidia p, , Association of Untvor- 
sities British (Braneh ), Marlborough House, 
Pall Mall, London, 8.W.1 (Bouth and London, A 15). 
LECTURER or IK PATHOLOGY in of Medicine 
at the University of of 
ojo Tite Une for Higher Overseas, 29 Woburn 
London, W.C.1 (April 15). 
LECTURE: or IN PREVENTIVE MEDICINE 
Hasau in the Faculty of Vetermary Bokmoo 
of the University of Khartoum—The ntveraity of 
ojo Inter-U: Council for Higher Overseas, $9 Woburn 
Bquare, London, 0.1 (4; 15). 

Onan tenable in the Durham Division of the 
U: Registrar and A Colleges, 38 North 
Baley, (Apefl 17). 

ERDER Es s of the Untversity— 


73: X m 
DET vr vampires mass qs 
vac gu RR or in textiles and 
ESO Era E 
dustrial Heseearoh 


Titan Offen. Atrios H U2, 

ar ifior Honan ama London, W.0.2 quoting Appoint- 
ant Ko, 466/77 (A with at least a university honours degree in scenoe, 

or equivalent with some years of appropriate posi- 


TER DIMON 
Research 


Liaison 
W.O.S, quoting Apporntment No. 
IN HXGIWERRING— The Secretary of Untversity 
Court, The U. x A 22). 
niversity, lasgow (April ) 


LXOTURER IN TRA DEPAKTEENT oF 

2 (May 25). 
ABNIFTANTS IN TKÀA AXETMENTS OF MATHNEXATION, 
PuYMIOS AND —The A Oollege, 8t. 
Castle, Llantwit Major, G: 

BAOTHRI with & firzi- or second degree, and pre: 
vious research ) to out Teseareh in food 
um 7 M rr edd vith a first or soond-olass 
degree), for researoh on relation ‘ood — Secretary, Low 
predia Council, 

Street, Cambridge. 
OHAIR OF INORGAXIO Y; and CHAR OF THSORETIOAL PHYRIOS 
Ghee eames Men ies tn chemistry or bochem 
experience or - 
laboratories, the control of and 


Department 
University Museum, Oxf 3 
MASTER TO Taiok ORENINTAY ai all jevels The Headmaster, Bobool . 
House, Rugby. 


‘PRINCIPAL AL LECTURER; and a SENIOR LECTURER IX THE PAYMIOS DE- 
PAETWYUT— Clerk to to the Governing Body, Northern Polyieehuoo, Holloway 
EE 


IN .W. 
prr. eite uis GP is tette e Wee e den 
technic, Holloway, London, N.7. : - 
SENIORE TBOHNICIAN (with wide experienoe tn the of chemistry 
or bloohemistry laboratoriet) IN THE XEW DEPAETKEUORT OF BIOCHEWINTRY 
—The Becretary, Bloahemisiry , Imperial of Bolenoe 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britaln and Ireland 
National Reasearch Development aptam. Report and 
nente for fne dear lat July, 3 n EN Juna; 1968 Pp. 114-34. 


Btatlonary Office » 1003.) $i M. neh, 


Botentufle and Industrie] Research. 3, DAI, Btadentshipa 
19063. Pp. vi+20. (London: H.M. Stationery O mo 
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Bolenoes. No. 727, Vou 40 (i Dae, f 1003): Tha Cranial 
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Alacer Bynes feiraeis Mesi ef Mtis 
yus 
M. Millman. Pp. 106—148. 16s. 64.; 2.45 


ty, [12 
ma Pium. 22, ETE Pure 1-0 Ganson Folien 


pada Countries 


Domerdal Faperiee Pier? vul Fah and Wildlife Service, 
by Jonn P. Bapt and 
Ties 18 m pM" (Washington, Government 
pee "York Aca of y Article zi: Pre 
liminary CE Nom York Aaen of fomes. Yol, 08, An 
iidem. Dy Sophie Jakowaka- Pp. 877-902. (Mew York: Mew ae 
Annual of Medical 
Literature, 1060. teary) pre, The Stétni Fee Medioa 


Anis of ihe NOE Yi ot nione Yel Vol. 93 artib u 
ew ps o i : 
Mas. Dir M (Rm of Kew York. By Begmoar 

(Now en, "ON Fork Acadamy of Senes ) [43 


d ét, January o Deeds. 1991. E ee Vidas E iple 
pepe cos aree iem Tome 


1442 raa WE re 
cus Fave me 38, 0. 


EE i Par Gustave 
. ee eee o. 88: ix 


Bulletin No. Design. 
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EMIGRATION OF SCIENTISTS FROM GREAT BRITAIN 


R the past ten years the Advisory Council on 

Scientific Policy has from time to time expreesed 
concern over the emigration of highly qualified research 
eoientiste, particularly to the United States, and the oon- 
sequent effect on Britain's scientific manpower. An 
inquiry in 1954-55 showed that, during the academic 
years 1947-52, about 2 per cent of Britam’s output of 
postgraduate chemists, among whom the loes was then 
thought to be most significant, had taken employment in 
the United States, but there was then no evidence that 
an undue proportion of the best graduates had left the 
country. In 1956 the Advisory Council sought further 
information, and the subject was fully discussed in the 
Council’s report for 1956-57 and more briefly in ite report 
for 1957-58. Since then, a Jomt Board of the Civil 
Service Commission and the Atomic Energy Commission 
has been established to interview in North America can- 
didates for Government posts in Britain, and this Joint 
Board is also interviewing candidates for research fellow- 
ships in universities and colleges in Britain offered by 
the Department of Industrial and Scientific Research. 

Although conflicting views were frequently expressed 
as to the extent and serioumess of the loss of scientists 
to Britain, in view of the continuing shortage of scientific 
manpower the loss could not be ignored, and & year ago 
a report from the Institute of Physics and the Physical 
Society, listing 71 prominent physicists who had emigrated 
to the United States, expressed grave concern as to the 
effect on schools of physics in Britain (Beo Nature, 193, 
911; 1962). In 1962 the Council of the Royal Bociety 
appointed an ad hoo Committee, with Sir Gordon Suther- 
land as chairman, to collect information on the subject. 
This report, oovering the ten-year period up to May 1963, 
has now been published *. It is limited to soientiste who 
were normally resident in, and who obtained a Ph.D. 
degree in, Britain. It ia commendably brief, but it does 
not deal with immigration into Britein, and although a 
96 per cent response was obtained from the 568 professors 
and other heads of departments who were consulted, ita 
data are probably representative rather than compre- 
hensive, nor does the report touch on the reasons determ- 
ining either emigration or return to Britain. 

The Committee concluded that the annual rate of 
permanent emigration of recent Ph.D.s is now ab least 
140 per annum, or about 12 per oent of the total output 
in anatomy, bacteriology and microbiology, biochemistry 
and biophysics, botany, chemistry, engineering, genetics, 
geology and geophysics, mathematics, metallurgy, pharm- 
acology, physics, physiology and zoology. Of these, 
about 60 go to the United States, more than 20 to Canada, 
and 35 to other Commonwoalth countries. This representa 
a three-fold morease in the decade, and, if those going 
abroad temporarily are included, the annual rate of 
migration of recent Ph.D.s to the United States is now 
at least 260, or more than 22 per cent of the output in 
the subjects investigated. The corresponding figures for 
all other countries are 157 or 13:5 per cent. 


The annual rate of permanent emigration of university 
staff has also increased three-fold in the same period and 


+ Sotentists from the United Kingdom. EED te: 
mittee the Connell of the Royal Soolety. (London: 
mn apne EET 


is now about 60, or 1 per cent of the total staff in Britain 
in the subjecta covered. Of these, some 25 go to the 
United States and about 25 to Commonwealth countries. 
The total permanent emigration of Ph.D.s and university 
scientists to the United States is thus at least 83 per 
annum in the subjects covered, and a recent report from 
the Natural Science Foundation, Sotenitjic Manpower 
from Abroad (NBF-62-24), estimates the immigration of 
scientists and engineers from the United Kingdom m 
1961 as 575, compared with 291 from Germany and 842 
in 1957. Of these, about 400 are engineers and the figures 
include B.8c.s and others. The decline in immigrants from 
the United Kingdom, however, is much leas than that in 
immigrants from Germany, and it is probable that a 
significant percentage of the 1,200 scientists or engineers 
who enter the United States from Canada each year came 
originally from Britain. 

Perhaps the most significant feature of the survey is 
the marked increase in the proportion of recent Ph.D.s on 
university staffs permanently emigrating to the United 
States; about 4 per cent of those awarded Ph.Ds 
emigrated in 1952, but the proportion rose to 8 per cent 
in 1957 and has remained steady at about 7 per cent in 
the past four years. Moreover, in the past five years 
Britain has lost a number of outstanding scientists to the 
United States, including nine Fellows of the Royal 
Society, and their departure has created gape leading to 
difficulties in certain important fields of research in 
Britain. While the Committee did not obtain figures on 
the permanent immigration of scientists and engineers to 
the United Kingdom, it considera some balance might be 
struck between emigration to and immigration fram the 
Commonwealth. Permanent immigration from the 
United States is negligible, and there is no suggestion 
anywhere in the report that the groes loas in quality is 
in any way discounted. What is certain is that the 
&beolute emigration figures must be larger than those 
given in the report, although, since 36 out of the 475 
departments to which questionnaires were sent failed to 
Teply, certain ratios and annual comparisons may be 
slightly in error. 

Over the decade the number of Ph.Ds going per- 

“to the United States has varied from 24 in 
1952 to 61 in 1958 and the incomplete total for 1962 was 
48. There is no doubt as to the marked upward trend of 
this emigration, and among ohemistae it has increased, 
on the average, by & factor of between 1:5 and 2, but 
evan more among physicista. The emigration to other 
Commonwealth countries, which at least doubled in the 
same deoade, included a large number of geologiste, 
zoologiste, botanists and biochemiste, whereas chemists 
and physicists predominate in the flow to the United 
Btates. 


Information on scientista with a Ph.D. degree who went 
abroad, mostly with a fellowship, eto., is leas 
complete. Of 1,053 who did go (758 to the United States) 
in the five years 1957-61, 545 are known to have returned 
(410 fram the United States), but the present location of 
365 is uncertain. This temporary emigration to the 
United States is largely in chemistry and physios. Of the 
permanent loss of 389 university scientists, which increased 
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institutions, the National Physical Laboratory, the 
National Engineering Laboratory, the Radio Research 
Station, the Services Electronios Research Laboratory, the 
Royal Naval Soientiflo Service and the Medical Research 
Council lost some 74 members of their scientific staff; 
this sample should disoount the argument that conditions 
in the universities alone are inadequste to offset the 
attractions of the United States. Even in the Government 
service the ‘drain’ oould be quite serious, and it would be 
rash to dismiss the argument of the Institution of Pro- 
feasional Civil Servants that this is to be attributed to 
short-sighted and illogical Government policy on re- 
muneration for the Scientific Civil Service as without 
some justification. $ 

In ite general remarks in this report, tho Royal Society 
Committee, after examining figures from the University 
Grants Committee for 1960-61, expreases the opinion 
that Britain is probably losing nearer 19 per cent than 
18 per cent of new Ph.Ds each year and that these 
inolude an unduly high proportion of the most promising 
scientists. Reports from the i iewing board of the 
Civil Service Commission and the Atomid Energy 
Authority expressed the view that some 70 per cent of 
those intervicwed were worthy of appointments, com- 
pared with 50 per oent of those interviewed by the 
Commission in Britain. It is also noted that some 20 
Fellows of the Royal Society now hold what are probably 
permanent appointments in the United States, of whom 
nine went there between 1958 and 1962, and that of the 
224 university scientists who emigrated to the United 
Btetes in the period 1952-62, 45 held senior profeesor- 
ships or are in charge of important scientific laboratories. 
The Committee notes in pasing that this loas of sciontiste 
represente to some extent the loes of a considerable 
Investment in education which, m a House of Lords 
debate on February 27, Lord Hailsham put at £20,000 or 
more per scientist, but it regarded as much more 
serious the economic consequences of the loes to Britain 
of the leadership and the creative contributions to Boienoe 
and technology which they would have made m tho course 
of their working lives. 

That, of course, is the crux of the situation and the 
real reason for the concern which was expressed alike last 
year in the report of the Institute of Physics and the 
Physical Society and in the debate in the House of Lords 
on February 27. The report, in fact, establishes the 
welcome fact that science is still inoontrovertibly inter- 
national. What is new is that the country which attracta 
the majority of migrating scientists is now the United 
States and not Germany, and consequently, Bo far as 
Britain is concerned, there is no longer in language alone 
one important factor favourmg ultimate return to the 
country of origin. That the United States should have 
displaced. Germany in this way is, nevertheless, not to be 
regretted in itself, and, if in due course the United States 
"were succeeded by France or the U.S.S.R. or some other 
country as the lodestone, that should be to the advantage 
rather than the disadvantage of science as a whole. There 
is, in fact, very little that in short term a Government 
can do to affect the attractiveness of another country for 
its own scientists. In the long term, it can only aim at 
improving the excellence of the facilities available for ita 
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own scientists and to hope that in due course ite own 
institutions may become something of a Mecca of science 
in their turn. 

Ideally, of course, the institutions which provide the 
Mooccas of scientists should vary from discipline to dis- 
ciplme in different countries, not simply because that 
situation might well provide a rough balance between 
emigration and immigration, but even more through the 
greater opportunities of cross-fertilization of ideas that 
could result. The growth of international institutions in 
science if wisely fostered could well contribute oonsider- . 
ably to that end. Even as it is, the extent of the absolute 
logs is by no means easy to compute, and it is possible to 
write off much too hastily as a complete loss the £20,000 
or 80 invested in the education of a scientist who perman- 
ently emigrates. Nor can one stroæ the vital importance 
of Britain’s contribution to the development of the 
emerging territories and press for a larger contribution in 
education and research in those countries and at the same 
time claim that those who go overseas to serve those 
needs are no longer of any value to Britain. In any event, 
it is scarcely sound to argue that because a scientist has 
been educated at public expense he should remain ipso 
facto in the country responsible for it, particularly if there 
is any substance in the contention that the country is 
failmg to provide appropriate opportunities or conditions 
of service commensurate with his ability. 

Besides preserving some sense of proportion, it is obvi- 
ously important that the Government should be clear as 
to the reasons which determine such emigration and be 
prepared to take whatever measures may, in the long run, 
help to restore a balance in numbers between emigration 
and immigration if, in fact, tho loss ia such as to threaten 
the staffing and efficiency of Britain’s own institutions. It 
is one thing to say that it is immaterial where research ig 
conducted since the results are available for all: it is 
another thing if diffloulty is found in recruiting staff of 
the quality which the research institutions need or who 
are capable of attracting and inspiring studente who, in 
turn, themselves will become leaders of research. It may, 
indeed, be & compliment to Britam that so many of hor 
scientists should be sought by the United States, and 
Britain can be rightly proud of her record of Nobel prize- 
winners. That, however, should not induce complacency 
88 to the mamtenance of the conditions which, in the 
past, have fostered such excellence, or weaken the 
determination to do all that is possible to ensure that 
Britain produces an increasing number of such men and 
women whether they remain in Britain or not. 

It should be noted that the Council of the Royal Sooiety 
regards the report as purely fact-finding and does not 
propose to make any further comment on it at present. 
The Committee on Scientific Manpower is still considering 
& sample report from the 1961 census which indicated 
that there were some 40—50 per cent more scientists and 
technologists in Britain than had hitherto been anticipated. 
However, there is still no reason to believe that Britain 18 
turning out enough scientista for her own needs; the 
Royal Souety report clearly suggests that Britem is not 
providing sufficiently for the best. As to whether that is 
due to the absence of sufficient facilities ia a matter of 
some dispute. Lord Todd, in his important speech in the 
House of Lords debate, was inclined to agree that this 
might be one factor, though he laid nothing like the 
streas on this factor that Lord Chorley did afterwards. 
Lord Chorley argued that the conditions of work, including 
equipment, was one of the decisive reasons determining 
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amigration. Lord Chorley, incidentally, was inclined to 
argue that the other main reason was financial. 

Prof. W. Mansfield Cooper has long since expressed 
strong disagreement with the view that either higher 
salaries or better facilities are dominant factors, bub has 
been much more seriously concerned ab the possible loss 
of outstanding young seientiste because they find in- 
sufficient opportunities and prospecta in Britain. This is 
& view freely reflected in individual comments on the 
Royal Sooiety's report. It is widely believed that there 
is a lack of opportunities in Britam, and particularly 
that there are insufficient posts for creative work. It is also 
suggested that there is little enthusiasm for new ventures, 
a charge which is brought against industry as much as or 
more than against Government establishments. 

Lord Todd wisely remarked in the debate that Britain 
could not hope to check emigration or restore a better 
balance between emigration and immigration simply by 
increasing her own postdoctoral fellowships. So long as 
the American economy kept expanding, the flood of 
American postdoctoral fellowships was likely to continue 
at its present level and Britain would suffer loss by 
emigration. He was disheartened, nob because young 
scientists wont abroad to widen their experience, but 
rather because so many sought it in the United States 
rather than in Europe, and he thought it would be worth 
a substantial afforb to encourage more to go to Europe. 
He also directed attention to the element of chance which, 
as in. his own career, might determine whether or not 4 
scientist remained abroad, and pomted out that part of 
Britein's response in this situation must, in the first 
instance, be to seek to expand her economy and raise her 
national income. It was not simply a matter of providing 
more scope in the universities; a quickening of the pace 
and a change in the scope of research in Britain's industry 
might be even more important. 

There is a further factor that deserves attention which 
was noted by Dr. L. W. Wark in an address last October 
on “Scientific Research as a Career’ (see Nature, 197, 
737; 1968). Dr. Wark, in discussing Australia’s own 
problem of emigrating scientists, referred to the danger 
that the emigrating scientist might so make his changes 
even abroad as to acquire neither the variety of experiance 
nor responsibility that would really fit him to exercise 
high responsibility. Dr. Wark expressed certain definite 
reservations with regard to overseas experience and study 
at the start of a research career which deserve serious 
attention, though it is difficult to see exactly what action 
could be taken on them officially. They are directed 
Primarily at the Research Fellow himself, or at the 
departmental heads under which the research fellowship 
may be held. 

One other point which was raised in the statement 
issued last year by the Institute of Physics and the 
Physical Society should also be considered. This is the 
frustration which is often experienced and the excessive 
time consumed in endeavouring to obtain grants for 
research projects. The Earl of Halsbury referred specifio- 
ally to this in the House of Lords, mstancing & recent 
observation by Prof. A. B. Pippard on the deteriorating 
morale in laboratories which resulted from delays, perhaps 
as much as six months, in obtaining grants for new 
apparatus needed to follow up & discovery. The Earl of 
Halsbury strongly supported Prof. Pippard’s plea for 
some sort of discretionary fund placed at the disposal of 
the universities, but subject to subsequent sudit and 
inspection, which would enable them to drew funds 
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rapidly to permit swift response to new idéas. The state- 
ment of the Institute of Physics and the Physical Society 
advocated something similar, but was gravely concerned 
as to the ability of British universities at present to obtain 
adequate financial resources for new equipment and 
sufficient poete of responsibility. However, i$ recognized 
that British universities could offer a degree of freedom and 
a sympathetic atmosphere to new ideas comparable with 
those of the best Government and industrial laboratories in 
Britain, or even with American laboratories. 

That, by implication, means a further look at the whole 
question of the administration of research, and the debate 
did, in fact, elicit a plea for a speedy report from the 
Trend Committee. Nor waa this the only point at which 
the debate put the question of the emigration of scientists 
into its proper perspective. The Hari of Halsbury said 
frankly that it was most important not to do the right 
thing for the wrong reason. The real reason for making 


‘opportunities for young men was that it was the right 


thing to do. Britain should be a land of opportunity for 
the young, and the spirit of adventure should not be 
quenched, for such would only induce emigration; this 
view was strongly endorsed by Lord Hailsham in his 
reply on the debate. Britain should do whatever was 
necessary to improve science all the way through; ghe 
should improve her universities in siro and pattern 
throughout, &nd thus make the whole quality of life more 
attractive. 

Sir Gordon Sutherland and his colleagues have not 
written. the last word on the emigration of scientista; 
rather they are likely to have stimulated an even closer 
debate on the reasons for emigration and the measures that 
should be tgken, not to repress emigration but to ensure 
that Britain produces and retains sufficient number of 
scientists of the highest ability to meet her own needs 
and those of the Commonwealth countries, including 
especially the emerging nations. It shows that science is 
still & truly international activity and that migration is 
to be weloomed not feared. What is to be feared is the 
short-sightedness, the parsimony and rigidity which fail to 
provide the conditions m which a creative activity can 
flourish and instead lead to frustration and waste of high 
ability. The importance of the inquiries now being oon- 
ducted by the Trend Committee, the Slater Committee ' 
on research into natural reeources and of that since 
initiated into the supply and use of technicians is again 
attested. Equally relevant are the findings of the Zucker- 
man Committeo on the management and control of 
expenditure on research and_ development, and, ib is 
hoped, those which the Robbins Committee is expected 
soon. to make available. 

In the face of all this material calling for close study 
and urgent imperative action, ib would be reassuring 
to find the Minister for Science being equipped with 
larger and more commensurate steff for the purpose 
than loaded with fresh and essentially irrelevant respon- 
sibilities. When a responsible committee of physicists 
can express the considered opinion that, for the first 
time in Britain's scientific history, conditions in British 
universities are failing to attract physicists of the front 
rank the time for complacency—or flippancy—is past. 
Britain can no longer continue to rely on the elasticity 
of the arrangements in the past which’ have often 
proved so outstandingly successful, as, for example, in the 
creation of the Unit of Molecular Biology of the Medical 
Research Council with its recent Nobel prizewinners. If it 
is wise to await the result of the inquiries already in hand _ 
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before modifying the preeent system, the facts revealed 
by this inquiry into the emigration of scientasta attest the 
urgency of the situation and seem to point to one or two 
temporary expedients. What is essential is that the 
Minister for Science should make sure that, when the 
resulte of the present inquiries are at lasb available, 
decision and action should not be further delayed because 
it is found that further facta are required. Creative 
thinking should clear the way for swift action, including 
that of educating the public as to what 18 involved, in 
which the United States has in the past year or two made 
such striking and even revolutionary advances. 

Moreover, the United States gives generous financial 
support to scientists and scientific institutions which not 
only stimulates, but sometimes also initiates, scientiflo 
advances and discovery not only in Great Britain but 
also in many other countries, both advanced and emerging. 
This is evidenced ın practically every issue of Nature. 

In other words, while recognizing that the recent Royal 
Society report should stimulate Britain to put her own 
scientific house in order (with an essential change of heart 
at the Treasury), i$ must be acknowledged that the United 
States is not only taking, in the form of scientific personnel, 
but also ia generously giving, through her Foundations, 
Government departments, eto., and thus encouraging and 
supporting the advancement of science far beyond her 
own frontiers. This surely reveals the right attitude 
towards science as an international discipline which 
ignores national boundaries and differences in race, colour 
or creed. 


MACHINES FOR HIGH-ENERGY 
NUCLEAR PHYSICS 
Particle Accelerators 


By Prof. M. Stanley Livingston and Dr. John P. Blewett. 
(International Series in Pure and ps Physios.) Pp. 


xvi+ 666. (New York: MoGraw- Book Company, 
Ine.; London : MoGraw-Hill Publishing Company, 
Ltd., 1962.) 1888. 6d. 


“TEAS book is a woloome addition to the Irtorature of 
particle accelerators. There are many excellent 
review articles on the subject varying from semi-popular 
expositions to highly technical treatises. Until recently, 
however, comprehensive books on particle &obelerators 
have been almost non-existent. Yet the audience for 
such a book is wide, including as it does the accelerator 
physicist, the engineer, the nuclear physicist and to some 
extent the non-specialist. 

In this respect the authors of Particle Accelerators have 
succeeded in producing a reasonable balance of all those 
aspects. Above all, they manage to convey something 
of the excitement and 


Produstiofl of high-energy beams of charged particles 
in the laboratory began in the early 1930s with the 
Cockcroft and Walton d.-c. generator, the Lawrence 
cyclotron and the Van de Graaff electrostatic generator. 
Their impact on nuclear physics was tremendous and by 
1940 these machines were commonplace in university 
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laboratories. After the Second World War, the discovery 
of the principle of phase stability, a better und i 
of dynamical principles, coupled with war-tame advances 
m microwaves and electrical engineering, inrtiated a new 
family of large accelerators. These were the frequency 
modulated cyclotrons, the electron and proton synohro- 
trons and the betetron. There 18 no need to elaborate 
the significant contributions these accelerators have mado 
in elementary particle physice during the past fifteen 
years. The largest of those accelerators are the Bevairon 
st Berkeley, and the 10-GeV machine at Dubna, near 
Moscow. Later this year simular machmes will come into 
operation at the Rutherford Laboratory m Britam and 
at the Argonne Laboratory in the United States. This 
type of accelerator is now referred to as a constant gradient 
The success of these machines stimulated designers to 
seek new methods for increasing both the energy and 
intensity of existing accelerators. This search waa 
rewarded by the discovery in 1953 of the prinaple of 
alternating focusing by Courant, Livingston and Snyder, 
and at an earlier date by Christophilos. Within the past 
few years three proton synchrotrons of this design have 
come into operation—a European machme at CERN, 


' Geneva, of 25 GeV, an American machine at Brookhaven 


of 28 GeV and a Russian machine in Moscow of 7 GeV. 
The Russians are also buldmg a 70-GeV machine which 
should come mto operation m 1964. In addition, an 
electron machine of 5 GeV, directed by Livingston, has 
come into operation within the past few months. A 
similar machine should come mto operation in Hamburg 
later this year. 

This brief &ooount of accelerator installations ia only 
indicative of present-day activity in this field and does 
not include the very large number of smaller machines. 
Even so, the search for new techniques still goes on. This 
has led to a now family, still in the design stage, now 
referred to as fixed.-fleld rap aane accelerators. 
Design studies in extending range of the present 
alternating gradient machines also suggest that these 
could be extended to 1,000 GeV with a diameter of several 
miles. The pressure to build such a machine is likely to 
grow rapidly in the near future. 

This ‘story’ of accelerator development ia very well told 
in the present book. Both authors have participated in 
the advances of this fleld and have an mtimate knowledge 
of many of these machines. Livingston, for example, 
was aasociated with Lawrence in the early 1930’s in 
cyclotron development. After the War he helped to 
design the Oosmoiron and the AGS at Brookhaven, and 
recently has directed the electron synchrotron project at 
Oambridge, United States. Blewett has also been associ- 
ated with the construction of both the Oosmotron and 
the AGS. In particular, he has been responsible for the 
proton linear accelerator injector and for directing recent 
design investigations in a large international accelerator 

roject. 

s In ther book, separate chapters are devoted to each type 
of accelerator mentioned here. There are also special 
chapters on ion sources, particle dynamics, the principle 
of hans stability, magnet design and shielding. A strong 
sense of historical development accompanies the descrip- 
tion of each machine, which makes enjoyable and stimulat- 
ing reading. The amount of detailed information recorded 
by the suthors is quite remarkable. Ina subject which 
has always demanded a happy alliance between physicist 
and engineer the authors have succeeded in giving due 
weight to each. To the specialist in one or other of these 
fields the style may at times be too racy, and certain 
aspects may be treated rather superficially for the book 
to be & satisfactory formal text-book, but what ib lacks 
in this respect it gains in information and enthusiasm. 
It is & book that everyone associated with accelerators, as 
designers, ag builders or as users, will ft from and 
enjoy reading. W. WALKINHHAW 
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COAGULATION OF THE BLOOD 


Human Blood Coagulation and Its Disorders 
By Dr. Rosemary Biggs and Dr. R. G. Macfarlane. 
Third edition. Pp. xxiv--474. (Oxford: Blackwell 
Soientiflo Publications, 1962.) 52s. 6d. net. 

HE five years ainoe tho last edition of this book 

have brought & greater clarity to the fleld of blood oo- 
agulation: it has not been neceasary to postulate the 
existence of any new clotting factors, but mush light 
has been shed on the inter-relationshipe of those factors 
the existance of which in normal blood is now firmly estab- 
lished. Important recent work has been concerned with 
the activation of the coagulation mechanism by contact of 
Hood mu pam end oer n e E E 
whioh pla undergo during clotting, the relationship 
of thrombosis to coagulation and the fibrinolytic system. 
All these developments are lucidly and critically discussed 
in the new and extensively revised edition of this excellent 
book. 
The form of the book remains unaltered: the first 
part is devoted to the theoretical aspects of human blood 
coagulation and the second to the diagnosis and treat- 
ment of coagulation defects. There is an excellent 
new introductory chapter to the second part which will 
enhance the value of the book to the practising physician 
and clinical pathologist, and the technical appendix has 
been. i The most important practical advance 
in the treatment of blood coagulation disorders in recent 
years has been the authors’ own work on the preparation 
and clinical use of concentrates of antihssmophilic globulin 
and Christmas factor, and the use of these is fully des- 
oribed. 

It is a pleasure to record that the standard of production 


is vastly improved. In spite of the inclusion of much 
new ial, the book has been kept to the same size, 
partly by the use of slightly smaller print and by the 


omission of the summaries at the end of each chapter, 
which served no very useful purpose in the previous 
editions. The are now exoellent and the biblio- 
graphy is greatly improved by being collected in a mage 
alphabetical series; only the index leaves room for 
considerable improvement in subsequent editions. This 
book remains un in ite fleld; it is not only 
indispensable to all workers on blood coagulation, but also 
so well balanced and readable as to be highly recom- 
mended to non-specialists. R. M. Hagpisty 


TISSUE TRANSPLANTATION 


Ciba Foundation gu st on Transplantation 
Edited by G. E. . Wolstenholme and Margaret P. 
Cameron. Pp. xii+ 426. (London: J. and A. Ohurchill; 
Ltd.. 1962.) 585. : 

HIS volume is dedicated to the memory of the late 
: Peter A. Gorer, whose brilliant work on the serology 
and serological genetios of homograft reactions is briefly 
surveyed in the Ohairman's opening remarks. In closing 


these remarks Prof. P. B. Medawar states ' .. . let us 
not forget that we are stil quite ignorant of the proxi- 
mate cause of the death of any homograft” and '' .. . we 
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know of no harmlees and lastingly effective way to subdue , 


the homograft reaction in adult animals”. 

The sixteen papers presented at this symposium oon- 
tein little that offers immediate hope of negating these 
statements although obvious progress is being made in 
the. understanding of some of the immunological aspects 
of tissue transplantation. The opening papers deal 
with the considerable recent progress made in the diffi- 
cult problem of identification and characterization of 
tissue antigens. Further practical progress is reported in 
the attempts to ameliorate runt disease in mice. - Notable 
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contributions to the theoretical advance are the papers < 
the thymus, the quantitative 
investigation into the 


pointing 
cations are confined to 
theless, the i 1 is of obvious value to any worker 
in the fleld of tiæue transplantation, as a convenient 
summary of recent progress in the non-clinionl aspects of 
this subject. W. J. DBRMPSTHR 


NATURAL AND SYNTHETIC 
COLOURING MATTERS 


Recent Progress In the neni of Natural and 

Synthetic Colouring Matters and Related Fields 
Edited by T. 8. Gore, B. B. Joshi, 8. V. Sunthankar and 
B. D. Tilak. Pp. xxvii+ 659. (New York: Academic 
Press, Ino.; London: Academic Press, Ino. (London), 
Ltd., 1902.) 171s. 0d. 


HE book contains a collection of papers and reviews 

most of which deal with recent progreas in the chem- 
istry of natural and synthetio colouring matters, bat a 
few are concerned with the wider field of plant chemistry 
and general organic chemistry. The authors m many 
cases are of world-wide reputation, both in the field of 
theoretical and experimental organic chemistry. Some of 
the papers follow the pattern of those found in the 
journals of the various chemioal societies, with the excep- 
tion that all the authors start with a reasonable introduo- 
tion to their subject-matter, a thing which is rarely found 
in some present-day journals, thus making it easier 
for the reader to follow and understand the work under 
discussion. Some of the papers even go 80 far as to include 
an experimental section along with analytical resulta. 
In the reviews, & particular field is surveyed over a number 
of years and in the majority of cases right up to 1960. 

ions are made for further 
require to be carried out m the 


About one-third of the book is devoted to the chemistry 
of oxygen io and related natural occurring 
compounds, while & quarter deals with various interesting 
synthetic dyes and mtermediates, the preperation and 
properties of which, in a number of cases, are treated from, 
& physical chemical point of view. I am pleased to note 
that the. editors have not allowed the reviews concerned 
with the chemistry of dyes to become of recipes. 
Other of the book are conoerned with some topica 
found in the following flelds; the axulenes, diterpenes. 
alkaloids and carcinogenic hydrocarbons. The book 
succeeds in I an up-to-date and complete 
account of the included topics in the light of modern 
theory, the subject-matter being presented in a clear and 
concise fashion. In a book of this type it is quite easy 
for the editors to omit a topic which some readers might 
believe should have been included, but I think-that they 
have made & very good selection. 

Though most of the book is concerned with up-to-date 
work, the occasional review describes some older signifi- 
cant and outebending work in a particular fleld, especially 
among some of the naturally omina M PRAE an 
example being the work of Hooker on chemistry of 
lapeshol. A few pages are even devoted to Hooker himself, 
an extraordinary man and a true master of &xperimentel 


investigation. 

It follows, therefore, that the potential market for this 
book"will be limited, but for specialista in the flelds men- 
tioned, and for libraries it will provide a valuable summary 
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of information and a worthy addition to the literature of 
bic Unai: It will also be of mterest to some 
students specializing in organic chemistry, as well as to 
chemists and technologists concerned particularly with 
synthetic dyes. The overall production is excellent, 
and the diagrams and formuls are clear and easy to follow. 
This book was compiled to commemorate the contribu- 
tion to organio chemistry of Prof. K. Venkataraman 
on the occasion of his sixtieth birthday. 
R. Livinestonn 


HISTORY OF THE INTELLIGENCE 
TEST 


Studles In Individual Differences 

The Search for Intelligence. Edited by James J. Jenkins 
and Donald G. Patterson. (The Century Psychology 
rà Pp. xiv+774. (London: Methuen and Oo. Ltd., 
1961.) 685. l 


É os volume brings together for tho first time sixty- 
six previously published papers, covering the histori- 
cal development of intelligence testing. The authors 
range from Sir Francis Galton (1869) to Dr. Guilford 
(1959). In terms of ite profeased aime—that of helping 
studente—tho oolleotion must be judged a success; 
nowhere else oan so many formative contributions be 
read with such ease. 

Nevertheless, it is a sobering moment when a research 
field commemorates its ancestors in this way, and one 
which invites more general comment. Firat impressions 
are undoubtedly favourable. Almost.all theeo articles 
reflect & high level of technical competence; and some of 
them, Spearman’s for example, aro works of virbuomby. 
Second impressions are lees comforting. We are reminded 
of how long ago our present methoda of testing were 
established, and how little we have added during the 
past forty years to our knowledge of their practical value. 
By the end of the First World War, intelligence testa were 
already established as valid instruments of general clasai- 
fleation. Fryer (1922) shows, for example, that there is 
relatively little overlap in intelligence quotient between 
"dentiste" and “labourers”, between '"'o en" and 
“sheet metal workers". Since 1922, the mental testing 
movement has expanded out of all recognition, and there 
has been a luxuriant growth of theories about the structure 
of the intellect, but our teste and our knowledge of their 
predictive efficiency are in most easentials the same as 
they were when Fryer’s article was written. By normal 
-technological standards then, this ia an area of conser- 
vatiam, even of stagnation. - 

Another disconcertmg improeeion 1s one of dullness. 
Thinking is preeumably the human being’s most interest- 
ing accomplishment, so it must be of some significance 
that, in our efforts to measure it, we have generated a 
literature of such tedium. Throughout its considerable 
length, thia volume contains barely a handful of referenooa 
to individual people tested—although Terman’s work is 
an important exception in this respect—and even fewer 
instances of their thinking in real life situations. Indeed, 
in some of the more recent articles, scarcely a shred of 
human subject-matter remains. In view.of the statistical 
sophistication that mental testers nowadays take for 
granted, thia suggests not merely a neglect of natural 
observation but an actual flight from it. Paradoxically, 
it seems, the study of human thinking has become a 
haven for the kind of scientist who finds it natural to have 
as little personal contact with the people he testa as 
possible. The dangers of such a situation are obvious. 
Individuals,” particularly thoes who are exceptions to a 
given rule, are invaluable to paychologista as a source of 
critioigm. Their logs of interest in individual le may 
thus acoount not only for the dullness of the intelligence 
teeter's work but also ita conservatiam. 
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Surprisingly early on, intelligence testers seemed, to * 
lose the inventiveness which characterized early pionéers 
like Binet. Covertly, they seamed to assume that all the 
essentials of intelli oould be measured with the 
teste to hand. Yet the briefest glanoe at tho intelligence 
quotients of any group of successful brain-workers— 
research physicists for example—would haye shown them 
that this was false. Many brilliantly successful men 
and women have relatively unimpressive intelligence 
quotients; many who succeed brilliantly at intelligence 
tests are relatively unimpressive m every other respect, 
Yt follows, at tho higher levels at least, that the measure- 
ment of intelligence 1s an area crying out for innovation. 

Liaw HUDSON 


CIRCUMPOLAR PLANTS 


The Circumpolar Plants 
l. Vascular Cryptograms, Conifers, Monoootyledons. 
By Eric Hultén (Kungl. Svenska Vetenskapsakademiens 
Handlingar, Bd. 8, No. 5). Pp. 275. (Stockholm: Almqvist 
and Wiksell, 1962). 65 kronor. ' 
pet HULTÉN is well known to everyone interested 
in phytogeography for tho excellent distribution 
maps he has published of the planta of north-west Europe 
and, more recently, for hia work on amphi-atlantio plants. 
In all these maps a great deal of information is conveyed 
with remarkable clarity by means of a combination of 
shading, individual symbols and lines. 

The present volume is in a sense a continuation of 
the one dealing with the amphi-atlantic plante and follows 
the same general plan; in fact, as Prof. Hultén himself 
observes, no clear distinction can be drawn between the 
amphi-atlantio and circumpolar types of distribution. 

The ies included range from those, such as Colpo- 
dium ianum, which are nearly confined to the arctio, 
to others, for example Adiantum capillus-veneris, which 
reach their northern limit in d. They all have 
wide, though often strongly disjunct, distributions in the 
northern hemisphere. 

In general, a broad view is taken of what constitutes a 
species and not infrequently the areas of groups of closely 
similar species are shown on one map. This practice has 
the advantage of bringing out certain features of circum- 
polar distribution, some of the most striking of which are 
discussed in the introduction. The discontinuities, it is 
suggested, are partly due to climatic preferences and partly 
to historical factors, such as the former existence of a 
large ice-dammed fresh-water lake in the Obi Basin. 
The not infrequent occurrence of a fairly uniform series 
of populations in the north paralleled by a ring of distinot 
subspecies or closely related species on mountains muah 
further south 18 very plausibly explained in terms of ch- 
matic changes during the Quaternary period. 

It is evident that over large areas information about the 
flora is inadequate so that both distributional data and 
taxonomy are unsatisfactory. This 1s a limitation which 
has to be accepted for the present, and it is to be expected 
that these mapa will provide a stimulus for further work’ 

There are inevitably errors and omissions in a work of 
this size, even in regions the flora of which 18 as well known 
as that of the British Isles. Perhaps the most striking of 
these is in the map of Potamogeton natans, where only four 
localities, all in the extreme north, are shown the 
plant is, in fact, recorded from every part of the country. 
Two other leas obvious but perhaps more serious errors 
are the inclusion of records for Eri alpinum and 
Oarex bicolor fram Scotland, neither of which is now 
accepted as correct. 

These are, however, minor blemishes in a valuable 


and well- ced work, which would be more convenient 
to use if the pages had been cut by machine. 
T. G. Torn 
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ECCENTRICITY 


By Sik EDWARD APPLETON, G.B.E., K.C.B., F.R.S. 


Principa! and Vice-Chancellor, University of EdInburgh 


- T Earth moves in an elliptical orbit and is therefore 
not always equidistant from the Sun. The Earth-Sun 
distance ig, m fact, 3-4 per cent greater in early July than 
` it ja in early January, at which latter period the Earth 
makes ite closeat annual approach to the Sun: The result 
of tbis orbital eccentricity is that solar electromagnetic 
radiations, aa received on the Earth, are 6-5 per cent 
weaker in early July than in early January. The effect of 
this annual variation of solar radiation intensity is, of 
course, gmall, and cannot be detected in measurementa of, 
say, atmospheric temperature because of the influence of 
e air movements. A recent attempt to detect 
the effect on the ionosphere bas, however, been successful. 
The stratum of the ionosphere selected for examination 
was the E Layer, because of the known regularity of its 
behaviour. This is an ionospheric layer in which the rates 
of electron production and electron lows are sensibly 
equal, so that the electron density of the layer is in a quasi- 
stationary condition’. This is especially the case at noon, 
and thatiawhy noon measurementa of peak electron density 
alone were used in the search for an annual effect. 

The raw material used in the investigation haa been the 
corpus of regular'ionoepherio moasurementa made, over 
recent years, by the world’s ionospheric stations. More 
specifically it oonsisia of measurements of tho hourly 
oritical tion frequency of the E Layer, fi, aa dis- 
closed by the method of vertical radio sounding; since, 
from this quantity, ib is possible to calculate the peak 
electron density of the E Layer, N&4(E). In order to 
discover whether the annual variation of the intensity of 
the inooming solar ionizing radiation was recognizable in 
the measurements of N&4(E) it was necessary to ensure 
that such measurements referred to a constant value of 
the Sun’s zenith distance, x,- throughout all the months 
of the year. Thia meant that noon measurements of peak 
electron density made at a fixed site were unsuitable, 
because of the chango of the value of x at that site with 
the season. Instead, it was necessary to use measurements 
from a large number of stations all over the world and plot 


curves showing the dependence of N&(E) on x, for uoon ' 


conditions during each month. From sach curves there 
could be read off the values of N (F) for any selected value 
of x for any particular month. 

Another feature of the treatment of the data consisted 
in removing the influence of the variation of sunspot 
activity from month to month during the course of the year. 
In a subsidiary investigation it haa been found that 
Nw(K) increasca substantially proportionally to increase 
of R, the Zurich sunspot number. Thia result prompted 
the suggestion of using the average value of N»(B) for 
the eleven years of a sunspot cycle aa the representative 
value for a given hour of the day in a given month. Two 
advantages accrue from such an operation. In the firat 
place the effect of the variation of E from one month 
to the next has been sensibly eliminated; while, secondly, 
there has been a statistical advantage in using more data 
in the inquiry. The sungpot-cycle period selected for this 
averaging process consisted of the years 1949-59 inclusive, 
and so included the period of the International Geophysical 
Year, 1957-58. In addition, it was found that, for the 
year 1954 exceptionally, the value of R was extremely 
small and roughly constant over the months of the year. 
It was therefore possible to make an additions! search 
for the annual effect using the resulta of this one year only. 

By using the a results for the period 1949—59, 
or-the resulta for the year 1054 alone, it was possible, 
then, to find the value of Nm(H) for each month of the 
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NE) percentage for x = 0 condition 





r4, 1 Relation between the peak electron density of the E Layer, 
(X), and the month of the year, for vertical-8un conditions 

year, under both constant-y and constant-R conditions. 
In this way one might hope to detect an annual variation 
of Na(H#) resulting from the annual varistion of the 
ionizing flux of radiation, now thought to be solar X-rays, 
which is responsible for the E Layer formation. 

In Fig. 1 are plotted the various values of Na(E) 
for the t oyole 1949-59 under conditions of con- 
stant x and constant R. The values are expressed 
as percentages of the average value for December and 
January, since the Earth approaches closest to the Bun on 
January 8. Evidence of the annual effect ia at 
once izable, the value of Na(Æ), under conditions 
of both constant y and R, being leas during June-July 
than during December—January. Asis stated in the legend 
to Fig. 1, the values of N&(E) for each month relate to 
conditions of vertical Sun, that ig, xy = 0. This choice 
was made to eliminate any possible effect of a purely 
seasonal character. The average value of the Zurich 

t number, throughout the months of the year, for 
the period 1949-59 waa roughly 90, a figure about half that 
representative of sunspot maximum conditions. 

Since the curve depicted in Fig. 1 portrays an annual’ 
variation of the type we ahould expect, due to the Earth's 
orbital eccentricity, we are enoo to compare the 
magnitude of the effect found in the B Layer with that 
to be expected on theoretical grounds. As has already been 
stated, we know that the intensity of the solar ionizing 
rays must be 6:5 per cent lese during June-July than 
during December—January. Undoubtedly, therefore, 
the rate of electron production in the E Layer will follow 
an annual variation of the same magnitude. . But the value 
of the resulting ionoapherio electron density depends on 
the rate of electron loas as well as on the rate of electron 
production. If the rate of electron loea is describable by 
an attachment law, for example, we should expect 
Na(E) to vary directly with the intensity of the solar 
radiation flux. If, on the other hand, electrona disappear 
according to a recombination law, we should expect 
Nw(B) to vary as the square root of the intensity of the 
solar flux. In the former case we should expect an annual 
effect, in Na(Z), of 6-5 per cent; in the latten case of 3-25 
per cent. Now it happens that the experimental resulte 
shown in Fig. 1 indicate an annual variation of 7:5 
cent, which might be taken as indicating the operation 
of an attachment law. Other investigations, however, 
suggest that the law describing the rate of electron loss 
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in the E Layer is ono intermediate between that of attach- 
ment and recombination, in which case the y 
observed effect is larger than that wholly attributeble to 
the Earth's orbital ecoentrioity. I 

Tho general result of tho investigation reported here 
must therefore be that the effect of the annual variation 
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of the Earth-8un distance has been shown to be reoog- 
nizable in ionospheric measurements; but the existence 
of a smaller additional annual variation, due to somo 
unknown cause, cannot be entirely excluded. 


1A H. V., and- Lyon, A. J., P ths Tonosphere, 20 1 
p ee Pe Porat A Apsice of on (Physica 
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TOWARDS A SOUTHERN COMMONWEALTH OBSERVATORY 


By Dr. S. C. B. GASCOIGNE 
Mount Stromlo Observatory, Canberra, Australie 


oi (eae arguments for setting up a major optical telescope 
in Australia, possibly under joint United Kingdom- 
Australian control, have received much recent publicity 
and aro well known!. Briefly, they are that from Aus- 
tralian latitudes one can see the third of the sky in- 
accesaible to northern observatories, this third containing 
such strategio objects as the Magellanic Clouds and the 
galactio centre; and that if progreas is to be made 
with the tremendous problems created by the radio 
astronomers it is essential that the Commonwealth 
Scientifio and Industrial Research Organization radio 
installation at Parkes, New South Wale’, and the large 
Mills crogs being built at Hoskmstown', be matohed bya 
reasonably equivalent optical faoility—the 9210-ft. dish 
has already far outstripped the capabilities of the 74-in. 
telescope at Mount Stromlo. These arguments are strong, 
much more so than may generally be realized; a telescope 
of the size proposed, 120 or 150 in., could make a decisive 
ımpact on astronomy, one out of all portion to ite 
size and oost. My purpose is to show why this is go. 
Two problems at the heart of present-day astronomy, 
and two to which a considerable part of the time of this 
telescope would be devoted, are those of evolution and 
magnetic fields. Evolution has been a preoccupation with 
astronomers for the past hundred yeara, but real progress 
has been poasible only since the recognition, explicitly by 
Bethe in 1938, of the thermonuclear conversion of hydro- 
to helium as the pri source of stellar energy. 
ince then the subject has develo rapidly; now we 
can estimate ages for galaxies, usters and for many 
mdividual stars; we have a reasonable idee of how stars 
are formed, evolve and decay; we can suggest processes 
by which heavier elementa are built up from hydrogen, 
and see how stellar and interstellar matter may be steadily 
enriched by the creation of these heavier elementa. 
Equally, the subject abounds in unsolved problems: 
* What are the dynamics of star formation ! How do stars 
evolve in their later stages ? What is the place of variable 
stars in the evolutionary scheme? How do we explain 
the abnormal chemical abundances which continually 
seem to be cropping up? And go on. 
ic flelds in galaxies were unknown fifteen years 
ago. ir existence was first suggested by consideration 
of cosmic-ray energies, then by observations of interstellar 
larization, but the recognition of their true mportance 
to wait for Shklovaky’s work in 1953 on synchrotron 
radiation—the emission of electromagnetic radiation by 
high-energy particles spiralling m magnetic fields. The 
syn. process not only explains, in a unified way, 
the broad features of interstellar polarization, galactic 
coronal emission and ooemio rays, but also provides the 
, major clue to our understanding of radio galaxies like 
Oy, us A, and of spiral structure, & spiral arm being 
ps nothing more than a gigantic tube of magnetio 
force. It is now clear that magnetic fields are intimately 
concerned with the structure and dynamioca of galaxies— 
the magnetic and kinetio energies of our galaxy, for 
example, are roughly equivalent—and we begin to see 
how, given the mas, angular momentum and magnetic 
energy of a galaxy, we may be able to trace ita evolutionary 
history and so see how galaxies have become differentiated 


as regards both structure and stellar content. To achieve 
this understandmg is an ultimate goal of astronomy; and 
there seams no place where it can better be attained than 
in the Magellanic Clouds. It is here that we hope to gain 
the overall view, the correlation of evolutionary processes 
with morphological and dynamic features, as woll as the 
detailed insight into the outstanding evolutionary prob- 
lems themselves. What some of these problems are, and 
where progress is held up for want of more telescope 
power, I will now describe. 

The Magellanio Clouds are near—ten times nearer than 
the Andromeda nebula—and rich in neutral hydrogen, 
emision nebuls, super-gianta, iar stars, variables of 
all kinds, young clusters and old clusters, all these objeota 
—an important point—at much the same distance from 
the Sun. It is because of this that the Clouds provide 
such an unparalleled opportunity for investigating evolu- 
tionary processes. From the young clusters we can find the 
present rate of star formation, and learn somethirig of tho 
factors such as density, turbulence and dust content of 
the pre-stellar medium on which the actual proceaa of 
star formation is believed to de One need here is 
for radial velocities of indivi cluster stars. From the 
old clusters we oan, in principle, determine both an ago 
and an approximate chemical composition, and so build 
up & picture of how element formation has proceeded in 
the Clouds. We may be able to go further, and answer 
such questions as: Are the Clouds younger than tho 
galaxy? How long have they been associated with the 
galaxy ! Progress here depends rather critically on our 
ability to measure magnitudes and colours for stars of 
20th magnitude or fainter; at we cannot reach 
to much below 19, and it is difficult to see how this 
figure oan be improved. 

Better abundance determinations oan be made from 
analyses of stellar spectra, taken at high enough dis- 
persion (~ 15 A/mm); but with existing spectrographs 
(which are as efficient as any) such spectra can be obtained 
only for very luminous stars in the Clouds, and these, 
because of their super-giant characteristics and resulting 
instability, are unsuitable for abundance determination. 
Variable stars have always played a oentral part in 
astronomy, as indicators of distance, and, more recently, 
of the and evolutionary status of the populations in 
which occur. The Magellanic Clouds contain 
thousands of variables; again, some of the most critical, 
the short-period cluster variables, are just above the 
limit of detection of a 74-in. telescope, and can be investi- 
gated only slowly and with difficulty. Finally, an optical. 
as distinct from a 21-om kinematio, picture of the Clouds 
can be built from spectroscopically determined radial 
velocities of Cloud stars, and this is essential to any 
understending of the large-scale structure. In the galaxy 
we have radial velocities for about 12,000 sters; in tho 
Clouds, for 200, each the product of several hours’ work 
on a 74 in reflector. Here the need is not so much to go 
fainter as for a more rapid accumulation of data. 

Important the Magellanic Clouds may be, the 
basis on which stellar astronomy rests is detailed 
studies of the much nearer objecta in the galaxy, and 
most of the work of the northern observatories is diteoted 
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towards this end. The southern third of the galaxy has, 
of course, ita share of objecta of ial interest, either as 
prototypes or prime examples of 4 i class, or 
Baa Was Ebene te A EE ores S 
astronomy the peculiar is almost always significant). These 
objecta include some unique gaseous nebule, especially the 
Gum and Eta Carine nebule; three of the brightest 
cepheids in the sky, all with unusual properties; hundreds 
of open clusters; the majority of the globular clusters; and 
innumerable peculiar stars, single or multiple. One of 
these, an i object, appears to consist almost 
entirely of hydrogen and rare earths, with a small admix- 
ture of inert gases and calcium. I mention it first because 
ib ia unique, and presenta astrophysicista and nuclear 
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existing equipment is more adequate, and much progress 
has been made. But the kinematio blem—in this 


us and the galactio centte. 

Passing now beyond the local system, the most chal- 
lenging problem, and indeed one of the most exciting in 
modern physios, is that presented by the radio galaxies. 
A typioal source, Cygnus A, radiates 10* times as much 
radio power as & normal galaxy, though at visible wave- 


ic Clouds—and contams, m the magnetic 
field and associated particles, the energy i of 
10° supernova explosions, an appreciable part of the avail- 


we regard ib as a magnetio field stretching far into 
intergalaotio space, together with & source which can 
inject into it colossal numbers of relativistic particles, 
Eadcm d supplying tho radiation by the 

process. The problems of the origin and 
maintenance of the fleld, and the energy supply of the 
source, are completely unsolved. Most radio galaxies have 
& complex which seems to bear little resem- 
blance to that of the optical galaxies with which they are 


-NATURE i 


1241 


identified. As is well known, this identiflcation is a matter 
of great difficulty, even for the formidable northern 
combination of the Cambridge and Owens Valley intor- 
ferometers and the 200-in. telescope. To match the 
appreciably more Parkes sand Hoskinstown 
mstallationg, at Mount Stromlo we have only the 74-in. 
reflector. Already it is clear that quite powerful radio 
sources can barely be detected with the 74-in., let alone 
examined m any sort of structural or pic detail. 
Nevertheless, it is largely from such identifications and 
such investigations that progress must come. As Burbidge 
remarked of the synchrotron process: “The key argu- 
ments leading to our theoretical understandmg came 
from predictions and observations of the optical iati 
from the Crab nebula and the jet in M 87”. (The italics 
are his.) Australia has here the opportunity of achieving 
a historical advance in a field it has made peculiarly ite 
own. It would be a national y if this opportunity 
to one of the countries already 


tively a high-speed ger gat 

cub by a factor of 10 or 100. As such, its major 
itunediato APPM Ul be iu py, where it 
promises to effect a revolution. detection of faint 
stars and galaxies is another matter, governed by the 
joint effects of the bri of the night sky and of 
photon statistics, and m this fleld it will be much longer 
before the image tube oan compete with the photo- 
“multiplier, a virtually noiseless device one igh 
quantum efficiency. The cost of developing such a 

will be comparable with that of a great telescope. 

The second question is: Will satellites make terrestrial 
observatories obsolete ? In one sense this has already been 
answered by the planning and active construction of a 
number of major telescopes, most of them either in the 
United States or the U.8.8.R. The first satellites are to 
observe that part of the ultra-violet spectra of bright stars 
and interstellar matter which is inaccessible from tho 
surface. of the Earth; this task can be done in no other 
way. When it comes to the measurement of faint stars 
and galaxies near the limit of big optical telescopes the 
position is different. The satellites are now competing 
directly with conventional . They will have 
the advantages of dark skies and small images (small 
because they will be undisturbed by atmospheric varis- 
tions), but to capitalize on these must overcome enormous 
technical problems, just one of which will be the necessity * 
for maintaining pointing accuracies in the region of 0-01 
seo aro over extended periods. Difficulties mean money, 
and while the point has been made before, one cannot 
refrain from mentioning that the Venus probe (there were 
two) is reported to have cost £10,000,000. This sum would 
pay for an observatory of the soale advocated here at 
least twice over; the scientific return from the obeervatory 
will surely be many thousands of times greater. 

1 Bok, B. J., Austral. J. Soi., $ë, 281 (1963). 


* Winnett, H. O., Sky and Telescope, H, No. 4 (1002). 
* Messe], H., Weture, 188, 528 (1000). 


ARE CRYPTOVOLCANIC STRUCTURES DUE TO METEORITE IMPACT? 


By Pror. WALTER H. BUCHER* 
Consultant, Humble Ol] and Refining Co., Houston |, Texas 


HIS article is a brief summary of the main geological 
argument contained i a detailed paper on arypto- 
volcanic structures which is to appear in the American 
Journal of Science. In view of the present lively interest 
in possible evidences of meteorite impact it is important 
* Professor aneritus of geology, Colombia Untreraity. 


to make available the areal setting of major eryptovoloanio 
structures which castas serious doubt on the present tend- 
ency +o ascribe their origin to meteorite impact. 

The term ‘ voleanio' was applied m 1905 by 
Branco and Fraas! to the small, circular Steinheim Basin in 
south-west Germany. In 1938, I (ref. 2) described essentially 
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similar, but more deeply eroded, roughly orrcular struc- 
tures in the United States, and reviewed the evidence 
concerning three othera which ere only moompletely 
exposed. Binoe then, other comparable areas of mtense 
local deformation have bean discovered. The second 
edition of the Tectonic Map of the United States marks the 
location of 14 aryptovolcanio structures’, but more have 
come to light since it was published. . 

These structures consist of: (1) a central uplift withm 
which the strate are highly contorted and broken up, 
surrounded by (2) a more or lees continuous ring-shaped 
depreasion which tends to be bounded and cut by faults. 
In the Steinheim Basm, this depression is concealed by 
fresh-water lake deposits. Branco and Fraas ascribed the 
origin of the Stemheim Basin to voloanio activity. Some 
of the mtensely shattered limestones within the central 
hill are full of peculiar cone-shaped bodies representing 
conical fracture surfaces densely covered with bifuroating 
ridges and grooves which radiate from the top of the cone. 
Because of this highly characteristic pattern, the authors 
called these bodies ‘‘Strahlenkegel”, interpreting them as 
products of violent shock. I found similar shatter cones 
In the centre of the largest of the American cryptovolcanio 
structures, the Wells Creek Basin‘. Smce 1933, the idea 
that cryptovolcanic structures might be the result of 
meteorite impact haa steadily gamed favour among 
American geologists’. § that shatter cones 
might be used as evidence of shook from above, Dietz 
viatted the majority of the American oryptovoloanic 
structures and found that shatter cones are present m 
most of them. By a bold jump in logio, he suggested that 
shatter cones may be diagnostic of meteorite impaot*. 

His reasoning recerved unexpected and powerful support 

from the discovery of ocoesite and stishovite in the Ries 
Basin’. Coeeite and stiahovite are heavy phases of silica. 
They occur in minute amounts in the glassy phase of 
‘bambe’ of partially fused gneissoid and granitoid basement 
rocks which abound in deposits of suevite, a tuff-like rook 
made up of comminuted silicate materials and glas shreds. 
The Ries Baain, the largest known European circular 
structure of problematic origin'*, differs from the typical 
oryptovolcanio structures in having no central uplift and 
no shatter cones. Instead of the central uplift, there is a 
deep, roughly circular depression from which all overlyi 
sedimentary rocks (Permian to upper Jurassic) at 
several hundred feet of the crystaline basement have 
been removed and scattered over the surrounding basin 
shelf and on to the undisturbed surface of the surrounding 
plateau, m a mixture of large fragments up to hill-size 
‘in a matrix of finely ground rock powder. Where the 
floor of the surface on which this ‘Bunte Breocie' roete is 
exposed it 18 covered with scratches and grooves which 
point toward the centre of the structure. Shattered rock 
masses and ‘Bunte Breocie’ lie scattered up to a 
distance of 20 km (12 miles) from the outer rim of the 
basin (or 29 km (18 miles) from the edge of the central 
depression), the av e size of tho fragments wing 
finer with distance. ich's detailed seismic re ion 
studies® have shown that the floor of the central circular 
depression, with a diameter of 8 km, is essentially flat. 

The structure of the broad ring-shaped ‘shelf’ between 
the edge of the surrounding undisturbed plateau and the 
central depression is largely hidden beneath a thick 
blanket of fresh-water limestones i in & lake 
formed when the outlet of the valley of the Wörnitz River 
was filled with ejecta from the Basin. (Remnants of this 
fill still cling to tho valley side below the town of Harburg.) 
Reich’s seismic studies suggest a disordered mosaic of 
blocks of concealed pre-Tertiary rocks on either side of a 
horseshoe-shaped ridge of displaced gneimeoid basement 
rock, perhaps a ‘damped-wave’ effect like that 
by the structure of the Wells Creek Basin’. In 
the Ries, however, the central part was blown out, not 
merely boosted up. The most striking aspect of the Ries 
Basin is thus the superficial character of the disturbance. 
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Drillmg in two cryptovoloanic structures in North America 
indicates that there, too, deformation was lmited to 
shallow depths. 

The roughly oiroular outline with the greatest deforma- 
tion m the centre, the violent disruption of the rocks in 
the centre, the shallowness of the disturbance, common 
assocjation of shatter cones with oryptovoloanio structures, 
other structural features suggesting origin through shook. 
such as narrow fissures filled with rock powder, and above 
all, the presence of high-temperature-high-preasure phases 
of silica, all find such a simple and elegant explanation in 
meteorite impact that geochemiste and geophysioiste, 
and a rapidly growing number of geologists, tend to aseume 
the problem solved. 

No doubt most, if not all. geochemical and geophysical 
(tectonic) features of individual cryptovolcanic structures 
could have been produced by meteorrtte impact. But 
were they ? Discussion based on these features neglecta a 
fundamental point: If meteorite impact created the 
structures, their Incidence in time and space must be oon- 
sistent with the hypothesis, that ig, they must be dis- 
tributed at random. This moans that they must not 
bear any demonstrable relation to structural axes in the 
Earth's crust, nor to features the formation of which was 
accompanied by deep-seated volcanic activity. 

In the forthcoming paper, I apply this test to the largest 
cryptovolcanic structures of Europe, America and Africa: 
the Ries Basin, the Wells Creek structure, and the 
Vredefort Dome (accepting the application of the term 
'eryptovoloanio' to this structure by supporters of the 
hypothesis of meteorite impact). 

The choico of the largest example m each continent is 
mdependent of any structural considerations and makes 
use of the outstanding examples quoted by the advocates 
of origin by meteorite impact m the Ries Basm especially 
because of the presence of coesite and stishovite in the 
partially melted gneiseoid fragments in the suevite tuff 
associated with it, in the Wells Creek Basin and the 
Vredefort Dome because of the conspicuous development 
of shatter cones. In all three cases, inspection of the 
regional setting reveals conclusively that each lies on a 
major regional structural axis aligned with one or several 
structures involving localised mafio and ultramafic 
igneous rocks. 

Fig. 1 shows three essentially ciroular structures lined up 
in south-western Germany at intervals of approximately 
50 km: the Ries Basin (21-24 km in diameter) with 
coesite in glass from partially molten basement, the 
Steinheim Basin (8-5 km in diameter), the type locality 
of shatter cones, and the Urach region (about 40 km in 
diameter) where more than 250 tufflsite pipes perforate 
the Jurassic plateau like a sieve. In the Urach area, moet 
of the pipes are filled with finely ground-up rock material 
(chiefly limestone) with varying proportions of lapilli of 
moelilite basalt; basalt occupies a few of the pipes". 

The lme connecting these three unusual arees essentially 
parallels: (1) the axis of a geomagnetic high which reflecta 
& gentle buried pre-Triassio topographic ridge; (2) the 
axis of the young flexure along which the Mesozoic rocks 
of the Jura Plateau of southern Germany bend down 
beneath the Miocene and younger rocks of the Swiss 
foreland of the Alps. On the map (Fig. 1) this is shown 
by the shoreline of the marme upper Miocene sea which 
can be recognized to-day as a distinct low marme cliff. 
with pholadid borings and layers of barnacle fragments 
in the adjoming marine beds. Moreover, two facta link 
the Ries with the other two structures aligned with it: 
(1) all three structures came into being in uppermost 
Miooene time, a time of widespread volcanic activity in 
western Europe; (2) drill holes in both the Ries Basin? 
and the Urach area?" reveal a geothermal gradient almost 
three times as great as that which 18 normal for western 
Europe, and as high as that of Thermopolis, Wyommg™ 
(which is some 145 km (90 miles) from Yellowstone Park, 
famous for its young volcanism and active geysers). 
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Yet two of these structures, the Ries Basin and the 
SIeiiHeMa Bey ate Sapposed. 00 be: tho reet of the 
impact of a giant meteorite and a minor satellite ‘respec 
tively, wills this Urach rostan 4 ths Prodati of deop-seted 
volcanic activity. 

The hypothesis of meteorite impact demands that by 
pure chance two meteorites, a giant accompanied by e 
satellite, hit the Earth in line with a wholly independent 
major terrestrial structural axis precisely at a time when 
voloanism was active throughout western Europe, and 
that the larger of the two, also by chance, uoed by 
impact approximately the same amount of as that 
of the voloanio Urach region go that, after some 6-8 
million years, the thermal ient is as great to-day as 
that around lis, yoming. 

The Wells Creek stands out American 
oryptovoleanie areas by its size (diameter about 18-7 km = 
8:5 miles); by the intensely broken up condition of the 
rocks in the uplifted central area which form & veritable 
mogabreccia; and by the poorly developed, but distinct, 
anticlinal ring between the outer limits of the structure 
and the central uplift, suggestive of an elastic damped 
wave effeot!*, 

The Wells Creek Basin is aligned with two structures, 
the Hicks Dome and the Avon area, along a prominent 
anticlinal flexure rone comparable with pi^ whioh oon- 
neota the Ries and Steinheim Basins with the Urach area. 
In Fig. 2 (ref. 18) this curved axis is left blank. To the 
north, the Penasylvanian formations dip very gently 
north-north-eastward into the Illinois Carboniferous basin. 
To the south, the Cretaceous—Tertiary formations dip 
equally gently into the head of the Misisippi embayment. 
In the centre of this curved flexural axis, opposite the head 
of the embayment, lies the Hicks Doms, an oval, faulted, 
domed area of about 14-5 km (9 miles) average diameter, 
characterized by breccia pipes and dikes rich in mafic to 
ultramafic voloanic material (one dike carries radioactive 
yttrium—thorium monazite)". From Hicks Dome, dozens 
of thin, more or less vertical breccia dikes with varying 
amounts of basic volcanio material cut the Mississippian 
rocks in a south-south-sasterly direction, on top of and 
parallel to the axis. The size of the small mafio dikes 
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south-south-east from Hicks Dome is greatly exaggerated 
in Fig. 2 (ref. 10) in order to make them stand out. They 
seem to end at the southern border of the detailed geo- 
logical map of the western Kentuoky fluorite district, 
from which the representation is teken!*. They grow 
smaller south-south-westward, but may well extend 
farther than shown on the map. 

About 145 km (90 miles) to the south-south-cast of the 
Hicks Dome, three diminutive craterleta filled with 
Cretaceous sediments trend north-north-westward a 
short distance beyond the Wells Creek Basin, that is, 
essentially in the same direction as the basic dikes farther 
north, and, more important, in the direction of the anti- 
clmal flexure zone (Fig. 2). Dr. Wilson’, who described 
them, called tham impact craters, caused by small meteor- 
ite fragments ing ahead of the master meteorite. | 
Here, as in the Ri teinheim-Urach line, it is assumed 
that & giant and baby meteorites hit the ground in line 


- with the axis of an independent major flexure zone. 


About 168 km (105 miles) wost-north-weet of the Hicks 
Dorhe lies the Avon.area!*. It is broadly oval, with the 
long axis measuring about 17:5 km (11 miles) and, sur- 
prisingly, it duplicates the Urach area. So far, 78 breccia 
pipes have been found. All are quite small, some contain 
only ground-up limestone fragments in a limestone 
powder, like some in the Urach region; but most of the 
Pipes contain fragmenta of granitoid rocks carried up from 
the basement together with lapilli of melilite basalt which 
are practically identical to those of the Urach region". 

the courtesy of its chief geologist, Dr. Frank G. 
Snyder, I have been able to examine the cores from two 
holes drilled by the Saint Joseph Lead Company in the 
Avon area. The increase in basaltic lapilli and in granite 
‘fragments downward is strikingly shown as the drill 
holes approach the crystalline basement and, in one case, 
penetrate it deeply. 

Hare then, of three structures lying on a major flexure 
zone (of purely terrestrial origin), one is supposed to be 
the product of meteorite impact, while the other two are 
undoubtedly volcanio in origin. 

I cannot accept a hypothesis which holds that in two 
continents multiple meteorites (in one case a giant and a 
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, are omitted. 
(ref. 19); and the Tecomo Map of 
satellite, in the other a giant and dwarf fragments) struck 
a clearly defined terrestrial flexure zone so that their 
impact scars are aligned parallel to ita axis and with 
structures of proved volcanic origin. . 
Like the largest cryptovolcanio structures of Europe 
and America, the Vredefort dome linea on a major struc- 
tural axis, but one of a wholly different nature. Fig. 8 
(ref. 21) shows that it is one of four roughly circular 
areas (points 4-7) in the Orange Free State which lie on & 
straight line over 480 km (270 miles) long, trending toward 
the centre of the vast Bushveld area int 3), in a north- 
north-easterly direction (about N. 27^ E.). In Southern 
Rhodesia, a second structural axis (pointe 1 and 2) trends 
a little more northerly (N. 17° E.), also heading toward 
the oenire of the Bushveld intrusive centre. This is 
the Great Dyke, one of the great ultramaflo terranes of 
the Earth’s surface. The total distance from the 
northern end of the Great Dyke to the Trompeburg 
structure (pointa 1-7) is more than 1,450 km (900 
miles). 
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The Great Dyke"! is a relatively 
straight-layered body of mafio and 
ultramafic rocks, over 530 km (850 

. miles) long and between 5 and 11 km 

(8-7 miles) wide. It was intruded into 

a terrane of orystalline rocks, chiefly 

granite, with oooasional zones of meta- 

morphio schists. Intrusion proceeded 

from four centres, each producing a 

sequence of similar structure and oom- 

ponent rook but differmg from 
each other in the number of layers, their 
thickness and distribution. In each 
complex, the component layers maintam 

a remarkably constant average thick- 

ness. All dip toward the centre of tho 

Great Dyke from their borders, while 

longitudinally they plunge toward the 

centre of eruption in each complex. 

Where seen in & few good 
&nd oonfirned by inolined drill holes 
that passed from the rocks of the Dyke 
at the surface into the granite at depth, 
the borders of the Great Dyke are fault 
contacts dipping inward at angles vary- 
ing from 25° to 70°. On either side, the 
Great Dyke is paralleled by a long 
quartz gabbro dike which disappears 
where the central portion of the Dyke 
is most depressed. These companion 
dikes seem to be the last phase in the 
regional differentiation process. ` 

In length, width and even in the 
northerly trend, the Great Dyke re- 
sembles the complex young of 
young grabens, of course, are much 
wider at the surface. But with border 
faults converging downward toward 
the base of the crust at angles averaging 
45°, perhaps to a depth of 10 km or 
more in earlier Precambrian time, tho 
border faulta of the Great Dyke would 
converge to ing like 4 km from a 
possible surface width of 24 km. Near 
the base of the crust, where the faults 
would tend to beoome merely boundaries 
between plastically móving rock masseg, 
the ultramafic rooks of the sub-orust 
would tend to rise .isoetakically in 
response to the lowering of the surface 
of the graben. Repeated intrusions 

: . of ultramafic materials into the base 
3) of the sinking graben block seem 
feasible in view of the plastio rather 
than the viscous conditions of rock at moderate depth: 
The ultimate synolinal structure may be the result of 
final compaction and settling of the cooling rock body, 
perhaps combined with a last sagging of the graben. 

The coarse grain of the ultramafic rocks requires orystal- 
lization beneath a roof of substantial thickness. Remnants 
are preserved in bodies of schists measuring up to three 
miles acrosa, where the Dyke cute belts of metamorphosed 
sediments. 

Recently a comparable complex was discovered™ in the 
Zambesi valley, about 128 km (80 miles) west of the Great 
Dyke. It is some 40 km (25 miles) long and consists of ' 
rocks similar to those m the upper layers of the Great 
Dyke. 

The Bushveld complex™ of intrusive sheets and oon- 
necting dikes which lies at the centre of this vast alignment 
of mafle and ultramafic rocks (point 8), is about 400 km 
(250 miles) wide east to west, and not much less m a 
north-south direction. The combined thicknesses of 
these intrusions amount to 6-8 km (4—5 miles), wedged 
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between layers of the thick Transvaal 
system (15,000-28,000 ft.); the lower 
horizons carry the same concentrations of 
platinum and chromium that are found’ 
in the Great Dyke. A 

‘The Trompsburg structure in the 
Orange Free State at the far end of the 
southern line of intrusives (point 7) is 
roughly circular, and, from the size of the 
gravity anomaly, ite diameter is estimated 
to be 48 km (30 miles)". It was first 
discovered by the high gravity and mag- 
netic anomalies above it. Drilling showed 
that it contains the same mafic and ultra- 
mafio rocks which characterize the whole 
belt; the same was proved for the minor 
intrusions (points 4 and 6 on Fig. 3). 

The Vredeforb dame lies neatly in line 
with the whole belt of deep-seated intru- 
sions. The high positive gravity anomaly 
above it indicates that heavy rocks under: 
lie the unbroken roof of granite and in- 
folded metasedimemnte. The joint patterns 


veins in the Ries, where they cut base- 
ment and sediment cover. Shatter 
ooneg—whioh sre missing in the Ries— 
are found in abundance in most rook formations of the 
Vredefort dome". . . 
To assume that's giant meteorite happened to strike a 
int precisely in line with structures produced by such 
deep-seated magmatic activity within the same 
general (earlier Precambrian) time interval, producing a 
structure of similar dimensions $5 km (22 miles) away, 
seems to me to carry the original hypothesis ad absurdum. 
In the case of the four oryptovolcanio structures discussed 
here, the hypothosis of meteorite impact seems, therefore, 
It follows that neither the presence of 
shatter: cones nor of heavy of silica are criteria 
for meteorite impact. The peper will discuss possible 
alternatives. 


Fig. 3. 
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SOME MICROSTRUCTURES OF COMPLEX MORPHOLOGY OBSERVED IN 
PREPARATIONS OF CARBONACEOUS CHONDRITES MADE 
UNDER STERILE CONDITIONS 


By Dr. GREGG MAMIKUNIAN and Dr. MICHAEL H. BRIGGS* ! 
Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California y Er 


,X7^RIOUB classes of microstructures in the 5-30p 

gire-range have recently been examined in samples 

of carbonaceous meteorites by Claus and Nagy!3. who 

have named the objects “organized elementa". On the 

' basis of detailed morphological studies and staining 
* Resident Reasearch Fellow. 


reactions with biological dyea, Claus and Nagy have 

that the "organized elements” are microfosails 

of an extra-terrestrial life-form, indigenous to the meteor- 
ite parent-body. : 

Other workers who have also investigated samples of 

these meteorites and have identifled.strubturee that they 
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consider to- be i foesil remains are Staplin‘, Table 1, DETAILS oF METEORITES 
Reimer*, Palik*", Cholnoky*, Skuja* Roms", Engels! yame Ooaniry of origin 3éisof: doni e E 
and Timofeev!*. fell (ref. 22) 
On the other hand, several scientists, after examining L 1864 I 
the structures in question, have claimed that identification $ Go ea eg ed 1838 u 
as microfossila is premature. Thus Fox! has suggested 4 Hartpura India 190 I 
that the objecta are spheroids of non-biological organio 5X Tkane, UREE 1830 E 
matter, together with dropleta of sulphur and contaminat- 7. Felix United States 1900 m 
: terrestrial organisms. 8. Dommit United States before ane dr 
itoh e$ al!*!* have argued that the “organized 
elemente” are various mineral grains and hydrocarbon 78e. SORHISMIIIK PNODNDUNE PERONFTACA HEYYLEKR OXIDN AND 
dropleta together with some contaminante. Deflandre! Posttion Percentage of Percentage 
has similarly claimed that the objects are terrestrial ^ xul eini ethylene Dew relative 
contaminants or artefacts. Briggs", who examined sterile tHo in y Toms tuetur 
preparations of the meteorites, has that some 0 27-7 05 4140-5 45 
are mineral grains, while others are associations of sulphur 1 £75 7 +40 44 
with organio matter, probably of abiogenio origin. In & ur ae E rs : 
recently prepared report!*, we have identified what 21 34 T9 s 


we believe to be terrestrial contaminants in sterile 
meteorite preparations. Mueller** has preeented evidence 
that one class of “‘organized element" which displays a 
complex morphology is & rare limonite pseudomorph of 
troilite 


With this marked i t it is clear that the true 
nature of the “organi elements” will be solved only 











Filamentous microstructure observed in Mighe! 
preparation. (x400) 


Fig. 2. 


after prolonged examination by many different scientists 
competent in various fields. Thus, contributions from 
bacteriologiste, palynologista, micropalsontologista, patho- 
logista, crystallographers, histologiste and organic chemists 
are necessary, and it is improbable that any single person 
is competent to identify microscopic objects in all these 
fields. As the meteorites are difficult to obtain and are 
only available for examination at present by a small group, 
we have prepared a catalogue of microphotographs!: for 
wide circulation. 

In this article we preeont a selection of photographs of 
some microstructures of complex morphology which we 
have observed in sterile preparations of some of the 
meteorites. 

A list of meteorites used in this investigation is given in 
Table 1. ` 

All meteorite samples were examined to ensure that 
they were free of fusion crusts, museum markings and 
obvious surface contamination. 


Fig. 4. Miorosiructure observed in Coki Bokkeveld meteorite prep- 
aration, (x400) 
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preparation. (X400) 


Small pieces of each meteorite were separately placed in 
Petri dishes in a sterle glove-box. All other equipment 
used in preparation was also placed in the box. The 
interior of the box was then sterilized by ethylene oxide 
for 5:75 h. Table 2 shows the sterilizing conditions at 
intervals throughout this period. Ethylene oxide was 
removed by fluahing with sterile nitrogen for 30 min. 
Microscope slides were prepared in the atmosphere of 
nitrogen. . 

AN slides were prepared in the same manner. A small 
grain of meteorite was carefully powdered between glass 
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Fig. & Microstructure samen as meteorite preparation. 
x 





Fig. 9. Miocrostructuie e ja; URN meétceorite preparation. 
x 

slides. then mounted in ‘Permount’ beneath a coveralip. 

Six slides were prepared of each meteorite. Other slides 

were stained with saffranin o7 crystal violet before mount- 

ing. Oontrol slides were made of the stains and ‘Permount’ 

without meteorite powder. 

The remaming grains of meteorite wero added to separ- 
ate steril containers of "Tryptioase' growth medium. 
which were then sealed and incubated for 7 days at 37? C. 
After this time no growth waa detected in any container. 

Photomicrographs of some interesting structures 
observed in these preparations are shown in Figs. 1-10. 





An- examination of these illustrations demonstrates 
that all meteorite preparations used in this work contain 
& variety of rare microstructures in the c. 20-u sixe- range 
whioh exhibit a complex morphology, and yet are not 
readily identifiable. i is our opinion that most of these 
objects are unusual mineral grains or terrestrial materials 
which have contaminated the meteorite during museum 
storage. However, conclusive identifloations arc not 
possible. 

We thank the following for gifte of meteorite samples: 
Dr. W. A. Watters. New Zealand Geological Survey; 
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the Director, Wanganui Museum; Dr. E. P. Henderson, 
Smithsonian Institution; Dr. E. Anders, University of 
Chicago; Dr. R. Marshall, Jet Propulsion Laboratory ; 
the Director, Indian Geological Survey; the Director, 
Chicago Natural History Museum. 

We also thank Mr. F. Morelli, Jet Propulsion Labora- 
tory, for help in the preparation of slides. 
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SPECIAL THEORY OF RELATIVITY 
- By Pror. HERBERT DINGLE 


z o replies which have been received to my oom- 

munication to Nature, in which I pomted out a oon- 
tradiction in the ial theory of relativity, are too 
numerous for individual publication, and the Editor has 
asked me to deal with them (other than that of Prof. Max 
Born, which appears on p. 1287 of this issue) collectively. 
Apart from trivial misunderstandings, the criticisms of 
my argument fall into a few classes which I will consider 
separately, but I should first say that only one correspon- 
dent heeds the lasb paragraph of my letter, despite ite 
italics. I there asked, not for the reason why Eimstein’s 
statement differed from mine, of which I was aware, but 
why the former should be considered true and the latter 
false. The correspondent in queetion—the only one, in 
my view, who has really faced the problem—admita 
that no such reason can be found, and concludes that the 
conception of an objective rate-ratio of two olooks is 
impermissible. I cannot agree, but since space prohibita 
an analysis of this suggestion I justify my dismissal of 
it here by the fact that I am examining only Einstein's 
theory, and since he asked: ‘What is the rate of this clock, 
. when viewed from the stationary system ?" and gave an 
answer in ‘‘seconds per second", it is clear that he accepted 
a rate-ratio as a meaningful conception. 

The remaining correspondents the following points 
(it will be remembered that my communication contamed 
two statements, one by Hinstein claiming that moving 
clocks run slow, and one by me claiming that moving 
clocks run fast): (1) In Einstein's statement the interval 
considered is that between the separation of the clocks and 
an event on the moving one, but mme refers to the interval 
between the séparation of the clocks and an event on the 
stationary one. I have therefore myself introduced the 
. -contradiction vwhiah. I asoribe. to Einstein's.theory.. (2) 
The internal consistency of the Lorentz tranaformation 
can be demonstrated mathematically; it is therefore 
unquestionable. It gives a unique value for the time of 


every event in every inertial co-ordinate system, and so 
cannot possibly contain a contradiction. This reply is 
usually accompanied by a Minkowski diagram. (3) Both 
statements show how one clock appears to an observer 
on the other; they are not contradictory because they 
relate to different co-ordinate systems. 

None of these replies meets the point of my criticism. 
I can best explain this, I think, by slightly amplifying 
the situation as described by Einstein, so as to make 
explicit some steps there tacitly assumed and make the 
situation more vividly imaginable. 

Y. X—. 
A B 

A and X are twins who soparate at birth at a speed v 
such that 4/(1 — v%/o?) = 1/5. Each carries a clock which 
reads 0 at the moment of separation and thereafter reads 
the age of its bearer. Ahead of A, in the direction of 
X's motion, and keeping at a constant distance from A, 
is another child B, born at the same moment as A in A’s 
and B's common time system and carrymg a similar olook 
synchronized with A’s. Likewise, in the rear of X, and 
keeping at & constant distance from X, is a child Y, born 
at the same moment as X in X's and Y's common time 
system and carrymg a similar olook synchronized with 
Xs 


When X is 6 years old he passes B and they exchange 
photographs which have just been taken. B, and there- 
fore A, is then 30 years old according to the Lorentz 
transformation. Further, when A is 6 years old Y passes 
him and they also recent photographs. The 
Lorentz transformation then shows that Y, and therefore 
X, is then 80 years old. All assemble later and agree, 
on the evidence of the photographs, that A is 80 when X 
is 6 and X is 30 when A is 6. I call this a contradiction. 

The readings can be set out in more detail: Tables 1 
and 2 readily follow from the Lorentz transformation. 
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Table 1 ds to Einstein’s statement, with A 
fixed at the origin of the K system and X at the origm of 
the k system, and we see that X ages more slowly than A, 
as he concludes. But we also have Table 2. 
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"Bg (K) system t= 0 
‘Moving’ (E) system T- 0 6 - 
Table 
Aisbam Y meets 4 
s (K) system t= 0 
‘Moving’ (4) system t= 0 30 


Table 2 corresponds to my statement, with A and X 
still fixed at the origins of the same systems as before, 
and we seo that A ages more slowly than X. 

I oan now deal with the above objections. 

(1) Of course I have referred to a different pair of events 
from Einstein; vain repetition would be foolish. If a 
thing has contradictory aspecta, you will not discover the 
fact merely by inspection of one, however often repeated. 
Rinstein's statement and mine are neither paraphrases 
of one another nor two halves of a single argument. They 
are independent statements, running in not in 
series, and if one is valid, so 18 the other; but they lead to 
incompatible conclusions. There is no reason why the 
persons or olook8 should be com by Table 1 rather 
than Table 2. True, I do not get X’s age directly but have 
to infer it from Y's; but Emstein does not get A's age 
directly but infers it from B's. If Y'a photograph is not 
evidence of the age of X, thus discrediting my conclusion, 
then B’s is not evidence of the age of A, hie diverestitaag 
Eimstein’s. It seams to me self-evident that any objection 
to the implications of Table 2 is tpeo facto an objection 
to the implications of Table 1. 


urges that Einstein's theory is that the 

time of a distant event can be assigned only by definition 

ad al by A Geet a ee fossis cannot be 

disproved. But that is not Einstem’s theory; that merely 

clears the ground to make room for a theory (it was, in 

ee A eee ee eee 
were 


the tables, 


Cr ibus ae | when it differs peroeptibly from the 
requirements, but what Tables 1 and 2 show is 
that the clocks cannot conform to the theory, for in 
_ order to sa some of its requirements (Table 1) they 

must violate others (Table 2). Henoe the 
theory fails nob because of mathematical inconsistency 
but because of inapplicability to the facts of nature. 

(3) This point is met in my reply to Prof. Born (p. 1287); 


A and B are black and X and Y white. Then what is 

ved is that blacks are men when whites are boys, and 

are boys when whites are men. You do not change 
their skins when you them to Test. 

An analogy will pmpomt the problem. To find the 
effect of latitude on elook-rate I use two clocks differing 
only in latitude. : Calculation then shows me that A 
reads 11 o'clook when B is observed to read 10, and that 
reads 11 when A is observed to read 10. Neither clock 
backwards. I conclude that the calculation is wrong. 


ipii 
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Substitute ‘uniform motion’ for ‘latitude’ and 'speoial 
relativity theory’ for ‘caloulatian’, and the analogy 
becomes an identity. The substitution is not invalidated 
by any differences between latitude and motion: write x 
for latitude and y for calculation, and the argument is 
unaffected. My question is: What other conolusion is 
possible? It is not a mathematical question: a mathe- 

matical answer is simply a sign that the point has been 
missed. Only a sentence is needed, and no correspondent 
gives that sentence. 

Even a brief reflexion on the consequences of a disproof 
of the special relativity theory shows how fundamental 
they are. In the first place, ‘space-time’, as something 
having objective significance, is abolished, and ‘universal 
time’, independent of space, is restored—not, however, 
as a necessity of thought aa in tho old days, but as the 
only concept of time that makes a consistent 
description of nature. There is no limit to the velocities 
attainable by material bodies, and—unless there is, in 
fact, an ether of the Lorentz type which modifies bodies 
moving through it—there is no contraction of rods, 
slowing-down of clocks, increase of mass, and so on, 
accompanying motion. 

Electromagnetic theory, on the other hand, neods 
revision, and three possibilities seem open. First, the 
ad hoo assumptions just mentioned, which were intro- 
duced by Lorentz to protect his equations from the 
assaults of observation, may be again called into service. 
This, however, would raise the new problem, as difficult 
as that which ib displaces, of finding a reason for such 
arbitrary changes. Secondly, the converse to 
Einstein’s might be tried. His theory was devised to 
reconcile the equations of mechanics with those of the 
Maxwell—Lorentz electromagnetic theory by changing the 
independent variables in the former so that the equations 
obeyed the Lorentz transformation to which the latter 
were invariant. That having failed, the independent 
variables of the electromagnetic equations might be 

as funotions of the space and time co-ordmatos 
of Newtonian mechanics, and the functions sought which 
would render those equations invariant to the Galilean 
transformation : this would be, in effect, to locate the 

‘space-time’ fiction in electromagnetism instead of in 
mechanios and ordinary experience. It is a purely 
mathematical problem to discover whether such functions 
exist. If not, then the only remaining possibility would 
sem to be a fundamentally different iaa nope 
theory, per. on the lines adumbrated by Rits? or 

those which Faraday outlined and Maxwell mistakenly 
idontifisd with bis own! or somsthing directly cud 
quantum oonoeptians. This might geem i 
view of the impreesive evidence for the Maxwell Lorentz 
theory, but ib would be no more remarkable than the 
supersesaion of Newton’s gravitation theory by Hinstein’s 
—which, incidentally, need not share the breakdown of 
the special relativity theory. 

But, whatever may bo the right solution, electro- 
magnetic theory is so intimately involved in the whole of 
sub-atomic physics that ‘the entire subject must be 
submitted -to revision if the special relativity theory is 
disproved, and the importance of this Is so that a 
clear settlement of the question, before tical 
velocities not negligible compared with that of li 
become possible, is imperative. This demands a gen 
effort to examine the matter with & completely unpre- 
judiced mind. The i ion which these replice 
give is that the obstacles to the acceptance of my argument 
are mainly psychological: my communication has been 
read, not to see if what I say is right, but to see where it 
is wrong. If my critics could only manage to conceive 
the that it be right, I think they would 
at once see that it is; it is so very simple. 

1 Haters, 195, 085 (1062). 
1 Rits, W., Ana. Chim. Phys., 13, 145 (1906). 
* Beo Philosopky of Sotencs, $7, $53 (1900). 
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OBITUARIES 


Dr. L. B. Turner 


De. LaunmNoa Brppows Tuswas, who died in a 
nursing home on January 28, was born at Charlton, Kent, 
on April 6, 1886. He was the earhest of the 
advanced engineers in Great Britain in research 
on wireless techniques as applied to practical signalling 
by continuous electromagnetic waves using the thermionic 
valve. 

L. B. Turner was educated at Bedford Grammar School 

snd King’s College, Cambridge, obtaining honours in the 
Mechanical Sciences Tripos in 1907. Following & year’s 
resoarch in the Engineermg Laboratory, he was awarded 
the John Winbolt Prize for an easay on his work. After 
acquiring practical experience at the works of Mosara. 
Siemens Brothera, Woolwich, and at Siemens and Halake 
in Berlm, he entered the Post Office as an assistant staff 
engineer in 1910. Here he was engaged in experimental 
work, and in the design of ship and shore stations. During 
the First World War he was at the Army’s Signal Experi- 
mental Establishment at Woolwich, where ho deeigned 
fleld apparatus, including portable transmitters for short 
wave-lengths. 
At the end of the War ho left the Post Offloe to return 
to Cambridge as Fellow of King’s College and director of 
studies in i ing. Later he became a technical 
adviser on the Postmaster-General’s Committee concerned 
with the establishment of a world-wide long-wave wireless 
chain, of which the Hillmorton Station near Rugby, and 
that at Abu Zabal near Cairo formed the first link. While 
the Rugby Station, still in use, has proved to be an out- 
standing success as a reliable sending station of world- 
wide range, the principle of the chain as a whole was over- 
taken by the development of the short-wave beam system 
by Franklin and Marconi. 

L. B. Turner became a corporate member of the Institu- 
tion of Electrical Engineers in 1930, and was one of the 
founder members of the Wireless Section of the Institution. 
He was chairman of the Section for the session 1922-28, 
and in his i address he gave an excellent review 
of the development of the thermionic valve during the 
early years of its application to wireless signalling. As & 
supplement to the address he gave an interesting account 
of some original work on spontaneous fluctuations in valv 
amplifiers. He patented in 1920 a two-valve circuit 
arrangement Mini at to amplify weak radio signals at 
the same time uoing the strength of prevailing atmo- 
spheric disturbances. 

The remarkable developments in wireless communica- 
tion during the First World War demanded new works of 
reference, and L. B. Turner was one of the first in the fleld 
with his Outline of Wireless, published in 1921. This was 
followed ten years later (1981) with his more compre- 
hensive volume entitled: Wireless: a Treatise on the Theory 
and Praotics of High-Frequency Rlectrio Signalling. Both 
books were noteworthy for their clarity of description of 
the fundamental principles of the subject, with an adequate 
presentation of practical details. 

The versatility of Turner’s interests was, however, 
well demonstrated by a paper he read before the Institu- 
tion of Electrical Engineers in 1987 on the principles of 
design of electrical thermostats, and containing a descrip- 
tion of a mams-operated isothermal chamber constant to 
one-thousandth of a Centigrade. 

i the Beoond World War he was with tho 
Admiralty Si Establishment at Portemouth, where 
his work was’ excellent if leas well known than during the 
First World War. He returned afterwards to Cambridge, 
where he was able to devote himself to further research. 
He was made a University reader in 1948. 

R. L. Burru-Rosn 


Mr. A. Warmlsham 


ABTRUR WARAIBHAM, who died on November 10, read 
mathematios in the University of Manchester under 
Prof. H. Lamb and Mr. (later Sir) Charles Darwin, 
and graduated M.Sc. In 1912 he entered the firm of 
Taylor, Taylor and Hobson (now Rank Taylor Hobson) 
as optical designer. In those days the number of university 
men (apart from chemists) entering industry was small— 
of mathematicians practically none. There was no tech- 
nical traming in optical design apart from a small course 
for sight-testing opticians at tho Northampton Poly- 
technic (now the Northampton Oollege of Advanced 
Technology), so that English optical designers (such as 
H. Dennis Taylor) had to teach themselves. So it waa 
with Warmisham; practically the only books were 
Dennis Taylor's System of Applied Optics, based on 

i n, and von Rohr’s Formation of Images in 
Optical Insiruments. 

With the First World War came the develop- 
ment of aircraft and the use of photography for recon- 
naimeanoe. It was found that at the aperture (f/4-5) and 
field (85°) moet suitable, English photographio lenses 
were inferior to one German lens (which, of course, was 
no longer available). It happened that Warmiasham had 
been examining tho 4-olement type of anastigmat and 
had developed a lens remarkably free from coma over 
just this fleld and at this aperture, and this property was 
valuable m improving contrast in the image, facilitating 
the recognition of detail. The lens (and others) was 
tested by the Royal Flying Corps side-by-side with the 
German and found to be superior. It was accordingly 
extensively used in.air photography, and appropriately 
named the Aviar. 

After the War his task was to adapt the Aviar to 
professional use, and it became very popular. An apo- 
chromatic form was designed for process work. 

Improved standards of definition were demanded by 
the cinematograph industry both for taking and pro- 
jecting lenses. Warmisham designed a remarkable series 
of projection lenges of greater aperture to give the brighter 
picture required for the larger cinemas which were then 
being built. Another demand came with the introduction 
of talking films. Hitherto, variation in the scale of the 
image (for ‘close-ups’, eto.) was made by moving the 
camera to and fro, with visual foousing. This was 
objectionable when sound was recorded. AI extraneous 
noises had, of course, to be eliminated. Warmisham 
visited the United States and there invented a lens of 
variable focal length. By variation of the separation of 
the components not only was the focal length changed 
(and with it the scale of the picture), but the image was 
kept automatically in foous throughout the range of 
movements, without shift of the camera. This was not 
the first ‘variable foous' lens but the first to achieve an 

ble standard of definition over a wide range of 
fi lengths, at high aperture. ‘Zoom’ lenses, as they 
are called, are now widely used in cinematography, 
television and still photography and projection. 

Warmisham published little, but he was a prolific 
inventor, as the files of the Patent Office show—in fact, 
he invented more than he oould develop to marketable 
form. Many of to-day’s well-known optical i 
received their early traming under his guidance, the 
wide use and adaptation of his methods under present- 


' day conditions in Great Britain and overseas is a tribute 


to his contribution to the art. 

‘A. W’, as he became known, was no respecter of 
persons and had a caustic yet humorous way of expressing 
somewhat candid opinions, but these were given with a 
Puckish grin that disarmed resentment. H. W. Lum 
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NEW- FELLOWS OF THE ROYAL SOCIETY 


Jie P Mab ki atu Bon the 
following were elected to fellowship of the Society: 


Dr. J. B. ADAMB, director of the Culham Laboratory 
of the U.K. Atomic Energy Authority, Abingdon, dis- 
tinguished for his contributions to the design and oon- 
struction of the 25-GeV proton-synchrotron at the 
Pence Celica MN GU Redcarih, Geneva: 


‘Sm Ero Asmnv, Master of Clare College, Oambridge, 
for his outstanding services to the advance- 
ment of science and for his contributions to botany. ^ 


Pror. H. N. pme Hobeit diniguihel for i 
bart, 


. Prof. E. H. B. Bunsop, professor of physics in Univer- 
sity College, London, and at present at the Accelerator 
Division, CERN, Geneva, distinguished for his contribu- 
tions to tal and theoretical atomic and nuclear 
physica, particularly to the Auger effect and atomic 
collision processes. 
Pror. H. G. Carran, professor of natural history in the 
for his researches 
and for his analysis of the 


Dn. J. W. 8. Cassnia, D d 
in the University of Cambridge, dist for his 
contributions to the theory of numbers and in particular 
to Diophantine approximation and the arithmetio of 
curves of genus one. 


University ‘of Glasgow, d disti 
on the stratigraphy and as meat ree of the Lower 
Carboniferous and the application of peleontology to the 
theory of evolution. 


Pror. J. L. Gowaxs, Henry Dale research essor of 
the Royal Society, Bir William Dunn School of Pathology, 
Oxford, distinguished for his elucidation of the life-history 
and physiological function of the lymphocyte. 


Dr. P. B. Hrason, lecturer in physics in the University 
of Cambridge, distinguished for his researches with the 
electron microscope on imperfections in the orystallme 
structure of metals and on the relation between structure 
defects and mechanical properties. 


Dr. J. H. Humerany, head of the Division of Immuno- 
logy in the National Institute for Medical Research, 
London, and deputy director of the Institute, distinguished 
for his immunological researches, in particular on the 
synthesis of antibody and the mechanisms of hyper- 

Pror. P. L. Knonn, professor of endocrinology in the 


University of Birmingham, Department of Anatomy,. 
distinguish 


ed for his researches on the transplantation of 
` endocrine glands, particularly in ita bearing on the ageing 
process. t 
Ds. D. KtogmgxANWNW, deputy chief scientific offloer, 
Royal Aircraft Establishment, Farnborough, distinguished 
for his theoretical and experimental work in sero- 
dynamics, ae in studies of wing-forme for 
supersonic 
Ds. M. 8. Loxaugr-HtGaIws, senior principal scientific 
officer, National Institute of Oceanography, Wormley, 


Surrey, distinguished for his contributions to physical 
oceanography and especially for his investigations into 


Da. J. F. Lourrr, director, Radiobiological Research 
Unit, Medical Research Council, Harwell, i 
for his work in radiobiology, and particularly or his 
interpretation of recovery from radiation: injury. 


Ds. J. W. G. LUND, senior scientific officer, 
Freshwater Biological Association, Ambleside, Weatmor- 
land, distinguished for his work on freshwater biology, 
particularly on the taxonomy and ecology of algae. 

Dr. Suasa MaAGALIETER MARSHALL, principal scientific 
officer, Scottish Marine Biological Association, Marine 
Station, Millport, Isle of Cumbrae, distinguiahed for her 
researches on the productivity of the sea and on the 
bionomics of marme planktonic organisms. 


Pror. P. T. Marraaws, professor of theoretical physics 
in the Imperial Co of Science and Technology, 
London, or his contributions to quantum 
fleld theory the theory af clamantary. partialis. 


Da. B. Y. Murs, senior principal research officer, 
Division of a omy Commonwealth Boientiflo and 
Industrial Research Organixation, Sydney, Australia, 

for his contributions to radio astronomy 
and especially for the development of & novel form of 
high-reeolution radio telescope. 


Dr. C. G. Pmuinnreg, Fellow OT 
reader in neurophysiology in the University of 
distinguished for his work on the physiology of the 
central nervous system, in particular on the control of 
muscular movement. 


Da. J. A. F. Rosme, director, Clinical Genetics 
Research Unit, Medical Research Council, Hoepitel for 
Sick Children, London, W.O.l, distinguished for his 
researches into human heredity, particularly in relation 
to mental ability. 


Dr. L. RormugHAM, Board member for Research and 
Development, Central Electricity Generating Board, 
London, for his work on the manufacture 
of new metals and for his contributions to research 
associated with the development of the generation of 
nuclear power. 


Dr. T. 8. Sravans, reader in organic chemistry in the 
University of Sheffleld, distinguished for his original 
researches in organic chemistry, particularly for his work 
on the mechanism of molecular rearrangements. 


Da. T. M. Suapan, reader in physical chemistry in the 
University of Cambridge, distinguished for his work on 
the detection and identification of transient species, 
radicals, ions and electrons, in flames and on the reaction 
mechanisms involved. 


Dr. D. TABOR, lecturer in physics in the University of 
Cambridge and deputy director of the Research Laboratory 
for the Physis and Chemistry of Solids, Cavendish 
Laboratory. eu ae N 
physical and mechanical properties cf solids. 


Pror. A. J. C. WirsoN, 
Univermty College of South Wales and Monmouthshire, 
Cardiff, i for his contributions to” X-ray 


analysis in the elucidation of the atomic structure of 
crystals. 


feasor of physice in the 
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NEWS and VIEWS 


Royal Soclety Research Professorship: 
Prof. G. H. Beale, M.B.E., F.R.S. 


Tu first of the Royal Society research professorships, 
for which the Government made provision in 1962, has 
been awarded to Dr. Q. H. Beale, of tho Department of 
Genetics, University. of Edinburgh. GQ. H. Beale was 
born in London in 1918, and graduated m botany at the 
Imperial College of Science and Technology in 1935. 
From then until 1940 he worked on flower pigments at 
the John Innes Horticultural Garden, being one of the 
group of workers who, under the inspiration of J. B. 8. 
Haldane, made the first successful attempt to describe 
gene offecta ın biochemical terms. Durmg the Second 
World War he served in the Army, spending two years in 
northern U.8.8.R. and another two in Finland. During 
1946-47 he worked on bacterial genetics in Demaereo'a 
laboratory in Cold Spring Harbor, Long Island, and then 
moved to Indiana with a Rockefeller fellowship to study 
the genetics of Paramectum with Sonneborn. He re- 
turned to Great Britam in 1948, and jomed the Institute 
of Animal Genetics at Edmburgh, where be has remamed 
ever since, first as a lecturer and later as reader in the 
University De ent of Genetics. He was elected a 
Fellow of the Royal Society in 1959. 

Since his return to Britam, Prof. Beale has devoted his 
attention to Paramsciwn and m particular to the complex 
and revealing interplay between cytoplasmic factors and 
nuclear genes in’ controlling the appearance of antigenic 
substances. By the time his monograph on The Genetics 
of Paramecium aurelta appeared in 1954, he had already 
shown that the antigens are controlled by several gene 
loci, at each of which a number of alleles exist, and 
that it is some condition or ‘state’ of the cytoplasm that 
decides which of the gene-looi shall be active and bring 
about the appearance of ite characteristic antigen. This 
is & system of the greatest theoretical importance, since 
it is exactly of the kind that has often been postulated to 
explain the processes of embryonio development, but 
has the advantage of boing much more accessible to 
analysis, both genetical and biochemical, than any known 
embryonio system. In recent yeara considerable progress 
has been made in characterizmg the chemical nature of 
the antigens; they are proteins, of rather high molecular 
weight, but quite accessible to detailed study. The nature 
of the cytoplasmic ‘states’ is more obscure; but Beale 
and his associates have recently discovered & quite un- 
expected type of cytoplasmic entity, namely particulate 
elements, which they name ns’, capable of per- 
sistance but not of multiplication in the absence of a 
corresponding gene, and involved in the mamtenance of 
the symbiotic ‘killer’ ‘articles which may inhabit the 
cytoplasm of Poramecium. 


Pure Mathematics at Monash: Prof. G. B. Preston 


Pror. G. B. Preston, associate professor of mathe- 
matics at the Royal Military College of Science, Sbriven- 
ham, has been appointed to the foundation char of pure 
mathematics at Monash University. He was formerly a 
mathematical scholar of Magdalen College, Oxford, and 
has held an appointment at the Royal Military College 
of Science since 1049. During 1956-58 he was a visiting 
assistant professor at Tulane University, New Orleans, 
where he collaborated with Prof. A. H. Clifford on a 
monograph on the algebraic theory of semigroups. Hoe 
was promoted to associate professor at Shrivenham in 
1961 under the scheme whereby scientists in the Civil 
Service are rewarded for research work of special 
merit. ‘ 


Sclentists in Government Services ^ =~ 


In & written answer in tho House of Commons on 
March 12 to & question regarding action on the recom- 
mendations of the Zuckerman report regarding transfer 
of research staff and i between posta in the 
Scientific Offloer Class and in other Civil Service classes. 
the Financial Searetary to the Treasury, Mr. A. Barber. 
stated that these recommendations had been fully con- 
sidered in the Interdepartmental Panel. There were 
already more than 500 poeta in the scientific-officer class 
established at headquarters of the departments for 
scientific and Einen administration, and the use of 
scientists on type of work was being extended. 
While the Committee's recommendations were un&ooopt- 
able, experience provided little evidence that any sig- 
nificant number of scientists employed in the Civil 
Service who had a marked capacity for administrative 
work wished to be employed m this way. 


The Parllamentary and Sclentific Committee 


Tas annual report of the Parliamentary and Scientific 
Committee for 1962 records that the Sub-Commrttee, 
confined to Parliamentary members, set up to consider 
the future of research associations, re in July, and 
the report bas been submitted to the for Science 
(Pp. 22. London: Parliamentary and BSoientiflo Com- 
mittee, 1968). It is hoped that the issues raised may be 
discussed by representatives of the Committee with the 
Minister in due course. Discussions and talks during the 
year covered the Gibb—Zuckerman report; the future of 
water supplies, water conservation, etc., in Great Britain; 
technical considerations relatmg to the Channel tunnel 
and Channel bridge; problems of diseases arising out of 
the use of new materials and processes in industry and 
agriculture; nuclear energy in Great Britain; Soviet 
science; and recent developments in connexon with 
mechanical engineermg research in Great Britain. 


The Microchemical Journal 


Tua Academic Press wil continue to publish The 
Microchermnical Journal, under the auspices of the American 
Microchemical Society (formerly Metropolitan Micro- 
chemical Society). The flrst six volumes were published 
by Interscience Publishers. The new editor-in-chief is 
Dr. Al 8Steyermark, of Hoffmann-La Roche, Ino., Nutley, 
New Jersey. He is assisted by four editors: H. A. Flaschka, 
Howard J. Francis, jun., Keiichiro Hozumi and Wolfgang 
J. Kirsten, and an advisory board. Starting with Vol. 7 
1963, the Journal will cover a broader field. Research 
articles of all phases of chemistry involving small-scale 
manipulation are eligible for consideration. Manuscripta 
dealmg with both organio and inorganic work relating 
to the preparation, purification, separation, detection. 
determination, trace analyses, clinical chemistry, and all 
types of instrumentation—microscopy, chromatography 
(thin-layer, paper, gas), spectroscopy (infra-red, ultra- 
violet, mass, X-ray), nuclear magnetio resonanco, and 
neutron activation, may be submitted to the editor-m- 
chief. During 1963, four issues will be published. Tho 
price for Volume 7 ia 16.00 dollars. Further information 
can be obtained from the Academic Presa, 11] Fifth 
Avenue, New York 3, or Academic Press, Berkeley Square 
House, London, W.1. 


The British Museum (Natural History) 


Tum British Museum (Natural History) has recently 
issued the tenth edition of ita short Guide to the Hxhibitton 
Galleries (Pp. vi--38. London: British Museum (Natural 
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History), 1963). In general format and contents this is 
aimilar to the previous edition of 1062, and the difference 
is mainly due to four additional of text and two 
extra illustrations. This ig chiefly an acoount of the 
recently opened botanical gallery and illustrations of their 
dioramas and wall cases. It is unfortunate that one 
illustration scarcely does credit to the attractive mineral 
barytes. 

The Durban Museum and Art Gallery - 


colisoti 
‘list of papers published is an impressive one considering 
the size of the staff. ` 


Department of Sdent!fic and Industrial Research Grants, 
1963 ~ 


. D.S.I.R. Research Granis, 1968, summarizes information 
regarding the Grants for Special Researches awarded by 
the of Scientific and Industrial Research 
(Pp. vi+9. London: H.M.8.O., 1963. ls. 6d. net). These 
granté are given to supplement resources derived from 
the University Grants Committee or elsewhere and are 
nob intended to meet the entire cost of research projects 
or to replace existing resources. The awards are for 
investigators who are already of anknowledged standing 
in their subjects. Grants may be given for the support of 
researches in astronomy, biology, chemistry, geology, 
mathematics, physics and the sciences between and 
adjoining these, and also in applied science and tech- 
nology, and eng ers: but applications for assistance 
in subjecta in which Agricultural Research Oouncil, 
the Development Commission, the Medical Research 
Sap or e ipsu teeta Geert 
should be made to the appropriate body. plications 
for grante in certain branches of the humanities and 
social sciences may also be considered where appropriate. 
Notes on. Nato'research grants and on senior visiting 
fellowshipe of the Organization for Economic Co-operation 
and Development are included. 


Gordon Research Conferences, 1963 


Tas Gordon Research Conferences, the purpose of 
. which is to stimulate research in universities, research 
foundations and industrial laboratories by fostering the 
exchange of ideas and information, are to be held this 
year in four research schools in New Hampshire during 
the period June 10-August 30. Forty-eight informal 
conferences, each lasting five days, will be held, their 
subjects ooveriig & wide range of topics in the physical 
and biological sciences. Residence and registration 
charges for each conference amount to 100 dollars. 
Applications should be addressed to, and further informa- 
tion can be obtained from, W. George Parks, director, 
Gordon Research Conference, University of Rhode Island, 
Kingston, Rhode Island. . 
“Notions of Niche and Competition Among Animals, 
with Special Reference to Freshwater Fish” 


Daz. A. H. WaATHHRLEY, of the of Zoology, 
School of General Studies, Australian National University, 
Canberra, has written to the Editor stating that in his 
article under the above title, appearing on p. 14 of the 
January 5 issue of Nature, he erroneously attributed a 
definition of competition among animals by Dr. Alec 
Milne, Agricultural Research Council Unit of Insect 
Physiology, to Prof. J. L. Harper, University College of 
North Wales. Dr. Weatherley wishes to apologize for 
this error to both Prof. Harper and Dr. Mile. 
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University News : Bristol 
Tre following ap intmente to lectureahips have been 
announced : B M Bird (electrical engineering); Dr. A. 
Keller (physics); Dr. R. H. Ottewill (physical chemistry 
within the Department of Physical and Inorganic 
Chemistry). 
London 
Tre following titles have been conferred: profeasor of 
the archæology of the Roman Provinces, on Mr. 8. 8. Frere, 
in respect of hi post at the Institute of Archmology; pro- 
feasor of hematology on Dr. P. L. Mollison, in respect of 
his post at St. Mary's Hospital Medical School; reader in 
pharmacology, on Dr. J. R. Hodges, in respect of his 
post at the Royal Free H ital School of Medicine; 
reader in biophysics, on Dr. R. Miledi, in respect of his 
por e reader in physiology, on Dr. 
tricia P. Scott, in respect of her post at the Royal Free 
Hospital School of Medicine; reader in human nutrition, 
on Dr. G. R. Wadsworth, in respect of his post at Queen. 
Elizabeth College. 
Monash 
Pror. M. Q. Manwiox has been appointed to the 
foundation chair of an and sociology in the 
University. Prof. Marwick is at present professor of - 
social anthropology and head of the Department of Social 
Anthropology and African Administration in the Univer- 
sity of the Witwatersrand. During 1962 he was Simon 
Senior Research Fellow in the University of Manchester. 


Announcements 


From January 1968, tho Council of Scientiflo and 
Industrial Research, New Delhi, is issuing research oom- 
munications in a series of four periodicals: Indian Journal 
of Pure and Applied Physics ; Indian Journal of Chem- 
istry; Indian Journal of Technology; and the Indian 
Journal of Experimental Biology. The Journal of Soientific 
and Industrial Research will continue with all the features 
included up to December 1962 in ita Section A. 

Tas Low Tem Research Station, Cambridge, 
will hold open days during May 22-23, at which recent 
and current work will be displayed. Further information 
can be obtamed from the Director, Low Temperature 
Research Station, Downing Street, Cambridge. 

A Symposrum on “Moulds for Reinforced Plasticos”, 

by the Plastics Institute Reinforced Plastics 
Group, will be held in London on May 28. Further 
information can be obtamed from J. N. Ratcliffe, Plastics 
Institute, 6 Mandeville Place, London, W.1. 


Tus annual conference of tho Ergonomics Research 
Society will be held at the College of Aeronautics, Cran- 
fleld, during April 1-4. Subjecta under discussion will 
include: proceas control; workplace layout; machme 
tools; engineering production; the comprehension of 
engineering drawings; the effecta of heat; the teaching 
of ergonomics; the future of ergonomics; criteria in 
E] the elderly worker in industry. Further 
information can be obtained from Mr. David Whitfield, 
Ergonomics Laboratory, College of Aeronautics, Cran- 
field, Bletchley, Bucks. 


A symposium on ‘The Colorimetry of Near Whites", 
i by the Colour Group (Great Britain), will be 
held at the Imperial College of Saience and Technology 
on April 8. The programme will include: the measure- 
ment of whiteness; the scan-test reference instrument 
for reflectometry; the colorimetry of fluorescent whites; 
light sources for ing near whites. There will also be 
an exhibition of oolorimeters, spectrophotometers, light 
sources, colour atlases, colour filters, colour vision testa 
and allied equipment. The group’s first Newton Lecture 
entitled *"The Rays are not Coloured" will be delivered 
by Prof." W. D. Wright. Further information oan be 
obtained from F. J. B. Wall, Physics Research Laboratory, 
Ilford Ltd., Woodman Road, Brentwood, Essex. 
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THE BRITISH BROADCASTING CORPORATION 


ANNUAL REPORT 


HE &nnual report for 1961-62 of the British Broad- 

casting Corporation* welcomes the recent White 
Paper, Broadcasting: Memorandum on the Report of the 
Commities on Broadcasting}, in so far as it affects the 
B.B.O., while noting that the Government accepts 
responsibility to see that the Corporation secures sufficient 
inoome to carry out its additional tasks. With the report 
are published the accounts for the year ended Maroh 31, 
1962, showmg an income from licence revenue of £86-7 
million, expenditure of £18-55 million on operating the 
sound service, and £20-2 million on the television servioe, 
with a granz-in-aid totalling £7-38 million for the External 
Services. 

Immediate steps were taken towards bringing into 
operation at the earliest possible date the Govern- 
ment’s proposals for more iy of sound broedoasting, a 
second television programme (see follo d 
start to colour television, more Welsh ad cru 
MIRA aad Dice ocupa] a BR wisi on 
the present television service. The growth of external 
ae eT is particularly streased, and over the past ten 
years the combined. output of the twelve major countries 
broadcasting to external audiences has more than doubled, 
although in the same period the output of the Corporation 
has declined. The fleld is now led by the U.8.8.R., the 
Soviet satellite countries, the Voice of America and Com- 
munist China—the last mentioned di ing Britain from 
the fourth position in 1962. Much of the increased output 
is directed towards the Asian countries, those of Latin 
America and the emergent countries of Africa. For this 
reason, the Corporation warmly weloomes the Govern- 
ment’s approval early m 1962 of a major programme of 
relay-transmitter building which will increase the range 
and. effectiveness of some of the Corporation’s trans- 
miesions overseas. Some services elsewhere, however, 
were cut, and the closmg down of operations in the 
United States is particularly regretted. The Governors 
record their conviction that it is in the national interest 
that these external services should be maintamed over a 
broad front. Reference is again made to selective jamming 
of the Corporation’s Russian service and to deliberate 
full-scale jamming of the Hungarian, Rumanian, Bul- 
garian, Kuoyu and Cantonese services. 

Commenti 
the success which attended the concentration into brief 
space of a series of broadcasts on the Third Programme: 
for example, a series of scientific broadcasts on “Quanta 
and Reality” were repeated in a single evening, and five 
talks and a discussion entitled “Strategy of Survival” were 
concentrated into two evenings in one week. Much of the 
year was occupied with preparations for the first trans- 
Atlantic programme ex in association with the 
Post Office, other European broadcasting organizations 
and the sponsors of the American communications satel- 
litee. The Corporation was also engaged in extensive 
research into the potential of looal broadcasting m Britain. 
The direct contribution to further education was mainly 
through broadcasts on Network Three, designed to meet 
the needs and interests of various minority groups; 4 
new Saturday morning television series, “Science on 
Saturday", introduced in the summer of 1961, was a first 


step towards meeting the needs of those wishing to use. 


television for the planned study of science by adults. 


* Tho Bnti«h Broadca tay cup Annual Report and Accounts 
for the fae) 10s Crank ) Pp. 166+16 photographs. (London. 
AALS 10s. net. 


: posters Memorandum on the Heport on Broad- 
PRENNE. PP. 19. (Cmnd. 1770.) (London. X 5071 1909.) In Md. net. 
[S00 Nature, 195, 927, 1982.) 


on sound programmes, the report notes . 


Reception in many parts of the United-Kingdom con- 
tinued to be unsatisfactory because of interference from 
foreign stations, and although certain technical measures 
taken improved matters to some extent, with the present 
overcrowding of the medium wave-band there is nothing 
further that the Corporation oan do to reduce the effect 
of the interference. The Corporation continued to develop 
ite very-high-frequency services, which are free 
from interference, and rt is estimated that about 4-6 
million very-high-frequency receivers are now in use. 
Much was done during the year to achieve greater 
reliability and precision in the performance of broad- 
casting apparatus, and transistor and printed circuit 
techniques promise great increased reliability and possibly 
considerable savings in maintenance. Preparations were 
made for the new series of experimental 625-line trans- 
missions on the very-high- Bands IV and V, 
including both black-and-white and colour television to 
begin in the autumn of 1962, and attention has also been 
turned to the P iagation of alles es me ruensy maia 
over the sea. a change in the pattern of engineering 
recruitment, arising from an increasing demand for 
engmeers in proportion to technical assistente, the Cor- 
poration has been lees able to meet its full need of 
engineers by internal promotion. Besides a higher recruit- 
ment of qualifled men, the Corporation has stepped up ite 
scheme of sandwich courses, but the training facilities 
have been much more heavily loaded in consequence. 
Steff at March 81, 1962, anbe 17,125 full-time and 
887 part-time, comparod with 16,875 and 1,140 in 1960-61. 


SECOND TELEVISION PROGRAMME 


in extracts from an address given at the University of 
Leeds by Mr. K. Adam, director of B.B.O. Television, 
and now published in the B.B.C. Record (No. 15; Novem- 
ber 1962). The second programme is expected to start in 
April 1964 on 625 lines in very-high-frequency from 
Crystal Palace and to have reached the North of England 
by the summer of 1965. It is proposed to begin with at 
least 25 h of fresh material per week, concentrating on 
the peak hours each evening with extra hours at tho 
week-end, and in any one evening to cater in depth for a 
special section of the total audience by, for example, a 
long play, feature film, a full-length broadoast of sport, 
edited versions at length of political and scientific oon- 
ferences or open-ended discussions. It is uncertam what 
transmission standards of colours will be used, and Mr. 
Adam pointed out that colour will always be very expen- 
sive and may never average more than one or two hours 
anight. Itis hoped to recruit new writers and to encourage 
new styles of writing, and Mr. Adam also referred to the 
possible organization of programmes in collaboration with 
universities and learned societies. 

Science. must have ite full 
programme, and & working gro uc MER UE which 
rill bo -visiting all regian] ho adquarters to ensure thai 
regional studios are used to their maximum capacity in 
1964. In B.B.C. Record (No. 16; January 1903) further 
details are given of uction plans which contemplate 
at loast three more London production studios by April 
1964, with & fourth to permit ion to 80 h. Colour 
transmissions will start bofore the end of 1964 and the first 
major production studio at the Telovirion Centre oquipped 
for colour should oome into operation in the autumn of 
1965, ‘Two-thirds of the population should be reooiving 
the new programme in 1966. The Liaison Committee set 


in this second 
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up, with Mr. J. 8. Fulton as chairman, to guide the Oor- 
posu ee MM dee 
ita first meeting on January 30. 

In the first of a series of lunch-time lectures at Broed- 
casting House, published as B.B.O. Lunchtime Lectures—l, 
Mr. L. Miall discussed the future of B.B.C. Television 
after explaining why a new service must be started in 
` what are, for the Corporation, quite new and more 
difficult broadcasting bands—the very-short- or the ultra- 
high-frequency bands known as IV and V. These bands 
will involve, in effect, new sete for viewers but will give 
to accommodate new Mr. 


ing task, involving a capital cost likely to exoeed £40 
milion and building and operating more than 250 new 
transmitters as well as many low-powered booster trans- 
mitters.  Co-siting with the Independent Television 
Authority is essential if the amenities of the countryside 
are not to be damaged excessively. In indicating some 
ot the plans (or new tog aac Me. MINI ee, 
streasing the necessity of avoiding any debasement of the 
medium. 5 
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Lecture 2 dealt with B.B.O. news and current affairs, 


second television programme a Tegular programme 

for soienoe what “Monitor” has done for the Arte. A third 
lecture, by M. Pulling, on “International Television” 
pointed out that viewers in Britain saw leas of Burovision 
than viewers in many other European countries. How- 
ever, while the complete elimination of the 405-lme 
standard in Britain and the 819-line system in France 
would take many years, an important i vement 
would result both in the quality of pictures from other 
countries seen in Britain and in those from Britam seen in 
other countries: benefit would begin with the start of the 
second television programme. Finally, the facilities offered 
by & successful satellite communications system seemed 
sufficiently attractive to justify the immense efforts 


THE LEVERHULME TRUST 


‘Le fourth report of the Leverhulme Trust covers the 
years 1959-61, in which granta and awards totalling 
£885,000 were committed as compared with £593,000 
during the previous triennium *. While the expansion 
is due to a widening of the fleld of interest of the Trustees, 
the general policy remains one of initiating new ventures, 
and neither capital grante for buildings or equipment nor 
general appeals are considered. 

The primary concern is still fellowships and scholar- 
ships, and, of the total, 42 per cent has gone to universities 
. and other forms of hi learning and 21 per cent to 
medical research. Of the £371,150 for universities, 
£104,400 was for overseas visiting fellowships and £50,000 
for fellowships in research at the University of 

i 1. £6,600 went to the Department of Animal 
Husbandry and Veterinary Surgery at the University of 
Bristol for research into digestibility and into ansethesia in 
domestic animals; £5,100 for biochemical research on the 
oell nucleus at the University of Edinburgh; £18,500 to 
the University of Hull for research fellowships on Common- 
wealth studies; £12,050 to the London School of Eoon- 
omios for scholarships and research awards; £15,000 to 
the Institute of Education, University of London, for an 
advanced training course concerned with the use of mass 
media, and £38,300 to the Institute's Research Unit for 
Student Problems. The University College of South 
"Wales and Monmouthshire received £10,000 for busineee 
administration fellowships, the University College of 
Swansea £9,000 for research scholarships in social science, 
the University of Manchester £4,400 for an extension of 
research fellowships and studentships at Jodrell Bank 
Experimental Station, and £11,600 was provided for 
overseas visiting fellowships for the Manchester and 
Glasgow Oolleges of Science and Technology. Besides 
£31,500 for a professorship in geology at-the University 
of the Punjab, £0,000 went to the Kenya College of Social 
Stadies for the salaries of two tutors, and £5,000 for over- 
seas visiting fellowships for the universities of Holland. 

Awards totalling £46,550 to learned societies and 
research institutions include £2,000 to the Acton Society 
for its inquiry into the role of the arte graduates in 
industry; £6,000 to the British Association for research 
on the Lowenfeld-Dienee method of teaching mathe- 


* The Leverhulme Trost. Fourth Reports of the Leverhulme Trustees, 
959-1961. Pp. 61. (London: The Leverhulme Trost, 1962.) 


matios; and £19,900 to Political and Eoonomio P i 
for ite study of trade unions in a changing sooioty an 
£4,100 for ite study of international government. The 
Institute of Community Studies received £4,000 towards 
various research projects which include various studies in 
depth of the experience of studente at Cambridge, Man- 
chester and Southampton of factors determining the 
choice .of specialization, the compatibility of effective 
vocational training with a broader intellectual education, 
comparative quality of differant methods of teaching, the 
effect of halls of residence, living in college, and unions 
and societies on vitality of the university and relations 
between staff and students, and the Institute of Strategic 
Studies £8,250 for the salary of a résearch assistant. 

Of the awards totalling £184,900 for medical research, 
£90,000 was to the African Research Foundation in East 
Africa for cancer research, £28,000 to the East Grinstead 
Research Trust for a research fellowship and laboratory 
assistanta, and £3,900 to the Department of Education of 
the Deaf, University of Manchester, for research on 
hearing aids for children. Grants for research fellowships 
included £5,150 to the Institute of Dental Surgery, £6,000 
to St. Mary's Hospital Medical School, and £6,900 for a 
surgical research fellowship at Guy's Hospital. The Royal 
College of Surgeons received £12,000 for continuation of 
a research fellowship in the Faculty of Anwethetists, and 
£6,000 for continuation of one in the t of 
Physiology; the Institute of Laryngology and Otology 
£4,050 to extend research on the physiology of hearing 
and balance into the central nuclei and tracks in the 
brain, and University College Hospital Medical School 
£5,000 for the interchange of students between London 
and Ibadan. Various other grants were to the London 
School of Hygiene and Tropical Medicine, including £9,000 
for secondment to Makerere Oollege, Uganda, £3,000 to 
the Ross Institute, and £2,500 to the Human Nutrition 
Research Unit. 

Besides awards of £3,000 for archmwology, miscellaneous 

included £12,000 to the Commonwealth Society 
or the Deaf for training African students ps teachors of 
the deaf, £15.000 to the Royal Common th Society for 
Voluntary Bervioes Overseas, £7,500 to the Educational 
Intere. Council for Research Scholarships, and 
£32,500 to the National Bureau for Co-operation in Ohild 
Care. : 
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IMPERIAL COLLEGE SIERRA LEONE EXPEDITION 1963 


HIS summer, Imperial College of Science and Tech- 

nology is sending an expedition of undergreduate 
biologi to Bierr& Leone. The main purpose of the 
dem is to carry out a comprehensive study of the 
flora and fauna of the Northern Province. It is hoped 
to direct particular attention to the Scarciea River besin 
and, if possible, to the Loma Mountains. This will be 
the third expedition from the College to Africa in two 
years, others being to Nigeria and Ethiopia. The expedition 
is being made up of five botanists and three roologista. 
Two members have had previous expedition experience 
and all the botanists have worked on the vegetation of the 
montane region of southern Yugoslavia. An extensive 
programme of collection and observation is being worked 
out. It is hoped to bring back several thousand speci- 
mens: these will be deposited either at the Kew Herbarium, 
the Commonwealth Mycological Institute, or the British 
Museum (Natural History). 


In addition to the general survey, the ition is 
undertaking work on behalf of the Food ag Matar 
Organization. In particular, a survey will be made of 
indigenous food plante, and it is hoped to collect wild 
coffee plante of possible value for. future taxonomic or 
breeding work. Tho zoologists will be primarily concerned 
in making observations and oolleotions of the fauna 
of the area, and in particular on the Heteroptera and 
Coleoptera. A collection of Mollusca will be made to 
continue work by the Nigerian Expedition on the Mollusca 
of West Africa. Collections of mammal and bird para- 
sites will also bo made, and blood smears taken for 
pharmaoeutical purposes. 

The expedition will spend approximately eight weeks 
in Bierra Leone, and a full report will be published. If 
the aims of the expedition are accomplished then further 
expeditions may well continue the work in future yeers. 

P. Roames 


TROPICAL PARASITOLOGY 


qos symposium, the first regional symposium of ita 
kind, was organized jointly by the Unesoo South- 
east Asis Science Co-operation Office and the De b 
of Parasitology, University of Smgapore. It was held at 
the Medical School, University of Singapore, during 
November 5-9, 1962. It was convened the chair- 
manship of Prof. R. S. Deeowitz. The purpose of tho 
symposium was to provide an opportunity for an exchange 
of experiences and resulta among research workers in tho 
fleld of tropical parasitology. 

The conference was attended by delegates from Aus- 
tralia, Ceylon, Hong Kong, India, Indonesia, Japan, 
Malaya, thé Philippmes, Singapore, Taiwan, Thailand 
and Vietnam. These delegates, as well as representatives 
from the World Health Organization and the Food and 
Agriculture Organization, had been invited by Unesco to 
attend the conference. Dr. N. Ansari, chief of Parasitio 
Diseasea Branch, represented the World Health Organ- 
ination. 

Tho symposium opened with an address of weloome by 

the vice-chancellor of the University of Singapore, Dr. 
` B. R. Sreenivasan. This was followed by an introductory 
addrees by Mr. L. Mattason, director of the South-oasb 
Asia Science Co-operation Offloe, Djakarta. 

The first day was taken up by a series of survey papers 
rolating to tho background and progress of work in the 
fleld of parasitology in the various countries included in 

the region. An interestmg feature of these reporte was 
their refreshing variety of approach. Each report, in its 
different way, described the background of endeavour 
which had resulted in the establishment of the various 
institutions where parasitology is studied throughout the 
South-east Asian region and gave details of the investi- 
gations which were being carried on. These Teporta con- 
stituted a valuable contribution and comprise not only 
a useful compilation pertaining to the history of para- 
sitology in this region but also an index of personnel, 
institutions, and bibliographies. 

Although the scope of these reports was by no means 
uniform, ib was nevertheless a prominent feature that 
they emphasized the need for farther co-operation and 
interchange of ideas among parasitologista in the South- 

It was evident that there has been a marked improve- 
ment in the overall facilities available for research on 


pene dioba in tho tropica: Places which were ance 
ittle more than fleld stations have now become centres 
of bamo peraartological research. The important implica- 
tion of this is that the most up-to-date laboratory 
apparatus is now withm relatively easy access to the 
front line of research in the perasitological fleld, so that 
direct investigations on the important disease-producing 
parasites can be conducted. Previously, it had so often 
occurred that the basic observations on morphology, 
physiology, immunology, eto., were restricted. to parasites 
which could be maintained in the laboratory. 

On the other hand, tt was also evident that the old 
problems of disease and untimely death are still the main 
concern of parasitologista over most of the South-cast 
Asian region. But the vigorous research programmes 
relating to the diagnosis and control of parasitic diseases 
now operating in many of the South-east Asian countries, 
coupled with tho frequent visite being made by specialists 
in various fields, and the close liaison which haa evidently 
been established with universities and research centres in 
other parts of the world, gives promise of & succeasfal 
campaign against the protozoa, worms and 
which still cause such widespread disease in tropical 

ons. 
This overall emphasis on medical parasitology is in oon- , 
traet with the situation in Australia, where the parasites of 
domestic animals appear to comprise the most import- 
ant application of parasitology, and where it is evident 
that fanda for research in the fleld of veterinary para- 
sitology far exceed those available for medical peraai- 
tology. 

Three full days were devoted to research papers; those 
again showed a remarkable diverarty of interest. Thus, 
there were pepers of a clinical nature, some dealing with 
lesions and symptoms, othera with method of control, 
epidemiology, and treatment. But there were also Epes 
devoted to the basio principles of parasitology, as 
the Immunology of parasitic infections, the physiology 
and metabolism of parasites, as well aa systematics, 
ecology, evolution, and phylogeny in relation to parasitic 


‘The whole symposium achieved a balance of emphasis 
between, on one hand, the fundamentals of structure and 
function m relation to iti and, on the other, the 
distress and hardship which parasitism involves. 
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Tt ia not intended to summarize the content of these 
individual papers, because it has been arranged that a 
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full re of the proceedings of the symposium will be 
publi Suffice it to say that the admixture of hypo- 
thesis, observation and application contributed to no 


small extent to the feeling which prevailed.that we were 
all, in spite of widely differing specializations, primarily 
parasitologists. f : 

The del were accommodated in the King Edward 
VII Hall of the University of Singapore near the Medical 
School. This contributed in a special way to the success 
of the symposi Boientiflo meetings are becomnig more 
and more Intensive, consequently pro are some- 
times so full that there is virtually no time for discussion. 
This means that the younger delegates have little or no 
opportunity for discussion of their problems with their 
more experienced colleagues, who are quite understandably 
oocupied with exchanging greetings with their old friends. 
This sym sium showed tho value of delegates living in 
tho same residence and sharing the same table ab meals. 
Ample opportunities were thereby available for discus- 


NATURE 


1257 


sion, and as a result, one really felt that this had been a 
delogates bad. 
In this way 


appreciati 


ference had been an unqualified success. 
J. F. A. BPRHNT 


COSMIC NUMBERS 


By E. R. HARRISON 
Rutherford High Energy Laboratory, Chilton, Didcot, Berkshire ~ 


| a a (perhape first by 
Weyl) that there might be a close connexion between 
the separate domains of atomic or nuclear physics and 
cosmology. This view is admittedly intuitional and the 
only evidence m support of it so far comes from the 
numerical coincidences of dimensionleas ‘cosmic 
numbers’. The most typical of these numbers are*: 
R oT 


^ 


E: ~ 4 
a, ejm NI 


(1) 
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F, = = 08 x 10° 





(2) 


In (1) the characteristic radius of the universe E ~ cT 
1s expressed in terms of the classical electron radius 


a, = jm, where T+ is Hubble’s constant and T c. 


1-3 x 101* light years is a characteristic age of the universe. 
The result is similar if the pion Compton wave-length 
(indicating the range of the nuclear forces) is used instead 
of the classical electron radius. In (2) the ‘force ratio’ F 
is the ratio of the Coulomb and gravitational forces 
between an electron and proton. In (1) and (2) 6 is the 
charge, my and me are the masses, G is the gravitational 
constant, and c is the velocity of light. If g is the pion— 
nucleon coupling constant? (g*/AÀo ~ 15) the ratio of the 
strong interaction between two nucleons, separated by a 
distance of approximately a,, and their gravitational 
force is : 


^ Mg ue . a tA 
Picap VOA (2^) 
and this is an alternative expression for the force ratio F;. 
If numbers such as a = e/ħo = 1/187, g*[ho ~ 15, and 
mpjme = 1,830, are regarded as occupying a level of order 
unity, then we can write: 
R 4 
(3) 
It is possible to construct a range of cosmic numbers, 
and one of their fascinations is their hierarchical structure. 
This is shown by the following examples. Tho gravita- 
tional radius of the universe is B, and in the case of a 
nucleon the gravitational radius is ay ~ Gmp/ot (a 
nucleon of radius ay produces curvature in the metric of 
equal radius), and therefore : 


ag | Gm pa 
PE ` 


(4) 
d, 


The actual or observable mass of the universe is M ~ 
Rojā, and ita density p in terms of the nucleon density 
Pe = maja, is ' 


PM (Y uper 
Pe "NE R 


Expreeing M in nucleon masses we obtain Eddington’s 
number N = M/my: 


(5) 


(8) 


and similarly, R/ag c Ft. i 

The numbers considered so far are of the form F,", 
where n is either a positive or negative integer or sero 
The cosmico numbers, however, are not limited to only 
integral values of n. Thus, if a mass has as a radius Wt 
equal to its gravitional radius 2GM,/c, and & density 
Pe ~ ma/at equal to that of nuclear matter, the number 
of nucleons in the mass ia IN, = M,/mp, or: 

N, = (Fy ~ Fe? (7) 
which is close to the number of nucleons in & massive star‘. 
I5 is seen that a star at nuclear density has & radius given 
by: 

Beo vee (8) 

and is the geometrio mean of the radii of a nucleon and the 

universe. Furthermore, if we use the natural length 

2 = (AG/o*}4 for quantum fluctuations of the space-time 
metric’, then : 

n ia 

mPRYA. pan 


(8) 


Using this result further numbers can be constructed. 
(The mass density of the fluctuations is F,’ times that of a 
nucleon; each œl of volume 2* has a paw of Pj 
nucleons, and there are P^ cells per nucleon.) 

There ia thus a second group of dimensionless numbers 
of the form F,” where n now has half-integral values. The 
two groupe together form a hierarchy of numbers arranged 
at the discrete levels of the order F,*, where n = 0, 
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tbklhlid.... Whether there is a third group 
of quarter-integral values of n of any significance is a 
matter for speculation (for le, the number of stars 
per galaxy and the number of ies in the Universe is 
of the order P;!*) and at the present stage of our know- 
ledge the subject scarcely seams worth pursuing. The 
&pparent coincidence of the numerical values of R/a, and 
F, has in the past been & reason for suggesting that the 
physics of the atom and the coamos are in some way 
linked together. The hierarchy of numbers such ag 
(1){9) with ite simple and well-defined relationship gives 
further support to this point of view. According to 
Drrac’s principles : “any two of the very large dimensionleas 
numbers occurring in Nature are connected by a simple 
mathematical relation, in which the coefficients are of the 
order of magnitude unity". Thus if Ni, Nj are any-two 
of the dimensionless numbers we can state the principle 


m the form : 

Ni = OuNy Py (10) 
where Oy ~ lis a constant and ny is a positive or negative 
integral or half-mtegral number. 


ls there Antisymmetry In Atomic and Cosmic - 
Interactions ? 


As it stands the force ratio F, is not a satisfactory 
expression of the relative magnitudes of the electro- 
magnetic and gravitational interactions. In small-scale 
systems, as in atomic physics, it is true to say that the 

tic interactions predominate to the extent 

But matter tends to be electrically 
large systems the situation is therefore 
reversed and it is the gravitational interactions which 
predominate. It can scarcely be said that F, is a universal 
force ratio for it is limited to either atomio-size systems 
or to a Universe that contains only a single electron and a 
single proton. For this reason it is interesting to inquire 
whether we can derive a second force ratio F,. In the 
same way as F, expresse the predominance of electro- 
magnetic interactions in atomio-size systems, so P, will 
express the predominance of gravitational interactions in 

Let us consider a four-particle universe containing two 
hydrogen atoms in the ground state. This highly simple 
universe allowa a direct comparison between the inter- 
actions of atomio and coamic systems, and has the advan- 
tage of acknowledging the basic electrical neutrality of 
systems larger than those of an atomio size. If the 
hydrogen atoms are separated by a distance equal to R, 
then F, applies to the atomic regions within the hydrogen 
atoms, and F, applies to the cosmic region containing the 
two atoms. As the Coulomb force between the atoms is 
rero we shall use their magnetic moments po 6h/2mee, 
sligned perallel or anti-parallel in each other’s field, for 


EE HE magnitude of the electromagnetio inter- 
action. pering the relative magnitude of the electro- 
magnetic and gravitational forcea between the two atoms 
separated by the coamic-like distance R, it follows : 


F, Gina dom, gr F, 

where mH ~ m is the mae of the hydrogen atom. 

In this elementary universe the el io inter- 
actions predominate by a factor of F, in amall systems of 
atomio dimensions, and the gravitational interaction 
predominates by a factor of F, in a large system of coamio 
dimensions. These interactions are thus antisymmetric 
in magnitude for the smallest and largest systems possible. 
Although anti-symmoetry of interactions in this sense is 
interesting we must remember that it applies only to a 
rather artificial universe and that it docs not shed any light 
on the physics underlying the coamic numbers. However, 
the concept of symmetry or anti-symmetry is sufficiently 
satisfying to reinforce our belief that R/a, ~ P, is a 
fundamental relation in the physical world. 


(11) 
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Cosmology and the Cosmic Numbers 


If the atomio constants and also A and c are independent 
of the age of the Universe, then the relation R/a, ~ F, 
implies that G oc R. This dependence of the gravita- 
tional constant on the age and radius of the universe has 
various ecoammologioa] consequences and narrows down 
considerably the number of possible coamological models. 

j ee upon the distribution 
ormulated by Sciama’ and 


This is 
not in agreement with a principle of antisymmetry, for 
according to this principle any charge excess that might 
exist should be of the order 10-4* e. 

Of the various coamological models that have received 
attention there are three that conform with the relation: 
Go R=. The first is the steady-state universe!” in which 
G and R are both constant. Hoyle” has shown that : 


8zpGT" = 8 (12) 


where p is the mean density of matter. The radius of the 
observable universe is R = oT and ita total mass is given 
by: 


(13) 


The steady-state thoory fulfils in the simplest and there- 
fore perhaps the most satisfying way the conditions laid 
down by cosmic numbers. 

The second is Dirao's universe‘. In this model G is 
constant in ‘dynamic time’ but varies in 'atomio time’. 
With GR constant in dynamic time and mass conserved 
the dynamio units of time and distance are i* = f/24,, 
I* = jte Using dynamic units Dirac considers an 
Einstein-de Bitter! universe of rero cosmological and 
curvature constants. Transforming the resulta back into 
atomic unita we find : 

(14) 


(15) 


The age of this universe is ? = 47, and it follows that 
Goat, Rot, pot, M oc f. The geophysical and 
astrophysical consequences of G varying inversely with 
atomic time have been discussed by several authors, 
particularly by Dicke!*, and at the present stage of the 
discussion the evidence in support of such an effect is not 
very convincing. Also, N, given by expreasion (7) is 
approximately the number of nucleons in & star, and it 18 
dm (owes Low thie odo ea ves An ae 
is conserved. 

A third type of universe has been considered by Jordon". 
In this particular model the metrio has a positive curvature 
constant, and in order that Gor, Rat par, 
M oc ñ in a finite universe matter must be continuously 
created. This type of model has so far not received any 
great attention; this may be beoause there is no clear 
evidence that G has varied in the course of time. We 
notice that in the steady-state theory the number N, is 
constant and this strongly suggesta that the creation 
process operates uniformly throughout space indepen- 
dently of the stars ; in Jordan’s theory however N, cc P^ 
and therefore the creation process must operate primarily 
within the stars. 

All three of the foregoing models obey Mach’s principle 
and yet none is in strict conformity with general relativity. 
The only existing cosmological model consistent with the 
equations of general relativity and the principles of Mach 


i 
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and Dirac is the original static universe of Einstein's which 
is now of historical mterest only. 

Dicke™ has questioned Dirac’s principle on the grounds 
that one cannot rule out entirely the lity that the 
approximate equality of R/a, and F, might be nothing 
more than a characteristic of the present epoch. If F, is 
constant and E increases with time in an evolving Universe 
Dicke estimates that intelligent life appears when R/a, ~ 
F. But in this discussion we have seen that the relation 
Rja,~ F, has associated with it a hierarchy of numbers 
F,” which connecte the properties of elementary particles 
with the metrical of space-time. Also R/æ ~ 
F is equivalent to a form of anti-symmetry of interaction 
in atomic and coamic With only the coincidence 
of R/a, and F, to consider we might be willing to believe 
that Dicke is correct, but it is quite another matter to 
suppose that an ordered sequence of numbers and anti- 
symmetry (however feebly formulated) is a coincidence of 
the present epoch. It seems not unreasonable therefare to 
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believe that the cosmic numbers are evidence of the exist- 

ence of a fundamental unity of the atom and the coamos. 
I thank Prof. H. Bondi, Prof. R. H. Dicke, Prof. P. A. M. 

Dirac and Dr. W. B. Thompson for their commente. 


1 Weyl, H., Ana. d. Phyt., 50, 129 (1919). 

1 Bondi, H., Cormology (University Press, Cambridge, 1900). 

PM B., and Sudanrhan, H. O. G., Imirodwckon to Eiemeniary 
(Intersaieneoe, New York, 1961). 

1 Harrison, N. B., Obeersatory, 88, 75 (1962). 

1 Wheeler, J. A., Geometrodynaatios, 67 (Academic Prem, New York, 1062). 

* Dirao, P. A. ML, Proc. Roy. Sos., A, 165, 199 (1038). 

1 Bolama, D. W., Mon, Not. Roy. Astro, Soc., 113, 34 (1953). 

* Brans, O., and Dike, R. H., Phys. Rov., 194, 025 (1061). 

* Lytileton, B. A., and Bondi, IL, Proc, Roy. Soc., A, 888, 313 (1900). 

14 Bondi, H., and Gold, T., Mon. Not. Roy. Astro. Soc., 106, 251 (1948). 

1 Hoyle, F., Mon. Not. Roy. Astro. Soo., 108, 372 (1948) ; 108, 305 (1040) 

13 Hinstain, A., and de Sitter, W., Proc. U.S. Hat. Acad., 18, 115 (1032). 

13 Dicks, B. IL, Rev. Lod. Phys., 84, 110 (1062) ; Sctonce, 138, 653 (1902). 

“Jordan, P., Mature, 164, 687 (1049); Sokwerkraft and Wettall (Vieweg, 

Braunschweig, 1 


1s Dinke, E. H., Nature, 198, 440 (1961). 


DIURNAL EFFECTS IN MAGNETIC CONJUGACY AT VERY HIGH 
l LATITUDE 


By E. M. WESCOTT and K. B. MATHER 
- Geophysical Institute, University of Alaska, College, Alaska 


OLLOWING the confirmation of the concept 

of conjugacy from L rs 2-6 to L w 6 by magnetic, 
Earth current, ionospheric, and auroral techniques it was 
decided to establish a pair of very high latitude stations 
to examine the phenomenon polewards of the auroral 
zone’. (L values are Mollwain's parameter’. In an 
undistorted dipole field these would be the geocentric 
distances to the fleld line in the equatorial plane, expreased 
in Earth radii.) 

A magnetio station was set up in September 1962 at 
Shepherd Bay on the Boothia Peninsula of northern 
Canada (geog. oo-ords. 68° 48’ N., 98° 24’ W.), which is 
approximately conjugate to the New Zealand station of 
Scott Base in Antarctica (geog. oo-ords. 77° 51’ S., 166° 
45’ E.) The etic latitudes are approximately 
78-3° N. and 79-0? 8. respectively, corresponding to Law 
26. 
Because of the inclination of the geomagnetic to the 
spin axis, the Shepherd Bay station leads Scott Base by 
approximately 6 h 40 min in rotation, with respect to the 
Sun. 


The period September 15-80 has been examined, by 
visual comparison of the records, for correlation in H and 
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D disturbances at the two stations. It is evident that a 
considerable degree of correlation persiste in the night- 
time disturbance even at this ic latitude (upper 
two sets of magnetograms of Fig. 1). Disturbances had 
the same times and usually preserved a similar form, aa 
already confirmed for the auroral zone and ab lower 
latitudes. 

However, these polar cap stations also exhibit the well- 
known day-time maximum? and for this the correlation 
is lesa apparent. To obtain a rough indication of the 
diurnal behaviour of the correlation, a number was allo- 
cated from 0 to 4, by visual comparison, corresponding to 
xero correlation, poor, moderate, and one-to-one, 
respectively. A number was allocated to each hour of 
record and the numbers averaged for each hour over all 
the days examined. The result is shown in Fig. 2, where 
the averages have been normalised so that unity oorre- 
sponds to a one-to-one relationship between the two 
btations. 2 

There is a broad night-time maximum of good correla- 
tian, and an inferior maximum of moderate correlation 
about midday. Points of poor correlation (often rero 
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Distortion of Barth's high-latitude feld Imes, 


above) and from 
below average 
zones’ occur between alternaitve long- 
over-the-pole field paths, and that these rne-»ones matoh the 
correlation between 


correlation on individual days) divide the two maxima 
at ~ 0100 v.r. and ~1700 u.r. (see lower two seta of 
magnetogramms, Fig. 1). . 

One possible interpretation of the foregoing is illustrated 
in Fig. 3a and b. The night-time maximum corresponds 
to a field Imkage of the conventional dipole form (rather 
elongated but not grosely distorted), for which conjugacy 
is well-established ın the auroral zone and at lower 
latitudes. One would expeot conjugacy to be maintained 
around this long field line, though less infallbly than for 
shorter linea (lower latitudes) where the terrestrial field 
18 stronger. This accords with observation. 

“As the Earth rotates, the fleld line approaching the 
daylight side (0600 h, A.L.T.) encounters steadily increasing 
resistance from the solar wind‘ and at ~ 0700-0800 A.L.T. 
16 prefers to link backwards over the polar caps. (A.r.T. 
here denotes ‘average local time’, that is, it represents the 
average orientation of that field plane with respect to the 
Sun-Earth line at the equmoctial period. 0600 A.L.T. 
means that Shepherd Bay ıs 0920 local time (L.T.) and 
Scott Base is 0240 L.T.) This mode of linkage, which has 
often been in recent years*, oan be thought of aa 
a ‘Telaxing’ of the system to a more stable configuration of 
lower potential energy. In fact, the coupled system, 
magnetosphere plus. solar stream, could on this model be 
treated as a 2-level relaxation oscillator. 

From ~ 0800 to ~1500 A.L.T. some degree of oon- 
jugacy can again manifest itself via this highly distorted 
fleld path, giving rise to the inferior maximum of Fig. 2. 

At 1500 or 1600 A.r.T. the field line is encountering 
sufficiently reduced solar pressure that the normal dipole- 
type field can, be re-assumed. In terms of energy, this 
corresponds to the returning dominance of magnetic over 
kinetio energy. 

According to the present picture the times 0700-0800 
and 1500-1600 A.r.r. might be expected to show poorest 
correlation between disturbances registered at the two 
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stations, these being the transition or ‘relaxation’ intervals 
when a direct field linkage between northern and southern 
conjugates would be non-existent or erratic. (These are 
the minima at 0100 and 1700 v.t. in Fig. 2.) 

A recent paper by Lebeau and Schlich*, while not an 
investigation of a conjugate pair, is relevant because it 
compares magnetograms from very high latitude stations 
at approximately the same geomagnetio longitude but 
differing by about 8° in geomagnetic latitude. The 
stations, Dumont d'Urville and Charcot (geomag. 75:6? 8.. 
78-3? B., respectively), straddle the zone where a radical 
-change of field linkage might be anticipated, for example, 
lines D and C in Fig. 8a. 

Correlation coefficients were calculated, based not on 
the detailed forms of the disturbances but on the magni- 
tade of the disturbance experienced ın each hour. Lebeau 
and Schlich found that: (1) the maximum activity 
ocourred at about midday at both stations; (2) d'Urville 
was relatively more disturbed than Charcot at all times, 
but especially so at about midday; (3) the minimum 
correlation (rs 0-0) of average activities occurred at mid- 
day and the maximum (œ 0:95) at midnight. 

The significant point for us is that although both stations 
were, on the average, most disturbed about midday. 
there was least correlation between them at that time. 
While this might have various interpretations it does not 
contradict the view that the higher-latitude field hne 
(line C, Fig. 3a) has been forced into a different configura- 
tion leading to the forward projecting ‘horns’. It is then 
reasonable that lines O and D should be exposed to rela- 
tively independent disturbances. 

Another in ing feature of Lebeau and Schlich’s 
result is item (2). This is probably related to the recent 
finding by O’Brien’, using Injum I data, that the high- 
latitude termination of electron ping (E > 40 keV) 
is ~ 69° (L~ 8) on the night side of the Earth but extends 
to ~ 75° (L~16) on the day side. If the source of the 
disturbance is associated in some way with the outer 
‘surface’ of the trapped radiation (the ‘splash catcher’ 
idea*) as appears to bs the case for the polar (night-time) 
aurora, then d’Urville would he almost under the day- 
time termination of this surface in the ionosphere, whereas 
Charcot would lie several degrees polewards. 

Referring again to the work of Lebeau and Schlich, it 
would be helpful to know what correlation existe in tho 
detailed forms of magnetic activity at their two stations, 
over the course of the day. This might give an indication 
of the size of the conjugate area at various levels of 
activity in very high latitudes’. 

Returning to the Soott-Bhepherd Bay comparison, one 
further observation is of interest. Besides the diurnal 
variation of correlation between the respective magneto- 
grams there is a diurnal variation in the relative intensity 
of magnetic disturbance, which is best discussed in terms 
of local time of each station. The amplitude is greater at 
Shepherd Bay at ~ 1000 h (Shepherd r.7.), and is greater 
at Scott at ~ 1300—1400 h (Soott r.T.). 

This is explainable in terms of the ‘preceasional’ motion 
of the Earth's magnetic axis about the spin axis. At 1000 
Shepherd r.r. the field line through Shepherd Bay is tilted 
downwards, with to the Sun—Earth line, exposing a 
greater length of field line, which is therefore presumably 
more vulnerable to solar shocks at ita northern end. 
At 1800-1400 Scott L.T. the tilt is the other way, the 
‘underside’ of the field bemg more exposed to the Sun, 
so one might expect the Scott station to receive the 

signal, as observed. In either case the enhanced 
effect is probably due to the combination of circum- 
stancos: (1) greater exposure of one ‘horn’; (2) shielding 
of the other ‘horn’ by the intervening (stronger) magnetic 
fleld. But there may well be other factors. 

The results presented here were obtained during an 
equinoctial study, and the argument used in the previous 
paragraph predicta that a seasonal effect on the relative 
magnitudes of conjugate disturbances at Shepherd and 
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Scott should be observed as the year proceeds. As the 
December solstice approaches the much greater extremes 
of tilt of the axis (28-50? + 11° for a centred dipole) 
should further enhance the signal at Scott relative to 
Shepherd Bay. The reverse would apply in June. 

We must emphasize that the resulta reported here are 
very prelimmary. Oonsiderably more data, and the 
calculation of mathematical correlation coefficients, are 
needed to place the information contained in Fig. 2 ona 
firm basis. 

Date from Scott Base were obtained through the 
courtesy of Dr. A. L. Cullmgton, Superintendent of the 
Magnetic Survey, Department of Scientific and Industrial 
Research. New Zealand. Equipment at Shepherd Bay 
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was operated by DEW line personnel with the co-operation 
of the Defence Research Board of Canada. This work 
was sponsored by the Air Force Cambridge’ Research 
Laboratories, Office of Aerospace Research, under contract 
AF 19(604)}-6180. 
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HEATS AND 


RATES OF SOLID-LIQUID TRANSITIONS 


By Da. D. M. SPEROS and R. L. WOODHOUSE 
Lamp Research Laboratory, General Electric Co., Nela Park, Cleveland, Ohlo 


HE reduction of differential thermal analysis to & 
firm quantitative basis appears of such potential 
usefulnees that numerous attempte have been made to 
bring it about}. The scope of a solution to this problem 
is bemg examined. This solution essentially effecta a 
temperature balance between sample and reference 
les while a thermal balance is maintained 

within the sample structure aa follows: 

(1) Temperature balance between sample and reference 
thermocouples. An auxiliary heater is mserted in the 
sample structure. uar ar er fae ee idu 
change in heat content, the heater input is kept at 
xoro or some low constant value. When such a changé 
begins to occur, the input to the heater is moreased or 
decreased for an endothermic or exothermic process 
respectively. This is done in such & manner that the 
temperature difference between the sample and reference 
thermocouples is maintained at the same value as before 
the change began (Fig. 1). It follows that the change 
in the electrical energy input, AQ, required to accomplish 
this (Fig. 2), is related to AH. However, unless the gains 
in and losses of heat by the sample structure from and to 
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the surroundings are made to be equal AQ will equal 
AH only fortuitously. 

(2) Thermal balance within the sample structure. In 
order to obtain a general idee of what the condition 
AQ = AH entails, the arrangement of Fig. 3 is imagined 
in which dimensionlees heat source H, heat aink.S (such 
as a melting sample) and thermocouple T, are embedded 
in a solid which is immersed in a gas. The thermal balance 
condition: 
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and S, TE the rates of extraneous gain in and lose of 
heat reapectively, when considered in conjunction with 
the appropriate relations! of heat transfer, yields: | 





dG/dé A T — Ta R+rd " 
ana ^"T,-T"maIvE (2) 
where T = gas d, d' = distances of sample 


temperature, 
and heater respectively from the adjacent walls of the 
solid and R, r, E', r’ = heat resistance constants’. The 
condition of compatibility between equation (2) and the 
balance condition, namely, T = T, = T, 
where T, = the temperature of the reference thermo- 
couple, yields: 


(8) 


ple — thermocouple and 
already defined by equa- 


D 

p 
where D, D’ = distances sam 
heater-thermocouple, and A is 


tion (2). 





Fig. 3. Thermal balance withm maginary sample structure 


For exothermic processes involving initially constant 
input to H, the foregoing are simplified in that the sum of 


“q from H and S is hold constant before, during and after 


the process. 

Equations (2) and (8) indicate that, even for the ideal- 
ized, model of Fig. 3, the requirements for equality between 
electrical and process energies are strict. If, for example, 


D 
p *1, then AQ + AH even if tho result of Fig. 1 is 


here was to fold the arrangement of Fig. 3 on iteelf in the 
sense of surrounding the sample by the heater (Fig. 4). 
The outer surface of the hester is kept at 
T or made to oscillate equally above and below T (Fig. 1), 
so that for the entire structure [dG ~ [dL — 0. This is 
done either: (a) by manually switching the heater on and 
Sig Gene up ee 
being such (usually more than 1 seo) that T, tes 
equally above and below T (Fig. 1); or (b) by adjusting 
the power either manually or automatically, as by utilizing 
an electronic dontroller (work in progress). For the former 
method the amplitude of oscillations is kept normally 
below 0-08° © = 1/16 m. pen travel on the recorder. 
The total ‘power on’ time is found by & stop-watch or & 
recorder. 2 
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4. Qross-seotion of structure: 1, container 
Fees e cedat METUS apn reese 
Penter wire (tu ; 4, heater shield (nickel); 5, ; 

(moa); 7, : 18 Bh thermocouple: 8, coraini 


The ‘distance’ between the thermocouple and the samplo 
container (the concept conveyed by equation (8)) is 
adjusted until the correct heat of fusion of a substance 
such as lead is obtained. In order to have & compact 
design, this distance is increased, not by ing the 
sample far from the vss epi iia 
wafer of quartz 1-5 mm in thi 


sample container, but not with the heater casing, the 
error amounts to +10 per cant or more dependmg on the 
intimacy of the contact; if the thickness of the quartz is 
increased the error becomes negative, amounting to 
— 8 per cent for a quarts thickness of 10 mm. 

Complete lack of electrical interference between tho 
thermocouple (uV) circuit and the heater circuit is of 
course necessary. 

Onoe the sample structure was balanced, using lead, the 
correct heata of fusion were obtained 
adjustment of the 
and sodium nitrate, 


For exothermic processes (freexing), the initially con- 
stant input to the heater is the same as shown in Table 1. 
The nm.w.r. of the reference thermocouple 1s then propor- 
tionately imoreased either by supplying an external 
constant E.M.F. or by utilizing a reference heater, whioh 
is normally present, since both sample and reference 
structures are used for measurements indiscriminately. 
All substances in Table 1 froze at rates too high for manual 
compensation because of supercooling. This tendency 
was arrested in the case of lead by using a container of 
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Table 1. DETZERNINATION OF Heats OF FUMON AXD INTEROOMPAKISON WIPE ORTTIOAL LITWRATUER VALUBS 


Bubstanee Number Range Mean ‘Best’ arttioal values 
and of of sample Range of compensation energy AHimon | tn literature 
sample determ- TDANB ^ Bec and range EK, 
eontainer(s)* maions (g) cal/mole and Hvans* Kelley* 
Br-(s) 5 0-8411-0-7671 0-0563-0 1601 170-3-019.8 1,091 1,600 + 80 1,720 
(1,086—1,701) 
Pb-(&X5) 6 0-06073—1-2783 0-0759—0-1258 175-7-828-0 ase! 40) 1,150 + 80 1,140 
AHa) 6 0-0001-0 2165 0 1278-0-2102 182-236370 2,5 ) 2,500 + 30 2,570 
NaNO,-(e) 6 0-1861—0-2079 0-1196—0-1879 103-5-242-2 ip 75) = 3,400 
* (a) Spectroscopdoally pure : No. 440 i e steel; (0) 99-099 cent pure silver. 
Mo Tates by DRE 0-01—0-50* Range of presse OL RIGEN: $78-1,010 mm mercury. Range of area under norma! 


(uncompensated) URB Cmi- iE 


99:999 per cent nickel. The heat of crystelliration found 
for this sample was withm + 1 per cent of ite heat of 
fusion. 

For xero order kinetics, dn/dt = (l/AH)(dH/di) where 
n = moles of molten substance, and dH /dt = the rate 
at which heat energy is actually absorbed by the sub- 
stance. For a balanced sample structure, dH/di = 
k(Ta — Tm). Ifa linear heating rate is provided by the 
external furnace, Ta — Ta = At. Combining the last 
three equations results in da/dt = (EA/ AH and dH/dt = 
kAt. The last equation an integration yields k = 2AH/ 
At,’ or 

daH  2AH 
dM 


where £, is the total time required for the fusion. Aooord- 
ingly, if dH/dt = dQ/di, that is, if the kinetics of the 

can be determined by the described 
eas of the experimental dQ/dt as a function of 
time should prove to be & straight line with origin at rero 
and slope equal to 2AH/t*. Fig. 2 shows that this is so. 
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ESTIMATION eT MASS-SCATTERING COEFFICIENT OF BIOLOGICAL 
SAMPLES 


By N. H. SARKAR and Dr. P. SADHUKHAN 
Biophysics Division, Saha Institute of Nuclear Physics, Calcutta 9 


ETERMINATION of mass thickness of biological 
samples, from the contrast in their electron micro- 
scope has been carried out by many workers!-i, 
Under normal operating conditions the contrast at a given 
point of the image is governed by the exponential rela- 


tion?* : 

Icle-Sk* (1) 
where I, is the intensity of the electron beam incident 
on the object of mass thickness pi, p being the density 
of the material and £ the thickness of the object in the 
direction parallel to the incident beam, J is the intensity 
of the transmitted beam which reaches the image plane 
and S is the effective total electron-scattering cross-section 
per gram of the material. By using carbonaceous samples 
of known diameter and density and measurmg their 

ee eae rio 

various operating conditions of the electron 

brune For scattering by a single element, the total 

atomic cross-section c is related to S by the expression: 
, N 

dix (3) 
where N is Avogadro’s number and A the atomic weight 
of the element. Since biological objects consist mainly 
of carbon, hydrogen, nitrogen and oxygen, and if objects 
of thickness less than 900 Å are used, we need only be 
concerned with single scattered electrons‘. 

Zeitler and Bahr’ state that the effect of melastio 


scattering can be in the aperture range of 
103—-10-* radians. Some recent a to this 


situation have been taken by Valentine” and Burge and 


Bilvester!. The experimental values of S obtained by 
Burge and Bilvester!! show that the effect of inelastic 
scattering cannot be disregarded in the aperture range 
of 10*-10-" radians. Moreover, inelastic ene 
is more predominant than the elastic soattering in the 


aforementioned range. But, if one takes into account 
both the effecte, the discrepancy between theoretical and 
Liesegang’s experimental measurement of contrast!’ can- 
not be explained. However, only the effect of elastic 
scattering calculated from Lenz's! equation with B, the 
atomio radius, from the Wentzel model fit excellently the 
experimental resulta of Liesegang!’. Table 1 shows tho 
comparison of measured contrast at 60 kV with theory. 
Tablo 2 shows the comparison of our experimentally 
determined S values with those calculated from Lenxz's 
expression for elastio ing cross-section of carbon 
atom with E from the W model. The theoretical 


and resulta are in good agreement. 
Tho biol “samples studied are the cell membranes 
of: (a) B cols (30 ); (b) human red. blood. cell 


(80); (0) Letshmanta donovani (30); (d) E. coli basterio- 

phage tail (30); (e) tobacco mosaic virus (30); (f) yeast 
ribonuoleo-protein (100); (g) polystyrene latex (80). The 
number against each specimen denotes denotes the number of 
particles examined. 

For the preparation of cell membranes, purified. normal 
cella in each case were disrupted by chemical means to 
remove the cellular contents. The cell membranes, after 
separation, were collected on carbon-coated grids, dried 
up end thereby we obtained collapsed oel membranes. 
For the preparation of H. colt bacteriophage the modified 
technique of Hillier ei al.1* as developed by Guha” was 


Table 1. Tawormrmas VALUES OF CONTRAST OF A $80 A Trick CARBON 
Bia at Ó0 KV wrra Ó = 10-3 RADIANB, ASSUMING p = 1-6 G OM” 


: na 
cross-section croaes-seciion 
Wenizel model 188* 119. 15-0 
bility measurement 156 9-9 223 
Hartree model 25-0 14-3 357 


* Lieseging's!! meesurod valus of contrast in percentage 3s 17 5 
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followed. TMV, yeast mbonucleo-protem and monodis- 
perse polystyrene latex particles were supphed by the 
Rothamsted Experimental Station, the Distillers Co., 
Ltd., Edinburgh, and Dow Chemical Co., Midland, Unrted 
States, respectively. 

The electron microscopic observations and photographs 
were made under Riemens Elmiskop 1, with a 60-kV 
electron beam at an objective aperture angle of 9-124 x 
10+ radians, and afterwards photographed on Ilford pro- 
cees plates. After due processing of the plates, the photo- 
graphio denaties D and D, in the imaged region and in 
the background, respectively, were measured with a 
micro-densitometer. For the photographic negatives used 
it was found from a previous experrment that the y-value 
under the foregomg conditions was 2-8 with the photo- 
graphio density-range 1-5-3-0. It is well known that the 
measured densities D, and D are related to the ocorre- 
spondmg electron densities by the relation: 


E 


D, — D = logy (IJI) (3) 
From (1) and (3) with y = 2-8 we get: 
S = 0-82 . (D, — D)/pt.om' g2 (4) 


Thus, knowing mass thioknoes of the specimens, the oor- 
responding S*values for them are calculated. as shown in 
Table 2. The D,—D values of this table for the E. cols, 
red blood cells and L. donovani membranes correspond to 
twice. the membrane thickness, as the two membranes 
collapse during preparation and provide the 
photographic density. 80 half these D, — D values 
correspond to thickness of a smgle membrane. Separate 
values of D, and D are not shown in Table 2, but the 
measured values of them are well within the range 1:5-3-0. 


Table 2. VALUES or S 
Density (p) $ 


[2] 
(A) from  (gam-*from Measured  "rpertmental 
mdtreot indirect D.—D S*eang3x1043 
Specimen § measurements measurements 
5. ooh membrane mu 15) 0-197 496 
RBO membrane 200 1-30 0-222 445 
L. donovan 
membrane 250 (23, 1-30 0-342 4-32 
TMV 150 (24 137 0-103 412 
Yeast RAP 200 1-50 0102 442 
E. col bacterio- 
tal 252 ) 1:80 0-187 4-68 
latex — 890 (26 1-06 0-501 445 
* The theoretical S (elastic) value for the oarbon atom tn our experimental 
condttions 1s 4-61 x 10% om" gr. 
T The number within brackets denotes the reference from which the eor- 


From the oomperison of experimental and theoretical 
| S values it is suggestive that only elastic scattermg effect 
“is responsible for contrast consideration, at least at the 
aforementioned operating oondition of the microgcope, 
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though theoretically the imelastic scattering effect 1s 
67 per cent to that of elastic effect. In Table 1 calculations 
of contrast in percentage have been made on different 
models and compared with the experimental value in order 
to show the merite of the different models for practical 
purposes. It is seen that Lenz’s!* formula with R from 
the Wentzel model is a suitable one. The foregoing 
experimental procedure is also useful for the determina- 
tion of density of biological s&mplee!* of known thickness 
and vice versa. Here a knowledge of theoretical scattering 
cross-section 18 necessary, and thus, if the elastic scattering 
cross-section for a carbon atom is calculated from Lenz's 
formula with Wentzel radius, the thickness or density 
values can be found from equation (4) with some confi- 
dence, provided the microscope 1s operated at 60 kV 
and at an aperture angle near about 10-? radians. 

We thank Prof. N. N. Das Gupta, of the University of 
Oaloutte, for his interest in this work, and Mr. M. L. De 
for helpful criticisms. We also thank Mra. J. Chackra- 
borty and Messrs. 8. B. Bhattacharjee and K. N. Bhatta- 
charjee for help in preparation of some of the specimens. 
One of us (P. 8.) thanks the Ministry of Scientific Research 
and Cultural Affairs for fmancial assistance. 
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BLOCK OF INSULIN SECRETION FROM THE PANCREAS 
BY p-MANNOHEPTULOSE 


By Dr. H. G. COORE and Da. P. J. RANDLE 
Department of Blochemistry, University of Cambridge 
AND , 
Pror. ERNST SIMON, Dr. PERETZ F. KRAICER and Pror. M. C. SHELESNYAK 
Endocrine and Reproduction Physlołogy, Welzmann Institute of Science, Rehovoth, Israel 


TRANSIENT diabetic state can be induced in the rat 

by a single injection of the seven cerbon sugar 
D-mannoheptulose!. Kraicer, Simon and Shelesanyak* 
have suggested that mannoheptulose induces this diabetic 
state by interfering with the secretion of insulm by the 
pancreatic islets in response to glucose. An in viro 
technique suitable for examining the effect of substances 
on the secretion of insulin utilizing pieces of rabbit 


pancreas has recently been described’. This technique 
has now been used for investigatmg the effect of manno- 
heptulose on imsulin secretion induced by glucose. To 
justify the use of pancreatic tissue of the rabbit, evidence 
is presented that the rabbit exhibits the same physiological 
response to mannoheptuloee as the rat. 

The effect of mannoheptalose on blood glucose concen- 
tration was investigated in six male adult rabbits, body- 
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0 1 2 3 4 5 
Time after injection of mannoheptalose (h) 


Wig. 1. Increase of concentration in blood after edminwtration 

of mannobeptulose (intravenously, 2 g/kg) to fasted rabbits. Each 

rabbit is represented by a different symbol. The curve joins the means 
(F.V., fasting value) 


oret 


[MH] = 1.7 e? 








Time after Infection of mannobeptulose (h) 


Wg. 2. Concentration of mennoheptulose in blood after administration 
of mannobeptulose (urtravencusly, 2 g/kg) to rabbits., The curve was 
calculated by regresmon analysis 


weight (mean + S.D.) 1:6 + 0-2 kg. The animals were 
deprived of food for 24 h and injected intravenously with 
2 g/kg of p-mannoheptulose in 1-7 ml. of isotonic sodium 

oride. Blood samples, taken from the contralateral 
ear vein, were analysed for total reducing sugar‘ and 
mannoheptuloee*, glucose concentration being obtained 
by differance. phy of concentrated blood 
filtrates by the method of Nordal and Benson‘ confirmed 
that mannoheptulose and glucose were the only sugars 
detectable. 

The effect of D-mann: tulose on insulin secretion was 
examined as follows. Adult male rabbits deprived of solid 
food (but with free access to 5 per cent aqueous glucose) 
for 15-18 h were idly ansethetired with 800 mg 
hexobarbitone sodrum by eer vein. The body and tail of 
the pancreas were quickly removed and dropped imto 
Krebs supplemented medium’ gassed with oxygen + 
carbon dioxide, 95 : 5 (physiological saline medium supple- 
mented with 5 m.equiv./l. sodium 1-glutamate, fumer- 
ate and pyruvate and also Armour bovine plaama albumin, 
fraction V, 2 mg/ml.) The pancreas was divided into 
pieces weighing 100—800 mg with exclusion of obvious 
non-pancreatic tissue and pre-incubated for 80 min in 
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medium (see foregoing) containing glucose 0-6 mg/ml. 
After washing with the same medium each piece was 
transferred to a stoppered pot containing 8 ml. of medium 
and subjected to a sequence of five separate incubations of 
15- or 30-min duration in media containing D-glucose, 
0-6 mg/mL, 3 mg/ml., 0-6 mg/ml., 0-6 mg/ml., and 8 mg/ml. 
(referred to as phases 1-5). In experiments with D- 
mannoheptulose the sugar was added to a concentration 
of 8 mg/ml. in phases 4 and 5. Insulm was estimated m 
of the sequence by immunoassay’. is experimental 
design was chosen because earlier experience showed that 
the output of insulin in response to & high concentration of 
glucose (3 mg/ml.) measured by the difference in output 
in phases 1 and 2 can be repeated (phases 4 and 5) after a 
rest period (phase 3). This technique permits each piece 
of pancreas to be used as ite own control and the effect of 
mannóheptuloee to be ascertained by comparing output of 
insulin in phases 4 and 5 (when the sugar was present) 
with that m phases 1 and 2 (when the sugar was absent). 

For the in vivo experimenta the resulta were as follows. 
The blood glucose concentration following injection of 
mannoheptulose is shown in Fig. 1. The blood glucose 
rose to a maximal concentration of 800 + 40 mg/100 ml. 
(mean + S.E.) at 1 h after injection (mean fasting value, 
100 mg/100 ml.) and remained elevated for more than 
44h. The blood mannoheptuloee fell exponentially, being 
halved every 55 min (Fig. 2). 

For the $^ vtiro experiments the average output of 
insulin in control experiments by six pieces of rabbit 
pancreas was enhanced by increasing the concentration of 
glucoee in the medium (0-6-8 mg/ml.) from 41 to 18-3 
myg insulin /min/piece of pancreas in the first two phases 
of incubation and from 41 to 27 in the last two phases 
(1 mug = 10” g). This confirma, as mentioned pre- 
viously, that the response to glucose can be repeated a 
second time. In the presence of mannoheptuloee (3 mg/ 
ml.) the average output of insulin was not increased by 
raising the concentration of glucose in the medium from 
0-6 to 3 mg/ml. (outputs of 3:5 and 3-5 mug insulin /min / 
piece of pancreas in phases 4 and 5) in spite of the fact that 
the same pieces had shown & good response to glucose in 
phases 1 and 2 (outputs 3:5 and 12:5 myug/min). The 
statistical significance of these changes has been shown by 

ing the ratios (phases 1-2 and 4-5) of the pera- 
meter of the insulin assay method used (the radio- 
activity of the insulin-antibody complex which is inversely 
related to insulin concentration). In the control series 
the ratios (mean + S.E.) were 2-46 + 0-45 and 3:10 + 
0-81 (t for difference is 1:2 and P>0-8). In the manno, 
heptulose series the ratios were 2.18 + 0-20 and 1-03 + 
0-07 (t for difference is 5-2 and P<0-001). We conclude 
that D-mannoheptulose completely suppressed the stimu- 
lating effect of D-glucose on insulin o by isolated 


the pancreatectomized animal’. The absence of an effect 
on peripheral glucose uptake in the presence and absence 
of insulin was also shown with several tissues from the rat 
tested tn vitro’. There was evidently no net glycogeno- 
lysis induced by mannoheptulose since the glycogen 
content of liver and to a leaser extent kidney and muscle 
was increased 4 h after its injection in the rat. It was 
also not possible for conversion of mannoheptulose to 
glucose to account quantitatively for the hyperglycemia. 

The increment in blood glucose seamed to be due largely 
to gluconeogenesis since in the starved rats used in the 
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earlier experiments liver glyoogen would have been very 
low. Furthermore, mannoheptulose injection was &ooom- 
panied by a rise of urinary non-protein nitrogen in intact 
fasted rata" and a further elevation of the blood non- 
protein nitrogen in nephrectomized animals’. Tho neces- 
sity for circulating corticosteroids in the experimental 
animals if the diabetogenic effects of mannoheptulose 
were to be exhibited" was interpreted as being a necessary 
condition for adequate gluconeogenesis. The present 
experiments with rabbits furnish direct evidence for the 
inhibitory effect of mannoheptulose on insulin secretion 
but leave open the possibility of an additional effect of the 
bi ad on gluconeogenesis through some other mechanism. 

ince conventional metabolic studies on mammalian B- 
cells are not feasible because of their relative scarcity in 
pancreatic tissue, the metabolic role of mannoheptulose 
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can only be readily defined using other tissues and work 
along this line is in progress. If a pathway of metaboliam 
or an enzyme system affected by mannoheptulose were 
defined this would provide a valuable clue to the meoh- 
anism whereby glucose stimulates insulin release from 
B-cells. 

* Stmon, H., and Kraicer, P. F., Arab. Brookem. Biophys., 60, 502 (1957). 

* Kraer, P. F., Simon, H., and Shelemyak, M. O., Endocrinol., 71, 90 (1962), 
* Ooore, H. G., and Randle, P. J., Biookem. J., 84, 78, P (1909). 

* Folm, O., and Wu, H., J. Biol. Chem., 41, 307 (1020). 

* Dische, Z., J. Biol. Ohsem., 204, 083 (1958). 

N A., and Benson, A. A., J. Amar. Chem. Soc ,'78, 5054 (1054). 

' Krebs, H. A., Dioch. end Biophys. Acia., 4, 249 (1950). 
* Hales, O. N., and Randle, P. J., Biochem. J., 84, TO, P (1982). 
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INDUCED ARTERIAL OSCILLATIONS OF BLOOD PRESSURE AS A METHOD 
FOR INVESTIGATING REGULATION OF LEVEL OF BLOOD PRESSURE 


By Pror. P. RUDOMIN and Prof. L. MACPHERSON 
Department of Physlology, Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Naclonal, México 14, D.F. 


T existence of homeostatic systems which control 
arterial blood preesure implies a stable equilibrium- 
level for & given p ysiological state; if the pressure is 
displaced from this value, the systems will oppose the 
effect of the imposed change. 

In the method described here, the system was displaced 
from ite original equilbrium state ; its tendency to return 
to the original condition was then observed. This 
displacement was achieved by applying periodio trains of 
electrical stimuli to the central end of the rabbit’s aortio 
depressor nerve, thus causing the mean value of the 
resulting arterial pressure oscillation to fall with 
to the original equilibrium value. The duration of the 
stimulus trains was controlled by the arterial pressure 
iteelf: when as a result of depressor stimulation the 
pressure fell, at & minimum pre-determined value the 
stimulus ceased ; the pressure then rose, and at a maxi- 
mum pre-determined value the stimulus recommenced. 
The oyole then repeated itself. 

The arterial preasure was measured from a common 
carotid artery with a capacitance transducer coupled to a 
gated beam diseriminator.. The output voltage of the 

latter was monitored by a Schmitt trigger circuit which 

changed state at the predetermined preasure values, 
thereby actuating a relay which connected or disconnected 
the stimulator in the required manner. 

Simultaneous pressure, ECG, heart rate and stimulus 
records were made. 

The experiments were carried out on rabbits anæsthe- 
tized with sodium pentobarbital (80 mg/kg body-weight), 
or under deep ether anmsthesia during the surgical phase, 
a local azueethetio being applied to the wounds. Ta all 
experiments tho animals were paralysed with gallamine 
triethiodide (‘Flaxedil’), maintained with constant pul- 
monary ventilation, both depreasor nerves sectioned, and 
both common carotid arteries tied. 

The following results were obtained : an commencement 
of series, the pattern of oscillation (henceforth referred 
to as ‘Pattern P’) was characterized by short stimulation 
periods and long non-stimulation periods. The first four 
oscillations shown in Fig. 1, or those in Fig. 24, illustrate 
typical examples of this pattern. 

attern P gradually shifted during a series in the direc- 
tion of Pattern S, characterized by long stimulation periods 
and short non-stimulation periode. Pattern S can be 
observed in the second part of Fug. 1, and in part O of 
Fig. 2. Frequently the arterial blood pressure did not fall 
sufficiently to interrupt the stimulus, whereupon the 


oscillation ceased. This was regarded as a marked ten- 
dency of the system to move in the P-S direction (Pig. 1). 
On many occasions when this ‘escape’ occurred no further 
oscillations were produced; if the stimulus were then 
disconnected, the blood preasure rose transiently above its 
final normal resting value. After a rest period, oscilla- 
tions could usually be restored on re-application of the 
stimulus. 2 

Once the system had escaped from the oscillation 
induced by stimulation of one of the depressor nerves, 
immediate alternativo stimulation of the other depressor 
did not renew the oscillation, although previously the 
stimulation of either depreasor had caused similar arterial 
blood pressure oscillations. 

‘Spontaneous’ escapes or P-S changes occurred fre- 
quently in non-ansethetized animals, and generally 
coincided with insufficient curarization. These changes 
were rarely observed when the animals were anæsthotized 
with pentobarbital. 

While oscillating, the system manifested an increased 
sensitivity to some stimuli: limb flexion, light tactile 





Fg. 1. 


Arterial blood pressure oscillations produoed trains of 
BO peo Socken stim applied to tas ontral ond of the 

. bit (L5 kg) anesthetized initially with ether, 

2 Resprraton pum; siroke voume 1500.9: pimi rate 
S4/min. The series illustrated 1 min befpre the four (i ) 
typical oscillations. The undwturbed mean arterial pressure 
the figure are continuous 


was 00 mm mercury. Both parts of 
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atropmized and vagotomized animals, a 
similar change of pattern in the P-S 
direction was always obtained, thus show- 
ing that the P—S change is independent of 
the heart rate. 

The P-S change cannot be satiafactorily 
explained as due to ‘system fatigue’; a 
more probable interpretation might be 
that there is a ‘build-up’ of vasoconstrictor 
sympathetic activity which tends to sup- 
press the oscillations. This is supported 
by the fact that any stimulus which is 
known +o increase thetio activity 
also &ooolerates the P-S change (hypo- 
ventilation, injection of minute doses of 
potassium oyanide, painful and tactile 


stimuli, eto.). 
The P—S change t also be regarded 
as indicating a ifilo tendency of the 


system to return to ita original condition 
of greater stability’. 

Spontaneous P-S ohanges in animals 
anwsthetized with pentobarbital were im- 
frequent and appeared as a prolongation 


initially other, In pump stroke volume -Tato A 5 r . 

Himm. In Bain nées by aitow, tho se olimus was redued to 0.0. of the stimulation period without the 

the preceding ones. and O are contmuous. The Rt rien ue Gen salad concomitant shortening of the non-stimu- 

Indicates the rats Of the cardiac orele, and the remainder the lation periods. In addition, the system 

durations from the stimulation of both depressors. The sened hsiratod bogan exhibits a reduced tendenoy to return 

threo minutes the (shown) oscillations of part original H FPE AT, : 
ROMAE den EO DERI OR MM Part A TM towards ita equilibrium. This 


stimuli or intravenous injections of 10-20 ug potassium 
cyanide produced a marked P-S pattern change (similar 

to the in Fig. 1.) These stimuli did not produce 
hace opie dieu quU came when the system 
was in repose. 

As an example of a P—S change, Fig. 2 shows the result 
of hypoventilation on the mode of oscillation: part A of 
Fig. 2 illustrates the pattern obtained with a ventilation 
of 150 c.c. At the commencement of part B the ventila- 
tion was reduced to 125 o.c., a resultmg shortened non- 
stimulation period was rapidly observed, as can be seen in 
the first three oscillations after ventilation reduction, 
whereas the maximum and minimum arterial blood 
pressure values have not yet changed-appreciably. 

Hyperventilation produced a change of the oscillation 
pattern in the opposite direction. 

Besides the hypotension which resulted from depreasor 
stimulation, a diminution of heart rate also took place. 
"During escape, or a P—S change, reflex bradycardia did not 
decrease: on the contrary, it frequently increased. In 


might be interpreted as a reduction in 
homeostatio efficiency. It is suggested that pentobarbital 
anesthesia diminishes the ‘build up’ of sympathetic 
vasoconstrictor activity. 

The ‘build up’ of sympathetic activity might be 
explained as due to: 

(1) The existence of other unknown receptors besides 
those which were excluded in the present experiments 
(aortic, vagal and carotid sinus receptors). 

(2) The rhythmic application of stimuli. (Alternating 
inhibitory and ex influences on sympathetic 
uce & gradual increase in the latter as 
post-mhibitory rebound.) 

(3) The application of electrical stimuli to the 
depressor nerve in place of normal physiological activa- 
tion. 

We thank Drs. A. Rosenblueth and J. Garcia Ramos for 
their helpful criticism. 

1 Johnson, L. W., Wireless World, 63, 13 (1057). 
* Btanley Jones, D. and K., The Kybernatics of Natural Syeinas, 14 (Pergamon 

Press, London, 1960). » 


SIALIC ACID IN FIBRINOGEN AND 'VULCANIZATION' OF THE FIBRIN CLOT 


By K. LAKI and N. CHANDRASEKHAR* E 


National Institute of Arthritis and Metabolic Diseases, Natlonal institutes of Health, Public Health Service, 
U.S. Department of Health, Education and Welfare, Bethesda, Md. 


OCORDING to our present knowledge, during the 

clotting of fibrinogen thrombin becames involved in 
the proceas twice. First thrombin splits off 3 per cent of 
fibrmogen in the form of two tides'. These altered 
fibrinogen molecules, now called fibrin molecules, aggregate 
to form the primary clot! (Fig. 1). In ita second inter- 
action thrombin activates a peas component (the 
Laki-Lorand factor—various names have been given to 
this plasma component: fibrin stabilizing factor”, 
fibrinase, Laki-Lorand faotor!'. Until the exact mode 
of action of this enzyme is elucidated, it is preferable to 


* Visiting scien tist— National Institute of Arthritts and Metaboho Diseases 
National Institutes of Health, Publio Health Barvice, U.B. Department of 
Health, Hducation and Welfare, 


use & non-specific name. We refer to it in this article as 
LLF) into an enzyme, which ‘vuloanizes’ the clot by 
introducing strong bonds between the fibrin molecules ; 
as & result the clot becomes insoluble in 5 M urea‘. In 
normal plasma the insoluble clot is formed. If the LLF 
is missing from the plasma, the clotting process is in- 
complete, the ‘vulcanization’ of the clot does not ooour 
and a tendency for bleeding* as well as an impairment of 
wound healing sets in*. It was found by Laki’ and by 
others*- that during interaction, of thrombin with 
fibrmogen, not only peptides were liberated but also 
carbohydrate residues containing mannose and galactose 
were released. Chandrasekhar e£ al.“ have recently 
observed that sialic acid is also liberated during clotting. 
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(s) Fibrinogen = Fibrin + peptide A + peptide B 


(b) n. Fibrin = ee y 
(soluble ) 


[meus ] 


——*- LIF. 
(enzyme) 


Í 


(4) Fibring)  —— i) + carbohydrates 
^ e clot) 
Fig. 1 


These sugars originate from the carbohydrate moiety of 
fibrinogen which in the case of bovine fibrinogen amounts 
to about 3 per cant’. 

Sxar& and Bagdy* found that the release of carbo- 
hydrate material goes parallel with the action of thrombin 
in spite of the fact that thrombin is not a carbohydrate- 
splittmg enzyme. Thus the action of thrombin in liberat- 
ing carbohydrates can only be indirect. Since fibrinogen 
preparations, unless specially treated, are contaminated 
with LLE, it is likely that this enzyme (activated by 
thrombin) is responsible for the release of carbohydrates 
from flbrmogen. To test this assumption we modified 
the carbohydrate moiety of fibrinogen by selectively 
removing sialic acid with the enzyme sialidase (neuramini- 
dase). Bovine fibrinogen (97 per cent clottable), prepared 
by the method of Laki’ was treated with sialidase (from 
Vibrio oholerae) to split off sialic acid. The enzyme- 
treated fibrinogen was finally separated with ammonium 

hate precipitation. The assays of neutral carbo- 
h; tæ by the orcinol method? and that of sialic acid 
by the thiobarbiturate method! showed that the enzyme 
removed only the sialic acid residues from fibrinogen. 
Ultracentrifugal examination revealed that no detectable 
change ocourred in the sedimentation properties of 
fibrinogen (Fig. 2). ! 

It is seen in Table 1 that clota obtained from sialio aoid- 
free fibrinogen in the presence of fresh human plasma (as 
the source of LLF) were easily soluble, whereas those from 
untreated fibrinogen were only sparingly soluble m 5 M 
urea solution. The fibrm clots from treated fibrmogen 
were all in solution within 2 h, while much of the clots 
from the untreated fibrinogen remained insoluble after 
24 h and even after 7 days. i te using purifled 
LLF kindly supplied by A. G. wy also gave aimilar 
resulte. Apparently, the removal of malic acid from bovine 
fibrin modified the substrate in such a manner that 
the LL was no longer able to act on it. 
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Table 1. SOLUBILITY OF NORMAL AND RIALIO ACID-FREE FIRRIN OLOTS 
, IN URB 
Duration of Optical density zt 280 mx 
incabetion of of the dissolved portion 
the clots im urea of the elots* 
Normal Biallo actd-free 

Hours clots elota 

0-5 0-081 0-040 

1:0 0-228 0-965 

20 0-256 1:015 


* Corrected for the optical density of the plasma blanks. 


The otion mixture of 1-0 mL fibrinogen, 1-0 ml. 0-3 M KCl, 
0-4 mL M/5 trís-maleate buffer of pH 6-5, 1:4 mL distilled , O2 ml, 

chloride, 0-1 human and 0-02 mL thrombm. 
Thrombm and plasma were added . Bultable controls, m 
Which plasma and celorum were left out from the reaction mixture, were also 
run. clots were allowed to stand at room ture for 3 h. After 


peptides released from fibrinogen in the presence and 
absence of this factor should be different. Recent experi- 
ments of J. A. Gladner and A. J. Osbahr in this laboratory 
in co-operation with A. G. Loewy (Haverford, Pa.)™ have 
shown that the peptides released from human fibrmogen 
using human thrombm and human LLF were identical 
irrespective of whether the clotting was carried out to 
produce the soluble or the msoluble clot. This crucial 
experiment suggests that LLF is not a transpeptidase.) 

The mtroduction of firm bonds between tho fibrin 
molecules as a result of LLF may be due to a Schiff-base 
like combmation between amino groupe and carbonyl 
groups of the carbohydrate residues liberated in the 
splitting. This possibility is all tho more likely, since 
under certain conditions carbonyl reagents inhibit the 
clotting of flbrmogen'. The inhibition by the carbonyl 
reagents may be due to & competition for the same amino 
groups that otherwise would be involved in forming the 
Schiff-base type bonds between fibrin molecules. 

The role of this carbohydrate-splitting enzyme, LLF, in 
wound healing is still not understood. It is worth while, 
however, to point out that another carbohydrate-splitting 
enzyme, B-glucuronidase, shows increased activity in heal- 
ing wounds'*. This enzyme acta on muoopolysacoharide, 
the ground substance of collagen. 

1 Laki, K., Gladner, J. A., and Folk, J. E., Niere, 187, 768 (1061). 

* Laki, K., Sol. Amer., 206, 60 (1062). 

* Buluk, K., Danverko, T., and OIbromaki, T., Natwre, 191, 1098 (1961). 
‘Tah, K., and Lorand, L., Sotenoe, 108, 280 (1948). 

Duokert, F., Ju » Bey and Shmarimg, D. H., Thrombons of Dvathens 
‘ H., Progress wn Coagulation : Trans. Conf. held under the 108 

Fourth Conf. of the 


! Laki, K., Blood Clotting end Aled Problems, 
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RELATIONSHIP OF PLASMA SALICYLATE CONCENTRATION 
TO URINARY SALICYLATE EXCRETION RATE 


By Pror. EINO NELSON and Prof. GERHARD LEVY 
Schoo! of Pharmacy, State University of New York at Buffalo 


UMMINGS and Martin’ have reported: recently that 

maximum plasma sealicylate-levels after oral doses of 
aspirin much earlier than maximum urmary 
excretion rates of salicylate. They referred to similar 
observations by others and pointed out that this fact has 
received no special comment. 

The colorimetric analysis of salicylate in the urine yields 
values that must be expressed in terms of apparent sali- 
cylate, because both salicylic acid and ite metabolite 
salicylurio acid are measured. If salicyluric acid is 
excreted in significant amounts, a delayed apparent 
salicylate excretion peak should be expected, due to the 
time required for the biosynthesis of the metabolite. On 
the other hand, a specific assay for salicylic acid should 
yield a urinary excretion pattern in which the peak excre- 
tion rate coincides with plasma salicylate concentration 

We wish to report tho resulta of experiments which 
illustrate and elucidate these contentions. 

Two adult male subjecta ingested 1 g doses of aspirin 
(dissolved in about 240 ml. of water by the addition of 1 g 
of sodium bicarbonate) in the morning on empty stomach. 
Urine collections were made at appropriate times, and 
aliquots of these were assayed for salicylic acid and 
salicylurio acid by a combination of the methods of 
Brodie e£ al.’ and 'Trinder*. The maximum excretion rete 
occurred about 2-5 h after ini ion of the drug 
(Fig. 1), and more than 90 cent of the apparent sali- 

excreted wag in the form of salioylurio acid. The 
delayed excretion peak can therefore be attributed to the 
time required for metabolite formation. 





06 


05 





Tume (h) 


Yu. 1. Ballcylate exoretaon rate after oral mgestion of 1-g doses of 
NE I Weiner ges 

E eu din Re aX mlior seed ardroton when vai 

alkahaed; +, sallylurio excretion when urme was alkalized 


Unfortunately, the fraction of aspirin excreted as free 
salicylic acid was too small to determine the time of 
maximum excretion. This fraction may, however, be 
the excretion rate of salicylic acid is increased at higher 
pH. The time of maximum excretion is not affected. 
The experiment was repeated therefore under conditions 
in which the urinary pH was mereased by administration 
of 21 g of sodium bicarbonate in divided doses over 
8 h, beginning 8 h prior to aspirin ingestion. The 
administration of sodium bicarbonate resulted in urinary 
pHs of 7-6 in one subject and 7:9 in the other. A 
considerable amount of free salicylic acid was excreted 
under these conditions, and the maximum excretion rate 
occurred at about 1 h after administration of the drug 
(Fig. 1). It is known from other investigations that peak 
plasma salicylate concentrations also occur about 1 h after 
oral administration of aspirin in readily absorbable form, 
as has been pointed out by Cummings and Martint. 

Maximum excretion of salicylurio acid opourred 1-5-2 h 
after administration of the drug, which is later than the 
time of maximum salicylic acid excretion, but somewhat 
earlier than maximum aalicyluric acid excretion in the first 

i t. While an increase in urinary pH should have 
no effect on the time of maximum salicylic acid excretion 
salicylic acid excretion rate is directly propor- 
tional to the salicylate plasma level), it will modify the 
time of maximum salicylurio acid excretion. The excretion 
of this metabolite is the terminal step in a two-step process 
(biosynthesis followed by excretion). In the dosage used, 
both these can be described by first order 
kinetice*. The rate of excretion of salicyluric acid can be 
represented, therefore, by the following expreasion, which 
gives the rate of accumulation of the product of two 
consecutive first-order reactions : 


dU. by kf T m = 
T opg OP [ki] -ep [k (0) 





have dimensions of reci 
out that the value of fS* need not be known for the deriva- 
tion that follows. If the derivative of equation (1) is 
obtained and the resulting expression is equated to rero 
and rearranged, the following equation results : 
„= lks) " 
mar ™ 5p (2) 
where imax is the time of occurrence of the maximum 
excretion rate of salicylurio acid. The rate of biosynthesis 
of salicylurio acid, and therefore k, should be independent 
of sodium bicarbonate ingestion and urinary pH. How- 
ever, the rate of excretion and the excretion rate constant 
k, increase at higher pH (ref. 5). Therefore, tma- Will be lees 
at higher pH’s because the value of the right-hand side 
decrease as k, increases. This is 
experimental data (Fig. 1). 
that serum salicylate- 
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levels are disproportionately low) when the drug 1s 
absorbed very rapidly and that therefore ‘the relative 
speed of absorption of aspirin formulations cannot be 
accurately assessed by comparison of respective plaama 
salicylate concentrations’. This contradicts commonly 
accepted principles governing the rate of transfer of drugs 
from the circulation to the tissues, and could imply the 
existence of an active and saturable process concerned with 
the movement of drugs across the membranes of blood 
vessels. The rate of transfer of salicylate from the circa- 
lation to the tissues is understood generally to be a function 
of concentration gradient (which is easentially equal to 
plasma salicylate concentration during the &beorption 

). This may be modified by plasma protein binding, 
Dat is & manner opposite to that adguested by Cumninpe 
and Martin, because a greater fraction of salicylate exista 
in free (diffusible) form at higher concentrations". Dete 
are available in the literature in support of these state- 
ments. For example, Davison et al.* determined plasma 
and brain salicylate-levels after oral administration of 
aspirin and sodium salicylate to rate. Both drugs were 
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given in rapidly absorbable and more slowly absorbed 
forms. The ratio of plasma to brain salicylate-levela was 
actually somewhat lower after administration of the drugs 
in rapidly absorbed form than after administration of 
these drugs in more slowly absorbed form. This is 
probably due to the plaama-protein binding effect already 
referred to. 

Our ital resulta and other evidence indicate 
that both plasma salicylate and urmary excretion data are 
satisfactory indicators of the relative absorption rate of 
orally administered salicylates. 


1 Ornmmgs, ud and Marun, B. K., Nature, 195, 1104 (1962). 

3 Brodie, B U B., and Coburn, A. F., J. Phermscol. Bep. 
Therap., * 807114 (1944). 

* Trinder, P., Byoobem. J., 7, 501 (1964). 

‘Kelson, B., J. Pharm. So., 60, 181 (1981). 
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7 Davison, O., and Bmith, P. K., J. Pharmacol. Eep. Therap., 133, 161 (1061) 
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MECHANISM OF THE SUCCINIC DEHYDROGENASE CATALYSED REACTION 


By Pror. O. GAWRON, A. J. GLAID, JUANITA FRANCISCO and T. P. FONDY 
Department of Chemistry, Duquesne Untversity, Pittsburgh, 19, Pa. 


T has been recently demonstrated! that succinic 

dehydrogenase acts in a stereospecific fashion with 
respect to the substrates L-chlorosuccinic acid and L- 
mebhylsuocinio acid and it also has been shown that the 
dehydrogenation effected by the enzyme with suocinate* 
and with L-chlorosuccinate! is trans in nature. The catalysis 
by the enzyme of the removal of trans hydrogens has 
suggested* the possibility that the hydrogens concerned are 
individually removed. This possibility has been investi- 
gated by means of anaerobio exchange experimente with 
L-chloroguccinate and with succinate, and itis the province 
of this communication to report that one of the two 
hydrogens of a removal trans pair is initially exchanged. 

Experimental conditions for the exchange of succinate 
hydrogens with proton of the medium have been defined 
by Englard and Colowiok* and it is to be noted that the 
presence of fumarate is required for the exchange. Ina 
similar manner exchange of the hydrogens of L-chloro- 
succmate requires the presence of the oxidized substrate 
for extensive exchango. Fig. 1 demonstrates the anaerobic 
rates of exchange at pH 7:8, 34° of the hydrogens of 
L-chlorosuccinate in the preeenoe and absence of chloro- 
fumarate. It is to be noted that the initial rate of exchange 
catalysed by succinio dehydrogenase is markedly increased. 
by the ce of chlorofumarate. In this connexion it 
is possible that the rate in the absence of chlorofumarate 
is affected by the slow dehydrohalogenation of chloro- 
succinate in neutral solution, the product being fumarate 
and the fumarate oatalysing the exchange. The true 
rate in the absence of chlorofumarate may thus be con- 
siderably lower than the observed rate. The a 
amount of deuterium incorporated in the 12- and 24h 
samples in the presence of chlorofumarate amounts to 
5-1 atom per oent deuterium and since complete exchange 
of one of the three carbon-bonded hydrogens under the 
oonditions of the experiment, 27-0 per cent deuterium 
oxide, would yield r-ohloroeuoocinste with 5-4 atom per 
cont deuterium, if would seem that only one of the three 
carbon-bonded hydrogens is exchanged. 

To substantiate this point, the distribution of deuterium 
in exchanged t-chlorosucemio acid (Table 1) was ascer- 
tained by the mass spectrometer. The exchanged L- 
chlorosuccinic acid was converted to 1-chlorosuccinic 
anhydride with phosphorus pentoxide* and the chloro- 
anhydride was then thermally dehydrohalogenated’ to 


a 
} 


9.0071 MChiorofumarate ^ 
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af the Slater modification of the Keln- ton from harse 
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Wege dre i li for the & ne peod 
and the reactaon addition of pierda eel 
was wr extraction, 
by reorystallization from ethyl acetate and ris deu 
Er mwersallradom fom sühyl serit and ra marini conin 
bustion 
yield maleic anhydride. The thermal dehydrohalogenation 
proceeded, essentially, with retention of deuterium and 
since those hydrogens of L-chloroguccinioc acid, removable 
by succinic dehydrogenase, are trans’ (when the carboxyl 


groups are also trans) the thermal dehydrohalogenation of 
1-GHIOFOHUDOTRI anhydride proceeds in a ois fashion, 


+ HA 
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Table 1. DumTAISUTION* OY DNUTEAIUM IN PRODUCTS OBTAINED FROM 
HIORMANGND 0 amt 

Mam L-Ohlorosusainio anhydride 

No. Normal Hrobangedi Processi Noemal "Re: Erobangsdi ld] exces 

96 80-8 80-3 — 80-5 80-5 = 

9e $ 96 170 18-0 402 171 12-5 
100 0-60 2-08 1-88 108 2-00 1-52 

* Relative heights of parent peaks, 99, 100. 
I-Ohlorosuecinis anhydride also yields these peaks. e 

LO mE of à recon mi Min = 

phosphate buffer, 7-6, containing 250 

of D,O and 40 of a Slater popelon, was at 34° 
for 4h. 960 mg, m.p. —180* 


ite 98, 99, 100 mass number pattern being the same (Table 
1) as that for maleic anhydride. The results obtained 
(Table 1) with both t-chlorosuccinic anhydride and 
maleic anhydride derived from 1-chlorosuccinic 
acid show that of 100 molecules, 25-26 have undergone 
exchange of one hydrogen for deuterium and 3-4 

of two hydrogens. ‘These resulta, then, also indicate 
that suocinic dehydrogenase catalysed exchange proceeds 
by exchange of one of the two hydrogens of a removable 
pair albeit the second hydrogen may exchange at a 
decidedly slower rate. From other, longer, exchange 
experiments, exchanged i-chlorosuooinio acid was oon- 
verted to dimethyl r-ahlorosuocinate (7-1 per cent deuter- 
ium found, 6-65 per cant deuterium calculated for com- 
plete exchange of one hydrogen), exchanged succinio 
acid was converted to dimethyl succinate (8-2 per cent 
deuterium found, 10 per cent deuterium calculated for 
complete exchange of two of the four hydrogens) and the 
distribution of deuterium contaming molecules in each 
of these esters was investigated with the mass spectro- 
meter. The distributions, so obtained, are qualitatively 
in line with the results given here. Quantitative calcula- 
tion of distributions was considered to be approximate 
since parent peaks were not obtained and the cracking 
pattern of the normal esters which was considered as a 
basis for calculation is, in the case of dimethyl succinate, 
nob consistent with the cracking pattern of the dideuterio- 
ester and the tetradeuterio-ester*. It ie of interest to 
note in connexion with succinate ex experiments 
that exchange of one hydrogen by deuterium should lead 
to observable’ optical activity in the exchanged suocinio 
acid. 

It is clear from the obeerved distributions that one of 
the two hydrogens of a ramoval trans pair is exchanged at 
a much faster rate than the other and it would seem, 
therefore, that the processes resulting in exchange of both 
hydrogens are not chemically equivalent. Thus one of 
the hydrogens might ~be removed as a proton (rapid 
exchange) and the other, mitially removed as a hydride 
ion, might afterwards undergo slow exchange. 

The requirements for exchange and the distributions 
of deuterium in exchanged r-ohlorosuocinate and ex- 

Fuscnate Dun be Tationalisod Cm, ag Pasar OF 
either of the following reaction sequences: 


SH, + Ba @ SH,--E e SH + EH (1) 
SHY as + Ht | (2) 
BH @ EH’ e BH’ = Bw + H+’ (3) 
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or: 
—H* 


SH, + HQ LI— SH()oEo8-- EH (4) 
He 
EH a BH’ e EH' o But H+ (5) 


In these sequences succinate and 1-chlorosuccinate are 
represented by SH,, fumarate and chlorofumarate are 
represented by 8, oxidized succinic is repre- 
sented by E,,, reduced enzyme by H4 and the reaction 
between reduced substrate and oxidized enzyme is written 
as a hydride ion transfer. In the first sequence, reactions 
1, 2 and 8, the products of the initial transfer are written 
as BH*, the carbonium derived from reduced substrate 
by losa of a hydride ion, and as BH, enxyme redueed by 
addition of a hydride ion. Both SH+ and EH react 
further, SH+ losing a proton with or without tio 
intervention to give the oxidized product, 8, and EH 
undergoing an internal oxidation, that is, the site origin- 
ally reduced by the hydride ion undergoes oxidation at 
the expense of a neighbouring site and the hydrogen atom 

transferred may now exchange with protons of 
the medium. The second sequence (reactions 4 and 5) 
differs from the first only i that reaction is initiated by 
loss of a proton and then followed by hydride ion transfer. 
The described sequences are consistent with the conditions 


oxidized substrate produced by the stoichiometric amount 
of oxidized enzyme, E, would be available for the reverse 
reaction in which H+ is incorporated, and it is to be 
that under these conditions moorporation of 
hydrogen would be minimal. Further, the presence of 
only reduced, substrate would keep the enzyme subetanti- 
ally in the reduced state and relatively little catalyst 
would be avilable for the forward reaction. In the presence 
of added oxidized substrate, chlorofumarate or succinate, 
more substrate would be available for reversal of hydride 
transfer to enzyme and the ratio of oxidixed to reduced 
enzyme would be increased. Since each effect resulta in 
an increased rate of reaction at an opposite side of tho 
with the system at 
will be up by the presence of added oxidired 
substrate. It should also be noted that exchange does 
not occur with D-chlorosucainate, either in the presence or 
absence of chlorofumarate. Since D-chlorosuoccinate is a 
competitive inhibitor of suoeinio dehydrogenase", ıt 
forms a complex with the enzyme and this complex and 
AO OTE OEE E a aa ed 
picted? as 











jp-——s- 
a H 

Hd 000- d-0-090- — 

BE and KE 

H H 

mE 

aox to Ss tin 

D-Chlorosuccinate complex I-Ohloroguecinaie complex 


1t is to be noted that the enzyme may attack the a-hydro- 
gen of t-chlorosuccinate but not that of p-chlorosuccinate. 
On this basis only, i evidence not being 
available at present, it is considered that the a-hydrogen 
of i-chlorosuccinate is the hydrogen initially attacked 
by the enzyme. On the basis of the first sequence (initia- 
tion by hydride ion transfer) it follows that the trans 
£-hydrogen is initially exchanged and on the basis of the 
second sequence (initiation by proton transfer) it would 
follow that initially the a-hydrogen is exchanged. Again 

hydrogen hae not 
yet 
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Hollocher and Commoner" have established that 
free radical is formed in an anaerobic system consisting 
of succinic dehydrogenase, suoomate and fumarate at 
equilibrium, all three components being required. From 
concentration effects of co-substrates on the amount of 
free radical formed, the following equilibrium reaction 
scheme was proposed : 


/ free radical 
complex 
Suocinate + Ea 
1 Fumarato + Era 


non-free radicel 
N complex / 


The experimental conditions required for the formation of 
free radical are the same as those required for exchange 
and the proposed schemes for free radical formation and 
exchange ere similar in outline. It thus seems likely that 
hydrogen exchange and free radical formation oocur by 
a common pathway and a hypothetical pathway utilizing 
F for the flavin moiety apparently covalently linked to 
apoenzyme* and Fe!! for the oxidation state! of iron in 
oxidized guoainio dehydrogenase 1s given as follows: 


H- (from substrate) + F—E—Fo, a 
l HFO — E ge, 


HPO — E- Fo e HF. — E-- Foll, Font 
HF- — H-FeU, FoU = P H-Fe,t + H+ (2) 


In this depiction, oxidized and reduced substrates and 
exchange with SH+ have been omitted so as to direct atten- 
tion on the enzyme. It is considered that hydride ion is 
transferred from substrate to the , the flavin 
moiety being the acceptor"! and being reduced by the two 
electron transfer to an anion which in turn oan reduce 
by two one-electron transfers two Fe! ions of the four 
attached to enzyme", regenerating oxidized flavin and 
hberating transferred hydrogen as a proton. ^ This schomo 
is not inconsistent with the interpretation of froe radical 
data* and also provides for exchange of the second hydro- 
gen of a removable trans pair at, presumably, a slower 
rate than exchange of the other (as a proton). This 
scheme also provides a direct pathway for the anaerobic 
reduction of DPN by succinate in mitochondria’ since 
& hydride ion could be transferred from substrate to flavin 
to DPN. The intermediate role of flavin between hydro- 
gen transfer and electron transfer also becomes apparent 
on the basis of the foregoing scheme. The site at which 


(1) 
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a hydride 10n attacks riboflavin is not known and it may 
well be that hydride is not transferred to one of the two 
itions at which hydrogen is commonly considered to 
attacked in reduced mboflavin“. By analogy with 
alloxan, it may be that riboflavin is attacked, as follows: 


A ox 4 
X i Nac m- PRG So 
= | 
= = UY 
di on 
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It should also be noted that iron-alkyl complexes have 

recently been reported!5 to undergo reversible removal 

of a hydride ion and it is possible that similar complexes 

are operative in the succinic dehydrogenase system. 
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SOCIAL FORCES DETERMINING SPACING AND HEAD ORIENTATION 
IN A FLOCK OF DOMESTIC HENS 


By Dr. G. McBRIDE and J. W. JAMES* 
Department of Animal Husbandry, University of Queensland, Brisbane 
AND 
Pror. R. N. SHOFFNER 
Department of Poultry Sclence, University of Minnesota, St. Paul 


T has been known for some time that animals do not 

space themselves at random under high density 
conditions ; for example, Hediger's: concept of ''speoifio 
individual distance” between animals in a group is based 
on the observation that there is a minimum distance below 
which animals do not approach ane another. 

Observations on domestic poultry suggested that the 
factor mvolved in this spacing tendency was visual and 


* Present address > School of Wool Technology, Unrveruty of Kew South 
Wales, Sydney. 


associated with the relative positions of other faces in the 
vicinity. Such a hypothesis could be tested by the analysis 
of head positions of poultry from photographs. 

A stable flock o£ 750 Australorp x White Leghorn 
females 10 months of age housed intensively on deep litter 
in & shed 100 ft. x 30 ft. was used in this investigation. 
Photographs were taken from above by a hidden observer 
without regard to the content of the hotographio field, 
which was 7-5 ft. x 5 ft., au rod cof about 38 aq. ft. To 
vary the number of birds per photograph the birds were 
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then crowded into 4 and then } of the total area, and m all 
24 usable photographs were obtained, with from 5-17 
birds per photograph. 

Two hypotheses were tested from 
(1) Is the ution of head locations 
the heads randomly oriented ? 

The method of Clark and Evans! was used to test 
randomness of head locations. This method uses the 
distance to nearest neighbour of each bird to caloulatea 
coefficient, R, which varies from zero (extreme clumping) 
to 2:15 (perfectly uniform spacing) with an expectation of 
1-0 when spacing is random. 

The second hypothesis is that the orientation of the head 
of every bird depends an the po ximity and orientation of 
the heads of its neighbours. y neighbour may influence 
a bird directly or through ite effect on another neighbour. 
A simple model for testing direct effecta of neighbours is 
the partial regression equation : 

Y = DX, + bX: 
where Y, X, and X, are as defined in Fig. 1, and b, and b, 
measure the independent effects on Y of X, and X, 
respectively. 
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hotographs : 
eee ? (2) Are 





An demo Of dan ilr head di To fio ach 
other aro Y and I. 

It can be seen from Fig. 1 that birds B and f, each have 
the same X, angle. Since these may be different social 
ae P; is classed as ‘opposite’ and p as ‘same’ side 

Separate were made for each situation to 
dotenbine whether they gavé rise to different regressions. 

The regreesions were calculated for nearest, second 
nearest and third nearest neighbours, on the assumption 
that nearest neighbours would exert the strongest influence. 

Birds around the edges of the photograph were included 
in the analyses although théir correct ranking neighbours 
may not have a on the photograph. The errors 
introduced by procedure are unknown, but would 
lower the apparent significance of the regreasions obtained, 
if indeed real relationships were present. 

(1) Distribution of Head Locations. Twenty-four 
photographs (230 birds) were analysed; an average R 
value of 1-250 + 0-0110 was obtained. This represents 
a very highly significant (P € 0-001) deviation from 
randomness, indicating that birds’ heads tend to be 
somewhat evenly spaced throughout the pen. 

(2) Influences on Head Orientation. (a) First, second and 
third nearest neighbours. Partial regreasion coefficients, 
b, and b, for first, second and third nearest neighbours were 
calculated for each of the 24 photographs, the results 
being summarized in Table 1. - 


Table 1. MOLX VALUES OF bh, b AND THE POOLED (WITHIN AWALYBIS) 
PROPORTION OF VARIANCE DUB TO RONGREMBION (r*) FOR PIRST, BBOOND 
AXD THIRD NEIGHBOURS 

Neighbours 
Beeond Third 
b, (degrees /ft.) DeL gee 108 + 7-0 19 +103 
degrees /dagrees, -0-336 ** — 0-113 pu 0-109* 
T É = 1-76*) pro d 119) 0224 (F = 1-01) 


Table 1 shows clearly not only the magnitude of the 
effects found but also that the relationships are mainly 
concerned with nearest neighbour, though there may be 
some effect of other near neighbours. 

(b) Nearest Neighbour Analyses. The mean b, and b, 
values for ‘same’ and ‘opposite’ sides are as follows : 

b, (same) = 50-5 + 30-8, b, (opposite) = 44-9 + 41-32 
b, (same) = —0-85 + 0-12, b, (opposite) = —0-42 + 0-27 
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The statistical differences between the two situations are 
not significant, so that social differences are probably also 

igible, if present. The division into two classes 
reduced the degrees of freedom per analysis, and raised the 
standard errors very considerably. 

The effect of the proximity of the nearest neighbour is 
clearly established (b,, Table 1). For any constant head 
angle of ita nearest neighbour, a bird turned 23° to face 
that neighbour as the latter approached one foot, and 
turned away as the neighbour retreated. The regreasion 
measures the linear or average component of this move- 
ment, but it i8 not possible to say whether in fact the effect 
is the same over all ranges of distance. 

The correlation between X, and X, was calculated for 
each photograph and an average value of 0:239 + 0-084** 
was found. Thus ite nearest neighbour also turned 
towards each bird as the distance between them decreased. 
The general picture is, then, that as two birds approach 
each other, they also face each other more directly. This 
motion appears from observations to be defenmve. 

On the other hand, the average b, value for nearest 
neighbours was negative and highly significant (b,, 
Table 1). This means that at any constant distance 
between neighbours they tend to avoid each other’s 
frontal aspect. Once again this is an average effect. 

When the pooled within photograph partial regreasion 
equation was calculated the following resulta were found : 
b, = 22-0 + 48***; b, = —0-130 + 0-063". The agree- 
ment with the average value is good for b,, but not nearly 
so good for b,. This suggests that tho b, values for separate 
photographs are heterogeneous. One factor likely to be 
responsible, density, was examined. The regression of b, 
on number of birds per photograph (N) was : 

b, = —1:838 + 0-103 N (P = 0-10) 

where 6, is the estimated value of b, from this regression. 
This regreesion, though not significant, may be a partial 
explanation of the heterogeneity of b, values. If genuine, 
this relation would meen that &t high densities the hens 
show less tendency to avoid each other's frontal aspect, 
which is consistent with the finding earlier, that as the 
distance between neighbours diminishes, they tend to face 
each other. Alternatively, it could be suggested that at 
higher densities the presence of many birds in the im- 
mediate vicinity may make it impoesible for the hen to 
avoid simultaneously the faces of ite neighbours. 


Discussion and Summary 


Evidence has thus been presented to show that hens do 
not arrange themselves at random under normal intensive 
housing conditions. The spacing of the heads is more 
regular than it would be under random spacing. This 
regularity is probebly besed on visual interactians with 
neighbouring birds. As a neighbour approaches, a bird 
tends to turn to face it. Nevertheless, they tend to avoid 
each other’s frontal aspect in so far as this ia compatible 
with the tendency already mentioned. There was slight, 
but not significant evidence that this latter tendency 
decreased as density increased. Second and third nearest 

It seems clear from this evidence that the presence of a 
bird’s head constitutes a social force on ita neighbours. 
The word ‘force’ is here used to mean that there is a 
measurable effect on behaviour of neighbours. 

This force diminishes with distance and is maximum 
directly in front of the head. ee ee n M 
compere this force with the flelds of magnetic force associ 
ated with a single pole of & magnet. 

The movements of birds in such a fleld of forces are not 
at random—they maintejn their heads at a 
pattern of spacing and orientate them to avbid the frontal 
aspects of other birds, yet turn, probably defensively, to 
face neighbours who approach closely. 

Ec ow York Criterion Dock 1085) = TO eM 
3 Olark, P. J., and Hvans, F. O., Ecology, 85, 445 (1054). 
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RIBONUCLEOPROTEINS IN LEAVES INFECTED WITH TOBACCO 
MOSAIC VIRUS 


By P. M. TOWNSLEY 
Research Station, Canada Department of Agriculture, 6660 N.W. Marine Drive, Vancouver, B.C. 


HE presence of at least two proteins characteristic 

of tobacco mosaic virus (TMV) infection were demon- 
strated by introducing amino-acids labelled with carbon-14 
to sections of di tobacco leaves in nutrient solutions. 
These proteins were detected using agar-gel eleotrophor- 
eist". Anomalous ribonuoleoproteins in the supernatant 
fluids after ultracen extracts of diseased plants 
were noted by Bawden and Pirie in 1966 (ref. 3) and by 
Dupant-Maireese and Jeener m 1960 (ref. 4). The former 
purifled their preparations by hydrogen ion and salt 
fractionation and the latter by a precipitin reaction. This 
investigation reports on the separation of ribonucleopro- 
tems rolated to TMV by agar-gel electrophoresis and 
describes some of their biochemical properties. 

A common stram of TMV was purified by passage 
through the local lesion host Nicotiana gluitnosa L. and 
then returned to seedlings of the systemic host Nicotiana 
tabacum L. var. Haronova from which leaf samples were 
later taken for this investigation. Components of extracts 
from the resulting diseased planta were separated by agar- 
gel electrophoresis. The infectivity of the virus prepara- 
tions was assayed quantitatively using N. glutinosa. 

Serologically related fractions were located withm the 
agar gel by immunoelectrophoresis§. The followmg pro- 
cedure was used to pre antibody against TMV. 
Leaves Ge TMV dincassd N. tabasum were Pecan Oven: 
night, thawed and ground and the extracted juice adjusted 
to pH 7:2 with potassium phosphate. The juice was 
submitted to two cycles of differential centrifugation at 
78,000g for 90 min and 2,000g for 15 min. The resulting 
pellet was dialysed against physiological saline. Tho 
antigen was injected into rabbits. (The TMV antiserum 
was supplied by Dr. N. 8. Wright.) 

Uniformly labelled r-leucine-!*O was obtained from the 
Biochemical Centre, Amersham, and radioactive 
orthophosphate was obtained from Atomic Energy of 
Canada, Ltd. Radi i was measured with a 
Nuolear-Chicago D47 gas flow Geiger tube. Tho relative 
amount of radioactive leucine and phosphate incorporated 
into the same sample was determined by measuring 
the total disintegration and the disintegration of phos- 

phate. The radioactivity rate of the phosphate was 

Obtained by placing e plooo of cellulbi at a defined 
distance between the Geiger tube and the sample. The 
celluloid absorber reduced the radioactive carbon detec- 
tion by 99-8 per cent and the phosphate detection by 
23:1 per cent. 

When the agar was dried by flowing dry air over one 
aide of the agar sheet, the particles within the gel diffused 
to the surface forming an infinitely thin layer. After 
removing the buffer salts the radioactivity of this thin 
layer was measured directly. 

The term ‘soluble antigen’ as used in this investigation 
was that phosphorus-free soluble protein serologically 
related to TMV (rof. 6). Tentative identifloation of this 
rone was accomplished by oo-electrophoresis with a 
nucleic acid-free preparation of TMY (ref. 7). 

A description of the technique for sampling the agar 
gel for electron microscopy has been published’. Electron 
micrographs were kindly taken by a oolleague, Dr. M. 
Weintraub. ` 

(a) Agar-gel ion of ruds TMV plani eciracts. 
Earlier work on crude diseased plant extracte on agar gel 
revealed a number of fractions peculiar to the disease’. 
The so-called ‘fast’ band was probably the most readily 


* Present addrem. Fisheries Research Board of Canada, Halifax, Nova 


detectable fraction apart from the band of non-aggrogated 
TMV. Following the TMV band were other bands associ- 
ated with the disease in addition to bands formed by 
aggregated TMV particles._ 

From the results of many experiments on crude TMV 
extracta at various intervals following infection of the 
host and on diseased hosts grown under a variety of 
condrtions, it was concluded that the concentration of 
the fast band relative to the TMV band was variable. 
When the TMV diseased host, N. tabacum, was placed in 
unfavourable conditions of growth, the concentration 
of the fast band was greatly augmented. Concentration 
of the fast band was much greater from infeoted leaf 
disks than from an mfected, intact, vigorous host plant. 

(b) Immunoelectrophoresis of crude TMV plant extracts. 
After fractionation of the orude extracte by eleotrophor- 
esis, at least four areas within the agar were serologically 
related to TMV (Fig. 1). Smoe serological activity in agar 
gels can be observed only by visible precipitin reactions, 
there may be other serologically related areas which were 
not detected. The preciprtin reaction withm the gel 
appeared to be the same for the area near the origm and 
the TMV band. These areas gave a narrow but strong 
reaction. The serologically related areas running before 
and behmd the TMV band were rathor diffuse faint 
broad areas ing out from the TMV band. No 
precipitm reaction could be detected by usmg the same 
TMV antiserum against healthy oxtracts nor extracta of 
plant tissue infected with potato X virus. 


Serological Infectivity 
Activity No: local lesions 
«o Origin »200 
C] 5 
C 7 
Cc 2 
15 
TMV band 7900 
| 
Fost band o 
[——— 
CJ 


Positive Electrode 


1. Teen tion af serons act trier and REL or a iude THY 
Ps: plant extract after agar gel olectrophoresis 
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Fig. 2. Electron microgra of matertal fram the (a) TAV band and (b) fast bend of 


crude TMV plant extract after agar-gel 


Fast Bend TMV Band 


No. of pu Holos 





(c) Location of infectivity within agar gels. The in- 
fectivity of various locations within the agar gels was 
determined by ing samples of agar from these areas 
over the leaf surface of the local lesion host, N. glutinosa. 
The resulta of such an experiment are shown in oombing- 
tion with serological activity in Fig. 1. 

Several expermments indicated that there may be com- 
paratively low infectivity within the fast band in an area 
nearest to the TMV band. Infectivity was never observed 
in the distal areas of the fast band. A high proportion 
of the infectivity did not migrate from the origin and low 
infectivity was detected scattered between the origm 
and the TMV band. 

(d) Eieoron microscopy. Electron microscopy of TMV 
preparations fractionated by agar-gel electrophoresis was 
rewarding. From a crude preparation, electrophoresis 
fractionated the sap according to size, charge on tho 
partiale, and adsorption on agar gel**. Thus, the pre- 
parations for electron microeoopy were exceptionally free 
of debris, containing particles characteristic of a particular 
zone. Electron micrographs of the TMV band and tho 
fast bands are shown in Fig. 2. Size distribution is 
shown in Fig. 3. 

(e) Radioactive isotope studies. Labelled orthophosphate 
and amino-acids can be incorporated into TMV (refs. 
2 and 10) m amounts that can be measured easily by 
determining the radioactivity in the dried gels. Wig. 4 
shows the rate of incorporation of orthophosphate and 
leucine into TMV in 2- to 3-mm leaf 
ations appear interesting: leucme-“O is detected in the 
TMV particle earlier than orthophosphate; the curve for 
isotope moorporation into the TMV band is very similar 
to thab of the fast band. 

The ratio of leuoine-*C in rated into TMV to 
leucine-!*O incorporated into the fast band increased with 
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time. In the latter experiment the fast band 
has about half the total radioactivity of 
the TMV band, but 1/10 the protein as 
measured by optical density or by staining. 
(Optical density of the bands within the gel 
was measured by a continuous scanning 
apparatus devised by me.) Therefore, the 
specific radioactivity of the protein in the 
fast band exceeds that of the TMV band. 
However, since the newly synthesized virus 
is diluted with pre-formed virus, tho specific 
activity doea not indicate the sequence of 
formation of the virus nor the other fraction. 
Whereas the incorporation of leucine into 
the TMV band and the fast band is of the 
game type as judged by the curves, the 
amount of radioactive phosphorus taken 
up by these two fractions was quite differ- 
ent. This suggested that the nucleio acid 
in these two fractions was at least in part 
dynamically different. Probably a large 


1,500 


Total radioactivity (counta/min) 





time 
symbols are the seme as in Fig. 4 
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part of the radioactive phosphorus of TMV was derived 
from $n vitro incorporation as previously deacribed?*. 
The leucine-“C content of the ‘soluble antigen’ behaved 
aa if this fraction was transient. No radioactive phosphate 
was located in the ‘soluble antigan’ area. 

In order to determine whether the radioactivity of some 
fractions was transitory, the diseased leaf sections were 
permitted to take up radioactivity for short period, 
washed to remove extra-cellular radioactivity and then 
incubated in non-radioactive substrate for given times 
(Fig. 5). It was seen that the fraction corresponding 
to the soluble antigen was the only one which lost total 
radioactivity suggesting that the soluble antigen iteelf 
was transitory. Radioactivity in the fast band and the 
TMV band increased during tho experiment. It was 
decided that leaf diaks or sections were unsatisfactory for 
this type of experiment because of the long time required 
to deplete the tissue of radioactivity. 

From ‘these i ie it is readily seen that electro- 
phoresis of TMY preparations in agar gels provides & 
valuable analytical tool for- biochemical investigations. 
From a single small sample fractionated by agar-gel 
electrophoresis it was possible to obtain date on sizo, 
electrophoretic mobility, infectivity, ratio of incorpora- 
tion, concentration and serological activity. 

It has been shown by me!* and recently by Dupont- 
Mairesse and Joener* that nucleic acid may be inoorpor- 
ated into or associated with the virus or virus protein 
during extraction of the virus from the diseased leaf, 
but whether this 18 merely association or a demonstration 
of synthesis remains to be proved. The fast band de- 
scribed here is consistently found in TMV preparations 
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isolated by centrifugation at 78,000g for 90 min. The 
band does not appear to be a degradation product of the 
virus because there is higher specific activity of the protein 
portion and the concentration of the fast band is inde- 
pendent of the concentration of the TMV band. If the 
particles of the fast band are on the path to synthesis of 
the virus then it could be assumed that the nuoléic acid 
within this protem would also be found as & constituent 
of the typical virus particle. But the rate of isotopic 
enrichment m these particles is different from that of the 
finished virus particles. Therefore the mature virus 
particle could not be synthesized by linear polymerisation 
of the material of the fast band unlees the additional 
phoephate radiation found in the mature virus is added 
at this time. Thus it is conceivable but not proved here 
that the virus protein of the fast band could have the role' 
of selectively gathermg specific riboee polynucleotides of 
the cell the composition of which would not resemble the 
typical virus nucleic acid until a final synthetic step. 
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ORIGIN OF METHYL KETONES FOUND IN STEAM DISTILLATES OF MILK FAT 


By R. C. LAWRENCE and J. C. HAWKE 
Dalry Research Institute and Massey University College, Palmerston North, New Zealand 


E has reoently been suggested by Boldingh and Taylor? 
that the homologous series of methyl ketones with an 
odd number of carbon atoms from O; to Ois, obtained by 
steam distillation of milk fat at 180° O, is formed from 
B-keto-acids. Their i ts indicated that B-koto- 
acids are present in bound form as triglyceride com- 
ponente in milk fat. Investigations in ‘progress when 
Boldingh and Taylor’s report? appeared have shown that 
very similar quantities and relative proportions of the 
same homologous series of methyl ketones are formed aa 
artefacts during the steam distillation of butterfat at 
100° C. Exhaustive distillation indicated that only 
fuited quantities of the methyl ketones could bo obtamed 
from fat and that the precursors wore thus present 
in relatively small amounta*. 

In an attempt to confirm that the B-keto-acids (or eee 
precursors of these methyl ketones) were intermedia 
in fatty acid synthesis, milk fat was obtained from a cow 
which had been milked 9 and 22 h after the mtravenous 
injection of [carboxy-1O]-acetate (6 mo.) 15 g of a 
composite sample of the milk fat from the two i 
were then exhaustively steam distilled at 100° O, the 
distillate (10 1.) being led directly into 2,4-dinitrophenyl- 
hydrazine reagent. The distillate and reagent mixture 
were held at room temperature for 48 h, the 2,4-dmrtro- 
phenylhydrazones extracted and separated by column 
partition chromatography*. The fractions were identified, 
and their purity establiahed, by paper chromatography*''. 
The conoentrdtions of methyl ketones were determined 
spectrophotometrically as the 2,4-dinitrophenylhydrazones 
at 862 my. In addition to the homologous series of methyl 
ketones C; to C,, with odd numbers of carbon atoms, 
amall amounts of butan-2-one were also isolated (Table 1). 


To determine specific activities, suitable aliquots of 
each of the 2,4-dinitrophenyIhydrazonee were dissolved 
in 5 ml. scintillation fluid (0-5 per cent 2,5 diphenyloxa- 
zole + 0-03 per cent 1,4-di-[2-(5-phenyloxazolyl)}-bon- 
zene in toluene) and counted at room temperature in a 
liquid scintillation system (NE 8801; Nuclear ‘Enterprises 
(G.B.), Ltd., Edinburgh). Corrections for quenching by 
the 2,4-dinitrophenylhydrazones were established by the 
use of n-hexadecane labelled with carbon-14 as an internal 
standard. The specific activities of the isolated 2,4-di- 
nitrophenylhydrazones, corrected for quenching, showed . 
that O, Oi» Cis and Cis methyl ketones exhibited tho 
highest activities (Table I). 


Table 1. DINTRIBUTION OF RADIOACTIYITY of hURTHYL KETONES OBTADTED 
BY EXHAUSTIVE FTRAM DINMLLATION AT 100° C OF MILK FAT YROX 4 OOF 
AFTER DCTRAYENOUS IXJBOTION or [(CARPBOXY-!O]-ACNTA TR 
Meihyl at : I Piu 

per oen activity, 

kotono mitt 1 of total mg O radioactivity 
Ow 51 11:8 5,820 137 
Ou ?8 T+ 9,800 23:3 
C 15 46 19,170 45-2 
[on ?0 T4 4,290 101 
Q, 28 12-8 1,000 40 
o 16 97 270 0-6 
Q 8 58 1,800 3-1 
Q, 45 


40-5 = = 

+ 
for quench oton comnted as 2,4-dinttrophenyibydrarones and corrected 
This was confirmed qualitatively by preparing auto- 
radiographs of the paper chromatograms used to separate 
and identify the 2,4-dmitrophenylhydrazones. No radio- 
activity was detected in the 2,4-dinitrophenyIhydrarone of 
acetone but the excessive ing in this instance made 
it difficult to establish the accuracy of this observation. 
In an g to overcome quenching, the methyl ketones 
from C, to i» Which had been shown to possess a large 
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Specific activity (1 x 10~ o.p.m./mg 0) 





ERTA of the total radioectivity, were regenerated 
the oorresponding 2,4-diphenylhydrazones with 
Isvulinic acid’ and counted as here. Much lees quench- 
mg was encountered and the correction factors needed, 
as determined by the use of *O-n-hexadecane, were cor: 
i smaller. Tho specific activities obtained by 

this method (Fig. 1) were, with the exception of the 
increased activity of O,,, almost identical to the activities 
determined from the 2,4-dinitrophenylhydrazones directly. 
There is a marked similarity between the carbon-14 
labelling pattern of these methyl ketones and the. fatty 
acide isolated by Popjík, French, Hunter and Martin’ 
from a composite sample of milk fat obtained 1-12 h 
after the intravenous mjection of a lactating goat with 
[carboxy-'*C]-acetate. Although the C,, methyl ketone 
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and the C, fatty acid possessed the maximum activities 
in the respective experiments, the activities fell away on 
either side of these maxima in like manner. Some differ- 
ences in labelling pattern are to be expected since the milk 
fat in the present investigation was obteined from a cow 
milked 9 and 22 h after injection. In another experiment 
Gerson, Hawke, Shorland and: Molhuish*, using milk fat 
from a cow into which !*O-valerate had been injected 
intravenously, found two maxima of specific activity, 
one at C,, for the fatty acids C,,-C,, and the other at 
C, for the range C,-O,. More signi Popják et al." 
found that fatty acids of higher molecular weight than 
palmitic acid posseased. very little radioactivity and m the 
present investigation no heptadecan-2-one could be 
detected in any of the distillates, despite the relatively 
large amounts of C,, acids in milk fat. 

The generally accepted. view is that, in the biosynthesis 
of milk fat*-!! and other lipids", the fatty acids up to and 
including palmitic are synthesized from an aoetete pool 
whereas C,, acids and above are synthesized by lees direct 


pathways or from the blood lipids. The + in the 
specific activity patterns of methyl ketones found in 
steam distillates of milk fat and the ing fatty 


acids with one more carbon atom would appear to justify 
the conclusion that both have common such as 
f-keto-acids. It is conceivable that trace amounts of 


gratefully the gift 
butterfat from Mr. T. Gerson, Fats Research Laboratory, 
Wellmgton. 
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‘EFFECT OF PUROMYCIN ON THE REPLICATION OF WESTERN EQUINE. 
ENCEPHALITIS AND POLIOMYELITIS VIRUSES 


By Dr. EBERHARD WECKER 
Wistar Institute of Anatomy and Biology, Philadelphia, Pa. 


N previous work we have described the effect of two 

amino-acid analogues on the replication of Western 
equine encephalitis virus (WEE)! and poliovirus’. Para- 
fluorophenylalanine (FPA) was shown to reduce cellular 
protein synthesis if used at sufficiently high oonoentra- 
tions'. Under these conditions FPA also inhibited the 
appearance of infectious viral RNA and viral antigens’. 
In contrast, FPA at low concentrations did not inhibit 
-the synthesis of protem im the infected cell nor did it 
inhibit the formation of infectious RNA of WEE and 
poliovirus**. However, no infectious virus was formed, 
and it was found that this was moet likely due to the 
incorporation of the amino-acid analogue into viral pro- 
teins (ref. 8, of. ref. 5). Another amino-acid analogue— 
ethionine—which is always incorporated and even at 
high concentrations does not mhibit protein synthesis 
significantly produced effecta on WEE virus formation 
similar to those of FPA at low concentrations‘. 


Thus it was suggested that the synthesis of aberrant 
proteins due to the moorporation of amino-acid analogues 
is still compatible with the proper formation or preserva- 
tion of Infectious viral RNA (ref. 5). On the other hand, 
any substance which actually inhibits the mechanism of 
protein synthesis, such as FPA st high concentrations, 
might be e to interfere with the appearance of 
i A in the oell. 

Because puromycin is & powerful inhibitor of protein 
synthesis (of. refs. 3 and 5) and has a mechanism of action 
supposedly quite different from thst of ammo-acid 
analogues*.', its effect on the appearance of infectious 
RNA of WEE and polio was examined. Tig. 1 shows the 
dose response curves to puromycin of virus maturation 
and appearance of infectious RNA in the case of WEE. 
Virus maturation is more sensitive to the inhibitor than 
the synthesis of infectious RNA, although the differences 
are somewhat leas pronounced than with FPA (ref. 2). 
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Puromyoin at 7-5 . can also inhibit completely the 
appearance of infectious polio RNA in HeLa cells (Fig. 2). 
At this concentration the incorporation of lysine-MC mto 
cellular proteins is drastically inhibited (Fig. 3). By 
simply removing the inhibitor from the infected. cultures, 
the infectious RNA aocumulated in the cells at a rate 
which was identical to that of the controls. This is demon- 
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Fig. 4, which also shows that there was no 
appreciable lag peri between removal of the inhibitor 
infectious RNA. Ib would appear, 

beerved between 


to the problem of the requirement 
’ before the production of infectious RNA in - 


& possibility was already 
previous experiments with FPA (refs. 1 and 5) and more 
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recently by resulta obtained by Wheelock using puromycin 
in Hela cells infected with Newoastle disease virus’. 


Other alternatives to this conclusion are: (1) that early 
proteins are produced within e very short period following 
removal of the inhibitor; or (2) that the early proteins 
were formed despite the puromycin which ab the oon- 
centrations used may still allow some protein synthesis to 
occur (Fig. 3). 

The increase of infectious viral RNA cannot only be 


` protein which 
RNA is not an enzyme but a structural protein, that is, 
the viral protein". 

The work was in part by a contract with the 
U.8. Army Chemical Corps Biological Laboratories, Fort 
Detrick, Maryland, and a grant from the Samuel 8. Fels 
Fund. 
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PRE-LUMIRHODOPSIN AND THE BLEACHING OF VISUAL PIGMENTS 


By TORU. YOSHIZAWA and GEORGE WALD : 
Blologica! Laboratories of Harvard University, Cambridge, Mass. 


dered E f 


‘retinol’ 
*retinaldehyde'; for vitemin acid, 'retinoio acid’.) 
Rh in bleaches in the light over & series of transient, 


Biome years ago, - irradiating rhodopein at — 50° to 
—100° Q, we obtained what we thought to be the first 
such intermediate, called lumirhodopein. On warming to 


about —20? in the dark, lumirhodopein yielded a second 
intermediate, metarhodopsin; and on further warming 
and with access to water this hydrolysed to the final 
mixture of all4rans retinal and opein’. 

Hubbard and Kropf analysed these processes further’. 
Free retinal in solution is isomerized by those wave-lengths 


‘of light that it abeorbe to an eventual steady-state mixture 


of all possible ots and trans isomers’. Light acts in the 

the retinal attached as chromophore in a 

visual pigment. The absorption of a first photon by 
i he i CETT 3 


1l-oig chromophore to all-trans. The absorption of & 
second ipo produces a new electronically excited state, 
from which the molecule may emerge all-trans or in any 
of its monocots configurations. Long-contmued irradiation 
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at —50° to —100? consequently ends in a steady-state 
mixture of isomers, still attached to opain. In this final 
mixture, the 11-cis fraction is rhodopsin; the 9-ots fraction 
18 isorhodopein!; the all-trans fraction, with perhaps a 
ropresentation of other ots isomers, is lumirhodopein. 
On warming m the dark, the lumirhodopsin bleaches over 
metarhodopsin to retinal and opsin; the rhodopsin and 
worhodopem, which are stable in the dark, remain as 
residues. The change from lumi- to meta-rhodopein 
involves & rearrangement of the protein structure. 

A few years ago Yoshisawa of al. at Osaka Univermty 
began to obtain evidence that the irradiation of rhodopsin 
at liquid nitrogen temperature (— 195? C) yıelds an earlier 
product than lumirhodopsin'. Constramts of equipment 
limited thease workers to indirect measurements, which 
showed, however, that the new intermediate is developed 
maximally by irradiatmg at — 195° with hght of short 
wave-lengths (440 my), and that it reverts almost oom- 
pletely to rhodopsin on re-irradiating with light of wave- 
length 612 mp at the same temperature’. Thea ion 
spectrum of the new mtermediate must therefore lie fat 
toward the red from that of rhodopsin, which soaroely 
absorbe light at 612 mp. This intermediate was shown 
to be stable to about — 140°, above which it forms lumi- 
rhodopsin’. We shall call it pre-Ilumirhodopein. 

Grellmann, Livingston and Pratt at the University of 
Minnesota have recently examined the new intermediate 
in solutions and suspensions of rod outer segmente, and 
have studied the kinetics of ita decay to lumirhodopain’. 

The present investigation confirms Yoshizawa's earlier 
observations by direst low-temperature spectrophoto- 
metry, and goes on to analyse the status of pre-lumi- 
rhodopsin in the chain of intermediates involved in the 
bleaching of rhodopsin and isorhodopsin. 


Methods 


All measurements were made with the Cary 11 recording 
spectrophotometer. The absorption vessel was modified 
from one for which we are indebted to Dr. W. B. Gratzer’, 
in which a cold finger, filled with liquid nitrogen, ends in a 
copper block which holds the preparation. All this is 
enclosed within & glass jacket, the space between the cold 
finger holding the preparation and the jacket being oon- 
tinuously evacuated. For further insulation the cell is 
embedded in a blook of ‘Styrofoam’, the light path being 
closed at the ends with plane quarta windows. The 
rhodopsin solutions, in 2 per cent aqueous were 
mixed with various proportions of glyoerol In the 
abeorption vessel they form a film about 0:8 mm thick 
between a front quartz plate and a back opal glass plate, 
held in the copper block with screw-on rings. A similar 
plate of opal glase is placed m the comparison beam. 
The temperature is measured continuously with an iron— 
constantan thermocouple inserted in the copper block. 
Pouring hquid nitrogen in the cold flingor brings the 
temperature of the pigment solution close to — 195°. 
Other temperatures are obtained by allowing the system 
slowly to At temperatures below about — 50°, the 
glycerol-water mixtures form ao glass. Below about 
— 100°, this cracks and crazos to various degrees. The 
resultant scattering of light ıs swamped by the opal glass 
window directly behind the pigment solution. Before 
measuring each the recording pen is arbitrarily 
zeroed at 100—750 mu, a wave-length range in which none 
of these pigmenta absorbe appreciably. 


Measurements 

Absorption spectrum. On cooling rhodopain in glycerol- 
water mi from room temperature to — 195°, its 
extinction rises 1-70 + 0-11 times (average of 1] measure- 
menta) (Fig. 1, curvea 1-2). On this degree of oooling the 
solvent contracts, by our estimate 7-7 per cent in 67 per 
cent glycerol and 6-5 per cent in 50 per cent glycerol; so 
that the riso of extinction corrected for volume contraction 
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1 Cattle rbodopam in ter mixture (55 . 45) oon- 
UE eso he neta A at pH 7-5. Tbe was recorded | 
at room temperature (1), and ab Hquid 
mitrogen (2). as AOA the 
spectrum, bo (8), represen a seady-state mixture snd 

600 mu brings tbe beok 

(4); the has been 

Ey a traco irradiation at Inu 
restores the steady-state mixture of rhodopatn and pre- 
(b). Pre- and are therefore perfectly inter- 
cours MM by Hants: thii tamper was 
to 25 , tte spectrum mearared, and then to — 105° 0). Then 
ri was re-warned to 25°, and bleached tn the to all- 
irens retinal and with to 


tho 
‘oxime does not absorb light 
E TS tener erie E 


shown at the left in 


is about 1-58. Simultaneously Amex moves from 498 to 
about 505 mu. 

The absorption band is also sharpened, ite long-wave- 
length limb falling to zero more abruptly than in the warm 
(cf. rhodopsin, Fig. 2; isorhodopei, Fig. 7). This is & 
general phenomenon, owing to the fact RU at — 195° 
all the molecules are in the zero vibrational state, and all 
transitions to, the first electromeally excited state on 


~ absorbing a photon jump off from this amgle ground-level ; 


whereas in the warm a amall fraction of the molecules 
occupy higher vibrational states, from which transitions 
to the electronically exerted state mvolve smaller 
that is, longer wave-lengths of absorption. Hence the 
absorption bands in the warm end im an attenuated, 
long wave-length tail, which is lost at low temperatures. 
The displacement of spectrum to longer wave-lengths 
on cooling, though characteristic of the visual pigments 
and free carotenoids', is opposite in direction to the shift 
observed in porphyrin derivatives, notably chlorophylls 
and hem ins, the spectra of which shifo toward the 
blue on cooling’. The long wavo-length absorption 
bands of all such molecules represent electronic tranattions 
from the ground to the first excited state, on which are 
superimposed a variety of overlapping rotetion-vibration 
changes. Cooling, by altermg the relative probabilities of 
vibrational changes, might displace the ‘centre of gravity’ 
of the composite band in either direction; yet the likelier 
result is a displaoament toward the blue, as observed with 
porphyrin derivatives, since coolmg eliminates higher 
vibrational levels in the ground state, thus making for 
longer transitions. The oontrary behaviour of the 
carotenoids and their derivatives is probably associ- 
ated with the fact that carotenoid spectra in the warm 
lie at ‘abnormally’ short wave-lengths, owing to steric 
hindrance between the rmg and side-chain’ and— 
m various ots forms—also between —H and in some 
cases —H and —CH, groups along the chain!t. Such 
hindrances interfere with conjugation and hence with 
resonance, and tend to displace the spectrum towards 
shorter wave-lengths. Cooling apparently relieves such 
sterio hindranoes, so permittmg more effective conjuga- 
tion, and shifting the spectrum towards the red. 
lt is tempting to relate the large rise of exiinction of 
rhodopsin on cooling to the same cause. All-trans and the 
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relatively unhindered ois isomers of retinal rise in extino- 
tuon only about 10 per cant on cooling to — 195°; whereas 
the highly hindered 11-oi4 retinal, owing to the relief of 
steric hindrance on cooling, rises in extinction 1-68 times’, 
as does rhodopsin in the present experiments. It should 
be noted, however, that isorhodopsin, which posseases 
as chromophore the relatively unhindered 9-cts retinal, 
rises in extinction about the same amount on cooling to 
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ible that the attechmént to opsin intro- 
ion that are 


As already noted here, below — 100° our glycarol-water 
solutions craze to various degrees, though when cooled as 
rapidly as in these experiments they seem to remain 
otherwise clear (that is, non-opalescent). The rises of 
extinction we observe therefore are not as reliable as if 
measured in wholly clear media, yet there is no present. 
reason to believe that they involve large errors. If 
accepted tentatively, they mean that, since at 25° rhodop- 
sin haa a molar extinction in aqueous solution of 40,000 
(ref. 18) and about the same extinction in glycerol-water 
mixtures, ita molar extinctign at — 195° is about 64,000. 
Algo, since the molar extinction of isorhodopein at room 

is 43,000, and rises as does that of rhodopsin 

on cooling, ite molar extinction at -- 195? is about 
68,000. 

Pre-lumsr 


of pre-lumirhodopein. 
is a steady-state mixture of rhodopsin and pre-lumirho- 


dopēi 
To evaluate this mixture, the preparation is warmed to 
room temperature in the dark. rhodopsin remains 
intact, whereas the pre-lumirhodopsin bleaches to retinal 
hydroxylamine to form retinaldehyde oxime. 
The spectrum of the residual rhodopsin was measured at 
room temperature, and again after re-oooling to — 195° 
(Fig. 1, curve 6). Finally, the preparation was again 
warmed to room temperature, bleached completely 
and ro-cooled to —195° (curve 7). This last 

displays the abeorption band of retinaldehyde oxime 
(Amar 867 mg). Since retinaldehyde oxime does not 
absorb appreciably at wave-lengths longer than 450 mp, 


500 600 T00 600 600 TOO 
Wave-length (ma) 

Fig. 2. The spectrum of ED At the left are 

corrected absorption spectra taken from 1, excepi for 4, which is 
the corrected spectrum of the residual at 25°. Tbe 
fraction coprenti ae of the original remaining 
in 8; fraction 2 represents tts spectrum at —106°. Bub- 
bes from 3 yields the (ourva.6; 
A max ma). The fraction ts the fraction of rhodopain 
converted ot 2 yields tts 
spectrum at — 196° (curve 5) Ourves 5 and 6 therefore the 
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temperature. experiments. 
lax is hero given arbitrarily the maxtmal oxtinotton 1 0. 
(oe ah (Less 648 mj) then bas the maxtmal extinction 1:13 


above this wave-length curve 7 the effects of 
impurities and scattering. By su ing this portion 
of the spectrum from the other curves, one obtains the 
true absorption spectra of the other components In the 


&beorpti: spectra, taken from the 
resulta in Fig. 1, are shown in Fig. 2. Curve I is rhodopsin 


ratio of this to curve l represents 


(curve 6). 
the amount of rhodopsin converted to pre-Iumirhodopein ; 
and this fraction (about 0-55) of curve 2 is shown as 
curve 5. Curves 5 and 6 therefore show the absorption 
spectra of equivalent amounts of rhodopsin and pre- 
Iumirhodopein at — 195°. 

Repeated experimente of this kind have yielded very 
similar resulta. The averages of 5 sets of such measure- 
ments are shown in Fig. 8. The average Amax Of pre- 
lumirhodopein is 548 my, and ite maximal extinotion is 
on the average 1:13 times that of rhodopsin. We can 
therefore assign to it tentatively the molar extinction 
72,000 at —195°. 

_ Interconvertibility of rhodopsin, pre-lumirhodopsin and 


isor. in. The conversion of rhodopsin to pre- 
lumirhodopsm a to involve only the isomerization 
by light o the 11-cis chromophore to all-trans. Wo used 
to inguiah between photosensitive and light-stable 


of visual systems; but in thé sense that they 
are isomerized by light, all forms of retinal, free and 
bound, are photosensitive. Their irr&diation in all 
circumstances ends in steady-state mixtures of isomers. 
The composition of such mixtures depends on the wave- 
length of the incident light: the steady-state mixture 
always consists predominantly of those isomers the 
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absorptions of which lie farthest away from the inoident 
radiation. Thus, irradiation with blue light drives the 
mixture predommantly toward its red-abeorbing compon- 
ents, whereas irradiation with red light drives it toward ita 
blue-absorbing componants*. If one could irradiate at a 
wave-length that all the isomers but one could absorb, the 
entire product would be trapped in the form of that trans- 
parent isomer. In the present mstanoe, irradiation at 440 
my drives the steady-state almost entirely toward rhodop- 
sin and pre-lumirhodopsin, and away from the shorter 
wave-length isorhodopein (9-ct¢ chromophore). 

Trradistion at 440 my. having produced this steady-state 
mixture (Fig. 1, curve 3), re-irradiation with light of wave- 
length 600 mp drives the spectrum almost exactly back 
to that of rhodopsin (curve 4)—actually just perceptibly 
to shorter wave-lengths, owing to the formation of & trace 
of isorhodopsin. More isorhodopsm is not formed because 
all-trans retinal, here the chromophore of pre-lumirhodop- 
sin, isomerizes much more idly to the 11-ois oo 
tion (that is, to rhodopein) to 9-018 Saarne e 
and the rhodopsin, once formed, is not isomerized further 
because at — 195° it scarcely absorbs at 600 mu. 

On re-irrediating at 440 mu, tho moves back 
to its earlier position, that of the mixture of rhodopsin 
and pre-lumirhódopein (Fig. 1, curve 5). This experiment 
shows that rhodopsin and pre-lumirhodopsin are almost 
perfectly interoonvertible by light at — 195°. 

Fig. 4 shows the kinetios of these interoonversions: the 
transformation of rhodopsin by irradiation at 440 my into 
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the steady-state mixture of rhodopsin and pre-hmnirho- 
dopein (top); and the reversion of this mixture by irradia- 
tion at 600 mp to rhodopai (bottom). The of 
& sharp isosbeetio point at about 512-5 my as reaction 
proceeds in either direction is an assurance that 1:6 
involves only these two . The formation of 
& just distinguishable trace of isorhodopein by irradiation 
Se ey ee ee dou ene 
reason already noted: that rhodopsm absorbs 
at this wave-length, and hence is not isomerized by it. 
If, however, one irradiates with a wave-length that 
ii vag pai tne ee bon A hah MD steady-state is 
i very largely toward isorhodopsam. This is shown 
in Fig. 5. Irradiation of the original rhodopsm at — 195° 
with the meroury green line (546 my) shifts the spectrum 
from curve 2 to 3. Irradiation of this product at 486 mp 
shifts ib to curve 4—the familiar steady state mixture of 
rhodopsin and pre-hunirhodopsm. Re-irradiation at 
546 mu brings it back to curve 5, coincident with curve 8. 
Warming this product to room temperature in the dark 
reveals a residual with Amax at 
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pi 
iy RH. (UNS 6), close to that of cattle isorhodopsin 
of irradiation at 546 mj. is 
pein, with leas rhodopsin and 
still leas pre-Iumirhodopein, the latter principally account- 
ing for the rise of extinction at long wave-lengths (curves 8 
and 5, compared with 2). 


The final 
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The steady-state product at 436 mu is transformed into 
the steady-state uct at 546 mu by & peculiar route. 
This is Shown in Fig. 6. The iment begins with the 
irradiation of rhodopsin (curve J) at 486 my to produce 
the usual steady-state mixture of rhodopsin and pre- 
lumirhodopein (curve 2). This, then, is irradiated at 546 
my, eventually to arrive at curve 7, representing ting mainly 
isor with small admixtures of rhodopaim and 
pre-lumirhodopein. The significant point is that the first 
10 geo of irradiation at 546 mp has so muah greater effect 
than the next 10 seo and all subsequent irradiations. The 
first such irradiation brings Amex from about 517 to 506 mu 
(curve 8), close to that of rhodopam ; whereas another 370 
seo of irradiation are needed to bring Amax to about 497 
mu (curve 7), close to that of isorhodopsin. It was shown 
some time ago that, at — 20°, metarhodopsin isomerizes 
with & rmouch higher quantum efficiency to rhodopsin 
than to isorhodopam’. tly the same is true of 

lumirhodopein at liquid nitrogen temperature. The 
First 10 seo of irradiation convert pre-lumirhodopein 
largely to rhodopsm, whereas further irradiation at this 
wave-length only slowly drives the steady-state over 
toward isorhodopsin. Thess; mechariiams: are; disqusesd 
further later on. 
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at 486 ma for 256 seo brings um A ae 
carne mixture of rhodopsin and 
Ge KD PAESI T 

‘or 34 seo ; 
now a mixüre rhodopein with a minar amonat OF as 
shown by warning in tha dark to I0, gvon): e re De 
was displaying absorp- 
e bend OF Patines Gane at MT m 


Alternatively, one can begin such an experiment with 
isorhodopein (Fig. 7). This was prepared by incubating 


cattle opsin with 9-o$s retinal. On cooling to — 195°, its 


rose from curve l to 2, Amax being displaced 
from about 485 mp at room temperature to 401 my in 
the oold. Irradiation at 486 my. yields the game steady- 
state mixture of rhodopsin and pre-lumirhodopsin as 
one obtains by i rhodopsin (curve 8). Re- 
irradiating this mixture at 579 drives the spectrum 
back to curve 4 (Amex 500 my); did erate the prepara- 
tion in the dark to room barpereburo-ahows thia t De 
rhodopsin, with a small admixture of ieorhodopein 
(Amar £04 mu). Other experiments have shown that if 
this last irradiation had been performed at 600 my, we 
would have obtained almost pure r 
These experiments demonstrate the well-nigh perfect 
interoonvertibility of rhodopein, isorhodopsin and pre- 
lumirhodopein by light at —195°. Apparently at this 
temperature light activates only the geometric isomerizs- 
tion of the chromophores, leaving the protein relatively 
unaltered. 
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Interconwertibility 
Hubberd, Brown and Kropf have shown that rhodopsin 


of pre-lumi- and lumt-rhodopsin. 


and lumir are interconvertible by li at — 65° 
(ref. 14). The experimenta of Yoshizawa and Kité implied 
that the irradiation of lumirhodopein at liquid nitrogen 
temperature also causes a partial reversion to rhodopsin, 
and hence potentially to pre-tumirhodopsin™*. 

Fig. 8 (top) shows the reversion of lumi- to ae -nho- 
dopein at -—195°. Cattle rhodopsin was 
brought back and forth between — 195° and NA 
had settled down to a fairly constant Emax at — 195? 
(0:350). On irradiating at 436 my, ita spectrum moved to 
curve 1, representing the usual steady-state mixture of 
thodopsm and pre-lumirhodopein. On warmimg this in 
the dark to — 80°, then re-cooling to — 195°, the spectrum 
had changed to curve 2: the pre-lumirhodopein had 
changed to lumirhodopsin, still accompanied by rhodop- 
sin. On re-irradiating at 436 mu (— 195?), the spectrum 
gradually shifted from (2) to (9), that is, back to the 
steady-state mixture of rhodopsin and pre-lumirhodopein. 
The slight fall of Z max may represent a trivial discrepancy 
associated with the warming and re-cooling, or possibly 
some modification of pigment by the long irradiation. 
The sharp isosbestio point at about 523 my. nu didi cuia the 
transformation of a single precursor.into a product, ın 
this case lumirhodopein into pre-lumirhodopsin. 

A specially designed experiment shows that this trans- 
formation requires light. Rhodopain was tooled to — 186° 
and irradiated with 436 my to the steady-state mixture of 
rhodopsin and pre-lumirhodopsin. Warming to — 90° 
converted the latter to lumirhodopain. This did not 
change on being re-cooled to —184° and held at that 
temperature for 1-5 h in the dark. 
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Failure of metarhodopsin to revert to pre-lumrhodopsin 
at —195". At —20°, rhodopain and metarhodopsin are 
freely interconvertible by irradiation’. At — 65°, however, 
rradiating rhodopsin yields lami- but not mota-rhodopsin ; 
and conversely irradiatmg  metarhodopein yields no 
lumirhodopein or rhodopsin. The change from lumi- to 
meta-rhodopsin appears to involve a tin the 
structure of opam, apparently blocked in both directions 
at this low temperature. 

The lower portion of Fig. 8 shows an experiment to 
test the possibility that metarhodopsin can revert to 
rhodopsin and pre-lumirhodopain at —195°. Like the 
preceding experiment, this was begun by bringing the 
rhodopein preparation back and forth repeatedly between 

and —20? until a reasonably stable Bmax was 
achieved at —196° (0.34). Then it was irradiated at 
436 mp to yield the usual steady-state mixture of about 
45 per cant rhodopsin and 55 per cent pre-lumirhodopain 
(curve 1). The preparation was now warmed to —15° 
in the dark to permit all the pre-lumirhodopein to be 
converted to metarhodopain, and was re-oooled to — 195? 
(curve 2). The resultant mixture of metarhodopesin and 
rhodopsin (about 55:45) has Amex 487 my. On re- 
irradiating at 436 mp at this temperature, the spectrum 
changed gradually from (2) to (8). The source of this 
change is the conversion of the rhodopsin present in (2) 
to the usual steady-state mixture of rhodopsin and pre- 
lumirhodopain. The composition of the final mrxture, 
if no change has occurred in the metarhodopamn, is rri 
to be about 55 per cent metarhodopem, 20 per cent rhodop- 
sin (that 1s, 0-46 x 0-45), and 26 per cant pre-lumirhodop- 
sin (that is, 0-55 x 0-45). The shape and position of 
curve 8 (Amar 496 mu) agree reasonably well with this 
prediction. It is concluded that metarhodopsin does not 
revert to rhodopsin (or pre-lumirhodopein) at — 195°. 

T ity ranges. In Fig. 9 a ion 
of rhodopain, having been irradiated at — 195° with light 
of wave-length 486 mp to produoe the steady-state mixture 
of rhodopsin and pre-lumirhodopsm with Amar 517 my, 
was allowed to warm slowly in the absorption vessel in 
the dark. Periodically it was re-oooled to — 195? and 
its spectrum re-measured. The figure shows the change of 
Amar at — 195°. 

- As the temperature rises, the pre-lumirhodopein in the 
original steady-state mixture remains stable to about 
—140°, Then Amex shifts to about 500 mu, as pre-lumi- 
rhidopein goes over to lumirhodopsin. This remains 
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Cattle rhodopsin inraaatea 
at 436 mu (1959), then 
warmed. All measure- 
ments at -195° 


510 





. 9. Sepe Dleaotiimig of ere by eee warming- 
rhodopsin EnA ae e an ey Eia eiae ja 


NATURE 


March 30, 1963 


stable to about — 40°; then Amex Shifts again, to about 487 
mu, as lumi- goes over to meta-rhodopein. Above 0°, Amax . 
in the visible region rises to about 499 mp, as meterho- 
dopein is hydrolysed to retinal and opsin, leaving a 
reaidue of rhodopsin mixed with a little isorhodopein. 
Simultaneously & new absorption band appears in the 
ultra-violet (367 mu), owing to the formation of retin- 
aldehyde oxime. If this experiment ıs begun with iso- 
rhodopsem rather than rhodopsin, the results are the same. 
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Discussion 


mage run these experiments we have to deal with 
two kmds of change: tho geometrical isomerization of 
retinaldehyde chromophores activated by lght, and 
associated rearrangements of the protein, opem. These 
two types of process stand in the relation of independent 
and dependent variable, and lead on the irradiation of 
rhodopeim or isorhodopein to a succession of products, 
the interrelationships of which are shown in Fig. 10. 
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dopains I and represent comms of EP n m 
equilibriun with each other, higher acidity or a higher 
Proparhon of tn the medium favouring metarhodopam IT 


The geometrical womerization of the chromophores is a 
typical photochemical reaction which can be completed 
in a rigid solvent at — 195? O. It is responsible for 
instituting at that temperature perfectly reversible steady - 
states among rhodopsin, pre-lumirhodopsm and isorhodop- 
sin, the final composition of which depends on the wave- 
length of irradiation, tending always to abeorb the incident 
radiation minimally. 

Certam circumstances govern the pathways by which 
these steady-statea are achieved in the cold. Each geo- 
metric isomer of retinal, whether free or the chromophore 
of & visual pigment, 18 raised by the ion of a photon 
to its own excited state, different from t of other geo- 
metric isomers; and each double bond isomerizes mde- 
pendently of the others!*. (If the geometric isomers of 
retinal possessed a common excited state, cts isomers 
should require lees to reach this than the all-trans 
isomer, since the ground states of cts isomers lie at higher 
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energy-levels than that of all-trans retinal. Henoe the 

on spectra of ots isomers should lie at longer 
wave- than that of all+rans retinal; whereas in 
fact they lie at shorter wave-lengths. One can conclude not 
only that there is no common excited state but also that 
the energy-levels of ots isomers must lie even farther above 
all-trans in the excited than in the ground states.) Thus 
ll-ois retinal, for example, on absorbing.a photon, may 
isomerize to all-trans; and this, on absorbing another 
photon, may isomerize to another ots i For 
this reason imterconversions between rhodopain and 
uwsorhodopsin must involve multiple light absorptions, 
and must go through pre-umirhodopein at —195°, just 
as they must go through lumirhodopam, or meterhodopein, 
' or all-trans retinal and opein at higher temperatures. 

A second condition involves the quantum efficiencies 
of these isomerizations. Hubbard and Kropf? have 
shown that the quantum efficiencies for interconversions 
among rhodopsin, metarhodopsin and isorhodopsin at 
— 20° stand in the ratio. 
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1 ' 01 
rhodopsin > metarhodopsin_ s isorhodopein 


Since photoisomerizations play the primary pert in these 
reactions, probably about the same relationships obtain 
at — 195°, when pre-lumirhodopei takes the place of 
meterhodopei 


pain. 

This array of quantum efficiencies explains why the 
irradiation of a mixture of rhodopsin and pre-lumirho- 
dopein (about 45 : 55) at 600 mp produces only a trace 
of isorhodopam (of. Fig. 1, €). At — 195°, neither rhodop- 
sim nor isorhodopain absorbs the 600 my radiation, which 
acts therefore only on Iumirhodopein, converting it to 

in and isor pain in the proportion 5:1, set 
by the ratio of quantum efficiencies. The steady-state is 
therefore expected to contain the original rhodopsin 
(45 parts), rhodopsin newly formed from 5/6 of the pre- 
lumirhodopsin (55 x 5/6 = 46 parts), and the remainder 


is observed (cf. Fig. 1, curve 4, compared with 2). 
that owing to the slow formation of 

in under the conditions of these experiments, 
we may not have wholly reached the-steady-state by curve 
4 in Fig. 1 or curve 5 in Fig. 4 (bottom).) 

These relative quantum efficiencies also explain the 
peculiar approach to the steady-state shown in Fig. 6, 
m which irradiation at 546 my very rapidly institutes a 
transitory steady-state SE Nr qum pain and 
rhodopein, but only slowly brings into a final steady - 
state with isorhodopein. These transformations involve 
& considerable conversion of rhodopsin to isorhodopein, 
which for reasons already stated must go through pre- 
lumirhodopsin. 

On gradually warming pre-lumirhodopsin in the dark, 
it undergoes the stepwise series of thermal rearrangements 
shown. on a temperature scale in Fig. 10. An accumulation 
of aberrations in our own and other workers’ observations 
over the years have led us lately to re-examine mete- 
rhodopsin. We find it to involve two tautomeric forms 
in i with each other, meterhodopein I (Amax 
about 478 mu in cattle preparations), which forms first, 
entering into an equilibrium with metarhodopsin II 
(380 mu), in which raising the temperature, acidity or the 
Mo opun Uk Gat ig), ‘To will bo noted that all ecc eae 

in II (ref. 17). It will be noted that all our refer- 
ences to metarhodopam here involve metarhodopam I. 
ter) , all-trans retinal hydrolyses from opem, to which 

a tly bean bound in all these chromophores 
as a Bohi base: 


Cotai N opita + H,O > 
. — O,H,0HO (retinal) + opsin—NH, 


Those changes—exoept perhaps the last—involve 
progressive rearrangements in the structure of opein. 
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One is to expose new reactive groups, not 
available to reagents in rhodopam itself. When bleaching 
is completed, two sulphydryl groups and one proton- 
binding group with pK about 6-6 ee ?) rod ceri 
exposed ; preliminary experiments show ; the 
is available by the time metarhodopsin II 

Tt seems probable that this openmg up of 


promptly makes the combination unstable. f : 
For opein to adapt ite structure to ll-cis or 9-ots retinal, 
temperatures are needed at which tho requisite re-arrange- 
ments can occur. At room temperature, all of them can 
occur, and opsin combines spontaneously with either 
isomer. Opein as it exists in meterhodopain oan still 
re-arrange at — 20? to form rhodopsin or isorhodopein, 
but can no longer do so below — 50? (ref. 14; Fig. 8, 
bottom). Opsin as it existe'in lumirhodopein can re- 
arrange to form rhodopsin or isorhodopein even at — 195? 
(upper part of Fig. 8). To the degree that the configura- 
tion of opsin is moulded specifically by rts combination 
with ll-ets or 9-ois retinal, lumirhodopein can be trans- 
formed to pre-lumi in.only over rhodopam or 
isorhodopsin. Light probably must first isomerixe the 
all4rans chromophore of lumirhodopsin to 11-18 or 9-cts, 
so inducing the rearrangements of opein needed to form 
rhodopsin or isorhodopam. Then, by the absorption 
of another photon at — 195°, the chromophores of these 
pigments are isomerized back to all-trans, forming pre- 
lumirhodopsin. . : 
It is possible that light has another kind of effect in 
such reactions. None of the reactions being discussed is 


peratures, in activati 

either through a localized excitation of protein groupe, 
or, the residual energy having been degraded into heat, 
through & more general ‘melting’ effect on the protem 
in the neighbourhood of the chromophore. Light could 
scarcely have such effects, however, without simultane- 
ously isomeriring retinal; so that one should assume the 
photo-isomerization mechanism in any event, perhaps 
aided secondarily by excitation or ‘melting’ of the protem. 
A final problem involves the spectrum of pre-lumi- 
rhodopsin. Kropf and Hubbard**! have attempted to 
&ooount for the spectrum of rhodopsin as follows: the 
combination with opsin in a Schiff bese linkage 
(O,,H»,CH=N—opain) should shift the Amax of 1l-cis 
retinal (880 mu) to about 867 mp. Protonation of the 
Schiff base (that is, OMEN ODE) is expeoted 
to raise Amex to about 440 my (ref. 22). oris em 
that the farther shift of spectrum to the Amax of i 
(498 ) is associated with the lowering of the energy- 
‘of tha excited state, owing to interactions between 
the conjugated side-chain of 11-cis retinal and opsin, for 
which closeness of fit is prerequisite. That is, 11-o$s 
retinal, and to & lesser extent the 9-eis isomer, are good 
chromophores because they fit opsin—after the necessary 
ts—better than do other isomers. By the 
same token, any loosening of fit between, opein and its 
ore should weaken their mutual interactions 

and shift the spectrum toward the blue. 
How then do we account for the Amax of pre-lumirho- 
dopein ? Since it lies far toward the red from rhodopsin, 
does ‘that imply that its all-trans chromophore fite opsin 
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even more closely, and interacta with rt more 
than the 1l-cis chromophore ? But why then is pre- 
lumirhodopein unstable ? 

The same problem has arisen earlier with regard to 
lumithodopsam. The spectra of some vertebrate lumirho- 
dopeins lio at longer wave-lengths than the corresponding 
thodopsins (bull-frog, 7 mu; ousk, 19 mu. longer) Such 
displacements of spectrum might at least in part be 
explained simply, for the change of configuration from 
11-ois to all-trans in itself involves a shift of Amax toward 
the red, about 7 my in free retinal, and perhaps much 
more in the chromophores of visual pigments. This red 
shift might perhaps more than counterbalance the opposed 
tendency toward a blue shift owing to loosening of fit. 
But in the squid, lumithodopsin lies about 50 my. toward 
the red from rhodopsin™; and here aa in cattle pre-lumi- 
rhodopsin such an explanation seems inadequate. 

A consideration of the order of rhodopain, isorhodopsm 
and the intermediates of their bleaching on & free energy 
(ahemical potential) soale offers the way out of this 
dilemma (Fig. 11). The arrangement here is dictated by 
the direction of spontaneous change in the case of the 
thermal reactions. The existence of thermal equilibria 
also permite us to assign a AF, of about 2 koal for the 
isomerization of all-trans retinal to 11-vie (ref. 28); and 
about — 05 koal for the change from metarhodopain I 
to II in neutral 33 per cent glycerol at 20° (ref. 17). No 
other numerical values are yet available, and the figure 
shows otherwise only qualitative relationships. 

What emerges is that the ground-state of pre-lumi- 
rhodopsin lies at a considerably higher energy than those 
of rhodopsin or isorhodopam—sufficiently higher to 
enoompeae all the intervening states. This large rise in 
the energy-level of the ground state of pre-lumirhodopsin, 
if not accompanied by a comparable rise in the level of 
the first electronically excited state, would mean shorter 
transitions to the excited state, so explaining the shift of 
absorption spectrum toward the red. Indeed, the shift 
of spectrum offers a suggestion of how high the ground 
state of pre-lumirhodopsin may lie above those of ita 
precursors, if one assumes tentatively that all these 
molecules differ relatively little in the levels of their first 
excited states. At —195° the shift of the Amex of pre- 
lumirhodopsm toward the red implies on this basis that 
rte free energy-level in tho gro state may lie 8-9 kcal 
higher than that of rhodopsin, and about 5:5 koal higher 
than that of isorhodopsin. (These estimates are based on 


tho formula, AB = 28,40 (2), in which M and X, 
1 


are the shorter and longer wave-length maxima in mu, 
and AB is the difference m energy of the abeorbed quanta 
in keal per mole. They involve sufficient uncertainty 80 
that we have not tried to express implied differences in 
the free energies of rhodopain and isothodopsin in Fig. 
11.) j 

We would suggest therefore that this rise m the energy- 
level of the ground state of pre-lumirhodopain, by shorten- 
mg the transition to ita first electronically excited state, 
accounta for ita long Amax- The effects of light on rhodop- 
sin and isorhodopsin are probably best envisaged as 
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follows: These pigments, as suggested by Hubbard and 
Kropf, owe their long wave-length spectra in part to 
the lowering of their first excited states by interactions 
between their ohromophores and opsin dependent on 
When the absorption of a photon isomer- 
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with opsin continue to hold both chromophore and opsin 
in what 1s now a highly constrained and distorted geo- 
metry. This is then pre-lumrrhodopsm. The esential 
point is not that in pre-lumirhodopein the all-trans 
chromophore fits opein better—it probably fita leas well; 
but that the stramed condrtion of this molecule represents 
& large rise in the energy of its ground state, making it 
on one hand highly unstable, and also shortening the 
transition to the first electronically excited state, so dis- 
placing its spectrum toward the red. 

Lumirhodopam and metarhodopain I then represent 
stages in the progressive relaxation of these oonstrainta, 


ope appronahing more and more closely tho configura- 
tion of free protein, and retinal ite normal all-trans 


correspondingly weaker and the energy-level of the ground 

; excited state there- 
spectrum shifts moreasingly 
By metarhodopain II, mutual inter- 
actions between retinal and opein aro at a minimum 
and the chromophore haa lost its proton; the spectrum, 
as should be true of a Schiff base, lies at shorter wave- 
lengths than that of free all-trans retinal. All that remains 
is to hydrolyse retinal from opein. 

One of us (T. Y.), on leave of absence from Osaka 
University, occupies a research fellowship at Harvard 
University with funds provided by the National Science 
Foundation. This investigation was further Supported 
with funds granted to tho other (G. W.) by the National 
Science Foundation and the Office of Naval Research. 
We thank Mr. Paul K. Brown of this laboratory for help 
with designing and building the absorption vessel. 


1 Hubbard, R., and Wald, G., J. Gea. P. .,, 98, 269 (1062-53). Beoent 

reviews of of rhodopads a lscrhodopein and farther 
will be found in Morton, A, and Pitt, 

. Net. Prod., 14, 244 (1057); and Wald, G., 

Hormones, 18, 417 (1961). 

* Wald, G., Durell, J., and 8t. George, R. O. O., Sotenos, 111, 170 (1060) 

* Hubbard, B., and Kropf, 4. Proc. U.S. Nat. Acad. Soi., 4A, 190 (1988); 
Kropf,’ À., and Hub R.. Ann. N.Y. Acad. Soi., 74, £66 (1068). 

* Youhizawa, T., and Kitt, Y., Aan Rep. Ses. Works, Fac, Sci. Osaka Um., 
6, $7 (1958) (m Enghsh). : 

* Hid, Nc Tahigami, ML, and Yoshizawa, T, Biookim. Biophys. Acta, 48, 

. imam Kit, Y., and Ishigam!, M., Phookim. Biophys. Acia, 48, 

' Grelhmann, K.-H., Livingston, R., and Pratt, D., Nature, 108, 1258X1062). 


* Graizer's original cell rtaelf fi with ks, 
cll described by Oummnghamn, J., and Tompen P. Goera gl 


of a cell 
Soc., A, BEL, 27 (1059). 

* Jurkowiiz, L., Loeb, J. N., Brown, P. K , and Wald, G., Naiwe, 184, 
14 (1959). 


1 D., and Hartree, E. F., Nature, 164, 254 (1049) Estabrook, R. W., 
M D. ,833, 781 (1956) Be SHEET) 


n Nn W., Karmas, G., and Mebane, A. L., J. Amer Chen. Soo , 74, 
205 s 


* Zechmeister, L., Chem Res., 34, 267 (1041); Beperientia, 10, 1 (1954) 
= Wald, G , and Brown, P. K., J. Gea. Pàynol., 87, 189 (1053-54). 
^ Hubbard, B., Brown, P. K., and Kropf, A., Nature, 183, 442 (1059) 
1 Yoshizawa, T., and Kit6, Y., Nature, 18$, 1004 (1058). 
* Hubbard, R., Neturs, 181, 1126 (1058); J. Gen. Phynol., 48, 259 (10858). 
1 Matthews, R. G., Brown, P. K., Hubberd, B., and Wald, G., Fed. Proc. 
(m the press). 3 7 
i 
Hubbard. Bas Amer. m Soe.. 78, 4662 re This paper ds 
sams conclusion. 


the 
as Bopanna armed in laboratory I. Fukam: and lished in 
‘oka Coda Tarn Le 519 (1060). a = 


= Wald, G., Bap. Oel. Ree, Bupp. 5, 380 (1058) 

n Hubbard, R., Proc. Wat. Phys. Lab., Symp. No. 8, Paper 4 (H.M.8.O., 
London, 1058). 

= Ball, 8., Collins, F. D., Dalvi, P D , and Morton, R. A., Bieohem. J., 45, 
804 (1949). í 

* Hubbard, R , J. Gen. Physiol., 39, 085 (1055—58). 


March 30, 1963 


No. 4874 


NATURE 


1287 


LETTERS TO THE EDITOR | 


PHYSICS 


Special Theory of Relativity 


Paor. H. Doxa a has sent me a reprint of hia communi- 
cation published under the above title on p. 985 of Nature, 
September 8, 1902, with the handwritten remark: “With 
kindest regards. Test case for the integrity of scientists’. 

Though former experience has taught me that discussing 
relativity with Dingle leads to no agreement I have to 
answer a challenge which is directed against the “‘acientific 
integrity’’ of myself and of others. 

I use Dingle's notation. He restricts himself to the 
case of a linear motion along the v- or E-axis. 

K(x) is a ‘stationary’ system of reference, k(5,:) a 
‘moving’ one. Dingle writes down half the Lorentz 
transformation expressing + by t and v, and half ite 
inverse expressing t by tand E. Then he quotes a passage 
from Hinstein’s paper, the first paragraph of which ends 
with the question: “What is the rate of this olock, when 
viewed from the stationary system!" . Then follows the well- 
known derivation of the formula 


t=b/(1—v'/ct) (1) 
Dingle now proceeds in this way: ‘‘And here ia the peek? 
leading to the opposite conclusion". The first Paragraph 
of this new passage is completely identical with that of t 
original including the last sentence just quoted (in italics). 
Then he exchanges the oo-ordinate systems and so obtains 


the result: 
t= 14/(1—0%/c?) (2) 


which he regards as a contradiction to formula (1). 

The mistake is in the first paragraph quoted above (in 
italics); it should read, in the two casés: 

lai oase, clock at reat in b: What ts the rate of the clock tn 
k, when viewed from the ‘stationary’ system K ? 

3nd case, clock at rest in K: What ts the rate of ths olock 
tn K, when viewed from the ‘moving’ system k ! 





DEL 0,0, oie erty een re SH, pece calibration 
I en , iima calibration Soge oer rl 


as OB tn E: 
04 ~ OB 
ntes 


er 
OB ~ ot 
Chock at rest In b Ob ~ et 


. Prof. Born is clearly exceeding his rights: 


In other words: formule (1) and (2) refer to different 
physical situations; ¢ and + have not the same meaning in 
(1) and (3). 

Ifthe clock is at rest in k and in motion relative to K, the 
reading of the hands of the clock at the beginning of the 
time-interval t in b is taken at the same place in b as the 

at the end of the time-interval. uod ere 
of the hands of this clock taken in K at the beginning an 
at the end of the time-interval are at different positions of 
the clock in K, as the clock is moving relative to K. 

If, on the other hand, the clock is at rest in K end in 
motion relative to k, the situation is exactly reversed: the 
beginning and the end position of the clock are read at the 
same place in K, but at different places in b. 

The two cases are therefore different, the symbols t and 
* in expressions (1) and (2) referring to different physical 
situations; these are inverse and must of course corre- 
spond to an of the symbols ¢ and +. This is 
CXROUS what expressions (1) and (3) expres. There is no 
contradiction. 

's objections are just a matter of superficial 
formulation and confusion. The simple fact tbat all 
eee D Mp o IM ee De 
by the Lorentz transformation oen be represented 
metrically by Minkowski diagrams should suffice to 
that Bare ons beno levine! canteadicaan tthe sheer: 
The use of such diagrams is explained, for example, in my 
book Einstein's Theory of Relativity of which a new cheap 
edition (Dover Publications, Inc., New York) is now avail- 
able. I give here the diagram for the time dilation with a 
detailed legend (Fig. 1); it shows why the slowing down 
of a clock at rest in one system when observed from 
another system in relative motion is reciprocal in the two 
systems. Further explanations seem to be superfluous. 


Max Bory 
Bad Pyrmont, 
West Germany. 


I am grateful to Prof. Born for replying to my communi- 
cation, and am especially pleased that one scientist of 
outstanding eminence has passed the integrity test: would 
there were others. 

I must maintain, however, that he has not met tho 
point I raised: this is shown by the following passage in 
his letter: ‘The mistake is in the first paragraph... the 
same meaning in (1) and (2)". In making this statement 
& question 
cannot be dismissed as a “mistake”. It is my question, 
arid I meant it exactly as I pub it. Prof. Born substitutes 
a different question, which he assumes I should have asked, 
and gives an answer that does not contradict Hinstein’s 
conclusion. I agree, but the answer to my question does. 

Prof. Born is wrong in saymg that my expressions (1) 
and, (2) refer to different physical situations and that ¢ and 
z have not the same meaning in (1) and (2). This is not a 
matter of opinion. I constructed the second statement, 
andi say categorically that if, in Einstein'g statement, A 
is a clock fixed at the origin of what he coals the ‘sta- 
tionary’ system, and X is & clock fixed at the origin of 
what he calls the ‘moving’ system, then in my statement 
also, A is fixed at the origin of that same ‘stationary’ 
system and X at the origin of that same ‘moving’ system. 
Furthermore, in both statements ¢ is the time of an event 
according to clock A, and + the time of the same event 
according to clock X. 

What Einstein’s statement shows is that, on his theory, 


_between the two events, (1) the coincidence of the clocks, 
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and (2) a later event'oocurring on X, the time-interval 


according to A is greater than that according to X, so that - 


X is running slower than A. What my statement shows 
is that, in the identical physical situation, between the 
two eventa (1) the coincidence of the clocks, and (2) & later 
event occurrmg on A, the time-interval according to A is 
amaller than that according to X, so that X is running 
faster than A. The only difference between the two cases 
is that the intervals compared are those between different 
pairs of events; and the only conceivable way of avoiding 


the contradiction is by showing (consistently with the , 


relativity postulate, that is, without assuming an ether in 
which A is uniquely stationary and X uniquely moving) 
that Hinstein’s interval between two events on X is valid 
for comparing the rates of the clocks, and that my interval 
between two events on A is not. 

I repeat that there is only one physical situation—two 
clocks, A and X, in uniform relative motion; that there 
is no change of oo-ordinate system in going from Einstein’s 
statement to mine (A ‘reste’ and X ‘moves’ in both); and 
that there is no change of meaning of t or « (t refers in 
ee ae oe ee ee Hence 
equations (1) and (2) show that A goes steadily both 
faster and slower than X. 

The effective criterion of truth in these matters still 
regides in the pronouncements of mathematical physiciste, 
none of whom, of stature comparable with that of Prof. 
Born, appears tó share his sense of obligation on this 
point; and as I have been informed, with various degrees 
of emphasis, that my utterances on such things are im- 
pondersble, there is an urgent need for the weight of his 
unquestioned authority to reinforce a clear demonstration 
of the truth of the matter, whatever it may be. 


Hnmaszmar DiIvGLa 
104 Downs Court Road, 
Purley, Surrey. 
[Seo also p. 1248 of this issue.] 


Fading of Latent Image in Japanese Fuji 
ET-7A and ET-6B Nuclear Emulsions 

THE various on fading! indicated experi- 

mentally are due to: the action of some constituenta of the 


atmosphere, surrounding temperature, time of storage, and : 


emulsion composition. Based on the available experi- 
mental evidence, the mechanism of fading is thought to 
be dependent on the oxidation of the development 
specks by atmospheric o n in the presence of water’. 
Tn order to examine the latent image fading effete, thie 
vani were exposed to mono-energetio a-rays, whioh 
from thorium nitrate by ' io dis- 
PEN method’. Tho separated ThO by emitting 
p-rays transforms to ThO', which is & pure mono-energetio 
a-emitter with energy 8-78 MeV; only a few of them 
originate from ThO (ref. 8). 
The plates were irradiated by a-particles from ThO’ and 
stored in the vessels, under different conditions, for the 
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purpoee of examining the various parameters on fading. 
After insertion of the irradiated plates, tho voesels were 
evacuated to a pressure legs than 0-1 mm mercury and 
pat gl el llega he die sr 

i by opening the cork to concentrated sulphurio 
acid or distilled water, which was stored in the system, then 
filled with the gas. The vessels containing the exposed 
plates under the conditions described were stored m a 
constant-temperature bath which was maintained at 30° O 
for the assigned duration of times as indicated in Tables 
1 and 2 and Figs. 1 and 2. They and the plates just 



























Table 1. Fano Rare D/D, IX NITROGEN, ARGON AWD OXYGEN Gas. Di E THN GaAs DENaT OY le ee FROOTORD RE CRAT 
, D 18 THE THe DEXETTT AFTER i Daye’ STORAGE. TRA STORAGE TEMPERATURE IB 30°O AXD RELATIVE HUMIDITY, 00 PER CERT 
Type of emulsion ETB 

Atmosphere 

po Nitrogen Argon Oxygen 

period (daya) 

0 1-000 1000 1-000 1-000 
10 0-804 + 0-027 0912 + 0 086 0-849 + 0-019 0985 + 0040 
20 , 0-860 + 0-029 0-878 + 0-081 0791 + 0021 — 
13 0-830 + 0-018 0-858 + 0-040 0-752 + 0017 0060 + 0041 
4n 0 787 + 0-043 0-820 + 0-056 0-702 + 0-086 0-910 + 0-055 
eo — 0-798 + 0-033 0-668 + 0018 0911 + 0047 
80 0-740 + 0-023 0771 + 0039 oers + 0-035 0-801 + 0-049 
9 0-723 + 0022 0757 + 0080 — 0-885 + Q085 
103 ES arem bos x 
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Table 1. Favinc Rute D/D, AFTER 03 Days’ BTORAGB IE ARGON WITH 
ae VAXIOUS HUXIDITMNS AT 80°O |, 

‘apour pressure 
(mm mercury) 7 00 12-73 20-68 25-46 
Rolatrve 


ag 22 40 05 80 
D]D.for ET-7TA 0-900 -0-041 0-961::0-030 0-00510-038 0875 
DID, for ETB — 0-941:0-528 —0-8610-031 0-711: 0-036 


‘time, the plates were irradiated at a certain interval 
several times and processed at the end of the last exposure. 
Thus the emulsion plates were stored under constant con- 
ditions for different periods of time. The fading rate 
DJD, (ratio of the grain density after storage for & time t 
before development and density after immediate develop- 
ment) and the storage time ż in days are given in Table 1 
and plotted in Fig. 1. The atmospheres surrounding the 
plates were nitrogen, oxygen or argon and the vapour 
pressure of the atmospheres was 19:09 mm mercury 
corresponding to the relative humidity of 60 per oent at 
30° C. 


Relation between the fading rate and storage period for 
emulsion of type ET-6B oan be expressed approximately 
by an empirical equatian of the form D/D,=exp(—ov/?). 
For type ET—14, an empirical equation expressing & 
straight line anch as D/D,—1— kt was found adequate for 
all cases. However, they can also be by & 
formula D/D,=exp(—o's/t), which is the form suited 
for emulsions of ET-6B. The advantage of expres- 
sing D/D, by a straight line is the proper fitting of the line 
. to the experimental data through a wide range of 
times. Converealy, if expromed by tho orm of erp -e' Vi 
a better fitting of the curve to the experimental could 
be obtained in a region of the longer storage time (greater 
than 40 days), but a worse deviation at the shorter storage 
time. This does not agree with LaPalme eal.*. A formula 
D/D,=exp(—o"t) has been tested, and it was found that 
it did not ftt so well as the other two foregoing formule. 

In investigating the relation between ing rate and 
relative humidities, the exposed plates were sealed in 
vessels of amigned vapour pressures of 7-00, 12-78, 20:68 
and 25:46 mm mercury corresponding to relative 
humidities of 22, 40, 65 and 80 per cent respectively at 
30° O. These plates were then stored under a constant 
temperature of 80° O for 03 days before processing. The 
proe plates, after counting grain densities, were 
‘ound to have a relationship between the fading rate and 
relative humidities expreased by D/D,=a —bH?) (Fig. 
2 and Table 2). In the formula expreeaing JD. His thes 
relative humidity under which the plate wes stored, a 
and b are constante. 

In extrapolating the curves to zero humidities, values of 
D/D,=0-04 for type HT-6B, and 0-99 for type ET—7A 
were obtained. It oan then be assumed that the main 
parameter on fading is due to oxidation of the development 
specks by atmospheric oxygen in the proeenoe of water’. 


Limw-8sHHNa CHUANG 
Tsowa-Jmx Lar 
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Origin of the Earth's Magnetic Field 


Frox a knowledge of the mass of the Earth and ite 
moment of inertia and from an analysis of seismic data, 
Bullen! has reconstructed a preemure-density curve for 
the Earth’s interior. The outer core of the Earth is 
believed to be liquid since it does not transmit transverse 
seismic waves the structure of the inner oore is 
still in doubt. The entire core is believed to be pre- 


dominantly iron. i 

Acoording to Bullen, the interface between the inner 
and outer cores occurs at a depth of ~ 5,000 km corre- 
sponding to & of ~ 3-3 x 10! dynes/cm’, a 
temperature of ~ 4,000° K and a density of ~ 11:5 g/cm? 
in the outer oore and ~ 15:2 g/om?* in the inner oore. It is 
the purpose of this communication to suggest that the 
inner core may well be a now phase of iron in which two 
of the 8p ‘argon core’ electrons are transferred to the 


- ‘84-48’ band and that such a phase may account for the 


origin of the Earth's magnetio fleld. . 
That the foregoing values of density, preesure and 
ture for the outer oore &re reasonable for iron 
comes from a knowledge of the compressibility of iron 
and ita preesure de t K =œ —(1/V)(dV/dP) = 
5-8 x 103 (cm'!/dyne) x (1 — 2 x 10 P am'/dyne) = 
a(l — bP) and an a ximate value of the coefficient 
of volume expansion a = (1/V)(dV/dT) z 80 x 10-*/deg. 
This gives the density, p: . 
e(P,T) ~ (0,0) exp(aP(1 — bP/2)} exp(— aT) 


where p(0) is the extrapolated density of liquid iron at 
P = 0, T = 0 leading to a value. 

e(P,T) z 11-2 g/em? (at the inner-outer core interface) 
in good agreement with Bullen’s estimate. However, the 
density change in iron is only 3-5 per cent on melting so 
that the ~ 80 per cent change at the interface suggested 
by Bullen (11:5 g/om? versus 15-2 g/om*) appears too large 
to attribute to normal solidification of iron in the inner 
core. On the other hand, the transfer of two of the 3p 
electrons to the '3d-4s' band would add two more electrons 
to the six bonding electrons (the two magnetic electrons 
are in anti-bonding states), and in analogy to the cases of 
the rare earth metals, cerium, europium and ytterbium, 
this would change the atomic volume approximately in 
proportion to the number of overlapping electrons. In 
iron this new high-pressure phase would correspond to a 
density change of ~ 25 per cent. 

That the transfer of one or two electrons from the Bp 
shell to the overlapping 'Bd—4s' band is energetically 
feasible comes from an estimate of the band-width and 
the one electron energy eigen values of the 3p electrons. 
Because of the large overlap of the ‘3d—4s’ electrons at 
these high pressures we can use free electron theory to 
give an approximate value of the band-width and this 
i ~ 55 eV for the inner oore as oompered to 69 eV 
for the Hartree-Fock one electron 8p energy”. (The 
X-ray ion edge in metallic iron corresponding to 
a transition from the 3p level to the Fermi level occurs at 
53 eV.) (In analogy to the rare earth metals, thulium, 
ytterbium and lutecium, I suggest that two rather than 
one electron will be transferred from the inner closed 
shell although this point is not oritical to my argu- 
ment.) 

Because of the very spin orbit coupling, the 
remaining four electrons in 8p shell will probably 
couple according to Hund’s rule leaving two unpaired. 
electrons with L = 1, S = 1, J = 2. In order to estimate 
the Curie temperature of this new hase we need to 
estimate the exchange energy. such a straight- 
forward calculation is beyond the present capabilities of 
solid state physics, an ap i value can be obtained 
relative to the ordinary form of ferromagnetio iron for 
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which we have experimental values of the exchange 

. Since the exchange energy arises from the 
Siete a cas CUR C es 
like electrons we wish to estimate the exchange integral: 


Jalpuri) = pardalar Q0) 


are the 8p and the ‘8d-4s’ band electrons respectively. 
Since the overlapping electrons at the bottom of the ban 
in iron are extended quite far radially (Wood, J. W., 
unpublished results) we can assume Q5 is constant through- 
out the atomio cell for both the normal and high-preasure 
phases. This term alone would lead to & ratio of ~ 6-5 
for the values of J in the high-preasure and normal phases 
while the Fermi energy in denominator (55 eV versus 
~ 10 eV) reduces this to ~1-2. This leaves the evaluation 
of the r,, term for the unpaired 8p and 8d electrons re- 
spectively, and this must surely be greater for the former 
since they are more compressed radially. It is estimated 
that their contribution to J would lead to a ratio approx- 
imately of the order of their one electron energies (— 5:3 
Rydbergs versus — 1-8 Rydbergs) or about a factor of 4. 
This roughly gives an overall factor of 4 for tho ratio of 
J in the high-preesure and normal phases or a value of 
0-04 eV for the high-pressure phase. (If we apply equation 
1 to the normal cases of ferromagnetio iron and gadolinium, 
where in the latter caso Q4 refers to the 4f electrons, one 
obtains a ratio of ~ 40 for the J values as compared with 
the observed value of ~ 50.) : 

From statistical mechanics & close-packed structure 
with nearest neighbour exchange interactions‘ (S = 1) 
has a value of J/ET', = 0-08, leading to an estimated value 
„of the Curie temperature of our high-pressure form: 


T, x J/0-08k = 5,500° K 


which is well above the inner—outer core interface tem 
ture of ~ 4,000° K. : 

If this crude order df magnitude estimate is correct 
there are several consequences of note: 


(1) If the planets contain cores similar in composition 
to the Earth only those of mass approximately equal to or 
greater than the Earth would develop sufficient gravite- 
tional pressure to create the high-pressure magnetic phase. 
Thus we would expect no magnetic field on Mercury, 
Mars, Venus and the Moon, but would expect magnetic 
fields on Uranus, Neptune, Saturn and Jupiter. 


(2) If the inner core were saturated (a single magnetic 
domain) the magnetic field at the EKarth’s surface would 
be about ~150 gauss. The observed value of ~1 gauss 
18 thus ical of the reaidual magnetization of an un- 
P A piece of iron. 

(8) Magnetostrictive effects (spin-orbit coupling) can 
cause variations in the magnitude and direction of the 
Earth’s magnetic field depending on the variation of the 
distribution of pressure on the surface of the inner oore. 
Because the anisotropy energy is small compared with the 
compressional energy only small changes in pressure are 
necessary to effect changes in magnetic domain orienta- 
tion. 


(4) Inaamuóh as statio pressures of ~ 0-5 x 101 
dynes/om* have been reached in the laboratory, it is 
probable that materials and techniques will improve 
sufficiently to reach this critical pressure of 
“~ 8-5.x 101! dynes/om* for the onset of the high-pressure 
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magnetio phase of iron. Thus this hypotheaia is probably 
capable of laboratory refutetion. 
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GEOCHEMISTRY 


Evidence of an Extraterrestrial Origin for 
Some Organic Constituents of Meteorites 


THE presence of organic matter within samples of 
carbonaceous chondrites is now well es&ablished!3. How- 
ever, it has been from several sources that con- 
ial contamination of these meteorites 
may have oocurred and that the organic matter is not 
indigenous. The experiments reported in this commun- 
ication were conducted to determine whether the isotopic 


ition of the meteorite o ic matter afforded any 
ry purs d the origin of the compounds. = 
Samples of Orgueil, Murray, Mokoia and Haripura 
meteorites were extracted separately for 6 h in a Soxhlet 
apparatus with a 9 : 1 benzene—methanol mixture. The 
solvent was evaporated from tho extract and the isotopic 
composition determined of the hydrogen, carbon and 
gulp ur of residues from each meteorite by mass speobro- 
graph. Resulta of these determinations are shown in 
Table 1. 
Table 1. ISOTOPIO OOXPOMFMONX OF METEORITE ORGAXIO Marre 


Moteortts Deuterrum (%) Oarbon-13 (/) — Bulphur-34 (*/—5) 

Murray t ud f x 13 H $4 

Moko. + 212 — 179 +109 
-15 - 81 + 2651 


A comparison of these isotopic values with those for 
non-carbonaceous meteorites and for various terrestrial 
materials’ reveals that the organic matter from three of 
the carbonaceous chondrites shows a considerable deuter- 
ium enrichment, while the carbon shows a lack of carbon- 
18 similar to terrestrial biogenic material. Tho small 
enrichment of sulphur-34 is the opposite fractionation to 
that occurring in sulphur bacteria and terrestrial inorganio 
processes. It is apparent that the isotopic composition of 
meteorite organio matter is quite unlike that of any 
terrestrial substances. i 

The evidence presented here is indicative of an extra- 
terrestrial origin for & major fraction of the organic 
constituents of carbonaceous chondrites. 

I thank the Curator of the Wanganui Museum, Dr. W. A. 
Watters, of the New Zealand Geological Survey, Dr. E. P. 
Henderson, of the Smithsonian Institution, and the 
Director of the Geological Survey of India for gifts of 
meteorite samples. 

MioguaEkL H. Baraas 
Jet Propulsion Laboratory. 
California Institute of Technology, 

Pasadena, Oalifornia, and Department of Geology, 
Victoria University of Wellington, New Zealand. 
1 Briggs, M. H., Mature, 191, 1137 (1961). 
* Nagy, Ba Metnachein, W. G., and Hennessy, D. J., Ann, N.Y. Aod. Sci 
., Gæckim. Oosmockim. Acta, 4, 1 (1063). 
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Destruction of the Widmanstatten Structure 
In Iron Meteorites by Laboratory Heat 
Treatment 


A KNOWLEDGE of the response of iron meteorites to heat 
treatment is necessary for the understanding of such 
specimens ss Kamkas' which appear to have suffered 

ial destruction of their Widmanstatten structures by 
coamio heat treatment. Kasé* has published evidence to 
show that for the medium octahedrite Sacramento Moun- 
tains the nickel-rich tssnite is still clearly visible after a 
heat treatment of 20 min at 1,000? C or 8 min at 1,200° C. 
Even after 4 min at 1,800? O there remains a faint trace of 
nickel enrichment which marks the previous location of a 
tænito area. 

In the work recorded here more lengthy heet treatmenta 
were conducted on small (0-5x0-5x1-0 om) fragments 
taken from a -specimen of Canyon Diablo which is 
known to contain cohenite. In each case duplicate speci- 
meng were sealed in evacuated silica capsules which were 
heated to the maximum temperature over & period of 
three days and afterwards cooled to room temperature 
over three days. The period of holding at maximum tem- 

was 2 days at 1,000? O and 3 days at 1,100? O or 
1,180? C. Experimente with specimens of this size do not 
_ correctly oe the conditions in a massive meteorite 
sinoe at 1,100? C and 1,180? O it was found that all the 
schreibersite melted to eutectic and exuded along the 
original kamacite phase boundaries to produce a layer of 
phosphide-rich liquid on the outer surface of the speci- 
mens. At 1,000? O exudation was incomplete and the 
resolidification of liquid veins within the specimen pro- 
duoed structures similar to that illustrated by Perry’. 
With increasing tem the phoephide eutectic, 
which had left the solid by way of grain boundaries in the 
igi structure, showed an incredsed tendenoy to 
re-enter the solid by way of the new y-grain boundaries 
which were formed by heat treatment of the kamacite. 
Macro- and micro-scopic obeervations were made on 
etched sections at locations away from the regions of 
grain boundary penetration. Macroscopic examination 
of the etched sections with the aid of & hand-lens revealed 
the recognizable remains of temite ribbons after all heat 
treatments. Microsdopic examination showed that the 
original kamacite regions had changed to a duplex arrange- 
ment of ragged ferrite and small carbide crystals. It was 
le to detect the boundaries of the y-grains from 
which the ferrite-carbide aggregate formed on cooling. The 
microstructure of the tenite regions showed & greater 
variation with heat treatment tem . After the 
1,000° O heat treatment the tanite still maintained & 
distinct boundary and was at no place crossed by the new 
generation of y-grain boundaries; suggesting that the 
tenite had maintained ite complete integrity at the heat 
treatment temperature. The tænite i was character- 
ized by a fine precipitate of nan-metallics at the centre 
and an indistinct acicular structure at the edge. 

After the 1,100° O heat treatment the tenite boundary 
was leas sharp and was demarked by acicular (bainitic) 
transformation product. No precipitate was observed 
within the temite and the presence of new generation 
-grain boundaries within the temite was rare. 

The 1,180? O heat treatment resulted in a, ó6oerse pattern 
of acicular transformation product within which the 
pattern of new generation y-grain boundaries was oon- 
tinuous with that in the kamacite, indicating that at 
1,180? O the tamite had lost ite physical identity as a 
separate crystal but had retained a sufficiently different 
chemical composition to reveal itself by the production of 
acicular transformation product on cooling. y i 

Lees detailed examination of carbide-free specimens 
heated to 1,000? O and 1,100? O revealed a ‘watery’ 
appearance in the tænite without acicular transformation 
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product. The acicular product may thus be tentatively 
identified as a carbon containing bainite. 
H. J. AXON 


1 xon, H. J., The Measlurpst, 322 (1061). 
* Kasé, T., Soi. Rep. Thobu Imp. Unis., 537 (1925). 
? Perry, 8. HL, U.S. Nat. Mus. Bwl., 184, Plate 74, Fig. 4 (1944). 


Topography of Kish Crystals and the Effect 
of Oxidation in Air 


DmrAILED studies have been reported recently on the 
production of etch pite in purifled Ticonderoga natural 
graphite crystals as a result of oxidation in oxygen in the 
temperature range 700°-870° O17. Others have also been 
concerned with the effect of oxidation on the topography 
of natural grephite*-*. In this communication, the effect 
of oxidation on the topography of purifled kish crystals is 
considered. i 

Kish is a waste produot which forma on the surfaoe of 
molten iron of high carbon content during the manufacture 
of steel. It is carbon which has been taken into solid 
solution with the iron and is afterwards evolved when the 
iron cools. Kish particles are large and flaky, resembling 
large particles of natural graphite. Walker and Imperial’ 
have previously shown that purified kish has the samo 
interlayer spacing as Ceylon natural graphite, indicative 
that it has a large crystallite size and essentially complete 
three-dimensional ordering. 

The kish used in this investigation was purifled by 
boiling alternately in hydrochloric acid and hydrofluoric 
acid (or in some cases just boiling in hydrochlorio acid), 
followed by repeated washings in distilled water, and dry- 
ing in & vacuum oven. Ite structure has been further 
studied by transmission electron diffraction, using 50-kV 
electrons having a beam width of 10p. The diffraction 
pattern (Fig. 1) is characteristic of a material of large 
crystallite size and a high degree of preferred crystallite 
orientation (essentially a mosaic sige crystal). 

The basal plane (0007) surfaces of the kish were studied 
by light microscopy. Typical micrographs of the unoxid- 
ized kish are shown in Figs. 2 and 8. Fig. 2, the twin 
planes are readily distinguished as the striations running 
parallel to one another or intersecting at 60° (ref. 8). The 
presence of impurities on the basal aang; following treat- 
ment with hydrochloric acid only, is clearly in evidence. 
On s very significant portion of the surface, large hexag- 





Fig. 1. ‘Transmission electron diffraction pattern of purified kish 
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Fig. ? Basal plane surface of kish purified 
win tends son eee Ce UR pure 
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onal stepped growth features are in evidence (Fig. 3). It is 
suggested that the growth steps within these features 
arise from a piling-up of a large number of clockwise and 
counterclockwise spiral growth steps of molecular dimen- 
sions*1* (the spirals being invisible on our photographs). 
A substantial concentration of impurity nucleating centres 
from which such screw dislocations and spiral growth of 
graphite could ocour might well be expected, considering 
the origin of kish. x 

Kish crystals were oxidized jn air (1 atm.) at 850°- C. 
Fig. 4 shows the development of a large number of 
hexagonal pite oriented parallel to each other and parallel 
to the twin lines, as previously discuseed!. Figs. ba and b 
show the results of coalescence of pita during a more 
advanced stage of oxidation. Tho shapes of the holes aro 
reminiscent of those suggested by Ubbelohde, when oon- 
sidering defects in graphite". 

In general, it is found that the large. hexagonal stepped 
growths are attacked at an enhanced rate. Fig. 6 shows 
the result of exposure of such growths to air at 850° C for 
only about 5 min. Large, roughly hexagonal holes are 
produced, in contrast to the relatively minor attack on 
other portions of the surface. However, it is not possible 
to decide on the basis of this result whether the presence of 
dislocations or the possible concentration. of impurities at 
dislocations is of primary umportance in the production of 
pite in the basal plane. As discussed previously*, unoer- 
tainty will remain until oxidation studies are carried out. 
on ultra-high purity graphite of known dislocation 
content. | 
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` CHEMISTRY 


Reaction of Platinum and Boron under 
Pressure 

Dunia some high-temperature-high-preesure experi- 
menta involving boron, a new phase appeared in the X-ray 
diffraction of the samples. This phase was 
traced to the reaction of boron and the platinum foil ~ 
used to encapsulate the sample between the chrome 
carbide pistons of a Griggs and Kennedy simple squeezer'. 
Since platinum foil is a standard technique of sample 
enclosure for this type of experiment, it was decided to 
investigate the P-T phase diagram of this reaction so that 
it would not cause difficulty when encountered again. 

At about the time this work was finiahed two papers 
came to our attention bearing on this problem and have 
prompted us to publish our resulta. The first was a paper 
by Jamieson and Lawson! in which they referred to the 
formation of a new phase from boron at 600°C and 
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Table i. OomPARISOX or X-RAY Data FOR PLATINUM BOXIDE 


hEl 4 I 4 I d d, omo. 
100 24908 si 190 sx 1-906 6 1908 
101 93-860 vet £364 vė 2370 10 2-364 
wo ane ee M NE 
10a 199 Yi ien a — 167 8 { 10 
200 1453 w 1450 Ww 1-451 1 1454 
201 1-2868 st 1:307 st 1:307 5 149 
112 1201 stt — 1423 stt 1-206 6 1594 
103 125 m 143% m 1-234 4 1-387 
208 119 m 118 m 1184 1 148 
x10 1097 vw 1006 1 1-000 
211 1063 m 1-059 4 1-061 
208 049940 w 0 0918 2 049904 
212 0-0651 1 0-065 
302 0 8735 4 — OBUT 
113 0 8540 4 — 08510 
220 085 18 0 8395 
*03 0-7889 0 879 
40 kilobars (kb). No mention was made of platinum 


and, in reply to a letter of ours. Prof. Jamieson confirmed 
our suspicion that platinum foil was in contact with the 
boron. He was also kind enough to send us X-ray photo- 
graphs of his samples. It will be seen that this new phase 
lies just to the right of the boundary between boron and 
platinum and platinum boride (Fig. 1). 

A recent paper by Aronsson e£ al.* has allowed us to 
identify the platinum boride as PtB (space group P6,/ 
mmo, a= 3-36 A, o=4-06 A), and to confirm the identity 
of Jamieson’s material with our platinum boride. There 
are a few weak X-ray diffraction lines not due to PtB 
which can be attributed to B,0, and the original boron. 

The slope of the curve shown in Fig. 1 was found to have 
a value of dP/dT =183 bars degree-!, It is of interest to 
note that Strong and Bundy‘ found the value of dP/dT 
for the melting point of platinum to be 140 bars degree". 

The X-ray diffraction results are listed in Table 1. 
We are grateful to Prof. Jamieson for permission to 
examine his films and publish the results. 

E. Dow WHITNEY 
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Electrical Storage and Hydrogen Transfer 
between Electrodes of Palladium and 
Palladium Alloys 


ELECTRODES of palladium &nd palladium alloys can 
absorb large volumes of hydrogen. In general, the solid 
hydrides retain excellent electrical conductivity and are 
not severely embrittled or disrupted. For pure palladium, 
and for many alloys, the relationships between electrode 
potential Æ (with respect to a hydrogen reference electrode 
m the same solution) and hydrogen content (written here, 
Fig. 1, as the ratio, H/Me, of hydrogen atoms to the total 
number of metal atoms) exhibit ‘plateau’ regions—over 
which a- and -phase hydrides oo-exist—where EH is 
relatively invariant (Has). Over such ‘plateau’ regions, 
hydrogen transfer should, in principle, occur at a constant 
rate when connexion is made between an alloy and palla- 
dium or between two alloys. However, polarization’ 
would be expected to occur rapidly if the diffusion of 
hydrogen withm the electrodes were not sufficiently 
fast for the concentration of hydrogen at the surfaces 
to be continuously representative of the ranges of H/Me 
corresponding to the plateaux. The following experiments 
serve to illustrate what may be observed ın practice. 

The H—H/Me relationships, at 25° 0, for palladium 
and two selected alloys! are shown 1n Fig. 1, where full 
lines indicate relationships which apply when hydrogen. 
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is being absorbed and broken lines approximate to rela- 
tionships when hydrogen is desorbed relatively slowly. 
Each electrode was about 15 cm of 0-0274-cm diam. wire 
{about 0-1 g). The electrolyte was 1-0 N hydrochloric 
acid, thermostatted at 25? O and saturated with argon. 
Al electrodes had been palladized to confer a low surface 
impedanoe'* and prior to an experiment each had been 
caused! to absorb hydrogen until E ~ 50 mV (A, B and 
O in Fig. 1). ; 


26% Ag - 74], Pa 


l4 


ee Seana NEN 





H/Me 
Fig.1 


) an EALF. of 200 mV was 
first applied between ium and the palladium/ailver 
alloy so that. hydrogen was transferred (Fig. 1) from 
Pd/Ag/H (B—-B')to Pd/H (4— 4’). The resultant 
current: flow was measured (Fig. 2) by recording the 
tial drop aoross a 10 Q resistor in series. On 
velopment of & polarizing potential of about 140 mV, 
the discharge of the cell, through the 10 N resistor, was 
then also recorded. The palladium/platinum alloy was 
‘combined with the palladium/ailver alloy in the second 
experiment (II) which was carried out with the same 
P , Bo that, when i the hydrogen was 
likewise transferred from Pd/Ag/H (B — B*) to Pa/Pt/H 
{C — 0’). Throughout both experiments the apparent 
internal reaistance of the cella was approximately 20-80 (1. 


In the first experiment 





Time (h) 
Fig. 2 


During discharge over the plateau regions, the m... 
of the cells only corresponds, even ideally, to the differ- 
ences between the ‘absorption’ value of Eas for the 
electrode absorbing hydrogen and the ‘desorption’ value 
of Has for the deeorbing electrode. However, Fig. 2 
illustrates an improvement in terms of rapid discharge, 
which follows as a consequence of increasing this difference. 
‘Unfortunately, the rather restricted and imperfectly 
invariant plateau, illustrated in Fig. 1, for the 26 per 
cent silver — 74 per cent palladium alloy representa close 
to the highest ‘plateau’ values which have been reported 
at 25° O0 for the alloy systems so far mvestigatedi. On 
the other hand, palladium alloys are available with lower 
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valugs of Has (25° O); and somewhat higher rates of 
discharge than illustrated in Fig. 2 have been obtained 
from a similar cell composed of a 12 por cent platinum — 88 
per cent palladium alloy! and the palladium/silver alloy. 
However, as E decreases the loss of stored hydrogen by 
diffusion of molecules away from the electrode becomes 
increasingly significant'~’ soe, for specimens with low 
surface impedance, W is related to the hydride vapour 
preasure, p by the relationship E (volte) = — 0-029 log p. 

We thank the International Nickel Co. (Mond), Ltd., 
for providing the palladium alloys. a 


.B Lewis, F. À., J. Electrookem. Soo., 108, 473 (1061). 
. and Lewis, F. A., £. physik!’ Chem., Nouo Folge, 33, 09 (190). 


A Carbon Isotope Effect in the Decarboxyla- 
tlon of Anisoyloxy Radical 


THERE have been several reporte of carbon isotope 
effecta during the deoarborylation of dibasic carboxylio 
acids such as malonio acid!. Similar effecta would be 
expected in the radical reaction: 

R.CO.O.— EH. + CO, 
The rate at which the radical R.44CO.O dissociates i5 
expected to be lees than that for the corresponding 
reaction of the radioal R.UCO.O. 

If aroyloxy radicals, for example the anisoylory radical, 
are generated in a medium containing reactive subetances, 
there is competition between the processes: 

OH,.0.C,H,.CO.0.+0H,.0.0,H,. +00, 

velocity constant =k, (1) 
OH,.0.0,H,.00.0. + X—stable producta 
velocity constant = k, (2) 
X may be a molecule with a labile hydrogen atom, in 
which case the stable product is anisio acid, or an un- 
saturated compound which captures the anisoyloxy 
radical to give another radical such as OH,:0.0,H,.- 
00.0.0H,.0HX. The fraction (f) of radicals losing carbon 
dioxide is equal? to k,/(k, + kb X ]). The velocity constant 
k, cannot be affected by introducing a heavy atom of 
carbon into the anisoyloxy radical Any change in k, 
ing from isotopic substitution, would alter the value 
of f; this would result in a change in the amount. of 
carbon dioxide produced in a system in which a certain 
number of anisoyloxy radicals are generated 

Anisoyloxy radicals can be generated at a convenient 
rate by the ition of di-anisoyl xide in ben- 
zene ab 60° O; under these conditions, at 50 per cent 
of the radicals dissociate to give carbon dioxide. The 

ion of carbon dioxide by reaction (1) can be 
ollowed* by the method of isotope dilution analysis 
using peroxide labelled with carbon-14 at its carboxyl 
groups as the source of anisoyloxy radicals. The specific 
activity of the carbon dioxide produced during the 
decomposition is calculated from that of the original 
peroxide. If the expected isotope effect operates in reac- 
tion (1), the specific activity of the carbon dioxide must be 
lees than the calculated value, and consequently low 
values must be obtained for the yield of carbon dioxide. 

The weight of carbon dioxide formed during the 
decomposition of unlabelled di-anisoyl peroxide can be 
found by isotope dilution analysis; in this case, however, 
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` labelled carbon dioxide is added to the system after‘com- 

letion of the reaction. This procedure avoids inter- 

‘erence from isotope effecte and should lead, therefore, to 
true values for the yields of carbon dioxide. 

Full details of the experimental procedure and the 
resulta will be published later; the first resulte show 
clearly, however, that the expected carbon isotope effect 
does operate during the dissociation of the anisoyloxy 
radical. Solutions of the peroxide in benzene (2:5 g/L) 
were degassed and kept at 60° O for 48 h; during this time 
about 78 per cent of the peroxide Yields of 
carbon dioxide were determined by both methods of 
isotope dilution analysis. By the technique involving 
1(.di-anisoyl peroxide, the weighte of carbon dioxide 
produoed from 1 mg of peroxide present originally were 
0-0846, 0-0847, 0-0856 and 0-0855 mg; the mean value is 
0-0851 mg. From experiments involving unlabelled 
peroxide, the weights of carbon dioxide were found to be 
0-1024, 0-0940, 0-0851, 0-1084 and 0-1230 mg with a mean 
value of 0-1026 mg. ` 

One of us (T. H. B.) is grateful to the U.K. Atomio 
Energy Authority for an award partly enabling this work 
to be carried out. 
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Polarizability Theories of Polynucleotide 
Hypochromism 
Bolton and Weiss have recently given! expressions for 
the decrease in optical absorption (hypochromism) of a 
classical oscillator caused by the polarizability of identical 
neighbouring oscillators, and suggest their theory explains 
the hypoohromism of helical polynucleotides. Their 
result is surprising, since it violates the sum rule for 
Bolton and Weiss consider the classical interaction of 
each oscillator with the incident electric fleld and the 
additional field caused by the induced momenta of the 
other oscillators. For thair dimer model with two parallel 
one-dimensional oscillators coupled in this way, the com- 
plex polarizability of one of the oscillators along its 
polarization direction can readily be verifled (by insertion 
in the equations of motion) to be: 
a = [SeffÍm(z* + x%0*) ] [v — ize] (1) 


where e and m are the charge and mass of an electron, 
J is the oscillator strength, œ is the circular frequency 
of the incident light, z is an intrinsic damping frequency 
and x ig related to the resonance frequency w, of an 
isolated oscillator by: 


v = o! — o! — Ske*f/m (2) 


Here, k is a coupling parameter b on the inter- 
group distance d; b equals — 1/d? for transversely oriented 
oscillators and 2/d* for longitudinally oriented oscillators. 
When k equals zero, (1) gives the polarizability of an 
isolated oscillator. 

The molar extinction coefficient s at circular frequency 
€ is given by*: 

4nNw = AnNe'f to? 
— 33080 (7 */ = 3803em @ 4 roj () 
(N = Avogadro's number; o = velocity of light.) Thus 
the absorption curve for any value of the coupling pare- 
meter k has the same maximum value and the same width 
(s) at half maximum absorption, but the circular fre- 


€ = 
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quency of maximum absorption is shifted from e. by 
approximately —3ke*f/2oyn. (A quantum mechanical 
analogue is the shift m the spectrum of i de- 
generate transitions due to exciton strong coupling®.) It 
is clear that the integrated intensity (the area under the 
c versus e curve) cannot change, and thus there is no 
hypochromism. Bolton and Weiæ’s expressions give the 
absorption at frequency «e which is not the frequency 
of maximum absorption when the absorption curve has 
shifted. 

Hypochromiam oan be explained by & similar local 
field treatment, however, when the polarizability of non- 
absorbing oscillators is taken into account. As will be 
shown, the results are exactly equivalent to the quantum 
mechanical bation theory derivations of Tinooo* 
and Rhodes‘, which obey the oscillator strength sum rule* 
and which (contrary to statements of Bolton and. Weiss’, 
and also of Nesbet’) can account for the observed hypo- 
chromism of polynucleotides without & change in the 


- shape or position of the absorption band (through exciton 
weak i 


). 

Briefly, the treatment consists of calculating the net 
local fleld E at a monomer group $ which contains the 
one-dimensional oscillator under investigation; tho 
oscillator is polarized along the monomer-fixed unit vector 
ois and has resonance frequency Ya. An oscillator in & 
nearby group j (which can be another monomer or & 
solvent molecule), having a resonance frequency vs 
(different from ve) and oscillator strength f» and larized 
euer er he ei n Did olala ility at 
frequencies close to vs given from (1) by: 


as - Setf 4i m(vs* = va?) (4) 


If the incident field is E, = Ae cos(2m¥), whore v is 
close to ve, then tho field at monomer $ due to the induced 
point dipoles of all nearby groups j is: 
E = — E E ayary [ep — 3(e4.6)eg]Je.er4 con(27r¥) (5) 
Std 
where ri is the intergroup distance and e is & unit 
along the line joining the two groupe. 
The rate of energy absorption by monomer + at a given 
frequency v is proportional to*: 
[ (E. eie)/008 (21) ]* 
This expression must be averaged over random directions 
of e relative to ei. Using the relations: 
[ (e.eis)*]«s = 1/3 
[ (0.61s) (0.0/9) Jeo = (1/8)ei. es (6) 


one finds that the ratio O of the integrated intensities for 
rigid polymer and for the randomly oriented monomers 


18 
C = (t GE. + E") .ex]*) «v/ [(E,-cia)"Jes 


m 1 — 2X XEXaury? [eno — 3(0ij cia) (oy 07) ] x 
174 eis.» (7) 


Finally, inserting (4) in (7), one obtains: 

Bet to 
(va vatry? 
(8) 
which is identical to the expreæions given by Tinoco* 
and Rhodee'. 

Quantitative applications of (8) to the 


hypoohromism 
of polynucleotides have been madet:*:®.19. If the absorb- 
ing oscillators are of low frequency (va < y») and are 


X [ete-eys — Bhoy. eia) (euer) leis es 
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Jlongitudmally oriented (for example, n — x* transitions 
in helical polynucleotides), the spectrum is expected to 
be Byperdhromiot not hypochromic as predicted by 
Bolton and Weiss. 

A more detailed description of this treatment, with 
applications to solvent effects on solute spectra, is bemg 
prepared for submission elsewhere. 


H. DmVon 
Section on Physical Chemistry, 
National Institute of Mental Health, 
Bethesda 14, Maryland. 
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Wn have read with interest the communica- 


tion but we have the impreasion that DeVoe has mis- 
understood to some extent both Nesbet’s and our work. 
In the first part of his communication, DeVoe refers to 
the well-known classical equation for a pair of coupled 
oscillators with regard to a given direction of the electric 
fleld.. However, in our treatment of the dimer, it is 
explicitly stated that our equation refers to isotropio 
oscillators and averaged over all directions of the electric 
field vector. We have, m fact, calculated the absorption 
coefficient for the frequency corresponding to tho maxi- 
mum absorption in the monomer. However, in the 
case under consideration, this also corresponds to the 
frequency of maximum absorption in the dimer. In fact, 
the abeorption due to the longitudinal dipole oeaillations 
in the dimer is shifted in (without change of 
intensity or width) and that due to the transverse oscilla- 
tions is shifted in the opposite sense, but the mean fre- 
quency for the isotropic case (one longitudinal plus two 
transverse polarizations) is not changed. UD 
- thetical oase of a very narrow band, this woul sdb 
E Ces QUE iis cone basi already Viel split 
this would result i opposite displacements of the. oom- 
ponente. In the cases under consideration we were con- 
cerned with a situation corresponding to nuoleio acid, 
where the 6 ion bands would be too broad (half- 
width ~ 800 A) for this splitting to be observed. Thus 
the net effect here is a reduction of the absorption at 
the peak, which, however, should be compensated by 
some additional elsewhere so as to preservo 
the total oscillator strength; there is therefore no violation 
of the sum rule. 

In the nucleic acids there are four different monomer 
.unite, the light & tion of which varies quite aig- 
nificantly around 2600 A, each unit having two transitions 
polarized perpendicular to each other. It is clear, there- 
fore, that any theory which is based on very few assump- 
tions oan only be regarded as a first approximation for 
such & complex structure. 

The importance of the sum rule in these attustions 
has been emphasized on a previous oocasion!, although 
in the later paper it was suggested that it might possibly 
not hold m this case. However, I am reassured now 
that it is valid and remains so even if the small retarda- 
tion effects due to the finite distance between the mono- 
mer unita are taken into account. In any event, neither 
our calculations nor Nesbet’s treatment do, in fact, imply 
a violation of the sum rule for the oscillator strength. 
Nesbet* has given a quantum mechanical treatment for 
the hypochromio effect. This takes as ita basis that in 
quantum mechanics the ground-state of the dimer oon- 
tains an admixture of the state in which two unite are 
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excited due to the imteraction between the virtual 
dipole moments of the unite, which is also responsible 
for the van der Waals force. This can be interpreted in 
such a way that as a result of this there exists a radiative 
transition from the ground state to the state in which 
three units are excited, correspondmg to the frequency 
8y, if v is the frequency of maximum absorption of the 
single unit. This frequency, 3v, is likely to be outside 
the region normally accessible to pic observa- 
tions (m the case of the nucleic acids it would be around 
900 A) and it would, in general, be masked by a ion 
processes of a different kind situated in this region. This 
transition would use up some of the oscillator strength 
of the polymer, so that the fundamental absorption m 
the ultra-violet is reduced; there is, therefore, here again, 
no violation of the sum rule. 

In the second part of his cammunication, DeVoe 

a theory of hypochromiam on the basis of our 

treatment but taking into account the non-abeorbing 
oscillators present in the system. Such & treatment, 
although formally correct, raises doubte as to ita sig- 
nificance both on theoretical and experimental grounds. 
DeVoe's statement that such an interaction is without 
change in position of the absorption band is not correct; 
in fact, the reduction in oscillator strength to compensate 
for that which would appear near the resonance frequency 
of the particular (non- absorbing) oscillator is always 
associated with & shift in frequency. Moreover, taking, 
for example, a transition at 2000 A, aa has been 
there is no obvious reason why this should. only be sig- 
nificant in the polymer and not m the monomer, as the 
monomer unit is itself a relatively very large and oom- 
plex unit which absorbs quite strongly at 2000 A. 

Therefore, it is not at all obvious, without making very 
K sey eas Sear why such & transition in the polymer 

ould be more effective compared with a transition in 
the same spectral region within the same monomer unit. 
Moreover, as the interaction between oscillators decreases 
relatively rapidly with increasmg distance, one should 
expect that an imteraction within the same monomer 
would be more effective. This model would not therefore 
explain, without very special assumptions, the difference 
between the monomer and the polymer in any con- 
vinoing way. DeVoe’s treatment of this effect is purely 
qualitative, as indeed it has to be because the effect must 
depend on some definite assumptions regarding the 
number and frequencies of the non-abeorbing oscillators 
which are taken into account, so that the whole treat- 
ment would be based on more or lees arbitrarily chosen 
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parameters. 

Finally, it should be pointed out that in undenatured 
nucleic acid any hyperchromism at 2000 A, or for that 
matter at any other wave-length in the ultra-violet 
region, as required by this theory, is not supported by 
experimental evidence. 

J. J. Wamms 


‘King’s College 
(University of Durham), 
Newcastle upon Tyne. 
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' Kegbet, R. K., Mol. Phys., 5, 63 (1902). 
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5-Chloro-2-cyclohexyl-1-oxo-6-sulphamoyl 
Isoindoline : a New Diuretic 


Tum introduction of chlorothiazide (Table 1, I) in 1987 
marked a major advance! in the search for roved non- 
mercurial diuretics. Its advent was Die by a suc- 
cession of more potent derivativeet. Clinically, however, 
apart from the size of dose, all these nA produced 
a similar therapeutic response’. One of the few disadvan- 
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tages of these compounds is the loss of potassium which 
oocurs concurrently with the excretion of sodium ions and 
can necessitate the administration of potassium supple- 
mente. 

The initial objeot of the preeent research was therefore 
to find a compound which would cause relatively leas loas of 
potassium than chlorothiazide. On the available evidence 
it seamed to us that such a compound was more likely to 
be found among analogues which resented major 
structural modifications to the heterocyclic ring of chloro- 
thiazide (I), rather than among further substitution 
derivatives of chlorothiazide iteelf. Aocordingly, we syn- 
thesized the structures (OIVO) (Table 1), in which the 
endocyolio sulphonamide group of (I) was replaced by a 
number of markedly different groupings. 
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Diuretio activity was first found in the benzothia- 
triazine analogues (II) of chlorothiazide, but it soon 
became evident that this new class was unlikely to provide 
the compound we sought. In the rat, diuretic activity of 
the compound (U; R=OH,) equalled that of chloro- 
thiaxide, but the ion excretion pattern showed no relative 
advantage in regard to I loss. Changing the 
substituent R to benzyl‘ diminished activity. Reduction 
of the 8 : 4-double bond in (II; R=OH,) to give analogues 
of hydrochlorothiaride was not chemically feasible. 

The phthalimides* (III), on the other hand, were more 
promising chemically. Modification of the substituent E 
presented few difficulties, and of 27 compounds prepared 
the most active were those in which R=cycloalkyl, par- 
ticularly (III; R=oyelohexyl), a compound found to be 
6 times as active as chlorothiazide in the rat. 

The related compounds (V), (VI), (VII) and (VIII) were 
inactive as diuretics. However, reduction of (III; R= 
cyclohexyl) with tin and hydrochloric acid afforded the 
corresponding isoindoline* (IV), which proved to be 
markedly more potent than the starting material. 

This compound (IV; M and B 8430), which formed non- 
hygroscopic oolourlees prisms, m.p. 266°-268°, soluble in 
water only to the extent of 16 mg/l. at 25°, was made the 
subject of detailed pharmacological study. 

Assays in the rat and dog showed that M and B 8480 
was about 100 times as active as chlorothiazide on oral 
administration. The onset and duration of the diuresis, 
and the exoretion of both sodium and potassium ions, 
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induced by equipotent doses of M and B 8430 and chloro- 
thiazide, were very similar. 

From experiments on the excretion of water, sodium, 
potassium and. chloride ions in the rat and dog, it ap 
that M and B 8480 inhibited tubular reabsorption of 
sodium since it oeused an increased concentration of 
sodium in the urine, which was correlated with increase in 
dose, whereas water excretion, though dose dependent, 
was very much more variable. There was no change in 
glomerular filtration rate as measured by creatinine 
clearance in the dog. The compound was not a potent 
carbonio anhydrase inhibitor $n vitro. 

In ehronio toxicity experiments in rate, dogs and 
monkeys over a period of 8 months, no gross abnormalities 
were found, nor was there any evidence of marked changes 
in the tissues at post-mortem examination. Further 
detailed, comparative toxicity investigations are bemg 
carried out. 

The resulta of some imi clinical trials"* have 
confirmed the diuretio effect of M and B 8480, the thera- 
peutic dose being about 50 mg & day. The compound 
appears to have a potency and duration of action similar 
to those of hydrochlorothiazide. The compound was well 
tolerated. Relative potasaium excretion was similar to 
that produced by an equipotent dose of chlorothiaxide. 

We thank Dr. A. K. Armitage and Mrs. J. E. Boswood 


' for their collaboration in some of the early pharmacological 


experiments, and Mr. K. F. Rivott for the resulta of 
toxicity experimenta. 
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Constitution of the Cross-linkages in Elastin 


Eastin is insoluble in all reagents except those which 
break peptide bonds, and when wet the protein behaves. 
as a typical rubber-like solid’. These characteristics, 
together with the swelling properties, are consistent with 
the view that elastin can be regarded ae a cross-linked 
polymer gel containing long peptide chains randomly 
crumpled and held laterally at intervals by strong chemical 
bonds’. In an attempt to isolate small regions of the 
peptide network containing the cross-links, Thomas and 
Partridge? degraded the in by use of & succession of 
proteolytic enzymes followed by amino- and oerboxy- 
peptidases. The product consisted of amino-acids and 
small peptides together with a fraction of higher molecular 
weight. This fraction was isolated and was found to be 
brigbt yellow in colour with the blue-white fluorescence. 
characteristic of elastin fibres. 

Amino-acid analynis, after acid hydrolysis, showed that 
the purified fluorescent compound contained about 40 
per cent of ite weight as glycine, proline and alanine 
approximately in the molar ratio 1 : 1 : 2, but small 
quantities of other amino-acids were also present. From 
the content of proline and glycine the minimum molecular 
weight of the fluorescent peptide was near 1,000. Titration 
and end-group assays showed the presenc of approxim- 
ately 2 terminal a-carboxyl groups and approximately 
2 terminal a-amino-groups per 1,000 g. One a-amino 
terminal was recovered as DNP-alanine, but although the 
second N-terminal residue reacted with fluorodinitro- 
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benzene, the resulting DNP label could not bo released 
from the chromophorio group by acid hydrolysis. It was 
concluded that, in the native protein, at least three and 
possibly four peptide chains spring from two carboxyl 
groups and two amino groups in the chromophore, thus 
generating the croes-linked structure. 

To obtain more information about the structure of the 
ohromophorio group, a preliminary examination of the 
products of acid hydrolysis of the ooloured peptide has 
now been made. After hydrolysis with 5-5 N hydrochloric 
acid at 100° two major ninhydrin-reacting componente 
other than the known amino-acids were isolated. For 
preparative purposes, the two compounds were separated 
together as a single fraction by adsorption on alumina from 
50 per cant v/v aqueous methanol solution followed by 
elution with water. The mixture was then further fraction- 
ated by use of a 30-om column of sulphonated polystyrene 
resin (8 per cent divinyl-benzane) with 0-2 N citrate buffer 
of pH 4:25 at 50° O. Two sharp, well-separated peaks 
(compounds A and M) of almost equal ninhydrin colour 
value were obtained. Both compounds were hygroscopic, 
colourleas solide, soluble in aqueous solvente, but not in 
dry methanol; attempte to induce them to orystallize 
were unsuccessful. Tho compounds both gave heavy nin- 
hydrin spots of zero mobility on peper chromatograms 
using butanol/aoetio acid/water (4 : 1 : 5). With ethyl 
acetate/water/pyridine (2 : 2 : 1) both substances moved 
as discrete spots with closely similar Ry values and both 
behaved as homogeneous substances on paper ionophor- 
esis at 40 V/am. 

Compound A showed ultra-violet absorption at 
dew 237 and 370 my and A39 235 and 269 mu; 
in both solvente there were inflexions at 275 mu. The 
infra-red spectrum showed the typical amino-acid pattern. 
The absorption maxima for ionized carboxyl showed at 
1,600 om- (asymmetrical) and 1,895 om~! symmetrical) 
and the amino-acid I and II bands (deformation frequen- 
cies) at 1,030 and 1,530 om-i, An ionized amino-group 
{stretching frequency) appeared at 3,020 om-!. The oom- 
pound after ing at 100° analysed for O.HyN,O, 


(found: O, 56-5; H, 8-1; N, 12-8: formula requires O, 506-2; - 


H, 8-1; N, 12-6). 

The titration curves showed 7-2 basio groups per 1,000 g 
titrating between pH 7 and pH 11-5 (3-6 groups per 1,000 g 
titrated with midpoint at pH 8-80 and 3-6 groups with 
midpoint at pH 9-85). The titre from pH 5-0 to pH 1-4 
was 5-8 groupe, but the titration was incomplete at pH 1-4 
and showed an anomalous deflexion between pH 1-4 and 
pH 1-2. The best fit to the titration curve was given bya 
minimum molecular weight of 278 with groups at pK, 
1:70; pK, 2-40; pK, 8-80; pK, 9-85; the curve 
the possibility of a further group titrating acid to pH 1-60. 
Since the minimum molecular weight from elementary 
analysis is 555 the compound contains four charged 
amino- or immo-groups and four charged carboxyl groups, 
with the suggestion of a weakly basic group titrating in 
the extreme acid range. The compound thus reacts as 
a tetracarboxylictetra-amino-acid. This formulation 
accounts for the eight oxygen atoms of the empirical 
formula and four of the five nitrogen atoms. The ultra- 
violet spectrum suggests that tho remaining nitrogen 
atom may be part of a heterooyolio ring. 

Compound M showed ultra-violet absorption at 2™to™ 
282 my (inflexion, 290 my) and 22° 280 my (inflexions 
at 285 mp and 217 my). Tho infra-red spectrum showed 
the same typical amino-acid pattern as compound A and 
was closely similar in other features. Tho substance, 
dried at 100°, analysed for O,H,,N,0, (found: O, 56-6; 
H, 7-5; N, 12-8: formula requires O, 56-6; H, 7:4; N, 12-7). 
The titration gurve was almost identical with that of 
compound A in the alkaline region (pK, 8-80, pK, 9-85) 
but the amount titrating between pH 7-0 and pH 11-5 was 
somewhat greater (7-5 groups per 1,000 g). The acid 
titre was identical for both compounds (pK, 1-70, pK, 
2-40). On the basis of the titration of the two groupe in 
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linked peptide isolated from elastin, and the compounds 
may be degradation products of a single chromophore or 
may be derived from two such chromophores of similar but 
not identical compositions. 

We thank Miss J. M. Barranoe for ing out the com- 
bustion analysis, Dr. M. J. Fishwiok for tho infra-red 
spectra and Mr. J. R. Bendall for the titrations. 


8. M. PAgTRIDGE 


D. F. Krspuw 
J. THOMAS 
Low Temperature Research Station, 
Downing Street, 


1 Hoeve, 0. A. J., and Flory, P. J., J. Amer. Chom. Soo., 89, 6523 (1068). 


"Partridge, B. M., Adeances m Protan Cheswstry, 17, 227 (Aoadeenlo Prees, 
New York, 1963). a i 


* Thomas, J., and Partridge, B. W., Firs Intern. Cong. Food Sol. and Tech., 
Proc. (in the press). 


Changes in Liver D-Glucuronolactone 
Dehydrogenase Activity 

D-GLUCURONOLACTONA dehydrogenase occurs in the non- 
particulate fraction of liver homogenates, and in the 
presence of nicotinamide adenine dinucleotide (NAD) 
converts D-glucuronolactone to D-glucaric acid!. The 
enxyme is probably responsible for the v-glucario acid 
excreted in normal mammalian urine’; its activity is 
conveniently measured by the specific inhibitory effect of 
D-glucarate, after heating at acid pH, on B-glucuronidase. 

The dehydrogenase activity m mouse liver waa found to 
be negligible in infant animals, and increased to a maxi- 
mum value in 8-weeks old animals (Table 1). Similar 
results have been obtamed with rata, and values for 
human fotal (3—4 month) liver were about 50 per cent 
those of adult specimens. 


Table 1.  OHAMGES IN MOUSA-LIYEX D-GLUCURONOLACTONE TEHYDRO- 
Pxs«—xaxoY — 


GNKASB ACTIVITY WITH AGE AND 
Strain Tyler's Original (WIN Hi colony). Results in «mole 
puero acid produoed in 1 h from P ml D atumronolasiae eui A f 
NAD at 37° and pH 6-5 (ref. 1), and values given as mean + 9.3. 


OOO FT 
Bex and Per whole 
Ags (weeks) o. of antmals Per g Liver ltver 
2 Male (3 0 14+ 0 04 — 
4 d 5:3 22011 — 
B Male (5 2464 2-1 — 
11 Male 199180 — 
1i Fema (1) 175124 2014+30 
11 Female (7) 244? 410 115 423 
(18 days pregnant) 


Table 2. CHANGES TX FINALE MOUVAH-LIVER D-GLUCURONOLACTONE DEHYDRO- 
GNEFASR ACTIVITY TN ANIMALAÍCAREYING TUMOURS 


Pe aro Id 1 is ar tro the mmo An before treatment ; groupe 
1-4 were Killed 16 days after treatment and groups 5-8 were killed days 
after Results are expressed as 1 


in Table 
Group and Tumour and route Hnxyme activity 
Xo. of antmels of administration ^ (mole D guaro acid] 
g ) 
1(8 None 140 41:5 
2(6 Hhrifeh suboutaneous 82400 
3 (5 T4140 subcutaneous 103412 
4(3 subcutaneous 75418 
5 (3 None 182 +12 
$(4 Hhrileh miraperitoneal "ERE 
7 (4 T1140 in toneal zu 
8(3 537 vraies 50:14 
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The increased excretion of p-glucario acid during human 
was reflected by a rise in the liver dehydro- 

genase activity of pregnant mice, also shown in Table 1. 
Thia change was more marked when comparing total liver 
enxyme activity, due to the increased organ weight of the 
i . A decrease in the enzyme activity of 
uninvolved liver tissue oocurred in mice bearing experi- 
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i of histologically tumour-free liver from 
human subjects with cancer have also shown considerably 
reduced dehydrogenase activity. 

Speculation on the significance of these changee must 
await investigation of the possible physiological action of 
the p-glucarate produced, for example, as a potential 
inhibitor of endogenous B-glucuronide hydrolysis. 


O. A. MARBH 
Rowett Research Institute, 
Bucksburn, Aberdeen. 
N A. J. Gane 
Pathology Department, 
University Medical Building, 


Foresterhill, Aberdeen. 


1 Marsh, C, A, Biochem. J., 87, 82 (1963). 
2 Marsh, O. À., Biochem. J., 86, 77 (1063). 


przymatie yea on of L-Glutamine and 
lutaminyl Peptides 

Tun following observations suggest that 
L- ine and of 1-gluteminyl peptides. 

commercial crude papain or dried papaye latex 
. waa added to a solution of L-glutamine and the pH adjus- 
ted to 7-12, free ammonia was formed at the expense of 
amide ammonia. At the optimal pH of 10, 1 mg of the 
soluble fraction of crude papain (Merck) caused the 
liberation of 0-057 pmole ammonia from 0-025 M. 1-glut- 
aminesolution per minute at 30° O. Paperchromatography 
showed that the glutamine was simultaneously converted 
to a compound which did not stein with ninhydrin, but 
which stained with starch-iodide following chlorination!, 
and which had the same Ry in n-butanol/aoetio acid/ 
water (4 : 1 : 1) as pyrrolidone carboxylic acid. 

Those changes were not observed with p-glutamine, 
or with crude papain solution which had been heated at 
90° O for 20min. They were not substantially affected by 
dialysing the papain or by pretreating it with iodoacetate 

0-01 M) or ethylenediamine tetraacetic acid (0-01 M). 

papain and chymopapain were inactive. - Unlike 

the non-ensymatio oyolization of glutamine*?, the fore- 

going reaction was not a&ooelerated by phosphate or 
bicarbonate. : 

Glutamine derivatives such as L- inyl-r-leucine 
and 1-giutaminyl-L-asparagine were de-amidated and con- 
verted to ninhydrin-negative compounds by crude papain 
considerably more rapidly and at a lower pH than 
t-glutamme. 

Damodaran and Anante-Narayanan‘ examined the 
formation of ammonia during enzymatic proteolysis and 
concluded, inter alia, that crude papain contains a de-am- 
idase. The possibility that this de-amidase is identical 
with the foregoing enzyme i at present being investigated. 
* This work was supported by a grant from the Research 
Foundation of the Royal Children's Hospital, Melbourne. 

MicHABL MASSER 

Gastroenterological Research Unit, 

Royal Children’s Hospital, 
Melbourne. 
1 Pan, B. O., and Duteher, J. D., Anal. Chem., $8, 835 (1056). 
* Hamilton, P. B., J. Biol. Chem.. 158, 375 (1945). 
er B., Prise, V. A., and Greenstein, J. P., J. Biol. Ohsem., 180, 200 


4 Damodaran, bL, and Ananta-Narayanan, P., Bioshem. J., 39, 1877 (1088). 
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Iron Metabolism in Avian Erythroblastosis 

Hanzi work! has indicated a disturbance in iron 
metabolism in avian erythroblastosis, a virus disease of 
chickens in which there ia an erythroblastic h; lasia 
of the bone marrow with the entry of primitive cells 
into the circulating blood. In normal birds injected 
intravenously with iron-59, the ioi disa 


erythroblastosis 
autoradiographio investigations in blood smears suggesting 
that most of the activity is associated with the primitive 
oells?. 

Combined electrophoretic and autoradiographic studios, 
made on a limited scale, have shown that most of the 
radioactive iron in the cellular elementa of leukmmio 
blood is not in the form of hmmoglobin. Similar in vitro 
studies were made. Blood samples from five normal and 
eight leukemic birds were incubated with iron-58 and 
aliquota were removed at 6 and 24 h. The samples were 
separated into plasma and red cells, and hsamolysates 
wore made of the latter. Both plasma and hamolysates 
were subjected to electrophoresis and autoradiography. 
As incubation of the normal blood proceeded, radio- 
activity in the plasma f- and y-globulin bands declined 

with its appearance in the hæmoglobin bands. In 
two of the five normal blood hæmolysates, & small amount 
of activity was present in a component other than hexmo- 
globin. This component migrated with about half the 
of the slowest hgmoglobins, comparable with the 
speed of fowl ‘ferritin’. Autoradiographs of electro- 
pherograms prepared in the same way from the ei b 
$n vidro incubated leukemic bloods showed marked radio- 
activity in a position corresponding to this alow band with 
only slight activity in the hæmoglobin region. 

Two alternative explanations can be offered: either 
‘blocking’ of iron occurs ab an early stage in the synthesis 
of hæmoglobin, or diversion of iron occurs to sites other 
than hemoglobin. In the former the intermediate would 
nocumulate in the primitive cells, with elevation of non- 
hæm iron; in the latter such an increase would not occur. 
It was thought that determination of non-hæm iron in the 
liver and whole blood would help point to the correct 
alternative. Kennedy’s thiocyanate method for total 
iron‘ waa used with normal and affected livers; a micro- 
modification was used with whole blood*. Non-hem 
iron was determined by these methods after ite extraction 
by pyrop hate*. All figures obtained are based on the 
average of duplicates. Adult birds (6 normal and 10 
leukssmic) were used for the liver determinations and, lve- 
week-old chicks (17 normal and 82 leukessmic) for tbe blopd 
determinations. The non-hæm iron was markedly elevated 
in the liver but not in the whole blood (Table 1). Blood 
amears stained for iron by Perls method also failed to 
show evidence of free iron in the mature or primitive oelle. 
The abeenoe of a major elevation of non-hmm iron in the 
blood could point to & cyoling of iron through tho oells 
without it reeching hemoglobin and, instead. Tonna a 
non-hsem iron pool in the li (and possibly the spleen’). 
The non-hæm iron in the liver is bound to a protein with 
some of the properties of a ferritin. Tle protein is heat 
resistant, contains non-hem iron and is precipitable with 
35 per cent ammonium sulphate and 4 per cent cadmium 
sulphate’. 

These observations raise many questions, which include 
the following: Is the non-hssm iron complex appearing in 
the in vitro cultivated. blood ‘ferritin’? Is the disturbance 


Erfthroblastosis 
Total tron 
Liver (mg/g tissue) 087 + 0-07 208 + 0-44 
Blood maoo mL) 18:37 + 066 22-44 + 0-70 
Non-hsem tron 
Liver (mg/g tissue) 0-68 + 0-05 $79 + 040 
Blood 00 mL) 1:85 + 0-20 $14 0270 
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in iron metabolism the reeult of virus-induced alterations 
1n the red oells, or plaama, or both, or is it the indirect 
result of increased cell destruction ? Finally, is the dis- 
turbed iron metabolism responsible for the hmmatological 
changes which occur in erythroblastosis*? Work on these 
problems is proceeding. 

C rm Q. DAROBL 


Animal Pathology Laboratories, 
Health of Animals Division, 
Canads Department of Agriculture, 
Animal Diseases Research Institute (Western), 
Lethbridge, Alberta. 
STELLA DZIUBALO 
` R. BATHER 


National Cancer Institute, 
Department of Cancer Research, 
University of Saskatchewan, 
Saskatoon, Saskatchewan. 


> Darcel, O. le Q., and Bather, R., Canad J. Comp. Med , 94, 199 (1960). 
"Babe Es Mido, L., and Darcel, C. le Q., Canad J. Comp Med.. 84, 326 
* Darvel, O. le Q., Oanad. J. Comp. Med., 35, 129 (1061). 
Hawk, P. B., Oser, B. L., and Bummerson, W. H., Prectical Phynolopeal 
Chemistry (Blakiston, Philadelphia 1047). 
2 astry for the Rowtite Labora- 


"x B., Mtcroteckniques of Olnscal 
“in. MO Springela” ibi 1967) 

' Bruokman, G., and Zondek, 8. G., Biochem J, 33, 1845 (1939) 

7 Graniek, B., J. Biol. Okem., 146, 451 (1042) 

* Darcel, O. le Q., Canad. J. Comp. Med., £5, 10 (1901). 


Enzymatic Investigations of Partially 
Purifled Hog Kallikrein 


EALLIKREIN, discovered by Frey in 1925 1, was observed 
to be a hypotensive agent. Later work by many investi- 
gators haa led to the t hypothesis that kallikrein is 
an enzyme, formed Bon à precursor kallikreininoken, 
which aote on protein substrates to liberate the biologi- 
cally active polypeptides, substance P, kalhdin II, and 
bradykinin. It ıs these substances which manifest the 
hypotensive activity". Because trypsin possesses the 
same ability to release active polypeptides, it becomes 
important for future investigations to differentiate 
clearly the two enzymes, trypsin and kallikrein. 

It has been noted in the literature that kallikrein has 
activity on synthetic substratest:*. We have used these 
substrates to differentiate trypsin from kslhkrein. The 
compound benzoyl arginine ethyl ester (BAEE) ı8 a 
specific substrate for trypsin-like enzymes. Hydrolysis of 
BAEE yields benzoyl arginine and ethyl aloohol and can 
be measured directly by following the increase in optical 
density at 258 mp on a Beckman DU spectrophotometer. 


2,000 


g 3 


Chango in O.D. x 10-*/h 


0 40 80 160 
Kanik en (mg) 


Indicated amounts of enzyme incubated with 30 ml 10° M 
BABB in total volume of 8-4 ml. 


120 ?00 


Fig. 1. 
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Relatonahip of BAHH concentration io reaction velocity. 
Am = 37 x 10+ 





5,000 


Relatjonshtp of BAAR concentration to reaction velocity 
Am = 1:8 x 107 


Fig. 3. 
This increase i8 directly proportional to the amount of 
enzyme present’. Utilizing 100 M BAEK in 0.05 M 
phosphate buffer pH. 7-0 we have derived activity curves 
for kallikrein (Fig. 1). 

By varying the substrate concentration, 16 18 poeerble to 
deduce Michaelis constente for kallikrein. Using the 

: 3 1 Km 1 
equations of Lineweaver and Burke’: os dp 
we have found the Km of kallikrein on BAKE to be 
8-7 x 10-* (Pig. 2). 

We have also measured the Km of kallikrein for benzoyl 
arginine methyl ester and find it-to be 1-8 x 10-* (BAME) 
(Fig. 3). Both Km’s differ greatly from the Km of trypsin, 
which is 8:0 x 10-* (ref. 8). The similarity of the two Km's 
for kallikrein is to be since tne stereochemistry 
of the two substrates BAKE and BAME is similar. 

Addition of 10-* M calcium chloride resulta in & 1-25 
increase in activity of trypsin as reported by Neurath'. 
We have been able to show the increase in activity with 
respect to trypsin but 10-* M Ce** has no stimulatory 
effect on kallikrein. 

The synthetic ester toluene sulphonyl arginine methyl 
ester (TAME) is active with trypsin and ite activity can 
be measured by increase in optical density of 258 mu. 
Kallikrein has no activity with TAME (Table 1). To rule 
out the contamination of kallikrem by chymotrypsm, the 
enzyme was assayed for chymotryptic activity with the 
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synthetic substrate acetyl tyrosine ethyl ester (ATHE) by 
the method of Schwert and Takenaka’. No activity for 
chymotrypsin was detected. 


Table 1. CoMPARIEON OF KALLIKREIE A4XD TRYPSIN OX TAME 


No. 4874 


A O.D. 4 O.D. 

Hnxyme With BAHH x 10-/h with TAME x 10/h 
$0 ag rry pain 15/000 3,000 
Kallikrein was found to lyse fibrin clots by the method 

of Astrup and Mullertz and Lassen’ and also to have 

caseinolytic activity. No plasminogen activating activity 
could be determined. Thus, kallikrein is unable to convert 
plasminogen to plasmin. (We would like to thank Dr. 

Edwin O. Salzman, who performed these assays.) 

The enzyme loses 1ta activity above 55° O. It shows the 
same pH optimal curve as reported by Webster’. 

Differences in the action of trypsin inhibitors on kalli- 
krein and trypain were also found. These differences will 
be the subject of another publication. This evidence 
strongly suggests that kallikrein is a distinct enzyme. 
Further evidence must await greater purifloation of 
kallikrein. 

Wo thank Dr. G. Cronheim, Riker Laboratories, North- 
ridge, California, who supplied the partially purified hog 
pancreatic kallikrem (1 Frey unit/88 ug). 

This work was supported by the U.S. Publio Health 
Service, grant No. 4-5900. 
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A Water-soluble Lipid Complex obtained 
in the Macromolecular Phase by Gel-filtra- 
tion of Human, Bile 


Tan manner in which cholesterol remains soluble in the 
bile is of interest since it may be of importance for the 
formation of gall stones. 

That cholesterol is present in the bile in some form of 
macromolecular complex has been suggested by some 
authors. Isaksson! isolated a complex from freeze-dried 
bile consisting of lecithin and bile acids which $n vitro 
dissolved cholesterol. By electrophoresis of bile, Versohure 
et al. and later Juniper! found a lipoprotein complex 
whioh also contained bile pigment. 

The aim of the work recorded here was to separate & 
pe macromolecular complex in native human 

ile from other bile componenta. For this purpose, gel- 
filtration was used since it ite the separation of large 
molecular components such as proteins from other com- 
ponenta of lower molecular weight. 

The material was human gall-bladder bile. The gel 
used was ‘Sephadex’ (Pharmacia) type G—25 medium and 
G-15 medium (limits for complete exolusion are for G—25 
in the molecular weight range of 3,500—4,500 and for G-15 
in the range 40,000—50,000). 

An aliquot of 8 ml. of the bile sample was carefully 
pipetted on to the top of a ‘Sephadex’ column (diam. 2:5 
P ength 40 am) and eluated with distilled water at a 
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Fractions 


Fig 1. Amounts of solids, cholesterol and In the £5-ml. 

fractions collected during gel-filtration of 3 mL Dra Double hatching, 

cholesterol ; single phospholipids ; white, other componen 
constant pressure of 50 cm of water. Fourteen fractions 
of 26 ml. were collected and freeze-dried. The solids in 
each fraction were extracted with diethyl ether or first 
with ether and then with chloroform. Analyses of the 
cholesterol in the lipid extracts of the fractions were 
performed according to the method of Theorell as modified 
by Cramér and Isaksson‘. The amount of phospholipids 
was determined by analysis of the phosphorus content 
according to Fiske and Subbarow’. 

The fractions were grouped into two parts. Part I 
corresponded to the volume in which the large components 
of high molecular weight such as protein are to be found, 
and part II comprised the fractions where small com- 
ponents of low molecular weight are to be found. 

The results show that the cholesterol and phospholipids 
were only found in part I (Fig. 1), and that this was the 
total amount of these two componenta in the sample may 
be seen in Table 1. Fractions 1-8 were green and slightly 
opalescent. The other fractions oomprising part II were 
slightly green or yellow-brown and clear. 


Table 1. OOKTEKT OF SOLIDE, OHOLESTEROL AND PHORFPHOLIMDS IN HIOH 
AND LOW MOLECULAR FRACTIONS OBTAINED BY GEL-FILTRATIONS 'BEPHA- 


DEX’ G-25) OF A J-i. BAMPLE OF HUMAN BILE OOMPARED WITH 4 D 
HANPLE FROM THE BAION SPECIMEN : 
8 mL bile separated 3 mL 
by filtration 
. Part IÍ bile 
Soltds ( 183 332 475 
CRackxteral (ng) 18-5 0 30-0 
Phospholipt: 119-8 0 124 0 


Bile from another petient was eluated on two different 
gels (G-35 and G—75) and only part I of each filtration was 
analysed (Fig. 2 and Table 2). Essentially the total 
amounts of cholesterol and phospholipids were recovered 
in part I independent of the type of the gel used. The 
solutions were green and slightly opalescent. 


Table 2 OoxrENT OF BOLIDB, OHOLBETEROL AXD PHOSPHOLIPIDS IN 
FRACTIO 


THE HIGH MOLNEOULAR NS AFTER GEL- ('BEPHADNI* 
G-R5 amp G-75) OF BILE SAMPLES OOMPARED WIH THE Oo TEXT 
ma YROX THE ANE SPEC 

3 mL bile 8 mL bile 
Part I Part I 8 mL bile 
B z G85 G-76 Total 
Solids (mg 25 26-1 96 
Cholesterol] qup) 3-7 3-7 34 
mg) ‘ 162 10:8 19-6 


Thus by gel-filtration of native bile all the cholesterol 
and phospholipids were eluated in an opalescent green 
water solution in the macromolecular phase, in which 
proteins and other substances of molecular weights of 





> 40,000—50,000 are presumed to be found. The bile lipids, 
cholesterol and phospholipids comprise more than 3/8 of 


the solids, in this phase. The rest probably consists of the- 


bile pigment, biliverdin and protein. 

The bile lipids, cholesterol and phospholipids, may be 
present in some form of macromolecular water-soluble 
complex which oan be separated from native bile with the 
large components such as proteins. Some of the bilo 
pigment (biliverdin) accompanies these substances. 


Enrk THUREBORN 
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Accumulation of Hæmatins by Polychates 

Maxx polychste annelids appear to darken with age; 
the lugworm Arenicola marina does 80, and the terebellid 
Amphitrite johnstoni is also brown when old. In tere- 
bellids the heart-body beoomee bulkier and in lugworms 
dark tissue around the intestinal vessels increases with 
age. This darkening is y due to an accumulation of 
hematin; in Amphitrite johnstoni the dark oolour is wholty 
due to hematin, the pigment accumulating in the oodomio 
ocells as well as in the hear body. In Arenicola marina the 
hematin in the akin and that in the tissue surrounding the 
intestinal vessels both show pyridine hasmachromogen 
bands at 547-5 and 617 mu. In Amphitrite johnstoni the 
hematin in the oclomio cells to which, owing to the 
transparency of the body wall, the hue of the worm is due 
shows pyridine hemocbromogen bands at 554 and 520 mu; 
that from the heart-body at 547 and 516 My, reminiscent 
of meso- rather than proto-porphyrin and similar to the 
malarial pigmeat. The obin in the blood of both 
worms, and the hæmoglobin in the cclomio cells of 
Amphitrite johnstoni show pyridine hsamochromogen 
bands at 557 and 625 my characteristic of hæms with 
protoporphyrin nuclei. 
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The accumulation of hematin with age in tissues which 
are known to be also hamatopoietio! suggests that hema- 
tin may be a normal product of hæmoglobin breakdown in 
these worms. It m&y be that the reason why bilms of 
chlorooruorin have not been identified is that normal 
breakdown of chlorooruorin also leads to equivalent 
hæmatins. The accumulation of bilms in somo other 
polychsstea’— suggests that there may be some variety in 
the ways in which hemoglobin is catabolized in these 
worms, but following the work of hEocha et al.* it is not 
olear whether these are always derived from the worms’ 
own. hems or from algal pigmenta in the food. 

An investigation of these problems is in progress. 


R. Pairs Daras 
Department of Zoology, 
Bedford College, 
London, N.W.1. 
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ANATOMY 


Effect of Total Thyroildectomy in the 
Rabbit Fatus on Fatal Cholesterol Metabolism 


Ix earlier communications!" it was shown that the 
footal thyroid gland influenced the cholesterol metabolism 
of the rabbit fœtus. Total thyroidectomy in the 22-28 
day fostus was found to result in a highly signifloant in- 
crease in blood cholesterol and the resulta are shown m 
Table 1. 


Table 1. BERUM OHOLESTEROL IN THYRGIDECTONIXED AND CONTROL 
EABRrT FORFUENÉ 


Fostuses at Wo. Mean serum cholesterol 
fivertigatden (mg/100 ml, + S.B.) 
( 22-23 days) 20-80 days T 129* +77 
-mato controls 29—30 days 32 86* + 3-5 


* Those differences are significant, P < 0001. 


The method used for fostal thyroidectomy waa similar to 
that described by Jost? and involves the removal of the 
lower half of the larynx and the upper rings of the trachea 
together with the thyroid gland. It was noted that the 
fostuses which had undergone this operation were unable 
to swallow during intra-uterine life, the stomach of each 
operated fostus containing a negligible amount of fluid 
whereas the control fostuses all had full stomachs, pre- 
sumably from intra-uterine swallowing of amniotio fluid. 
This raises the possibility that the mechanical interference 
to the neck of the fostug, by preventing swallowing, may 
have been responsible for raising the cholesterol-level in 
the fostal blood. 

In order to investigate thia point further a new tech- 
nique has been developed for removing the thyroid of the 
rabbit fostus. The strap muscles overlying the thyroid 
are divided, exposing the gland, which is then divided into 
two parta by a vertiole incision through the isthmus. Each 
lobe is dissected off the trachea and larynx under a dissect- 
ing microscope, the laryngeal nerves being left intact. The 
skin incision is closed with 3—4 fine sutures of Barraquor 
Silk on & 4-mm corneal needle. When examined 6 days 
later just before term, these foetuses had well-healed 
operation wounds, the trachea and oophagus were free, 
but the stomach waa filled with fluid as in the litter-mate 
control fostuses. This new technique did not interfere in 
any way with fostal swallowing. 

Using this technique, ten fostuses were subjected to 
thyroidectomy on the 28rd day of intra-uterine life, and 
then allowed to continue developing within the uterine 
cavity until just before term. ‘The fostusea were recovered 
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by Oexarean section on the 20th day of pregnancy after 
& further six days of development. 

Blood was taken from these ten fostuses and also from 
26 litter mates for controls, and the serum cholesterol was 
estimated by the method of Abell e£ al.*. "The resulta 
(Table 3) show a highly significant increase in serum 
cholesterol following fœtal thyroidectomy. 
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Table 2. SIRUM OHOLNESTEROL If RANBIT SUBJBOTHD TO TOTAL 
CTuYEROIDACTOMY "WITH PEBSERYATION OF 


THA LAEYXX amp TRAOHNA 


Fomes Ago at Ko. Mean serum oholesiero 
(mg/100 mL i 5.7.) 
(at 25 daya) 19 days 10 1185* +117 
Jatter-mate controls 29 days 25 7112* + 59 


* These differences are significant, P < 0-O0L 


This i t therefore confirms that the fotal 
thyroid of the rabbit is eesential for the normal regulation 
of cholesterol in the fostal blood. Further, maternal 
thyroid secretions are unable to compensate for the loss 
of the fœtal thyroid, although maternal hormones have 
been shown to croas the placenta in increasing quantities 
towards the end of p g 

Theee results further confirm that the effects reported 
in the earlier communication’ were due to the removal of 
the thyroid and not the interference with the swallowing 
mechanism of the fœtus resulting from the removal of the 


One of us (J. G. B.) is indebted to the Medical Research 
Council for grante towards this project. We thank Mise 
J. Warren for assistance. 

J. Q. Buanw 
t of Anatomy, 
Middlesex Hospital Medical School, 
London, W.1. 
T. R. E. PiILXINGTON 
Modical Unit, 

S+. George's Hospital Medical School, 

London, 8.W.1. : 
! Beam, J, G., Koersaizaan, H. B., end Pilktngion, T. T. E, Norure 189, 818 


"Boarn T: ee carers B., and Pilkington, T. R. H., Nature, 190, 821 


* Jost, A., and Pion, L., O.R. Acad. Soi., Pens, $48, 1281 (1058). 
‘ LTs, per], B. B., Brodie, B. B., and Kendall, Y. A., J. Biol. Chem., 
*Myant, N. B., J. Pkysiel., 148, 330 (1068). 


PHYSIOLOGY 


A Model System for Transcellular Active 
Transport 
Oxender and Christensen! have proposed that the 
achievement of transcellular transport of amino-acids and 
sugars against concentration differences is a ence 
of intracellular accumulation. Intestinal mu calls 
will accumulate certain sugars during absorption in vitro. 
MoDougal, Little and Orane! have shown that, during the 


methyl-gluoose by Kinter and Wilson’ from autoradio- 
Poro ma of hamster intestine. On the basis of their 

dings that the cells in the orypte of Lieberkthn also 
exhibit an intracellular accumulation of sugar, Kinter and 
Wilson suggest that, in the intestine, an imtracell 
directed sugar pump ‘is present along the entire oe 
membrane, the net movement from lumen to blood 
being due to the far greater surface area because of the 
microvilli at the luminal border of the cell’. 

The properties of a simple model system based on the 
hypothesis of Oxender and Christensen will now be 
described. 


Consider an absorbing cell operating on material here 
called substrate. The œl is an element of a tissue com- 
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posed of a single sheet of identical cells which separates 
two fluid compartments of infinite capacity (sides 1 and 2), 
each compartment containing substrate (sugar, amino- 
acid) at the same constant concentration a. It is 
that the membranes composing the faces bordering either 
side of the oell possess both the following independent 
properties: (1) A mabe pu eet 
substrate ab a rate p moles/seo the external compart- 
ment into the interior of the cell. For simplicity the rate of 
pumping is considered to be constant and independent of 
both the internal (v) and external (a) substrate concen- 
trations. (2) A diffusion leak of magnitude K(z-a) moles/ 
8ec. Let the values for face 1 be p, and K, and for face 2, 
p,and Ky. Tt is assumed that substrate is conserved in the 
system, that is, that it is neither synthesized nor utilized 
by the oella. 

For a unit volume of cell, with the internal oonoen- 
tration m=0 at zero time, the internal concentration of 
substrate after time, ?, is given by: 


o=[a+(p,+ps)/(Ki+ K,)] [1 — exp — (KE) 
the uptake from side 1, across face 1: 


(1) 


A, = pı + Kap — (K, + Kit — pte 
1 


(p, + ps) [l-exp — (Ki + Ei] (3) 
and the output from the cell acroas face 2: 


Ay = g g (Ps + p) [l — exp ~ (Ei + Kall 


1 1 
Ky exp — (Ki + Kt- pa (3) 


In steady-state conditions, that is, when (K,+K,)# has 
values large enough to reduce the exponential terms to 
insignificant levels, the limiting values are: 


eG + (pi +s) (Ki + Ks) (4) 
and 
Ay=A,=Ay>(pKa— Kips) |(Ki+ E3) (5) 
Under steady-state conditions provided p/P, > K,/K,, a 
transcellular transport of substrate will oocur from com- 
t 1, acroas the cell, into compartment 2. Tt then 
ollows that the rate of inward pumping into tbe cell may 
be at side 3 than side 1, yet, provided that pip, 
K,/K, transcellular transport will still occur into oom- 
3. If K, is zero, that is, there is no substrate 
leak across face 1, then A,<p, and is ind dent of p, 
and K,. If p, is zero, for finite positive of p, the 
sign of A, is negative, that is, the direction of the trans- 
port will be into side 1 from side 2. Hence in the model 
system, the ability to be pumped into the cell from aide 1 
by the p, is a necessary but not a sufficient oon- 
dition for substrate to be subjected to transcellular 
from side 1 to side 3. In general, for given 
positive values of p, and Pa the abeorption rate, As in the 
system described is independent of the external oonoen- 
tration a and is determined by the value K,/K,, while the 
internal concentration, x, is determined by K, +K, as well 
as by the external concentration, a. 

The application of model systems of the sort described to 
active transport phenomena in tissues raises questions 
viis per to Do capablo «£ De TEI of 
tally. + is also clear that any one particular property of 
even a simple transcellular transport system is not neces- 
sarily a property of the pumping mechanism on which 
the activity of the system is based. For example, in the 
absence of other evidence, the finding that pyridoxal or 
pyridoxal phosphate stimulates net amino-acid transfer - 
across layers of tumour cells arranged as a membrane! 
may be explained as the result of effects of these substan- 
oes either on an exib process or on an entrance pump for 
amino-acids or by & combination of both. The fact that 
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‘active’ sugar transport across tbe mucosal layers of the 
amall intestine requires the presence of oxygen may not 
necessarily mean that aerobic conditions are essential for 
the activity of & sugar pump localized in the cell mem- 
branes; the effects are equally explicable if anoxia in- 
creases the relative leakinees of the mucosal faces of the 
absorbing cella (K,/K,> p,[p,) In a similar fashion, 
differences in the Clee leakinesa of the faces of the two 
poles of mucosal cella from different regions of rat intee- 
tine may underly the differences in the capacity of these 
regions to absorb either glucoee** or galactose’. Now a 
substrate may possess physical and chemical properties 
such that it oan be operated on by the pumping process 
p, but these properties need not be the same as those which 
determine the magnitudes of K, and K,. For example, ina 
given system, the former might depend on a particular 
stereochemical configuration of a substrate, while the 
K-valuea might depend on the molecular weight. 

D-xylose has not been shown to be actively transported 
against & concentration gradient in small intestine, but 
there 18 recent evidence suggesting an interaction between 
the pentose and glucose during absorption’. Xyloee may 
share an inwardly directed sugar pump with glucose, but 
intracellular pumping, even at high rates, does not 
necessarily mean that transcellular active transport will 
occur. 

In other mmular model systems, but in which the pro- 
ceases underlying the substrate leak across the cell faces 
are more elaborate than those of simple diffusion (for 
example, facilitated diffusion), competition between sub- 
strate molecules for exit from the cell could have important 
effects. For example, the overall specificity of the whole 
system for transoellular transport of a particular clase of 
substrates, including such effects as those of one substrate 
on another, will be the resultant of the specificity of the 
intraoellularly directed pump for substrate and tho 
specificity of the leak. 


D. 8. Parsons 
Department of Biochemistry, 
University of Oxford. 
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(Eti Wb md Wa H., Proe. Twenty-second Intern. Physiol. 
Cong. Leyden, 8, 415 (1002). 
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! Fisber, R. B., and Parsons, D. 8., J. Physiol , 110, 281 (1950). 

* Parsons, D. B., and Paterson, O. B., Biochem. Thophye. Acta, 41, 173 (1960) 
' Fisher, R. B., D PADI, D. 8., J. Phynol., 119, 224 (1953). 

' Salomon, L, Allums, J. A., and Smith, D. E., Biochem. Blophye. Hee. 
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Stimulation of Insulin Secretion In vitro 
by Adenosine Triphosphate 


We have already shown that the metabolites (glucose, 
citrate, B-hydroxybutyrate), the final function of which is 
the production of energy m the ~ P form’, give place to 
release of insulin $n vitro when they are added to the 
inoubation buffer surrounding slices of pancreas. For this 
reason, we considered it interesting to determune if ATP 
when added to the incubation buffer produces any effect 
on the release of insulin, although what is generally 
accepted is that the metabolic processes in which this 
nucleotide takes part are intracellular. 

A piece of rabbit pancroas weighing 200 mg was incu- 
bated for 3 min at 37° O in Krebs-Henseleit buffer con- 

ing ATP 1x10" M and another piece of the same 
weight (+5 mg) was moubated in the same buffer but 
containing hydrolysed ATP (1x10- M-N/[10 hydro- 
chloric acid for 15 min at 100? C) as control (final pH. 7). 
The insulin of the buffer was extracted by the method 
of Grodaky and Tarver’ and evaluated by the technique 
using adipose tiasue of the rat epididymis. The resulta 
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are expreesed in uptake of glucose and the statistical 
study was performed using the paired observations 
method‘. 
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HvALUATION OF THE INSULIN (GLUCOSE UPTAKB) MXTRACTED 
FROM THE INOUBATION BUFFAR ATP 


M: uptake 
PR Metabolites mari of &ssoe/4 h 
(1x10* M) (20) 1-082 
ATP + 0-066" P=0 01 
PELA VS (20) 0-781 


*S.5. The values m parentheses represent the number of expermments. 


As can be seen from Table 1 tho insulin extracted 
from the buffer of incubation containing adenosine 
triphosphate is higher than that obtained from the control. 
The difference is highly significant. We think that this 
fact supporta our hypothesis about the role of the ATP 
in release of insulin. 

We thank Dr. S. Ochoa for his advice. This work was 
supported by a grant from J. March Foundation. 


J. L. R-OANDELA 
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T. OASTILLA-CORTATAR 
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1 Candela, J. L. R-, Candela, R. R-, Martin-Hernandes, D Castilla- 
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"Candela, J, L. Martin-Hernandex, D., and Castilla- 
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* Grodsky, G., and Tarver, H., Nature, 177, 223 (1056). 
‘de la Loma, J. L, Beperimsmismón apriole, Iispano-Ameriosn edition 
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Increased Survival-time in Dystrophic Mice 
treated with Methylandrostenediol 
Dienanthoylacetate 


AXABOLIO steroids have been noted to inorease survival 
time in dystrophic mice, Jax/129 (dydy), but the disease 
syndrome was not otherwise altered. Testosterone 
propionate did not possess this ability!*. It was of interest 
to evaluate an anabolic steroid, 17-a-methylandroetene-6- 
diol-38-17B8-dienanthoylacetate (MADD), which has a4 
prolonged period of activity. 

Mice with muscular Pay) Ho ihe (dydy) were 
obtained by mating Jax/129 mice ey the Jackson 
Memorial Laboratory, Bar Harbor, Maine 
were controlled to room temperature and Parva labora- 
tory chow and water were available ad libitum in oon- 
tamers acoceasible to the dystrophic mice. Mice were 
weaned at 34 weeks with no special transitional diet, 
and experimental groups formed by dividing litters. A 
portion of the dystrophic mice were treated with 5 mg 
MADD in sesame oil per mouse in & single intramuscular 
dose per week, the dose being equivalent to the methyl- 
androstenediol.  Body-weighte and mortalities were 
recorded to the nearest and post-mortem examma- 
tions were made on mortalities. 

Survival time was increased approximately two-fold 
in the MADD-treated dystrophic mice as compared with 
untreated controls (Table 1), with no difference apparent 
between the sexes. Growth was approximately the same 
in the treated and untreated dystrophic mice with females 


Table 1. RESULTS OF WICE TREATED WITH HADD 


Median survival- ar, iens AY. tí 
Xo. of time and range 


Group at 13-27 
mice (weeks) weeks 
Normal males 94 not dein. 10 32 
Normal females To not detn. 9 25 
Tales 18 5 (3 7 dead 
Dystroptue females 12 6 (4-0 6 dead 
MADD 2 13 (7-28) 7 21 
females 
MADD 25 18 (4-27) 7 19 
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generally weighing lees than males. Histological examina- 
vealed, degeneration in the skeletal muscle of all 
the dystrophic mice, and the treatment with MADD did 
not appear to alter the disease syndrome exoept to increase 
The survival-time of the untreated dystrophic mice was 
by some workers!?, possibly because a 
special diet was not employed during the weaning period. 
The survival date of this experiment approximated. that 
of other workers employing conditions mmilar to those 
here’, The difficulties discussed by Miller e al.’ in 
evaluating survival date with dystrophio mice are to be 
considered and necessitated the use of sufficient mice to 
allow for litter differonoes. Larger litters generally have 
i small body-woighta and poor 


It may be concluded that the treatment of mice with 
dystrophy by an anabolic steroid, 
mothylandrostenediol dienanthoylacetate, lengthened sur- 
vival time but did not otherwise alter the disease syn- 


su i the drdg and Mre. D. P. Rutherford for asist- 
anoo. 
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HISTOCHEMISTRY 


^ Use of the Ninhydrin Reaction for 
Quantitative Estimation of Amino Groups } 
in Insoluble Specimens : 


Ir is well known that the development of a purple 
colour (Ruhemann’s purple) on reaction of ninhydrin 
with primary amino (NH,) groups of proteins occurs even 
when the protein is not in solution. Thus, Pearse’ 
describes atbampts to use the ninhydrin reaction for 
histochemical staining of protein, which failed due to the 
ease of diffusion of the coloured product. In fact, tho 
soluble purple compound, to which formula (I) is usually 
assigned, is not in any way attached to the protem; it 
results from deamination of the protem (left otherwise 
unchanged), the abstracted nitrogen being incorporated 
m (I). Under suitable conditions, the ooloured product 
ia released completely from the solid into the solution, and 
the quantitative ninhydrin estimation, usually carried 
out on dissolved amino-acids and proteins, then becomes 
equally applicable to insoluble material. All primary 
NH, groups react, e-NH, groupe (lysine residuos) giving, 
for reasons which are not certain, 65-70 per cent of the 
colour yield of a-NH, groupe, in almost all cases*. Where 
the former far outnumber the latter, as in tissue prepara- 
tions and very many proteins, comparison with a standard 
gives the actual or relative amino content with fair accur- 
acy. This appears to be the simplest method at present 
available for obtaining such information. 


o (Q) 
.0 3 0 
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This technique for analysing insoluble and denatured 
proteins, and protem-containing material, is of particular 
value where it is desired to know the amino content of 
biological specimens before and after treatment with 
various ical ts. For this purpose, the test 
material is fixed, and subjected to reactions under. oyto- 
chemical conditions, small weighed samples being analysed 
at each stage. (An ‘alternative approach, not as yet 
pursued, would be to use serial microtome sections, com- 
paring similar sections after different treatments. Weigh- 

ia thereby avoided. and since large numbers of sections 
will normally be required in each reaction tube to give a 
measurable colour, errors:due to inherent differences 
between sections are minimized.) 

To check the validity of the method, ib was thought 
advisable to apply it to an insoluble protein of precisely 
known constitution. Lysozyme was therefore denatured 
by maintaining the dissolved protein at pH 9-10 and 
37° O for several days, and then precipitating with 
ethanol, and ite ninhydrin colour yield was compared with 
that of an amino-acid standard, under identical reaction. 
conditions. 1 mole of lysozyme was found to be equiv&- 
lent to 4-5 moles of leucine, in close b with the 
figure of 4-85 equivalente obteined by Slobodian, Mechanic 
and Levy? for the native protein (Talan and Btein* 
earlier obtained the figure of 4-9). Assuming & oontribu- 
tion of 1-1 leucine equivalente from the N-terminal lysine 
residue, as is usu&l*:*, colour due to the other five e-NH, 
groups is, in the present case, 8-4 equivalents. This 
corresponds to an average yield from each of these 
«-NH, groupe of 68 per cent of the colour from an a-NH, 
group—that is, within the range 65—70 per cent normally 


On theoretical grounds, two factors could limit the 
accuracy of analysis of insoluble material, relative to that 
of the usual reaction in solution, namely, possible inaccess - 
ibility of some NH, groups to ninhydrin, and pope 
ooolusion of some Ruhemann's purple by the sobd. In 
practice, the second source of error is avoided, and the 
first minimized, so far as possible, by saa viens Rome sa 
solid particle is very small in at least one of ite ions, 
by Hmiting the quantity of material in each reaction tube, 
and by providing adequate agitation of the suspension. 
while the colour is developing. Experience has shown that 
populations of single cells, such as sperm and amæœbæ, may 
be used directly, provided that any clumps of the dried 
fixed material are broken up before analysing; mammalian 
tissues are normally finely powdered after fixation. Tt is 
advisable to restrict analysis to samples smaller than 5 mg, 
mince variable results have sometimes been obtained with 
larger quantities. When reaction conditions, in a giyen 
case, have been satisfactory : (1) optical density values are 
reproducible, and imcrease more or less linearly with 
sample size; (2) no coloration occurs when the ninhydrin- 
reacted, solid is washed with 50 cent ethanol, or further 
reacted with ninhydrin; (8) colour yield doee not increase 
when the material is more finely ground; (4) the colour of 
the ninhydrin-reacted specimen is not usually appreciably 
darker than before reaction (but is occasionally so). Where 
there has been any chemical treatment before pes p 
it must be ensured that any products left bound or 
deposited in the solid do not interfere with the ninhydrin 
estimation. 

The experimental procedure is easentially an extension 
of that of Moore and Stein’. Dried samples (1-4 mg) are 
accurately weighed into 15 ml. centrifuge tubes, and 1 ml. 
of buffered ninhydrin-hydrindantin reagent is added to 
each. The tubes are covered with aluminium foil, and 
shaken ab about 200-500 oscillations per minute in & 
boiling water bath for 15 min, using & flask abaker. The 
tubes are then removed to a cold water bath, where 5 ml. 
of 50 per cent ethanol are added, and are shaken to mix 
before spinning down the solid. (Due to the shaking, the 
hydrindantin disappears at the time of boiling.) For 
tiasue specimene, further six-fold dilution of a portion of 
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the supernatent wil normally bring the oolour into the 
range where ita optical density can be measured on a 
colorimeter or spectrophotometer. A different final 
dilution ratio may be required for some other materiala, 
such as denatured proteins exceptionally rich or poor in 
lysine. A blank is included with every group of 
analyses. 

The method as described is at present bemg utilized in 
a programme of development of specific electron stains for 
protein‘, as & guide to the extent and specificity of reac- 
tions, and has been applied to rat hver, ram sperm and 
Amoeba proteus, with ethanol, oamium tetroxide and 
fofmalin as fixatives. While results of these investigations 
lie outside the scope of this communication, &tbention may 
be directed here to the need for caution in interpreting 
ninhydrin data, in certain instances. In particular, there 
is some indication that, after osmium fixation, many more 
NH, groups may be available for reaction than are revealed 
by ninhydrin. This apparent ‘blocking’ has not yet been 
explained, but the observation underlmes the need to 
apply a multiplicity of analytical techniques when 
attempting to interpret ical reactions. 

I thank Dr. E. A. Barnard for advice. This work was 
carried out while in receipt of a grant from the Department 
of Scientific and Industrial Research. 
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The Periodic Acid — Schiff Reaction 

Tum periodic &oid—Schiff (PAS) reaction—the term was 
introduced by McManus':*—is one of the most widely 
used histochemical methods. In a recent review of 
“‘Periodate Oxidation Techniques” MoManus* states that 
the first publication, describing the demonstration of 
mucin and some other structures by the Schiff reagent after 
treatment with periodic acid, appeared in Nature in 10402. 
In 1948 Hotchkiss‘ published his description of the PAS 
reaction, which had been applied already in 1947 by Gersh* 
and by Catehpole*. Also in 1947 Marchese’ used the PAS 
reaction for the demonstration of glycogen, but indepen- 
dently Lillie* used acidified periodate for the same purpose. 
Bince other histochemical texts" give eesentially the 
same version of the development of our knowledge of the 
PAS reaction, we should like to direct attention to the 
work of A. L. Shabadash, whose publications on the PAS 
reaction apparently are not widely known outside the 
U.S.S.R. 

At a meeting of the Institute for Biology and Bio- 
chemistry of the Academy of the Medical Sciences of the 
U.S.S.R., held on February 14, 1946, Shabadash presented 
a paper on “A Rational Method for the Histochemical 
Determination of Glycogen, and ite Theoretical Basis”. 
This páper was published in 1947 (ref. 12). After surveying 
critically the methods in use for the fixation and demon- 
stration of glycogen Shabadash discusses Bauers 
method", and goes on to say that he experimented with 
several other ofidante, among them potassium perman- 
gen&te, but that he was unable to produce the reactive 
aldehyde groups necessary for the interaction with leuko- 
fuchsin. “ After a whole row of experimenta and 
investigations 1 settled on periodic acid which was pro- 
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posed by Malaprade (1927) and used by Jackson and 
Hudson (1937) for the study of the structure of starches. 

. Linvestigated the action of dilute (0-01 mol.) solutions 
of periodio acid on glycogen in vitro and in control prepar- 
ations (sections of liver) with subsequent treatment with 
leukofuchsin. The resulta proved the correctness of the 
theoretical assumptions. The brightness and intensity of 
the colour reaction was superior to that of any of the 
methods published in the literature or known to me; it 
differed from them not only in the degree of sensitivity, 
but also in its chemical basis ...”’ Shabadash realized that 
this method was applicable not only to the identification 
of glyoogen, but also of polysaccharides in general He 
used both periodic acid and sodium or potassium periodate 
in water in dilutions which, depending on the amount of 
glycogen present in the tissues, varied from 0-01 mol. 
(0:23 gm. per cent) periodic acid to 0:002 mol. periodate. 
The time of exposure varied from 15 to 25 min. No 
reducing rinse, only distilled water, was used as & wash. 
After 20-25 min in leukofuchsin the sections were rinsed 
in a gulphite wash. 

Several pointe are of interest in this publication. 

(1) Shabadash discusses the nature of tho PAS reaction, 
its specificity, the necessity of enxymatio digestion for 
control purposes, and the possibility of substances other 
than complex carbohydrates responding to this treatment, 
at length, go that his paper is unquestionably the most 
detailed account of the PAS reaction published at that 
time. 

(2) Although Shabadash extensively quotes the work of 
earlier writers who have in the histochemical 
demonstration of glycogen or other carbohydrates, he 
does not mention the first publication by MoManus* of 
whose work he, presumably, did not know. 

(3) Shabadash’s paper appears to be the result of a 
prol systematic search for a specific histochemical 
method for the detection of glycogen.’ 

(4) In the paper summarized here Shabadash states 
that the colour obtained is stable and permits the preser- 
vation of histological sections under ordinary conditions 
for years. He then adds: “I have preparations which 
have preserved their original brightness for seven years". 
He makes a similar claim in another publication, an 
extensive monograph on the histochemistry of the normal 
central nervous system, which appeared in 1949 (ref. 14). 
In a footnote on p. 104 he states “My preparations have 
reteined their brightness over a period of five to seven 
years". According to these claims, then, Shabadash had 
used the PAS reaction as a histochemical tool some time 
between 1939 to 1944. It should be pointed out that the 
work of Hotchkiss, started in 1945, remained unpublished 
for three years, so that Shabadash cannot have known 
of it. 
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Loss of Immunological Reactivity of an 
Alpha-2 Globulin after Prolonged Freezing 
of Serum 
Moer investigators who preserve sera for future analysis 
take it for granted that the serum proteins are stable ab 
ee around —20? C. Bome evidence supporta 

: the titres of oertain antibodies or of 
etna alee for example, remain unaltered after 
even several years in a deep . This communication 
shows that most human sera, from both healthy and sick 
people, contain an «-2 globulin which loses ita antigenic 
(precipitin) characteristics after prolonged storage at 
—20° C. 


An antihuman serum was made by injecting a rabbit 
intravenously with 1 ml. of pooled serum three 
times weekly for eighteen months. This pool was made 
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in a Btate 
antihuman serum and several human sera showed anti- 
bodies to various proteins including about 10 a-globulins. 
The antihuman serum was absorbed wrth another serum 
pool made by combining equal amounts of serum from 
20 blood donors. 1 ml. of the antiserum was mixed with 
25 ul of the blood: donors’ pooled’ serum, left at room 
for 80 mm and then oentrifuged at 3,500 
r.p.m. for 10 min. Using a small-scale double-diffusion- 
in-agar teohnique!, 0-5 pl. amounts of each reactant were 
placed in wells the centres of which were 8 mm apart 
and the edges 4 mm apart. The preparations were left 
in & moist chamber at room temperature for 48 h. 
When a recently drawn human serum and the absorbed 
antiserum were used as reactants, two precipitin lines 
could usually be seen. The first (lino 1) was a dense line, 
oooasionally closely 


both healthy and ill persons. Table 1 shows the findings 
in 768 different sera for which the dates of drawing were 
precisely known. Lime 2 was seen in all freshly drawn 
sera; in about 80 per cent of sera stored for 9 months; 
and in only 5 per cent of sera stored for $0 months. Among 
36 freahly drawn sera, line 2 was present in all; on- 

14 weeks later, 5 of them had entirely lost line 2. The 
disappearance of line 2 depended more on the length of 
freexing or the number of times the serum had been 
frozen and thawed, because there was no diminution in 
the intensity of line 2 in 20 freshly drawn sera which had 
been 20 times rapidly brought to the temperature of dry 
ice and then thawed. Nor did heating the serum at 56° O 
for 80 min cause Ime 2 to change intensity. 

Both line 1 and line 2 were shown by immunoelectro- 
phoresis on cellulose acetate to be a-2 globulins. Line 1 
was immunologically identical with that produced by the 
S; 0-400 lipoproteins (isolated in an analytical ultre- 

, and provided by the Institute of Medical 


Table 1. PEN&NNOE OR ÀBEENOB OF Lins 2 IW 768 DIFFERGOTT SARA FOR 
WHIOM THE DATES OF DRAWING WERB KNOWN 


Age of serum Total No. Line 2 present Line 2 absent 

3 days 70 79 (100 ) 0 

2 weeks 80 80 (100 0 

1-3 months . 91 89 2 

3-6 months B8 71 17 

6-9 months 86 59 (09 27 

9-12 months es 18 50 (74 

12-15 months 40 13 27 (08 
months 231 12 219 
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Physics). Line 2 has not been identified. Use of oom- 
mercially available serum fractions and antisera showed 
it to be neither cæruloplasmin nor a-2 macroglobulin. 
The absorbed antiserum did not react with flbrinogen, and 
addition of neither heparin nor thrombin to freah sera 
abolished line 2—so that line 2 is probably neither & 
eryofibrinogen nor the heparin- ttable In de- 
scribed by Thomas, Smith and Von Korff*. 8i hyllin, 
Oohn's fractions II, III and IV 5 + 6, and an isolated 
eryoglobulin did not react with the absorbed antiserum. 
These investigations show that most human sera con- 
tain an a-2 globulin which loses ita immunological reactiv- 
ity after a long period in the deep freeze. Although 
stored sera are used all over the world for numerous 
investigations, ic investigations have not been 
tnade of the effects of y storage of the serum on 
the various proteins; nor & comparison been made 
of the various methods of preservation to determine the 
least deleterious. The results of such inquiries would be 
valuable 

This work was supported by grant MH04581—02 from 
the National Institutes of Health, Bethesda, Maryland. 


W. J. FessEL 
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University of California School of Medicine, 


San Francisco. 
1 Yakuls, V. J., and Heller, P., Amer. J. Clin. Path., 4, 323 (1059). 
L. E. T., and Von Korff, R., Proc, Sec. Exp. Biol. 
Thom, 98, 613 (1994). ud 
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Development of the Fostus In Female Rats 
Injected with Homologous Heart Tissue 


RusomwT observation of the occurrence in human beings 
of auto-antibodies illo to heart tissue has given 
support to the hypothesis of an auto-immune setiology in 
rheumatic fever, foll myocardial infarction and 
postcardiotomy statel?, in the rabbit, heart-specific 
antibodies have been produced against heterolo- 
gous heart tiasue and much less readily against homologous 
heart tissue*+. While there is good evidence from clinical 
and tal sources of the existence of antiheart 
antibodies whether from autologous, us Or 
heterologous stimuli, there is considerable oo ion as 
to the part they play in cytotoxic action on the heart. 
If antiheart antibodies are cytotoxic then they could 
readily influence developing embryonic heart tissue to 
produce either arrested growth with persistent anomalies 
or death. The possibility that such an immune (auto- 
immune) mechanism may play a part in the development 
of congenital heart disease seamed worthy of investi- 
gation. 

Mature Sprague-Dawley female rate were immunired 
with homolo, us Tat heart tissue one week before mating, 

ARET at the time of mating, and one week 
following n mating, The number of new-born, their weight, 
and the groes and histological changes in the heart of the 
new-born were EH Antigen was prepared from 
adult rab hearta of Sprague-Dawley rats removed shortly 
after death. The hearts were trimmed of connective 
tissue, minced with scissors and rinsed with cold saline to 
remove visible traces of blood. Extracta were made by 
homogenation with 4 times the tissue volume of saline 
carried out for 3 days at 4? C. The antigen was mixed 
with parts of complete Freund’s adjuvant and 
emulsified. Female rate were divided into $ tal 
groupe and 8 corresponding controls. Group L consisted 
of 5 female rata, 4 injected 7 days and 1 injected 12 days 
before mating (1 ml. of the antigen emulsion, 0-5 ml. 
pestis rail ceslaniiy Eri y) Group II 
consisted of 4 females imm: morning follo 
mating, and Group III consisted ary 3 females ep ele 
7 days following matmg. Control animals were mated at 


. the same time as the experimental counterpart but were 
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Table 1. FuTiL DETHLOFMEKT IN FEMALE RATS IEJEOTED wren HOMOLOGOUS Huser ANTIGEN AND IN MOX-DOCUKIXED CONTROL Rats 












































M | Wxpermnental Control 
Group Rat Xo. Average t of Average t of 
$ referable to mating Bize of litter new-born rate (g) Rat No. Bixe of litter | new-born rats (g) 
1 +7 0 
(+10)ł 0 
2 7 T &2 18 0 
| (+10) (8) (6-85) 
I 5 7 T7 8-0 EAT 0 
(+10) (5) (6-4) 
8 ( is) M 22 9 79 
-— t 
16 +12 9 60 P | 
9 —1 72 7 15 
(+12) (0) | à (0) (6-9) 
II 10 —1 13 66 
(+12) (0) 
18 - -1 0 n 14 0 
25 ^ -1 
mE cio n ©) | (88) | ki 1 à (7 4) 
X 
Im 4 -7 t 15 0 
(+10) (0) 
6 -7 25 11 88 
27 0 
Total 12 50 TT 10 52 - 752 
(Av. 7-1) (Av. 8 B) 
Ratio new-born to matings 2 | 433 








Controls mated on same day as expertmental eounterpart. 


not immunized. Some of the rats were re-immunired and 
re-mated. In Table 1 the resulte of immunization of the 
12 female rats of the experimental animals are sum- 
marized. The figures in parentheses represent re-immuniza- 
tion’ and re-mating. The i i of 10 
ae 
Comparison between experimental and control shows 
little difference, althaugh there is a slight decrease in the 
number of new-born in the immunized animal, and the 
average weight of each new-born rat ıs slightly lees. No 
attempt was made at this time to evaluate the effect of 
prolonged immunization although some rata in both 
groups were re-immunixed and re-mated, and in those that 
did conceive the new-born rate were not affected. Morpho- 
logical and histological evaluation of the hearta, livers, and 
n8 of the new-born rate showed no evidence of 
ormal development, or tissue injury. It appears from 
these preliminary observations that immunization on & 
short-term basis of adult female rata with homologous rat 
heart tissue ia ineffective in interfermg with normal 
cardiac formation or development of the fostus. To estab- 
lish whether or not immunization had ocourred in tho 
adult female rate, re-immuniration at the end of the 
experiment (6 months) was carried out and 3 weeks post- 
re-immunization the animals were killed and their hearta. 
livers and spleens were removed, washed free of blood, 
blotted and the hearts and spleens weighed. A portion of 
each tissue was fixed for histological sections and the 
Temainder minced and extracted for immunological 
examination against serum of each immunized animal. 
The control animals were treated in the same manner. 
The mean weights of the hearts were: experimental 
1:0918 g (range 0-920-1-2672); control L-0811 g ( 
0-9618—-1-4005) with a standard deviation of 0-138 g. The 
average weighte of the spleens were: experimental 0-6841 ¢ 
(range 0-5328-1-0008); control 0.6943 g (range 0-5617— 
0-9205) with & standard deviation of 0-185 g. No 
evidence of tissue change differing from control was found 
by gross or microscopic examination. Serological investi- 
gations with gel-diffusion technique of Ouchterlony* in 
which extracts of heart, spleen, and liver of each animal 
was tested. inst serum experimental animals and 
controls gave negative results. A more sensitive system, 
consisting of kaolin particles, coated with the tissue 
proteins and reacted with serum of experimental and 
control animals also gave negative reactions. (Kaolin 


f Parentheses indicate re-tmmunized and re-mated 


utilized in a particle agglutinating system developed in 
the authors’ laboratory for detection of thyroid antibodies 
is @ sensitive indicator of serological reaction. Kaolin 
actively absorbs protein at pH 5-7, and when washed an 
preserved with albumin forms a stable icle suspension 
the agglutination of which is ily apparent both 
macroscopically and microscopically.) In both systems 
Tabbit anti-rat heart antibody gave strong positive 
reactions. 

No detrimental effect of short-term immunization was 

parent either on the mature female rata or her offspring. 
Come and microscopic examination of heart, spleen and 
liver of the immunized mature rats and their offspring 
gave no evidence of changes attributable to the process 
ofimmunization. The short-term immunisation procedure 
was selected with the thought in mind that a very minimal 
antibody production would be sufficient to disturb the 
embryological development of the heart. It is quite 
possible that the anti of the embryonic heart are not 
susceptible to antibodies, Drebered against mature adult 
hearts. Failure to démonstrate serological evidence of 
immunization may explain the failure of impaired cardiac 
and fetal developnient subsequent to short-term immun- 
ization of pregnant rate. “Gluecksohn-Waelsch’ produced 
abnormalities of nervous system development in embryonic 
mice from DBA[1 Jaz strain mothers injected with mouse- 
brain and adjuvant prior to mating. Mothers of the same 
strain of mice mjeoted with mouse heart and adjuvant in 
contrast to brain did not mate readily, and many matings 
were sterile but no cardiac abnormalities of embryos were 
found. Fertility appeared to be impaired in our experi- 
mental animals, but the series is too short to substantiate 
Gluecksohn-Weelsch’s observation. The mothers, in her 
inv tions, in contrast to ours, received several weeks 
of antigen injection prior to mating, but serological 
evidence of immunization was not studied. In later work’ 
she did show positive preoipitin reaction in 7 of 10 mothers 
immunized with brain tissue. Ebert’ demonstrated pre- 
liminary indications of specific effecta of antiheart and 
antispleen sera on differentiation of mesodermal elementa 
of the chick blastoderm. The question of action of organ 
specific antibodies against fostal tissue during develop- 
ment requires further investigation. The problam of 
antiheart antibodies is being re-investigated with pro- 
longed immunization and utilization of antisera prepared 
against rat-heart in the rabbit. Evidence of antibody 
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formation utilizing these systems may facilitate under- 
standing of specific heart antiheart antibodies and clarify 
the effects such antiserum might have on the develop- 
ment of the heart as well as general embryonic develop- 
ment. 

This work was aided by grante from the Sedgwick 
County Heart Association and the U.8 Public Health 
Service (No. 4—4009). 
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Quantitative Technique for Uniform 
Tumour Implantation by Trocar in Gel- 
foam 


Tomovun transplantation in animals by injection of 
tumour fragments or tissue mince does not offer a quanti- 
tative method of implanting a known number of viable 
cells. Cel ion techniques give the quantitetive 
date but do not afford a uniform growth in a single im- 
plantation site. Often the injected fluid suspension 
spreads in the tissue and yields more than one tumour or a 
‘spread-out’ tumour, the size of which is not a reflexion 
of cell count only. 

The following method was devised to yield both the 
known oell count as well as single site of implantation with 
resulting uniformity of tumour growth. 

Sterile methods are used im all procedures. Solid or 
ascites tumours are obtained from donor mice. Solid 
tumours are gently homogenized in a glass Dounce homo- 
genizer or & cyto-sieve! with a 10-fold volume of sterile 
Locke’s or other physiological diluent (1 g tumour plus 
10 ml. diluent) containing 500 unita penicillin and 50 unite 
streptomycin per ml. The mechanical homogenization is 
accomplished by hand, using only six full strokes of the 
plunger with a coarse fitting Dounce homogenizer with & 
clearance of about 0-005 in. The resulting ho te 18 
allowed to sediment by gravity in an ice water bath for 
10 min. The supernatant is removed with a syringe and 
13-gauge trocar and transferred to a sterile vial. Aliquote 
are removed and treated with an equal volume of 0-5 per 
cent solution of eosin according to the method of Schrek?. 
Counts of the viable (non-stained) cells are made on a 
hamocytometer. A minimum of 3 aliquots are counted, 
and if uniform, subsequent dilutions of the ho 
are prepared to yield the desired viable 
The final dilution is recounted 
precision. 

Sterile absorbable gelatine 
the Upjohn Co., Kalamazoo 
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tumour fragments. Microscopic examination of & fixed 
stained preparation of the oell suspension impregnated 
gel-foam fragment reveals the presence of tumour cells in 
the interstices of the gel-foam. 

This technique is at present used by us for tumour 
propagation and bas been used in several experiments in 
which a uniform single site implantation of a quantitated 
tumour cell inoculum was desired. 

An experiment adopting the foregomg method was 

performed with 144 03H mice using the mammary adeno- 
carcinoma H2712. A ocell suspension containing 50,000 
viable cells per 0-1 ml. was prepared as here, absorbed 
on to the sterile gel-foam cubes and implanted by trocar 
subcutaneously ın the supra-scapular area. A uniform 
tumour growth pattern resulted ın the implanted mice. 
The latent period was 12-15 days from time of implant 
and the tumours, uniform in contour, achieved approx- 
imately equivalent sizes in all mice as tumour growth 
progressed. 
This method adopting gel-foam impregnation has alo 
been used by us for implantation of chemical carcinogens, 
as well as tumour ocells, subcutaneously, intra-vaginally 
and in other anatomical sites. 

This work was supported in part by rosearch grants 
from the National Cancer Institute and the American 
Cancer Society. 

BERNARD GOTTFRIED 
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Norman MOLOMUT 


Waldemar Medical Research Foundation. Inc., 
Port Washington, 
New York. 
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Suppression of Experimental Allergic 
Encephalomyelitis by Cytotoxic Drugs 

Tue action of cytotoxic drugs in experimental allergic 
encephalomyelitia is of interest in the examination of the 
mechanism of this disease 1n animals and may have thera- 
peutic implications for auto-immune disease in man. 
Hoyer e£ al. have shown that 6-mercaptopurine can 
supprees experimental allergic encephalomyelitis in rabbits 
and guinea pigs, but Field! has reported negative findings 
in the latter species. 

In the observations described here, two compounds were 
tested for activity against experimental allergic encephalo- 
myelitis and hemolysin formation in the guinea pig— 
oyolophosphamide (‘Endoxana’), an alkylating agent, arid 
4-amino-N-methyl-pteroylglutamic acid (‘Methotrexate’), 
& folic acid antimetabolite. 

Guinee pigs weighing 200-500 g wore sensitized with a 
single intradermal injection of homologous whole brain 
suspension, emulsified with an equal volume of complete 
Freund adjuvant (Difco). Each injection (0-1 ml.) con- 
tained 1 mg guinea pig brain (dry weight) and 0-1 mg M 
hoephamide 20 mg/kg/day and Metho- 
day were given intraperitoneally, while 
received 1 ml. isotonic saline each day by 
interval between. sensitization and 













1. In addition, those animals 
—24 days) were given 1 ml. 
red ocells subcutan- 
olysin production. 
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Table 1. PTE TUE race Rae 0 (AE Seen ATLARI 
ONPHALONYAELPTIS 


of Ro. of Paralysel — Paralysed Animals with 
tron 4 animals byday17 by day $1 histologieal lesions 
fa 2 
5 5 5 5 
5 3 3 5 } Controls 
4 4 4 4 
14 12 12 14 Total 
136 H 0 0 0 
1-8 5 0 2 4 } ceiornospnamite 
9-15 5 0 0 5 
20 0 2 9 Total 
1-24 5 0 0 0 
1-10 5 9 0 b | Methotrexate’ 
1-8 5 1 4 5 
9-15 [1 0 3 4 
20 1 1 14 Total 


the survivors killed 21-24 days after sensitization. The 
central nervous system was sampled by & complete 
sagittal section of the brain and spinal cord, and examined 


for histological evidence of experimental allergic enoe- . 


phalomyelitia—perivascular cuffing, meningitis, and sub- 
ependymal infiltration. The hamolysin titre of the serum 
was estimated using 4 MHD complement and an end-point 
of 50 per cent hzunolysis. 

Cyclophosphamide and ‘Methotrexate’ each suppressed 
the development of experimental allergic encephalo- 
myelitis completely when given for the full 24 days of the 
expermment mt (Table 1) Following shorter periods of ad- 
ministration the disease was either totally inhibited 
{cyclophosphamide 1-16 days), or she clinical manifesta- 
tions were reduced. and the onset of paralysis significantly 
delayed (P< 0-05). Twelve of the 14 control animals were 
paralysed by the seventeenth day, compared with only 1 
of the 40 treated animals. There was no apparent differ- 
ence between thoee animals in which treatment was 
started on the day of sensitization, and those in which it 
was delayed until the eighth day. 

The formation of hsmolysin to sheep cells was also 
suppreased by each drug (Table 2). 


Table 2. Hrreor or CyoloPHOSPHAMIDE AND ‘METHOTREXATE’ OX HAHO- 
LYNX Trees 
Oontrols Cyeiophosphamide ‘Methotrexate’ 
512 <8 <8 
512 0 [U 
256 0 0 
128 0 0 
r 128 0 0 


All animals were submitted to post-mortem examins- 
tion. Only one, on cyclophosphamide, showed evidence 
of drug toxicity—multiple heamorrbages nto the viscera. 

Cyclophosphamide and ‘Methotrexate’ are known to 
inhibit a variety of immune responses in the guinea pig" 4 
and rabbit. The suppression of experimental alli 
enoephalomyelitis by these compounds may picea be 
due to an effect on the immune mechanism itself, or 
alternatively to some non- o anti-inflammatory 
action similar to that descri for 6-mercaptopurine’. 

We thank Dr. Ruth Porter, of Lederle Laboratories, for 
the ‘Methotrexate’, and Dr. J. M. Simister, of Ward 
Blenkinsop and Co., for the ‘Endoxana’. 
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Enzymatic Activities of the Soluble Antigens 
in Kidney Microsomes 


As revealed in the experiments using rat liver and 
chicken kidney, the microsomes consist immunologically 
of a number of different antigenic components’. On the 
other hand, it has become well known that the microsomal 
fraction oonteins many kinds of enzymes’. The question 
thus arises whether the immunologically resolved com- 
ponente may also differ from each other in enzymatic 
activity. In this communication we report that the, 
activities of esterase and phosphatases are respectively 
localized in antigemoaly different componente of the 
microsomes. 

Adult chickens were used as the source of antigens for 
both injection and testing. Seven different types of anti- 
sera were prepared against rabbits. These were: (1) anti- 
serum against hver microsomes (anti-LMO); (2) anti- 
serum against kidney microsomes (anti-K MO); (3) anti- 
serum against the proteins precipitated from deoxycholate- 
extract of kidney microsomes between 10 and 20 per cent 
saturation of ammonium sulphate (anti-K20); (4) anti- 
serum against proteins precipitated between 25 and 45 
per cent saturation (anti-K45); (5) anti-serum against 
proteins precipitated between AE and, 80 per cent satura- 
tion (anti-K80); (6) antiserum against unsedimenteble 
post-microsomal fraction of kidney homogenates (anti- 
KS); (7) antiserum against chicken serum (anti-OS). The 
antibody patterna of these antisera, together with the 
procedures for separating the deoxycholate-extract of 
microsomes (D-fraction) into three immunologically 
distinct sub-fractions (K20, K45 and K80), have been com- 
municated previously’. As the test antigens, D- and 
S-fractions were prepared from the livers and kidneys of 
freshly killed chickens. 

For the immunological testa, the Ouchterlony agar 
diffusion technique was utilized. After leaving the plates 
for 36 h at 87° O, they were washed with buffered physio- 
logical saline and water, then stained by an appropriate 
method for detecting the enzymatic activities of the 
preoipitin lines. 

(1) Eeterase: The washed Ouchterlony plates were 
treated according to the method of Markert and Hunter, 
who used this to detect esterase activity in the com- 
pohente separated by electrophoresis in starch gelt. Of 
5-6 preoipitin lines developed between the anti-K MC 
and D-fraction of kidney, only two adjacent linee, which 
occasionally fused into one, were stained. The antibodies 
to cause these linee with esterase activity were contained in 
anti-KS, anti-K80 and anti-LMO as well aa in anti-KMO 
(Fig. 1). These antisera also produced the esterase lines 
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2. Patterns of preotpltin lines in plate stained for 
‘Dlocting alkaline puomhatese aoktvliy. XD of kidney; 
KS, of LD, D-traction of Hver; LS, S-fraction 


of liver; of. text for symbols of an 


m the reaction with the S-fraction of kidney or liver. 
Anti-K20 and anti-K45, however, contained few antibodies 
to give the precipitin lines with esterase activity. As 
previously theese antisera are highly ‘D-fraction 
specific’ ; that is, most of the antibodies which they 
contain are directed against the components predomi- 
nantly distributed only in the D-fraction. Therefore, 
esterase activity should reside in the antigenio components 
identified to be ‘non-specific’ in the sense that they are 
found in common in both D- and 8-fractions prepared from 
various organs. Anti-CS did not contain any antibodiea 
to react with these ents. 

An aliquot of D-fraction of kidney was used for electro- 
phoretio analysis with Smithies’s starch gel method’. The 
run was made in borate buffer (0-01 M, pH 8-6) at a field 
strength of 11 V/om for 7 h at 4° O. Following electro- 
phoresis, the gel was longitudinally divided into two 
strips and one of them was stained to detect the component 
having caterase activity. A component with high mobility 
was stained. The other half of the gel was frozen, thawed 
and transversely cut into mx pieces. The deoxy- 
cholate-eluates from each piece were introduced into the 
respective peripheral wells of an Ouchterlony plate and 
allowed to diffuse against the antiserum filling the central- 


well. Only the eluate of the piece which was taken fram . 


the locus ing to the site of esterase activity m 
the stained gave rise to a stainable precipitm line in 
the reaction with anil-KMO, anti-K80, a&nti-KS and 
anti-LMOC. 
(3) Phosphatases. "The washed Ouchterlony plates were 
with a solution containing a-naphthylphosphate 
and fast blue RE salt at pH 9 (with 0-05 M barbital 
buffer) for alkaline phosphatase and at pH 5 (with 0-2 M 
aoebtate-buffer) for acjd-phosphatase’. Of the antisera 
used, only anti-K MO and anti-K45 produced the line 
which stained for alkaline phosphatase (Fig. 2). As shown 
in the earlier paper’, anti-K45 is not only 'D-fraotion 
specific’ but also highly 'kidney-epeoiflo', &nd this anti- 
serum produced several lines, with the D-fraction of 
in the unstained plates. The result does nob 


treatment, an i 
though very faintly, between anti-K45 and the D- and 
S-fractions of liver. Faint lmes were also detectable 
between anti-K MO and the S-fraotion of kidney and liver. 
This fact that the application of histochemical 
methods might make visible some of the precipitin lines 
otherwise left undétectable. 

The linea positive for acid phosphatase were always 
vory broad, and this made it difficult to identify precisely 
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the stained components in the Ouchterlony plate, but it is 
fairly certain that the same lines positive for alkaline 
phosphatase were aleo stained at pH 5. Two stained 
linee sometimes appeared between anti-KMO and tbe 


enzyme species. 
components display the same 
cally, one antigenic component could display the activities 


for producing the present antisera do not always coinci 
with the enzymatically active sites of esterase or phoe- 
phatases. 

This work was in part supported by a grant from the 
Japan Ministry of Education to Prof. T. Fujii. We thank 
Prof. M. Ichikawa for his encouragement. 
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Proteolytic Activation of Glucose-6-phos- 
phatase in Normal, Diabetic and Hepatomic 
Rat Livers 3 


PHOSPHORYLATION of glucose, the hexokinase reaction, 
is an irreversible one which, however, is reversible by a 
specific phosphatase, the Pom gual pea Nera ag . 
Therefore the velocity of the phosphorylation of glucose 18 
not only dependent on the activity of the hexokinase, but 
is alao a result of the contrary action of both the enzymes. 
Ib was shown by some authors‘? that the activity of G-6- 
pese is different in ing conditions of metabolism. 
Tissues or cells with a high cateboligm of carbohydrates 
show a significantly decreased activity of G-6-pase, besides 
an increased activity of hexokinase’. Highly glyoolysing 
tumours tissues with a remarkable catabolism of 
carbohydrates and also show a decreased activity of 
G-6-pase**. Hitherto no tumbur has been found with a 
noticeable activity of thia enzyme. On the other hand, it 
will be expected that tissues with a diminished consump- 
tion of glucose or increased synthesis of glucose from non- 
carbohydrate sources via the Embden—Meyerhof pathway 
exhibit an enhanced activity of G-6-pase. Accordingly 
Mokrasch! found increased activity of phosphatase in 
diabetic liver. 

Freediand and Waisman’ showed that $n vitro the 
activity of G-6-pase can be increased by incubation with 
papain. The authors suppose this process to be & result 
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of a proteolytic activation of the enzyme in consequence 
of the splitting of proteins or polypeptides as mascating 
substances from the molécule of the phosphatase. We 
found that activity of G-6-pase could be enhanced also by 
incubation of the enzyme with trypsin and for this reason 
we suppose that the proteolytic activation is an unspecific 
process’. Based on these theoretical considerations we 
were interested in examining the proteolytic activation of 
the G-6-pase on the different conditions of metabolism and 
to compare the rate of alteration of ita activity. Also we 
hoped to consider whether the rapid raising of the activity 
of the enzyme during the development of a diabetes 
mellitus is based on a ‘demascation’ similar to the proteo- 
lytic activation of the G-6-pase in vitro. In this case, a 
lower proteolytic activation should be expected in the 
G-6-pase from diabetic liver than in the enzyme from 
normal liver. 

On the other hand, the diminished activity of the enzyme 
in tumours could be explained by ‘mascating’ proceases 
during the carcinogenesis. Accordingly in this case one 
can expect an increased proteolytic activation of the 
enzyme from tumours in comparison with corresponding 
norma] tissues. 

Therefore we examined the possibility of a proteolytic 
activation with trypsin of the G-6-pase from normal and 
diabetio liver and from hepatoma. Diabetes mellitus was 
produced in white Wistar rata by injection of 7 mg 
alloxan in saline. In order to control the diabe nio 
action of alloxan we determined the blood sugar of the 
rata by means of enzymatic testa with glucose oxidase. 
Hepatoma was produced by feeding with 5 mg dimethyl- 
amimoarobenzene (butter yellow) daily for 200 days. 

The G-6-pase is bound to the microsomes and therefore 
we carried out proteolytio activation in a homogenate of 
liver and also in isolated microsomes’. Proteolytic activa- 
tion was carried out by incubation of the samples (homo- 
genate or microsomes) with trypain and inhibition of the 
action of trypsin by ‘trasylol’ (trypain—kallikrem inhibi- 
tor, Bayer-Leverkusen) in the described manner’. We 
determined the activity of the G-6-pase by the method of 
Freedland and Harper* and the proteins by the biuret 
method. Absolute activity is defined as micromoles phos- 
phate liberated/h in l-ml. samples; specific activity as 
micromoles phosphate liberated/h and 1 mg protein at 
37° O. Oompering the proteolytic activations we used 
the specific activity because in this case the occasional 
offects of dilutions were eliminated. 


The results are summarized in Table 1: they are mean 


values of 4—6 experimente. 
Table 1. OOXPANIBON OF THE PROTEOLYTIO ACTIVATION OF THE (GLUOOSE- 
6-PHOSPHATAS® IX NORMAL AND DIABETIC Livers AND HEPATOMA 
H mis 
Normal ltver Diabetic liver * ee 
Homogeanate 
absolute aeítvity 187 + 608 218 + 7-00 57 + 181 
Absolute activity after 
312 + 10-5 349 + 11:5 53 + 110 
Increase (per cont) 67 60 —10 
Initial specific activity 1-01 + 0-06 167 + 081 O55 + 024 
proteolytic 342 + 076 6-61 + 010 O41 + O12 
Increase (per cent) 268 228 —$90 
Initia] absoluto activity 170 + 412 240 + 842 55 + 15-0 
A bao! after 
266 + 151 9834 t 44 53 + 183 
Inerease (per cent) 49 40 +0 
Inttial 243 + 020 3-21 + 0-45 112 + O28 
Specific actrvi 
608 + 080 7-67 + 060 0-39 + 007 
Increase (per oent) I 140 —65 


Tt can be seen that proteolytic activation of G-6-pase 
from diabetic’ liver compared with normal liver is not 
increased significantly. Also these results exclude 4 
partial ‘demascation’ of the enzyme during the develop- 
menta of the diabetio metabolism. On the other hand, 
sunilar experiments carried out by us!* with fructose- 
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1,6-diphosphatase (FDPase), which also acta irrever- 
sibly in the catabolism of carbohydrates, showed a 
partial ‘demascation’ of FDPase during the development of 
a diabetes. For this reason increase of activity of G-6-pase 
could be explained either by a two-step-mechaniam of 
activation or by the existence of two isoenzymes of 
G-0-pase or by a de novo synthesis of the enzyme after the 
apploation of alloxan. 

Also the results of a diminished or absent proteolytic 
activation in the hepatoma exolude a possible ‘mascation’ 
of the phosphatase during carcinogenesis. Since the 
carcinogenesis represents a long-acting process, the de- 
struction of the enzymatic activity and an inhibition of the 
de novo synthesis during the development of a hepatoma is 
more probable. We consider the very low absolute and 
specific activity of G-6-pase in hepatoma aa evidence of 
this 
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Enzymatic Dedifferentiation of Neoplastic 
Cells 


VARIOUS &üthors have suggested that the entymatic 
equipment of neoplastic cells need not necessarily be 
immutable and that it may show variations as the result 
of a number of completely unknown influences. This 
communication describes & striking example of enzymatic 
dedifferentiation recently observed in a chemically 
induced squamous cell carcinoma subjected to serial trans- 
plantation by various routes. The logical consequence of 
such an observation is to make us aware of how fragile 
are the grounds acoepted as bases for the procedures at 
present in use for screening compounds as anti-cancer 
agente. 

In this investigation squamous cell carcinoma was 
induoed in the cervix and upper vagina of adult virgin 
O8H[N mice by twice-weekly painting of the ectooervix 
with a 1 per cent suspension of 3,4-banzpyrene in acetone. 
After fewer than 40 treatments all the animals showed 
invasive neoplasms. A squamous cell carcinoma, pro- 
voked by this method and serially transplanted under the 
skin of mice of isologous stram, was studied histochemi- 
cally from the 79th to the 102nd transplantation genera- 
tion. An ascites line, adapted from a benzpyrene-induced 
cervico-vaginal ous cell carcinoma!, was examined 
in ite 280th to 287th transfer generations. The tumour 
was maintained by injecting + 13 x 10* freely growing 
neoplastic cella into the peritoneal cavity of adult virgin 
O3H/N mice. Tho animals were killed from 7-0 days 
after inoculation. Solid transplanta were obtained by 
subcutaneous injection of inocula (from passages 282-285) 
of the same magnitude. All the animals were killed by 
breaking their necks. The genital tracta of pamted mice 
and the solid subcutaneous nodules were carefully dissected 
out, frozen with carbon dioxide, and cut serially (101) in & 
cryostat. 

Smears were p from ascites fluid and kept ma 
refrigerator at — 20° O. Smears and tissue sections were 
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treated for the demonstration of oellular activity of 
6-nuoleotidase!. Although in normal oervioo-vaginal 
epithelium af the mouse alight cyclic variations in the 
activity of 5-nucleotidase were observed, the over-all 
tissue activity of this enzyme is weak. Pathological, non- 
invasive (hyperkeratosis, dysplasia, $n situ carcinomas) 
epithelium shows the same weak enzymatic activity 
except for its cornified layers. Invasive squamous cell 
carcinoma (early stromal invasion, micro- and macro- 
carcinoma), on the other hand, shows & constantly high 
activity of 5-nucleotidase in all its component cells*. 
Neorotio portions of the tumour, horny material, and poly- 


No. 4874 


5-nucleotidase activity typical of Melton ESA 
and also found in vaginal washings 

yrene-induoed oervioo-vaginal carcinoma has been 
cona dered to Do of definite diagnoetio value. 

The pattern of reactivity of the solid transplantable 
squamous oell carcinoma is strikingly similar to that 
found in the mother tumour, and does not vary with 
prolonged transfer. 

The situation in the ascites line of such chemically 
induced oervioo-vaginal oarcinoma is entirely different. 
There is a complete absence of 5-nucleotidase activity in 
the tumour cells floating freely in the ascites fluid as well 
as in those so closely packed as to form solid subcutaneous 
tumours. Olusters and/or sheets of tumour cells, equally 
devoid of enzyme activity, were found infiltrating the 
subcutaneous muscle layer, the lymph nodes, and the 

Thus we observe a truly remarkable sequence of events. 
In the course of chemical the activity of 
5 tinal obi eee sudenly moroses in tnp Saree gente 
epithelium of the mouse, a fact which in i is in 
distinct contrast to the activity of moet of the enzyme 
systems studied. Moreover, this phenomenon is stable 
when the chemically induced carcinoma is transferred 
serially to the subcutaneous tissues, and remains unaltered 
notwithstanding long-continued transferring. On the 
other hand, ascites tumour oells derived from these 
structures show an remarkable drop in their 
enzymatic content: 5-nucleoctidase activity is entirely 
absent and no rebound effect is found when such cells are 
grown as solid subcutaneous nodules. Thus it is clear that 
these two transplantation routes generate neoplastic cells 
the enzymatic equipment of which is of a different nature. 
Screening procedures used in cancer chemotherapy often 
make use of ascites tumour forms. 

The exam le presented here makes it obvious that care 
must be when interpreting data based on such 
material, that is, observations based on an ascites line 
should not always be extrapolated to the tumour from 
which this line was adapted. Although solid transplant- 
able carcinoma of the mouse cervix may prove a valuable 
tool for such screening purposes, the ascites line derived 
from it, which for reasons all too obvious was thought to 
be even more valuable, has not fulfilled its promise. 
However, by illustrating the process of ensymatic dediffer- 
entiation, the ascites tumour has nevertheleas proved to be 
worth while studying. 2 

We thank Dr. I. rowska, Philadelphia, who kindly 
provided us with the original solid transplantable tumour 
and ite ascites form M T—890. 
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Activity of Gibberellin ‘D’ on the Germina- 

tion of Photosensitive Lettuce Seeds 

Racant discoveries in the gibberellin series have 
brought to light a large number of new compounds the 
activity of which varies widely in different tests!. In 
particular, Hashimoto and Yamaki’ with tobacco seeds, 
and Toole and Oethey* with lettuce seeds, reported that 
GA, was much more active than GA, while Brian e£ al.! 
indicate that GA, and GA, which had about equal 
activity an lettuce seeds, were both more active than GA,. 
However, the latter group stated that they were “not able 
to establish a simple relationship between dose and 
response" in their test. Borriss and Schmidt‘ crystallized a 
gibberellin preparation from cultures of Gibberella fujikuroi 
which was 30 times as active as G.A, on the germination of 
Diplotazus seeds and up to 2,000 times more active than 
GA, on seeds of ruderale. Later this preparation, 
first called gibberellin A, or ‘D’ (ref. 4), was found to be a 
mixture of GA, and GA,. 

Through the courtesy of Prof. H. Borrias we have been 
able to test & sample of his purifled material on Grand 
Rapids lettuce seeds under our oonditions* and find it 
indeed to be of extremely high activity. This communi- 
cation reporte relative activity determinations and the 


interaction with the red/far-red system. 

The testa were cartied out with the shaking method 
previously described, duplicate les of 50 seeds each in 
2 ml. of solution in a 5-cm Petri at 25° O being used’. 


All manipulations were carried out rapidly under green 
light, but otherwise the seeds remained in absolute dark- 
nees throughout. The seeds for the present experimenta 
aa forhauately cave 80-40 per cent germination in dark- 
ness, as against less than 5 per cent in those previously 
used. However, their response to red and far-red light 
was the game as in tho earlier lot, that is, 1-min exposure 
to either light produoed the maximum effect. Gibberellins 
were prepared as stook solutions of 50 D oo 
p-p.m. (A,) in distilled water, and dilations mada 
these just before use. 
Fig. 1 shows that in tive testa the activity of 
gibberellm ‘D’ (=@4A,+GA,) is almost exactly 100 times 


as great as that of GA,. The differences between the two 
curves, from the 100 times difference in absolute 
values, are probably not significant. The curve for GA, 


confirms in il our previous data (Fig. 8 of ref. 5). The 
very high ratio of activities is remarkable, for altho 
GA, is more active than GA, in several testa, it is 

so only by a factor of 2-3. It is reported as being only 
twice as active as G.A, on the lettuce hypoootyl'. All in 
all, the unusually high ratio suggests a synergism between 
the two gibberellins. 

These raise again the problem of whether light 
adul) Se reper Soph gph aude It had 

been concluded that this is not the case’, because: (a) the 
action of GA, could not be reversed by far-red; (b) hatte 
treated seeds yielded no detectable increase in gib 
The latter testa were carried out on dwarfs 1 bo corn, 
which fortunately are highly sensitive not only to GA, but 
also, and about equally so, to GA, and GA, (ref. 1). If 
light had acted to release lable amounts of GA, or 
GA, these substances should therefore have been detected 
in the teste, ao that the doubts raised by Toole and Cathey? 
are not justified. On the other hand, the very high relative 
activity of the combination of GA,+ GA, found here might 
reopen the possibility of a liberation of both theese in 
amounte below the threshold of the corn response, though 
adequate for germination of lettuce seed. 

The influence of far-red on the germination caused by 
gibberellin ‘D’ was, therefore, examined as follows. The 
seeds were soaked in a series of concentrations of ‘D’ or 
GA, in the dark, and subjected to 5-min far-red light 
(about 80 ft.-candles) at 1-5 h after the beginning of soak- 
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ing. This was previously shown to be the most sensitive 
time’. Germination was then determined 2 days later. 
Fig. 2 (in which the concentrations are plotted on a 
logarithmic scale) compares the germination with that 
obtained in complete darkness. It is seen that the far-red 
decreased the ination of the dark controls by almost 
20 per cent. tt decreases the germination of the seeds 
treated with low concentrations of either of the gibberellins 
by eesentially the same amount. The ourve for GA, 
extends to lower concentrations the data previously given 
for 100 p.p.m. (Tables 2 and 8 of ref. 5). At higher levels 
of both gibberellins the effect of the far-red disappears. 
At 3 p.p.m. gibberellin *D', indeed, tho germination waa 
100 per cent with or without far-red exposure. 

The conaluaion that the action of gibberellin is not in the 
least reversed by far-red light is open to the reservation 
that the gibberellm might continue to act after the far- 
red exposure’. This difficulty was previously dealt with 
by limiting the GA, treatment to 2 h or lesa’. It waa dealt 
with'in another way by Haber and Tolbert’, who trans- 
ferred the seeds to 87° after exposure to far-red, since GA, 
does not promote germination at 87°. They found no 
reversal by far-red, but unfortunately their seeds germ- 
inated incompletely (only 30 per oent). In the preeent 
experiments the seeds were soaked in gibberellin ‘D’ for 
2 h, beginning 2 h after the onset of ing. Thereafter 
the gibberellin was washed off and the seeds returned to 
water. To ensure maximum possible effect of the far-red 
the exposure was lengthened to 1 h, given either just 
before or just aftor the gibberellin ‘D’. 

Table 1 shows that the far-red again decreased the con- 
trol germination by 17 and 24 per cent Tespectively. The 
germination expected in gibberellin ‘D’, calculated from 
this effect on the water oontrola, is ahown in the last 
column. The agreement is good. It may be concluded, 
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Table 1. feci of 1-h exposure to far-red 


Li geratzadod of Grand 
Rapids lettuce seeds treated with D p.m.) for 2 h. 
Gibberellin ‘D’ oh d 





Treatments Germination (per cant) 
nt, ih ay ag Experimental Hrpected 
— Water — 31 — 
FR Water — 14 — 
— Water FR T7 — 
= Gibberellm ‘D — 62 = 
FE  Gfbberellm ‘D — 41 45 
— Gibberelnn 'D' FR 32 38 


therefore, that the action of gibberellin 'D' is not reversed 
by far-red. 

Is there any other way in which the action of red light 
could be accounted for in terms of the release of gibberel- 
lin? In general, the effect of red light on germination can 
be reversed by far-red up to at least 8 h followi exposure. 
The gradual onset of irreversibility is often referred to as 
the ‘eacape curve’. If red light were to liberate gibberellin, 
this curve would be in reality the curve showing gibberellin 
release. However, such an interpretation is exceedingly 
improbable because: (a) the gibberellin so released would 
88 noted here have to be even more active than either 
constituent of gibberellin ‘D’ to have escaped detection on 
corn dwarfs 1 and 5; (b) it would only be beginning to 
appear in the seed more than 8-5 h after soaking, which is a 
time of greatly lowered sensitivity*. It may be noted, 
too, that in stem elongation and the flowering of short day 
plante the effecta of red light could scarcely be due to the 
liberation of gibberellin, since they act in the opposite 
sense. . 

Thus we conclude that gibberellin, instead of being a 


reactions which result from the primary light reaction. 
This work was supported by a t No. G9084 from the 
National Research Foundation. We thank Prof. Heinrich 
Borris of Greifswald for a sample of hia gibberellin ‘D’. 
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Influence of Crop Residue Decomposition 
Products on the Germination of Fusarium 
solani f. phaseoli Chlamydospores in Soil 


Fusarium solani f. phaseoli, the cause of stem and root 
rot of bean, has been shown to exist in nature primarily 
in the form of chlamydospores?. Such chlamydospores 
germinate on the addition of various sugars or amino- 
acids but not ordinarily when water alone is used!. The 
chlamydospores have also been shown to germinate in 
the presence of exudates of the host and various other 
plante**. Evidence is presented here to show that sub- 
stances produced during the decomposition of erop ree- 
dues under natural fleld conditions can also influence the 


- germination of chlamydospores in the abeenoe of exudates 


from living planta. 

In theee studies, chlamydospores were obtained by 
adding nutrient-media-free macroconidia to non-sterile 
soil’. Details of the procedure in obtaining the substances 
from decomposing plant residues are published elsewheret. 


r 


no.as7a March 30, 1963 


Briefly, the substances were obtained ss cold water 
extracts from the plant residues which had been freed 
of the surrounding fleld soil prior to the extractions. 
Plant debris, soil particles and micro-organisms were 
ramoved from the extracts by ultra-centrifugation and 
teste were carried out immediately after the extraction 
in the activity of the ex- 


used in the place of the extracts. The resulta of a typical 
series of observations are given in Table 1. 


-FTARILE SOIL 
Boares of Bouroe of Germtnation 
test extract rating test rating 
- (daya) 

Rye 0* ++t Broccoli 0 - 
= 10 + 7 ++ 

18 0 16 ++ 

25 0 24 ++ 
Barley 0 ++ Broad bean 0 ++ 

10 + 10 ++ 

17 + 18 ++ 

u + 25 ++ 

s of plant residue and 


5 
i 
i 
iE 
à 
i 


tated as 0, +, 
a 


Extracta from all four crop residues used stimulated 
germination of the chlamydospores. Differences were 
extracta, however, in the 
intensity of stimulation of the germina- 
tan that was obtained and the subsequent vigour of 
, growth of the germ-tube hyphis. In general, two types 
of response were obtained. Some extracts induced 
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extensive growth of the germ-tube hyphæ (Figs. 1 and 2). 


interesting, response was a stimulation of chlamydoepore 
germination which was soon followed by lysis of the germ- 
tube byphse mig. 3). Some of the extracts did not appear 
to have any effect on chlamydoepore germination sinoo 
no stimulation was obtained. The aforementioned differ- 
enoes in response appeared to depend on the types of 
residues used and their decomposition periods in the soil. 
Highly active extracts were moet frequently obtained 
from the residues during early stages of decomposition. 
The stimulatory effect of the rye and barley extracts 
to be weaker and of shorter duration than in 
the case of broccoli and broad bean, and extracte from the 
latter two arope continued to stimulate the germination 
of chlamydospores even after the residues had been de- 
ing in the soil for up to 25 days. The extracts 
from rye and barley residues also gave more instances of 
germ-tube lysis. Since only & limited number of extracts 
were tested, however, the precise relationship between 
type of residue, decomposition period and chlamydoepore. 
germination could not be determined at this time. 
To approach more closely conditions in Nature, 
ially to obviate the dilution problem and the possi- 
ility that results obtained with extracte could be due 
to artefacta in the extraction prooodure, tests were also 
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carried out with fragmenta of intact plant residue that 
had been decompoeing'in the field for various periods of 
time. In these testa, fragmenta of decomposing residue 
were covered with the previously mentioned soil con- 
taining the chlamydosporea and moistened with water. 
Soil smears were'prepared 24 h later of the soil in direct 
contact with the plant residue. Staining and extent of 
chlamydospore germination were evaluated in the same 
manner as with the extracts. The resulte obtained in 
these testa were in close agreement with those obtained 
with the extracts. Germination of chlamydospores, how- 
ever, was stimulated only in close proximity to the 
residue fragment and no germination could be detected 
in the soil not in contact with the residue. 

The resulta described have interesting implications with 
respect to factors in the soil which can influence the 
germination and survival of infecting propagules of the 
soil-borne pathogen, Fusarium solani f. phaseoli. It is 
evident, too, that substances produced during the decom- 
position of plant residues can be active in the support 
of & biosphere in the goil which in some instances and 
under certain conditions may rival in importance that 
around the roots of living planta in maintaining, increasing 
or decreasing the OBI EUR of active propagules of a 
pathogen such aa F. solani f. phaseoli and perhaps other 
soil-borne plant pathogens. T.A Porogao uae 
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Tissue Hydroxy-cinnamic Acids and Soil 
Moisture Stress i 
THE stem tissue of pineapple plante (Ananas comosus, 
var. Cayenne) contains appreciable amounts of hydroxy- 
oinnamio acid derivatives (‘phenolics’), largely as a quinio 
acid ester of p-coumario acid!* and an ester of ferulio 
acid. These phenolics are implicated in the metabolism 
of the plant growth hormone, indolyl-3-acetic acid*'*, 
This communication will present evid- 
ence that the amount of these phenolics 
in pineapple stem tissue is inversely 
related to the soil moisture content. This 
observation has obvious implications in # 
connexion with various growth effecta. B 
inoluding flowering, that may be affected g 
by moisture stress. 
The phenolics were extracted from 1-10 = 
g of meristematic tissue from the stems of — ., 
several plante by blending with water. 3 
In one experiment, they were then taken FO 
up in ethyl acetate after acidification of 
the aqueous extract. In the other experi- 
ments, the filtered aqueous extract was 
used directly. Similar results were ob- 
tained when the extractant was 2 per 
cent sodium dihydrogen phosphate or 
when the adteous extract was boiled 
and filtered before speotrophotometry. 
These extracts showed a typical hydroxy- 
oimnamio acid spectrum with a maximum 
near 314 my. (ref. 3); the absorbance per 
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Fig. 1. Relationship of soil moisture and of phenolics in the stem tip of 
apple plants (Oahu, Hawan, 1958). Rae phenolics valne 


March 30, 1963 VOL. 197 


gram of tiasue determined at this wave-length in the 
Beckman DU or DK-2 spectrophotometer quantitatively 
measured the stem phenolica. 

The close inverse relationship between goil moisture 
sampled at the butt of the plant and stem tissue phenolics 
is evident from Fig. 1. The phenolica content fluctuated 
from week to week as the oll moisture-level varied with 
drought or rainfall. It is especially interesting to note that 
the relationship held even when tho plant was bly 
under only minor soil moisture stress. (A tension of 4 bar 
is equivalent to 28-0 per cont moisture in this soil; the 
wilting point of 15 bar is at 26-0 per cent so1l moisture. Soil 
at the root zone haa about 2 per cent less moisture than at 
the plant butt.) The resulta in Fig. 1 were for unirrigated 
plots, but even in adjoining plota receiving weekly irriga- 


_tions to keep the soil moisture in the range 29-88 per oent, 


the phenolics curve showed & marked tendency to mirror 
tbe changes in tho soil moisture curve from week to week. 

It will be seen that the relationship is not merely a 
reflexion of tissue hydration under varying moisture 
stress. ‘The phenolics calculated to a dry weight basis 
also show an inverse correlation with soul moisture (Fig. 1). 


Table 1. CORRELATION OF SOIL MOISTURE WITH PHNNOLIOS IN Sr TIANUE 
OF PINEAPPLE PLAXTS OR CROWES (OAHU, Hawa) 


No. of 
Bampling period Feld r* rt observations 
Days 211-343, 1053 A —0 41 —0-93 9 
Days 204-338, 1057 A —0 40 —0-76 l0f 
Days 120-301, 1058 B —0 87 — 0-60 14 
126—301, 1058 e —004 — 0-54 ?4 
Days 118-216, 1058 A -061 —0-01 16 
(crown ) 


* Oorrelation coefficient, phenol; versus soil moisture. The Feld B 
resulta are those shown m fig. 4. 

Oorrelation ooeffielent using soil motsture results two weeks previous to 
t Using an othyl acetate extract; other phenolics analyses wero on 
aqueous extracta. 


This observation of & close relationship between soil 
moisture and hydroxy-cinnamio acids in the growing point 
of the pineapple has been confirmed in experiments over 
several years (Table 1). In the first two experiments, 
covering a later period of the year than the 1958 testa, 
there seemed to be a lag of approximately two weeks 
before a change in soil moisture waa reflected in the tissue 
phenolics content. When the correlation was for 
phenolics versus the soil moisture two weeks previously, 
the correlation coefficient was found to be — 0-98 and 
— 0-76 for the 1953 and 1957 experiments. In 1958, the 
best oorrelations were without the lag period in the soil 
moisture effect. In one teet (Field OC), an early wave of 
flowering occurred in early September. A good inverse 
correlation of — 0-80 prior to flowering (17 samples) failed 
to hold once flowering was obeerved; the final seven 
observations showed a correlation coefficient of only 
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-- 0-18 for stam phenolice versus soil moisture at the time 
of plant harvest. i 

Table 1 also gives the resulte of an investigation conduo- 
ted by Dr. V. L. Singleton of these laboratories in which 
phenolics in the stem tissue of crowns of fruiting plants 
were i Even here we find the same inverse 
correlation with soil moisture which was observed for stem 
tissue of vegetative planta. 

A similar correlation with other variables in the environ- 
ment of the plant was not obteined. For example, radis- 


t +0-09. 
tion from & standard Weather Bureau pan is 
closely related to sunlight in pineapple areas.) 

Owing to & change in programme, I shall not 
be able to extend these observations to ascertain their 
significances in plant growth. It is hoped that reporting 
the available resulte at this time may interest other 
workers in determining whether tissue phenolics are 

ive to soil moisture-levels in other plante, and 
whether growth effecte such as flowering may be associated 
with the interrelationship reported here. 

This artiole is published with the approval of the Direc- 
tor of the Pineapple Research Institute. I thank A. Fo, 
Martha Kent, Laura Aono, C. Farden and Nellie Oshige 


gee i WELLE A. GQOBTNAER 


Pineapple Research Institute of Hawaii, 
Honolulu, Hawaii. f 
1 Gortner, W. A., Kent, M. J., and Sutherland, G. K., Nature, 181, 630 (1958). 
‘Sutherland, G. K., and Gortner, W. A , Austral. J. Chem., 18, 240 (1959). 
3 Gortner, W. A., and Kent, àI., J. Biol Chem., 204, 503 (1053). 
‘Gortner, W. À., and Kent, M J., J. Bool. Chem., $33, 781 (1958). 


Occurrence of Dormant Ascospo res in Soil 

Waxour! reported that steaming was a simple selective 
method for isolating Ascomycetes from soil. method 
used, however, gave little indication of the temperature at 
which most soil fungi are killed and at which Ascomycetes 
survive. With the development of equipment by which 
steam—air mixtures at various temperatures may be 
obtained’, it was decided to remvestigate the heat 
tolerance of Ascomycetes in soil. 

Initially several soils from tropical Australia known to 
contain high populations of Ascomycetes were used. When 
soil plates* were prepared from samples of these soils 
steamed at temperatures between 50° and 75° O for 80 min, 
it was noted that the number of colonics of some Asco- 
myvetes was markedly higher than in plates prepared from 
unheated soil. Since the numbers of colonies on different 
soil plates are not strictly comparable the experiments 
were repeated using the soil dilution method. 

An aliquot of soil (2-5-5-0 g) was added to a water blank 
to give & dilution of 1 : 100 and, after shaking, 1-ml. 
portions were placed m a series of Petri dishes. The bulk 
soil suspension was then heated in a water bath at 60° O 
for 80-min; immediately after ita removal farther dilution 
plates were made. All plates were poured with “Dox’+ 
yeast agar containing 80 ug/ml. streptomycin and 2 ug/ml. 
aureomycin to prevent growth of bacteria. 

The resulta of an experiment with & grey-brown loam 
(soil A) from Koolpmyah, Northern Territory, Australia, 
are given in Table 1. 
obtained after heating that this treatment stimu- 
lates dormant spores ın soil to germinate. Here we follow 
Gottlieb’s definition’ of a dormant spore as one which 
“does not inate under the same nutritive and environ- 
mental influences which- later allow production of germ 
tubes”. Examination of the pro of yo 
colonies developing on plates prepared heei-tree 
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goil showed that in many cases the previously dormant 
fungi were growing from ascospores. While dormancy in 
ascospores, icularly of certain coprophilous Ascomy- 
ocete, is well known’, so far as we are aware dormancy of 
this type has not previously been considered in relation, 
to soil fungi. : 

Since ageing is known to induce dormancy‘ and tho soils 
examined had been stored dry for 10—20 years it is possible 
that the observed dormancy was a result of drying and 
storage, and might not occur in spores in normal, moist 
fold soil. 

Testa were made on moist soil immediately after removal 
from the field but here dormancy could not be so simply 
demonstrated. The number of propagules of many 
Ascomycetes in soil is low. This means that plates 

at dilutions appropriate to record Ascomycetea 
are crowded with colonies of other fungi. While the heat- 
treatment used kills many i, allowing Ascomycetes to 
be easily seen, plates p from unheated soil are so 
crowded that it is difficult to decide whether laok of 
colonies of an Ascomycete implies its absence or only ita 
suppreesion by the numerous other organisms present. 

In attempts to overcomes this problem various selective 
media, inoluding an Actidione medium’, were tried. None, 
however, proved of use for the organisms being studied. 
It was then decided to investigate the use of ethyl aloohot 
as a selective agent. Many Ascomycetes survive when soil 
is immersed in ethyl alcohol, whereas most other fungi are 
killed by this treatment*. In subsequent experiments 3:5 g 
of soil was immersed in 60 per cent aloohol for 6-8 min, 
then soil and alcohol added to a water blank to give a 
dilution of 1 : 100 (and an aloohol concentration of lees 
than 1 per cent). Preparation of dilution plates and heat. 
treatment were then carried out as previously. 

The resulta of a test with moist soil from a forest nursery 
at Belair, South Australia (Soil B), are given in Table 1. 
Aloohol-treatment reduced the number of colonies in thia. 
poil from 300,000 to 2,000—8,000/g; many of the alcohol- 
resistant fungi were Ascomycetes. The resulte in Table 1 
show that although certam fungi were killed by the subse- 
quent heating, this treatment stimulated others to germ- 
inate and increased the total number of colonies recorded. 

Fungi, the spores of which have given evidence of heat- 
activated germination, include some members of the. 
Bordarigoeae, Paid hey ee A. flscheri var. glaber, 
A. quadrioincius, P sum parvum, P. owellaneum, 
Anthracobia sp., besides other unidentifled Ascomycetes. 
(including further Discomycetes). The Discomyvetes 
isolated do not fruit on agar media, but fructiflcations were. 
obtained on blocks of plaster of Paris. Whilo most heat- 
activated spores are ascospores, in a few cases the propa- 
gule would appear to be some other unit (chlamydospore). 

Most experiments on heet-activation of spores in soil 
have been made at temperatures of 60°—-65° C for a standard 
time of 80 min. Temperatures as high as 85° O have been 
shown to activate spores but y, depending on the. 
fungus, such higher temperatures also kill some spores. ` 


Table 1. EFFECT or Haat TENATNENT or BOIL ON NUMBER OF OOLONIMA. 
or Fuxar ow Six 80L DILUTIOK PLATES 


2 sMO; of colonies 
Treatment Nu Heat NI Heat 
Boll A ( stored) 
T (a) aTi 0 14 0 
A 15 0 21 0 
A var. plaber 1 1 5l 
To o colonics 41 8 50 es 
Botl B (moist, froh) 
sp u 25 0. 
Thisigma (a) 5 0 6 0 
Spp. 33 18 20 8 
Humicols ap. 7 25 10 19 
p eei ` 15 25 1 22 
eperpilhis Ascheri var (aber 2 41 e 2 46 
Aspergillus Ascheri 0 9 0 15 
Ep 0 5 0 7 
Poir (Pyrenamyoete) 0 4 0 7 
as 0 3 0 3 
Total No. of colons 165 202 136 176 
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About half the soil samples so far examined have given 
some evidence of the presence of heat-activated dormant 


spores. 
J. H. Warnovur 
Waite Agricultural Research Institute, 
Private Mail Bag No. 1, 
Adelaide, South Australia. 
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3 Waroup, J. H., Netwre, 108, 117 (1050). 
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3 Warcup, J. H., Trans. Brit. Mycol. Soc., 88, 208 (1055). 
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* Waroup, J. H. (unpublished resulta). 
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Determination of Distribution of Water in 
Wheat Grains by Interference Microscopy 

Ir is of interest, especially in milling, to know the water 
content of different parte of grains, such as wheat. This 
communication describes a new method which permits 
the measurement of the water content with relatively 
high accuracy in every point of a microscopic section. 
The method is based on changes m refractive index of the 
tissue by water. The section is immersed in mdane, 4 
liquid with refractive index (np = 1-537) similar to that of 
the dry tissue (np = 1-53) and photographed in an inter- 
‘ference microscope (Leitz) adjusted to give fringes in the 
field. Afterwards, the preparation is completely dried $^ 
vacuo (0-1 mm mercury,-96° O, 3 h), re-immersed in the 
liquid and ph phed sgain in the interference micro- 
soope. The shift of the interference fringes (Fig. 1) 
between the two photographs, 9,-~, (where o, the 
optical retardation, = fringe distance x wave-length), 
enables the calculation of the water content in the follow- 
ing way: the amount of water per unit area fs is given by 
m, d:p, where d is the optical path length of water and 

ite density (1:00), Bo that m, — d. Binoe the shift of the 
Lingen: - 


ad ; = PPa 
PPa (mna), m» ^r e 
where n, is the refractive index of the immersion liquid and 
^. that of water. 
Since the value m, depends on the section thickness, 
itis, in general, advantageous to relate the water content to 
the dry weight of the tissue. Dry weight m per unit area 


may be expressed in the form m= (ref. 1), where ọ is the 


optical retardation produced by the tissue. ys» for gram 
sections containing mainly starch in water is 0-14 om3/g 
(ref. 1). In our experiments the sections are immersed in 
indane with a refractive index of np=1-587. The oorre- 
sponding yı is obtained by measuring the optical retarda- 
tion of a section in water (p,) and ın indane (g,) (dried 


section); xı is then KAY — 0-20 om*g! Thus the water 


3 

content as a peroentage of the dry weight can be repre- 
sented by: 

Me 100 = PPa X 100 = 22, 911 

m Tuus Pa Pa 

Beet resulta can be obtained with sections 20—40 

thick made on a sliding microtome with an inclined knio 
&t &bout 80? frem the cutting direotion. During seotioning 
the grains and the sections are oovored with indane. Since 
this liquid is lipophilie, it prevents loss of water during the 
cutting and measuring processes. In order to obtain good 
penetration and efficient drying of the sections a volatile 
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liquid has been chosen. Of all liquids tested mdane has 
been most successful. Experiments have been performed 
to assess movement of water during sectioning and measur- 
ing. If the whole procedure is carried out within 10 min, 
no such movements oan be detected. 

With experimenta, in which sections of wheat and wheat 
meal are exposed to air containing different amounts of 








g. ptak of water in aiibryo egere (O), aleuron Tayat: (>) 
whoai grams. Water conten 
the average value 
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moisture and then checked on water oontent with the 
interference microscope or by weighing, respectively, & 
good proportionality between 9,7: and m, oould be 

FA. : 

The accuracy of the method depends mainly on the 
accuracy in determination of the shift of the interference 
fringes, which in turn depends on the evenness of the 
sections. In good sections the fringes can be estimated to 
0-1-0-2 fringes distance, corresponding to a water content 
of 1-2 per cent, nearly independent of the water content 
up to 30 per oent in the endosperm and 120 per cent in the 
germ. This fringe distance also determines the lower 
limit of detectable water. 

In Fig. 2 the rate of uptake of water of different tissues 
in Ramona wheat grains is shown. The grains have been 
exposed to air saturated with water at 20° O. The water 
content is always highest in the germ (measured im the 
scutellam). Until about 10 h the water content in the 
aleuron layer is higher than in the starchy endosperm. 
After that time the water content of the aleuron and 
starchy parte approach the same asymptote. The distri- 
bution of water within this tissue is nearly equal through- 
out the whole grain. 

This work was supported by the Buhler Brothers, 
Uxwil, Switzerland. 
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Possible Relationshi 


between Photosynthesis 
and the Rise in 


espiration in Diseased 
Leaves 


SwvmRAL investigations, most recently reviewed by 


in infected leaves, indicating that the hexose monophos- 


phate shunt is enhanced. The i ies of the O,/0, 
ratio for ining the magnitude of operation of the 
shunt have recently streased*. 


The cause of this increase in respiration is unknown. 
However, ib was obeerved* that there was little or no 


oF NOX-INFBOTED INFBOTED Leaves oF HARLEY 
144 H AFTER INOCULATION WrTH N. graminis YAR. hordei 
activities 
thesis port gti (mmoles substrate utilized/ 
mg fresh fresh - 
Tissue weight/h) weight) Aldolase diaphorase 
Non-Infeoted 1,003 106 5-00 40 
0-71 0-96 25 


Table 2. BATE OZ RESPIRATION OF LEAF SEGMENTE, AWD 
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increase in the respiration of etiolated barley leaves after 
their infection with Erysiphe graminis var. hordes (powdery 
mildew) ea as yo increased as much as 800—400 
per cent in inf green barley leaves. A possible 
explanation of this observation is that the increased 
respiratory rate is related to changes in photosynthesis. 

To determine whether the rate of photosynthesis as well 
as the rate of respiration changes in infected green leaves, 
the rates of both these were measured in infected 
and non-infected leaves of & barley variety highly sus- 
ceptible to E. graminis var. hordei. At the same time, the 
activities of various enzymes catalysing both photosyn- 
thetio and respiratory réactions were compared in homo- 
genatea of green leaves. Further, the activities of various 
respiratory enzymes were measured in homogenates of 
infected and nan-infected etiolated barley leaves. 

- Seeds of barley, variety Manchuria, highly susceptible 
to infection by Æ. graminis var. hordei were sown in pota of 
soil in & controlled growth room. The temperature was 
10+2° F. The green plants were illuminated with 20,000 
tox of white light for 16 h/day. Five days after sowing 
when the first leaf was about 2 in. high some of the planta 
were inoculated with spores of E. graminis var. hordei’. 
At various times thereafter both inoculated and non- 
inoculated leaves were harvested for determination of 
photosynthetic and Pea ipid rates and enzymatio activi- 
ties. Photosynthesis by leaf segments was determined 
manometrically by measuring oxygen production during 
illumination at 259 O. The concentration of carbon dioxide 
was maintained at 1 per cent by the use of a ‘carbon 
dioxide-buffer". Respiratory rates of leaf segments were 
determined manometrically by measuring o oon- 
sumption in the dark. Leaf extracts for enrymatio aseays 
were prepared as described elsewhere’. The following 

were sasayed in extracts of barley leaves by 
continuously recording the progress of the reaction using & 
Cary hotometer, isocitrate deh , glu- 
ocoee-8-phoephate dehydrogenase,  6-phoephogluoonate 
dehydrogenase, enolase, aldolase, NADPH-diaphorase, 
NADH: o reductase. 

Measurements of photosynthetic rates, chlorophyll 
contents, aldolase and NADPH-diaphorase activities in 
non-infected and infected barley leaves 144 h after inoou- 
lation are given in Table 1. At this time not only is the 
over-all rate of photosynthesis in infected leaf segments 
decreased when compared with non-infected leaves, but 
also the irc DRE P and the activities of aldolase 
and NADPH-diaphorase. In photosynthetic cells most 
of the aldolase and NADPH-diaphorase activities are 
localized in the *.14, These observations show 
that there is a destruction of the chloroplast in infected 
leaves. 

Table 2 gives results obtained for the rates of respiration 
and the activities of various respiratory enzymes of green 
barley leaves 144 h after inoculation. In the infected 
leaves the respiratory rate is about three times higher 
than in non-infected leaves. The activities of glucose- 
6-phosphate dehydrogenase and 6-phoephogluoconabe, de- 
hydrogenase are considerably higher in homogenates of 


ACTIVETIES IK HOMOGENATES OF NON-INFECTED AND INFACEED GREEN LEAVES OF BARLEY 


HorsYuatr0 
144 H AFTER INOCULATION wren M. graminis VAR. hordei 


Glneose-0-phoephaie 6-phosphoginoconate NXADH-eytoohrome 
These (Op eget Hy debydrogenase dehydrogenase Mnolase reduotase 
Non-infeeted 19 0-49 0-13 0-84 101 0-65 
Infected T3 1-00 0-43 0-87 101 0-51 


Table 3. RATE or RBMPIRATION IN Lair SEGMENTS, AWD 
LRAYES 144 M AFTER 


OF MOX-DNFBOTED AXD INFECTED MIOLATED BARLEY 


Hnxymatie activities in leaf . 


(moles substrate utilised /min/g weight) 
ar oonsumed/ g ainsate. e- NADH- 
fresh phosphate Isociírate eytoohrome o 
Tease weighivh) Aldolase Enolase dehydrogenase Teduotase 
Nondnfeoted 12 0-230 021 1-08 0 69 “O31 0-021 
Infected 14 0-270 0-18 1-38 - 0-65 0-30 0-027 
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infected leaves compared with non-infected ones. On the 
other hand, there 18 no change in enolase, isccitrate 
dehydrogenase and NADH-cytochrome c reductase 
activities in the infected leaves. These findings indicate 
that the increased respiration in these diseased leaves 1s 
mediated through tho hexose monophosphate shunt, 
rather than through the Krebs cycle. Time-course 
experiments disclosed that the onset of these respiratory 
changes coincided with the decrease in photosynthotic 
activity. 

The resulta with green leaves may be contrasted with 
those obtamed with barley leaves which were kept in 
continuous darkness to suppreas the development of a 
photosynthetic system. Although the growth of the infect- 
ing f on these leaves & to be normal, the infected 
leaves do not show a signi t rise in respiration nor an 
morease in the activities of enzymes of the hexose mono- 
phosphate shunt when compared with non-infected leaves 
(Table 8). 

These expermnente are consistent with the hypothems 
that the hexose mondphosphate shunt plays a major part 
in mediating the increased respiratory rate of grean barley 
leaves infected with E. graminis var. hordei. The fact that 
this morease in respiration is evident only when photo- 
synthesis is decreasing, coupled with the observation that 
respiration is not increased in infected etiolated leaves. 
suggesta that in this highly susceptible variety the decrease 
in photosynthesis and respiratory rise are related. Binoo 
both photosynthesis and the hexose monophosphate shunt 
are major metabolic sources of NADPH, one possibility is 
that the inoreaso rn respiratory activity is tied to a loss of 
capacity to photoreduce NADP. 

This work was carried out under the auspices of the 
U.S. Atomic Energy Commission. We thank Dr, J. 
Moseman, U.S. Department of Agrioulturé, Belteville, 
Md., for supplying the barley seeds and E. graminis. 


K. J. Soorr 
ROBERT M. Suri 
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Concentration of Carbon Dioxide inside 
Leaves 


Durna photosynthesis, the concentration of carbon 
dioxide in the intercellular spaces of a leaf, [OO,]int, 
determines the flux of carbon dioxide into the leaf if 
stomatal apertures and external concentration remain 
constant. Previously [CO,hnt has not been estimated 
during photosynthesis but has been equated with the 
external concentration at which photosynthesis ceased. 
Our object was to estimate [CO,]ing during active photo- 
synthesis. Gabrielsen! found the minimum to which 
many plants would reduce the concentration of carbon 
dioxide in a closed system to be 100 p.p.m. by volume 
and concluded that [OO;] n; was also 100 p.p.m. Heath? 
arrived at the same conclusion. He drew air through 
leaves with pbrometers, varied the flow-rate and carbon 
dioxide concentration in the incoming air, and measured 
the carbon dioxide in the air leaving the leaf. Regardless 
of the rate of flow of air or concentration of carbon 
dioxide, the exhausted air contained about 100 p.p.m. 
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carbon dioxide. Similar resulta were obtained by passing 
air over leaves at slow flow-rates. ý 

The minmum concentration of carbon dioxide in a 
closed system or in & porometer system as used by Heath 
gives the oonoentration inside the leaf only when there 
is no net photosynthesis. This seldom occurs in normal 
outdoor conditions. 

Carbon dioxide moves from the atmosphere to the 
surface of oells inside the leaf by turbulent transfer and 
diffusion to the leaf surface and by diffusion alone 
through the stomata and substomatal cavities to the 
internal oell surface. The process can be described by 
the equation: 
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LOOsJe — [COshnt 
i fa,001 + fs,001 a 
where P is the net photosynthesis or uptake of carbon 
dioxide, [OO,], and [OO,]i are the concentrations of 
carbon dioxide (g/om*) in the external air and at tho 
internal cell surface, ra,00, is the reaistance of external 
air, and r,, 00, ia the resistance of the stomata and internal 
air to flow of carbon dioxide. We emphasize that [COslint 
is at the surface of the oells inside the leaves, not at 
the site of carbon dioxide utilization. 

Water is transpired from cell surfaces inside the leaf 
and escapes along the same path which carbon dioxide 
travels as it enters. Transpiration can be described by 
a similar equation: 


[H40]mt — [H,O]. 
T =a = 
Ta, H,O + f3, H0 (2) 
where T is transpiration, [H,O}mt and [H40], are concen. 
trations of water vapour (g/cm!) in the air at the internal 
cell surface and in the external atmosphere, and rsg,o 
and r,,4,0 are the resistances of air and stomata to water 


vapour movement. Gaastra’ found the ratio of et 
a, 
in & system that included turbulent air to be about the 


same a8 12 the ratio of the diffusion ooefficiente for 
00 


water and carbon dioxide in air. Since the diffusion path- 
lengths through the stomata are identical for water and 


carbon dioxide it can be shown that 14,00, + 14,00 


fa,H,0 + fs,H40 
equals pie. Therefore, solving equations 1 and 2 
simultaneously for [OOs]m yields: 


[Orla = [COsle — (4) (52°) tron. — r8.09. (9) 


The right-hand terms of equation 8 were measured with 
corn plants actively assimilating carbon dioxide. Thus 
we could estimate [CO,]mt during active photosynthesis. 
The planta were in & 40 am x 40 om x 50 om trans- 
parent chamber. This chamber was illuminated by seven 
300-W incandescent spot lamps, partially immersed in 
water to remove sensible heat and infra-red radiation. 
The [CO,]. was measured by means of an infra-red gas 
analyser coupled with an adjustable range, adjustable 
rero recording potentiometer. Whenever [CO,], fell to a 
pre-set level, moasured quantities of carbon dioxide were 
automatically metered into the chamber to maintain the 
desired concentration + 10 p.p.m. The meter values 
gave P. The [H,O]. was measured by means of an electrical 
hygrometer and controlled at 6-2 x 10+ g/ecm? within 
+01 x 10-* g/am* by condensing water on a cold coil. 
The condensed water was measured and gave 7. The 
temperature of the leaf was measured by means of a 

thermocouple inserted in the leaf and a temperature 
of 20° + 0-1° O was controlled indirectly by heating the 
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Concentration of carbon dioxide at the Internal cell surface, 
f as a funetion of the concentration in the atmosphere, [COrls 


air. Tho [H,O}ni was assumed equal to the saturation 
vapour concentration at leaf 

‘The illumination on a horizontal plane was 10,000 ft.- 
candles at the top and 6,500 ft.-candles at the bottom 
of the corn shoots. The concentration of carbon dioxide 
in the atmosphere, [00,]., was maintained at 8, 100, 200 
and 400 p.p.m. and T' and P were measured at each 
concentration. [OOghnt was calculated and is shown in 
Fig. 1. Each point in Fig. 1 waa calculated from the 
average of six consecutive 10-min determinations of T 
ange P after a steady-state was reached. 

Ag expected, the concentration of carbon dioxide inside 
the leaf increased as the concentration in the atmosphere 
increased. However, the increase in [OO,]}int was 
not directly proportional with increasing [CO,]. because 
stomatal resistance changed with changes in carbon 
dioxide concentration. Measurements of the stomatal 

apertures were taken by means of silicone rubber re- 
plioes*. At 8 p.p.m., 100 per cent of the stomata had an 

width greater than lu. At 100 p.p.m., 70 per 
cent; at 200 p.p.m., 26 per cent; and at 400 p.p.m., 
only 12 per cent had apertures that large. In Fig. 1, 
[CO,gkns varied from 8 to 240 p.p.m. as [0Q,]. changed 
from 8 to 400 p.p.m. 

Thus the concentration of carbon dioxide inside leaves 
is determined by the concentration difference and a series 
of resistances in the pathway from the atmosphere to 
the point of enxymatio fixation. Since both concentrations 
and resistances at different pointe in the pathway change, 
it is unrealistic to speak of a single concentration of car- 
bon dioxide inside a leaf during photosynthesis, exoept 
under carefully specified conditions. In a steady-state, 
however, the concentration at the internal cell surfaces 
can be determined experimentally by a simultaneous 
measurement of photosynthesis and transpiration; or in 
the special case, when photosynthesis ceases because of 
low concentration of carbon dioxide, the concentration 
ingide and outside the leaf will be the same. 


Data N. Mose 
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Niacin Content of Coffee 


Ix a recent communication! A. Carvalho quoted some 
results of determinations of niacin in samples of coffee 
beans, which indicated variations in niacin content 
according to whether the coffee was grown with or without 
shade, and Becordinig to whether the ‘cherries’ were sun- 
dried or de-pulped before 

These results, which vary from 0- 160 to 0-400 mg/g, are 
of the same order as the previously published values for 
roasted ooffee*-5, and Carvalho has since informed me that 
they were in fact made after the samples had been roasted 
in a amall electric roaster, to an intensity & little leas than 
that of & type called Italian roast (namely, a high roast). 
Due to an omission this point was not made clear in his 
letter. 

The production of nicotinic acid (namely, niaom) by the 
decomposition of trigonellme during the roasting of cuffee 
has been demonstrated}, the nicotinic acid content thereby 
increasing to up to 10 times the amount present in the 
raw beans. The effects of conditions on niacin 
content of roasted coffee therefore outweigh variations 
in niacin content of the raw beans, and the trigonellme 
content of the raw beans appears to be a deciding factor. 
It would therefore be interesting to know of the effects of 
growing and processing conditions on the trigonelline 
content of coffee beans. 

Similar considerations t also apply to the pro- 
duction of pyridine (one of the constituents of coffee 
aroma), which also is formed by the decomposition of 
trigonelline during roasting*. The effects of and 


processing conditions on trigonelline content wo be 
expected to have a bearing on flavour differences in roasted 
coffee. 


R. F. Suara 


Fluorescent REOR in Biological 


Ix view of the prevalent use of fluoresoent lighting 1n 
‘many types of biological research (for example, refs. 1 and 
2), it is felt that the folowing observations may be of. 


wave-length discharge induoes & visible radiation from the 
phosphor coating of the tube walls. During research on 
another topic’, we observed emission from a typical 
daylight tube at 813, 334 and 366 mp as well as in the 
visible spectrum. It was further shown that the glass of 
these tubes, 1 mm in thickness, transmitted over 60 per 
cent of the incident radiation at 310 mz. 

It has been shown that ultra-violet of 318 mp is muta- 
genic in Drosophila‘ and it is generally known that light of 
this wave-length causes damage to tissue: while the ultra- 
violet incident on a surface more than 1 m from a 40-W 
tube is far lees than that from summer noon sunlight, it is 
worth noting that it is common to place the fluorescent 
tube inside the cage or incubator and to leave it running 
continuously. This may seriously affect experimental 
results. 

Most of the tubes also radiate strongly at 405 and 486 mu. 
and while this radiation may nob be dangertus to living 


` material, ib may socelerate degradation and bleaching of 


various of the more labile animal pigmente; this may be 
of signifloanoe when it is considered that the radiation from 
most types of daylight fluorescent tubes is at least five 
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times and may be over ten times that from a 100 W 
tungsten lamp at 400 for the same radiation at 540 my. 
Museum curators maid this to be of interest. 

One of us (H. C. B-C.) is supported by U.S. Public 
Health Service grant No. B.1283. 


R. Soorr 


Department of Dairying, 
H. O. Bawwet-Cianx 


Department of Physice, 
University of Reading. 
! Btrangeways Dixon, J., J. Exp. Mhol., 38, 225 (1961). 
* Harris, R. L., Nature, 196, 191 (1902). 
"Soott, R., Deiry Bugineermg, 79, 347 (1902). 
‘Lea, D. B , Actions of Radiations on Taping Calls (Oamb. Univ. Prem, 1946). 


MICROBIOLOGY 


Bacterial Growth at Low Population. 
Densities (II) 

IN a previous communication}, the possible influence of 
low population densities on the growth of Spirillum serpens 
under steady-state conditions (lactate growth limitmg) 
was I6 Qualitative evidence was given by the 
fact that the inhibition of growth at low concentrations 
of the limiting nutrient entering the chemostat was partly 
removed by lowering the concentration of dissolved O: 
or the addition of ascorbio acid to the medium. It was 
suggested that the reducing power of the cells becomes 
growth limiti in the system when the population density. 
[ADS coi cies Additional data have been" 
collected to substantiate ics E ae i B . 

ing the -state, population density (x) isa 
eae cud of the limiting nutrient 
entering the chemostat (s): c—y (e —4), where y is the 
yield coefficient and s the concentration of the limiting 
nutrient in the chemostat*. After direct determination of 


ea T 


Ws, 
ae ? j 
% 
E 0-30 Jb / l 
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$, (mg lactate/.) 


Yield coefficient (y, plotted the conrentratton 
a tis Gore ote mie toes ane culture (chemo- 
stat) of Sypíríum serpens 
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x (ref. 2) ands (with DPN and lactate dehydrogenase*), the 
decrease of growth observed in the presence of a 
& was calculated at tho expense of the yield coefficient: 


La "i The maximum growth rate (umax) and the 
pem 


saturation constant (K,) were the same as given in ref. 2. 
The dilution rate (D) was 0-5 mar. 

In Fig. 1, y, has been oaloulated on assumption that 
s stays constant at the given dilution rate (4252:2 mg 
laotete[l). Direct determination, however, showed a 
definite increase of s when s, was decreasing below 50 mg 
lactate[l. This apparent waste of the limiting nutrient 
suggests an inhibiting effect upon the uptake and invali- 


dates the definition of s K,— —DP —.. (ref. 1) at low values 
Umax — D 


of s, in the present case. If the actual data of s are used in 
the calculation, y shows a slower decline as compared. 
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of y, and y, demonstrates the Marea os 
y & popu- 


vironment. This effect is independent of a yiold-affeoting 
endogenous respiration or maintenance motaboliam. 

This work was supported by the Deutsche Forschungs- 
gemeinschaft. 
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Lysogeny in Alcaligenes faecalis and the 
ost-range of A. faecalis Bacteriophages 

Eramry.srr strains of Aloaligenes fascalis were investi- 
gated. Five of these were N.O.T.C. cultures. The remain- 
ing strains were isolated from fæces and correspond to tho 
description in Bergey's Manual of Determinative Bacteri- 
ology’. Media adopted were those previously? used. 
Lysogeny was investigated by growing organisms singly 
and in mixtures in broth for 10 days and by ultra-violet 
induction. These methods have been described!. Thirty 
of the organisms proved lysoganio for one or more of the 
86 strains. Thirteen strains were inducible by ultra- 
violet light. Moore and Pickett*® investigated 40 strains of 
A. faeoalis-like organisms and found 3 of them to be 
lysogenio for other members of the group. 

Attempts were made to isolate phages active on A. 
fascalis from sewage by the enrichment technique of 
Adams‘. Twenty-three phages were isolated in this 
manner. Phages were purified by repeated single p 
isolations. Lysates were stable when stored above 0-1 vol. 
of chloroform. 

The host ranges of the 53 phages were investigated by 
spotting drops of lysates (plaque-forming titres about 
l0*/ml.) on y poured lawns of the 86 strains of 
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A. faecalis and 110 Providenoe and Proteus cultures 
previously* used. A large number of Escherichia colt and 
Pseudomonas aeruginosa as well as Shigella and Salmonella 
Spp. were also used in these experimente. Apart from 
their action on A. faecalis which enabled all 58 phages to 
be differentiated from one another, ica i aia i 
ductively lysed one or more of 4 Proteus vulgaris strains, 
14 P. mirabilis, 2 P. rettgeri and 6 Providence strains. Two 
of these 5 phages were isolated from lysogenic strains of 
A. fascalis and lyse P. retigers N.O.T.O. 7480 and 7481 and 
Providence strain N.O.T.O. 9269. The remaining 8 phages 
(isolated from sewage) each lyse at least one strain each of 
P. retigeri, P. vulgaris, P. mirabilis and Providence. 
Organisms able to support the growth of & particular 
bacteriophage are considered* to be closely related and 
these resulte support previous findings’ of relatedness 
between members of the Proteus group and between the 
latter and Providence organisms. With certain Pasteurella 
perie phages T e eE p ed cd er distino- 
tion of being able to attack members of two families. 
This work was aided by grants to one of us (J. N. C.) from 
the South African OCounail for Scientific and Industrial 
Research. i 
I. J. MARÉ 
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Interspecific Recombination in Streptomyces 


GmwurIO recombination of Strep was first 
reported by Sermonti and Spada-Sermonti in 1955". By 
crossing different nutritional mutants of Streptomyces 
coelicolor various auxotrophic and prototrophic types have 
been obtained. 

Several authors have obtained true recombination by 
crossing different mutant strains of S. coeMoolor*. More- 
over, recombination of different nutritional mutants of 
the same species have been reported for S. mmosus', 
S. fradias‘, and S. griseofiavus*. 

In this work recombination experiments have been 
carried out with mutanta of the f ig species of 
Sireptormyoes: S. rémosus A.T.O.C. 10910, S. aurofactens 
A.T.0.0. 10762 and S. coelicolor 1.8.8. 

Nutritional mutants of S. rimosus and S. aurofaciens 
were obtained by ultra-violet radiation using the replica 
plating technique. Mutants of S. ooeloolor were kindly 
supplied by Prof. G. Sermonti, Istituto Superiore di 
Sanita, Rome. Nutritional mutants were used because 
of their stability and suitability for recombination. 

Two parental strains have been inoculated together on 
slants of complete medium, and incubated four days at 
30° C. Collected conidia were in sterile water, 
filtered through a cotton filter in order to ramove hyphal 
em and clusters of conidia, and seeded on selective 


e number of recombinant colonies recovered in 
various experiments is reported in Table 1. 

Reoombination has been obtained in all the inter- 
specific croases examined, namely, S. rimosus x S. coeli- 
color, S. rimosus x S. aureofaciens and S. aureofaciens x 
S. coelicolor. Recombination rates ranged from about 
10-* to LO Aecorving to. the: various: sbrama usod and the 
selective plating media. 

Considerable changes in pigmentations of iossbdts 
were observed in the progeny of crosses S. rimosus x 
SS. coelicolor, ing from cream-white colour (S. rimosus) 
through grey, pink and red, to strong blue pigment (S. 
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Table 1. IWTERSPBOIFIO RECOMBINATION IN Streptomyces 
No. of spores Supplements to Ko. of recom- 
plated bimants 


mintmal 
Orosses per dish medium recovered* 
S. rimosus x 3, coteotor 
Ml arg x M10 his 12 x 10° 12 
013, BTR 
Mlarg x M15 arg i x 10* — 9 (45 
Mi arg x M10arg 5 x 10* — 7 (80 
M3 nio x M13 met phe str 2 x 10* ime (s) 
6 
348 arg hi x M13 met phe str 5 x 10* Ea 10 
21 
HIS, PHA u 
ARG 528 
ARG, MET 632 
MB arg x M17maiargade 4-5 x 10* — 1(114 
HHT, ARG 1 (188. 
HIS, ADE 2 (140. 
S. rimosus x S. exeeofüolens 
Mihis x M6 met 5 x 10* —* 0 
M9 his x M6 mei 25 x 10* — 6 
S. x SS, oosloolor 
MB x M10 his 4-5 x 10° — 0 
Mö his x M13 met phestr 1 x 10* — 20 
PHE u 
HET 13 
ARG, ; HOS, histidims; ADE, adenine; PHA, pbeny H 
MT, + NIO, nlootinie acid; STR, cm, The same 
symbols in lelters Indicate t alleles for t of the growth 


faotor, or for resistance to the drug (str). 


* Moan values from 10 oonseontive assays, cach on 10 plates. The 
numbers in parentheses are small colonies. 


coelicolor), more intense than the normal oolour of this 
species. 

Arginineless recombinants were isolated from the oom- 
bination S. rimosus M8 arg his x S. coelicolor M18 met 
phe str. Prototrophio recombinants were obtained from 
one of three isolated strains oroesed with parent M13. 

The relevance of the interspecific croseds in Streptomyces 
from the taxonomic, as well as from the biochemical 
point of view, needs no emphasis. 

This work was supported by ‘PLIVA’ Pharmaceutical 
and Chemical Works, Zagreb. 

I thank Prof. V. Johanides, Zagreb, as well as Prof. and 
Mrs. G. Sermonti, Rome, for their advice. 
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A Medium for the Isolation of Streptococcus 
faecalls, sensu strictu 


During the course of an ecological survey of the fecal 
the need has arisen for a medium which is 
more highly selective for Streptococous faecalis than media 
devised for the enumeration of enterococci in general. A 
number of workers' have indicated that Strep. faecalis 
is the predominant streptococous (Lancefleld group D) of 
the gut of man, and that this species is relatively rare in the 
gut of animals. Hence a specific means of demonstrating 
this organism would be of some value to sanitarians as a 
means of asseasing human fecal pollution, at least in 
certain climatic regions’. 

Slanetz and Bartley have recommended an agar medium 
which is capable of recovering larger numbers of types of 
enterococci than media formerly used, and the efficiency 
of this medium is under investigation. It is chimed’ that 
strains of Sirep. faecalis may be distinguished from other 
enterococci, when grown on Slaneta and Bartley’s medium, 
by the reduction of 2,8,5-triphenyl tetrazolium chloride 
(TTC) to the formazan, thus producing dark maroon 
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colonies. Barnes’ has shown that the reduction of TTO 
is reliable, however, only at pH 6-0-6-2 and not at pH 7:2 
as in Slanetz and Bartley’s medium. 

In the present work, 201 strains of enterocooni, isolated 
on Slanetz and Bartley's medium from sewage effluent and 
river water, were Classified biochemically by conventional 
methods. More than & quarter of the 201 strains produced 
dark maroon colonies; but 41 per cent of this fraction 
were not ‘typical’ Strep. faecalis, as expected, but un- 
identifiable intermediate strains. Conversely, a number of 
colonies which were not maroon in colour were identified 
aa Strep. faecalis. It appears, therefore, that a reliable 
quantitative determination of this organiam cannot be 
obtained with this medium. 

Central to the problem is the exolusion of the numerous 
intermediate types which apparently are not of critical 
significance in demonstrating human fecal pollution. An 
attempt has been made to formulate a medium which 
will considerably reduce the number of ‘intermediates’ 
and facilitate the recognition of Strep. faecalis, sensu 
strictu. 

It was decided that the only satisfactory medium would 
be one that would select strains ing several 
characteristics of the organism, and not merely the one 
factor of TTO reduction. An agar medium incorporating 
four characteristics was devised, as follows: 

(1) Ability to grow at 45° O following 4 h resuscitation at 
37° 0. This technique has been successfully used by 
Burman with Slanetz and Bartley’s medium to eliminate 
many of the atypical strains encountered in water. 

(2) Abükiy to ferment sorbitol. Kjellander’ has shown 

this characteristic is also apparent in a large number 
of human-derived enterococci, but is encountered more 


rarely in animnal-derived strains. 
(8) Ability to decompose tyrosine. This is another 
characteristic of the species, particularly of human strains, 


-but in the medium described here the test is performed 
in & different manner from that originally devised by 
L] 


oe st dec. cel See above. 

The medium has the following composition: peptone 
(Evans) 10 g; ‘Yeastrel’ 1 g; sorbitol 2 g; tyrosine 
5g; Oxoid agar 12 g. These constituents are dissolved 
in 1 litre of distilled water and autoclaved at 10 Ib. for 
10 min. The pH of the medium is then adjusted to 6-2 
and 0-01 per cant TTC and 1 per oent thallous acetate 
added. An additional 4 g of tyrosine are also added while 


still hot to provide a suspension, so that decomposition of 





NATURE 


March 30, 1963 


tyrosine by a colony will result in the formation of a clear 
zone surrounding it. It is important to note that auto- 
claving is required to dissolve some of the tyroaine com- 
pletely, while the remainder forms the suspension. No 
other sterilization is neceasary. Plates are poured when 
the temperature of the medium is near the setting point 
so that a uniform ion of the undissolved tyroame 
is obtained. A shallow layer of the medium without 
added tyroame is poured first and allowed to set. This ie 
MM n arc nun aw ele edel e 

TOL He RUM Ne en en (ante ar 
37? Only uniformly dark maroon colonies, encircled 
by clear zones, are regarded as ‘typical’ (Fig. 1). The 
medium as devised may be used in conjunoctién with 
membrane filters, though in this instance the membrane 
is placed face downwards on the surface of the agar after 
filtration. 

The medium has been used successfully for the primary 
isolation of Strep. faecalis both from fæoes and from water. 
Particular attention has been paid to strains of enterococci 
other than Sirep. fascalts whieh aay ivo & false ‘positive’ 
result when grown on this medium. Of the 201 strains of 
enterococci isolated on Slanetz and Bartley’s medium, 26 
strams which fermented sorbitol were not identifiable as 
Strep. faecalis, From these 26 strains, only three also 
produced dark maroon colonies, of which two did not 
attack tyrosine. Henoe the proportion of false positives 
obtamable by the method described here, using the 
sorbitol/tyrosine/TTC medium, can be to be 
relatively low. An analysis of the fæces of eight animal 
species by direct plating on this medium reveeled only two 
strains which gave false itive results. 

I thank Dr. E. Windle Taylor, director of Water Exami- 
nation, for facilities provided for carrying out this 
work. 
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GENETICS 


Multiple Allelic Control of Chlorophyil b 
Level in Arabidopsis thallana 


Ix maize, the plant best known genetically, there are no 
viable chlorophyll 6 deficient mutante^*. Rdbbelen? 
described an Arabidopsis mutant devoid of this pigment 
which was, however, & lethal one. It has been reported 
that in barley only chlorophyll a ie neceasary for visbiity*. 
Among algae viable chlorophyll b-leee mutants are not 
infrequent’. Since chlorophyll b is & normal constituent 
of the photosynthetic apparatus of all angiosperms and 
ita precise role is little understood, viable mutants involved 
in the developmant of thia pi t are of interest. 

In our X-radiation experiments we obtained a few 
yellow-green mutants with reduced amount of chloro- 
phyll 6. Genetio tests have shown these to comprise a 
series of alleles. The locus (oh) has been assigned to our 
fourth linkage group with the followmg gene sequence: 
gi, xv, P, oh, pa. These ch mutants show fairly normal 
fertility and Mendelian inheritance. Detection of the 
chlorophyll b deficiency is easy. Good paper- 
chromatograms can be developed (solvent: 10 vol. 
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petrol ether-l vol. acetone) in 16-20 min at 5° O (Fig. 1) 
even from tissues weighing only a few milligrams. 

Two of the alleles are of special mterest: cht, which does 
not allow the production of any detectable amount (paper- 
chromatography, sugar-column chroma phy, spectro- 
photometry) of chlorophyll b, and ch, which determines & 
reduced amount of this pigment. The phenotype of the 
mutanta can be characterized by growth and pigment- 
content date (Tables 1 and 2). The size of the yellow- 
green planta is considerably reduced in comparison to that 
of the wild-type, but there is no difficulty in growing the 
mutants under the usual culture conditions. The appear- 
ote of these mutants (except for colour) is quite normal 

ig. 2). TE 

When light intensity is reduoed, the pigment content 
increases (on tissue weight basis), but still there is no 
chlorophyll b in ch}. The percentage increase of the latter 
pigment in ch? is comparable with that in the wild- : 
Apparently the reduotion of the amount of chlorophyll b 
in Arabidopsis ia not due to light destruction as obeerved 
in algal mutants by Allen’. 

ae to restore the normal chlorophyll b level by 
feeding the mutants on &n aseptic agar medium supple- 
mented with a variety of substances were unsuccessful. 
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of planta heterozygous for the locus, numerous ch sectars 
appear. These could be due to deletion of the critical 
segment of the wild chromosome, to mutation at the 
locus, or to non-disjunotion. The margin of the genetically 
different-timsues is clearly demarcated, ahowing that the 





Fig. 1 


A ATE z, bhlaropbyll «; b, chlorophyll 





- Fig. 2 Phenotype of wikl-type and mutants 
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Table 1. Bomo quantitative characteristics of wikikype and two ok miter 


grown in the to $ during day and JIlumtnated 
with 200-wat' sie prem ern mght. 20*-25° C. 
t mtenstiy, f. 
Fresh weight Dry weight Length of stem Xo. of buds, 
(mg) mg) (om) flowers 
wid 814-00 23-70 50-10 
060-13 7-13 1019 18-80 
oh 25 65- 2-06 6-35 10 00 
Table 2. Pigment content of wild-type and Ovo ot rte under 
iwo different light intensities te by the 
Ebb (ref. 3) 
Tor. Oaro- 
pigmen & 
b " 1 3 4 5 3:4 (3+4) 5 
* 
Sid 1,184 796 255 193 2-0 51 
ont 748 560 67 121 86 5-2 
E E i 508 416 0 93 46 
wat i 1,558 966 311 256 32 6-1 
a’ "a 1,058 815 93 150 8&8 e€1 
a 811 mı -Bt 99 : Til 
* Culture identical with indicated in Table 1. 


conditions thet 
a uj ium m a eni room af 30 O and 400 R.-oentiog Hint x 
t Negative value is due to technical error. 
immediate cannot diffuse from the wild-type 
sector to the mutant. 
Tl a does not seem to be 


mutant. Rather a decrease of oblorophyll a is found, 
which maj be an indication of their common origin. 

By means of lugol tests it was found that the absence of 
on starch syn- 


the role of this pi t are not applicable bero in spite of 
the fact that some ing data have been obtained 
with another is mutant’. 


It is possible that chlorophyll b has some stabilizing 
effect on the pigment system such as Allen* proposed, 
since all ch mutants aro lower in the total 


experiments with intact planta appear 
to support the suggestion of Arnon et al.” that chlorophyll b 
is involved in photo-oxidation. 

"We thank Drs. G. Y. Kikudome, E. R. Bears and Lotti 
M. Bteinitz-Bears for comments and correotions in tho 
manuscript. 
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‘CYTOLOGY 


Melosis in the Male Periplaneta americana 


details, but also much controversy**. It was therefore 
felt necessary to examine the locally available species of 
cockroaches with the view of undérstanding the intricacies 


z 
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of the problem. Absence of diplotene-diakinesis and 
chiasmata in meiosis in the male has been claimed and 
various explanations have been marshalled*t.*!*. But 
Lewis and John’-*, taking into consideration all the aspects 
of indirect ovidenoo, state that chiasmate might occur at 
the terminal ends of chromosomes and might terminalize 
rapidly. 

Our observations on Periplaneta americana collected in 
and around Mysore City show that at the stage at which 
premetaphase stretch is operating, we come across open- 
cross bivalents (Figs. 1. 8, 10), ring-bivalente (Figs. 2, 3, 6. 

7). rod-bivalents (Figs. 6. 7, 10), rod-bivalenta with two 


* à ne 
TE (0 Ww 


Figs. 1-5. Selected bivalents from different prometaphase figures 
(D Opec eo bivalent with s singio chiasma; Ma O s 
tvalente; (4) tetravalent m the form of a ring; (5) bivalent with a 
sub-terminal] association 


Q 
P h Whe 


6 


Tu. 6. ton inden Uy am MEE Mar witha a xigrag 
arrow). X one mde of the spindle. 
' EPOD EM bcn cement gestae 


not 


b 


bo oH 
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Fig. 7. Same as Fig. 6, except fur & chal: tetra valant showing sates. 


£4 Phy . 


8 
. 
Fig. 8. e P PITE NA S NNMERO 
termimalization of chiasma 


Fig. 0. A btralent from metaphases I showing two chiasmata in the 
long arm of the shromosoms 


Fig. 10. Metaphase I showing an open-eroes bivalent. Only 11 bivalents 
are shown 
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chiaam&te in the long arm of the chromosome (Fig. 9) 
bivalents with sub-terminal association (Fig. 5), tetra- 
valents in the shape of rings (Figs. 4, 6) and open-chains 
(Big. 7). These clearly indicate that chiaamata do occur 
and obviously for a very brief period. The pomt of 
special interest here 18 that the stages Lewis and John’ * 
have seen in the material treated with colchiome are seen 
in our untreated populations. 

As to the nature of chromosomes, an examination of 
the gonial metaphase chromosomes reveals that most of 
the chromosomes are sub-metacentric but & few are 
acrocentric (contrary to the observations of Sharma e£ 
al.2). The gonial metaphases show 33 chromosomes 
(2n — 824 +X). Of the 85 spermatogonial plates examined, 
3 of them distinctly showed 34, the extra chromosome 
being the smallest of the complement which perhaps 
represents a supernumerary chromosome. This becomes 
clear from an examination of early gonial prophases 
which show two condensed bodies differing in size: tho 
larger is X and tbe smaller is supernumerary chromosome. 
There is an appreciable condensation of chromosomes by 
the end of pachytene. Sharma e: al.*? do not believe in 
the db des condensation of the bivalente, but believe 
in the t condensation of bivalents at prometaphase. 
However, in this observation we conour with John and 
Lewis‘. In metaphase I. the X chromosome seems to 
orient itself on one aide of the spindle and always shows 
‘precession’; but in 2 out of 93 anaphase I stages examined. 
X showed lagging. 
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Negatively Stained Lipoprotein Membranes: 

the Validity of the Image 

Tua use of negative staining techniques in electron 
microscopy has recently been extended to the examination 
of lipoprotein membranes!. In view of present attempts 
to interpret data obtained by these techniques in terms 
of the molecular organization of the intact, hydrated 
membrane, attention must be directed to X-ray diffraction 
data which indicate that the dehydration of such lipo- 
protem systems generally leads to extensive reorganiza- 
tion of lipid and protein components. Freshly isolated 
preparations of red cell ghoete, mitochondria, and micro- 
somes (unpublished resulta) do not give any low angle 
diffraction bands but the dried pre tions all show a 
strong diffraction at about 60 A, which is suggested to be 
characteristic of an independent lipid phase. 

In the case of nerve myelin the detailed low-anglo 
diffraction pattern from the fresh nerve is interpreted in 
terms of a single diffracting phase in which the funda- 
mental repeating unit is the intact, hydrated lipoprotein 
layer, but studies of the effecta of air drying have 
revealed the formation of several independently diffracting 
phases in the dried specimen. These phases have been 
identified as a residual lipoprotein, cholesterol, and a 
residual mixed lipid. Although fixatives such as oamium . 
tetroxide and potassium te prevent the 
separation of independently diffracting unite during 
drying, negative stains such as sodium phosphotungstate 
do not, and the unfixed. negatively stained lipoprotein 


March 30, 1963 


preparation is undoubtedly a multi-phase system. This is 
confirmed by the low-angle diffraction pattern obteined 
from a saponin-treated preparation of myelm which has 
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mal distribution of dense spota 
demonstrated in negatively stained preparations of 
saponin-treated red oell ghoste by Dourmashkin e£ al... 


lipid phase, poesibly pure cholesterol, whioh has separated 
phase may, in fact, be formed. only during the 


hexagonal ] X 
been established. Meanwhile, it is essential that the 
electron microscopist who studies lipoprotein systems by 
negative staining techniques not involving the use of & 
fixative should be cautious in relating hia observations to 
the intact lipoprotein membrane, for in all probability he 
is looking at several different ‘breakdown products’ of the 
original structure. 

J. B. FINBAN 

M. G. RuuBBY 
Department of Medical Biochemistry and Pharmacology, 

University of Birmmgham. 
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VIROLOGY 


Inhibition of Enterovirus Ribonucleic Acid 
Synthesis by 2-(«- Hydroxybenzyl)-benzimidazole 

2-(a-HYDBOXYBENZYL)-BHNZIMIDAZOLE (HBB) is a 
specifio chemical inhibitor of enterovirus reproduction’. 
Examination of its mechaniam of action has shown that 
it prevents the production of the infective viral RNA 
of susceptible viruses’. These studies left open the question 
whether HBB in, fact inhibited the synthesis of viral 
ri lynuclectide strands, or merely vented viral 
RNA from becoming infective. A simple experimental 
approach to this question was offered by the finding that 
actinomycin D is a specific inhibitor of cellular RNA 
synthesis, but does not affect viral RNA syntheeis*. 

The virus-oell system used consisted of Coxsackie A9 
virus apu tiaras monolayer cultures of rhesus monkey 
kidney . A ooveralip technique’ was used, and RNA 
synthesis was by imoorporation df tritiated 
uridine, as follows: at intervals, cells were to 1-0 po. 
of tritiated uridine (specific activity 6-74 o. ) in the 
presence of 20 ug of thymidine’. Inoorporation was stopped 
after 15 min by fixation of cells in cold acetic alcohol 
(3 parta ethyl aloohol and 1 part glacial acetic acid). 
After 2 extractions with 5 per oent perchloric acid at 4° C 
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the samples were washed 5 times with water, once with 
aloohol-ether (equal parts) and twice with ether. The 
coverslipa were dried at 70° O for at least 2 h, placed on 
aluminium planchets, and counted in & windowless gas-flow 
counter. ` ES 

Tt was determined in preliminary experiments with 
varying concentrations of actinomycin D that 1 ug/ml. 


with virus-infected cells, treatment with this concentration. 
of actinomycin was begun 2 h before virus inoculation. 
In a single infectious oyole, with virus collected 8 h after 


g 


5 


8 


Tritlated uridine uptake (a. p-m.) 
Bo l 


8 





benxyl)benximidazole Infected; 6 - — @, 
x— X, naa (En x -—- x, untnfected + HBB 


£-(o- 
uninfested ; 


Fig. 1 shows the resulte of a typical i t. In 
actinomycin-treated cells, infection with Coxsackie A9 
virus induced a marked increase in the uptake of tritiated 
uridine into acid-insoluble form. The incorporated redio- 
activity could be removed by treatment of fixed oells 
with ribonuclease. The virus-induced RNA synthesis 
was first obeerved 4 h after inoculation, with a peak at 5h; 
it then decreased, and was no longer detectable at 8 h. 
As can be seen in Fig. 1, 219 uM HBB completely prevented 
the virus-induced incorporation of tritiated uridine into 
RNA. . 

It is possible that not al] the RNA synthesized under 
the control of the virus may have been incorporated into 
the virus’. Nevertheless, the time course of Coxsackie A9 
virus-indueed RNA synthesis, as determined in the present 
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investigation, is similar to that of synthems of the infective 
RNA of Oaxsackie 49 virust. Thus, the resulta reported 
here contribute additional support for the view that 
enterovirus RNA synthesis precedes virus maturation 
by only a short time’. 

The demonstration that HBB inhibite virus-induced 
ribopolynuoleotide synthesis confirms and clarifies the 
previous finding of inhibition of infective viral RNA 
production by HBB. > 
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Specific Lipids produced by Sugar Beet infected 
with Yellowing Viruses 

Arme infection with beet yellows virus (SBYV) the 
older leaves of sugar beet (Beta vulgaris L.) beoome thick- 
ened, brittle and yellow, and develop red or brown 
necrotic spots. Infection with sugar beet mild yellowing 
virus (BBMYV), & virus unrelated to SBYV, produces 
-ooloured chlorogis of the older leaves with 


Fully turgid mature leaves were collected from sugar 
beet plante grown in the feld or in sterilized ina 
ouse. Material was taken from three flelds near 

bridge, and in Bedfordshire from a trial oonsisti 
of commercial varieties and experimental breeding plante. 
Rome plots had been inoculated with SBYV or BBMYV; 
control plote were uninoculated. Extracta were made from 


the ee of leaves showing SBYV or SBMYV — 
symptoms, 


were compared with similar extracts from 
leaves of apparently healthy plante. Acetone and light 
petroleum were used at room temperature to extract the 
lipids from about 500 mg of leaf. The extracta were 
applied to filter-paper treated with ximo carbonate: 
chromatograms were developed in two dimensions, 
then examined by daylight and under ultra-viclet irra- 
diation. Spots required for farther examination were cut 
out and eluted into ethanol. The method has been briefly 
described* and is similar in extraction and chromatographic 
stages to that described in detail for the determination of 
a-booopherol*. Some prominent lipids always found in 
healthy leaves, shown in Fig. 1, were used in locating 
lipids from leaves of virus-infeoted plants. 

SBYV infection reduced the chlorophyll content and 
caused the appearance, on chromatograms p with 
extracta of leaves, of two prominent spote that finoreeced 
nearly white under each of two sources of ultra-violet 
irradiation having maximum emission at about 254 and 
805 mu respectively. The spectral absorption maxima 
in ethanol of the upper spot were at 248, 280 and 841 mu 
and of the lower spot were at 248, 281 and 342 mu. The 
lipids were produced in infected leaves of both fleld and 
glasshouse beet, but only in leaves that had turned yellow ; 
they were not found in extracte from apparently healthy 
leaves of any age. These fluorescing lipids were not seen 
on chromatograms from green leaves of apparently healthy 
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— Bescond dimension, reversed p 
chromatography in paraffin 


hase 





plante of 100 other species, nor on chromatograms from 
senescent leaves of several sm Two unrelated species, 
Claytonia oliata Donn., Chenopodium capüatum 
Aschers, hse in the and inoculated 
with BBYV, but altho the older infected leaves became 
prematurely yellow, ' characteristic lipids found in 
SBYV-infected sugar beet leaves were not seen on 
chromato, of their extracts. j 
8B infection of fleld-grown beet also reduced the 
chlorophyll content, and caused the appearance of at least 
six yellow or orange pigments in addition to those found 
in healthy leaves. The positions of the most prominent 
igmente are shown on the chromatogram (Fig. 1). At 
bist two other ill-defined yellow patches also a be- 
tween the application area and pigment pô. Solubility and 
ohromatographio behaviour of pigmente pl—p6 were oon- 
sistent with a carotencid nature, and absorption 
curves were characteristic of carotenoids. The pigments 
were tested for the of epoxide groups, by Ourl 
and Bailey’s me 4: pô gave a positive result in one 
min, p3 in 15 min, p5 in about an hour, whereas p1, p2 and 
p4 gave negative resulta. In some respects chromatograms 
of extracts from fully turgid orange leaves of SBMYV- 
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infected beet resembled those of extracte from senescent 
leaves of unmfected plante. Leaf yellowing of SBMY V- 
infected sugar beet grown under glass was usually very 
alight, and the pigments were not always seen in this 
material. 

On certain chromatograms, & strongly fluoreeoing spot 
was geen at fo (Fig. 1). This unknown fluoresoing oom- 
m was found on about one-third of the chromato- 

from leaves of fleld-grown sugar beet, 
Sache plants were apparently healthy or were 
showing m of SBYV, SBMYV or both. It was 
not seen in leaves of other ies, nor was i$ obvious in 
preparations from leaves of beet grown under glass in 
sterilized compost. Its distribution was not correlated 
with any obvious symptoms, but it seems possible that 
those plants which produced this substance fo may have 
been infected with an unrecognized virus or other patho- 


gen. 

In the field, both yellowing viruses commonly occurred 
in the same plante, and leaf extracta from these showed 
the fluorescing spots characteristic of SBYV-infection, 
together with the pigments characteristic of SBMYV. 
From the experiments reported here it seems that 
SBYV produces specific ftuoreecing substances, and 
SBMYV produces pigments. This chromatographic 
method can therefore be used diagnosti . It also 
appears that the Meis caused by SBYV resulted 
from the partial loss of chlorophyll without production 
of other pigments; whereas SBMYV caused some loss 
of chlorophyll but additional pigments were produced 
which gave the infected leaves their characteristic orange 


colour. 
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SOIL SCIENCE - 


Identification of Soil-fertilizer Reaction 
Products In a Calcareous Saskatchewan Soil 
by Infra-red Absorption Analysis 

Bouldin and Sample! and Beaton and Read’ re 
that uptake of phosphorus from calcareous so was 
greater from monoammonium phosphate (MAP) than from 
diammonium phosphate (DAP) treatments. The formation 
of relatively unavailable reaction products was believed to 
be responsible for the differences observed. in the latter 
work. Iden n of the soil-fertilixer reaction producta 
formed from and DAP would sæist in understanding 
the responses obtained with these materials since plants 
obtain most of their fertiliser phosphorus from such 
reaction products. 

The soil used in thus investigation and in the earlier 
mvestigation® was the Bradwell very fine sandy loam which 
had tbe following properties: pH=7-:7, 6:6 per cent 
calcium carbonate, 6 p.p.m. of sodium bicarbonate extract- 
able phosphorus and 1-4 per cent total carbon. Saturated 
solutions, of MAP and DAP were prepared at 5° O antl 
reacted with this soil according to the procedure of 
Lindsay and Stephenson®. 150 ml. of the fertilizer solu- 
tions were each shaken with 800 g of air-dried soil for 15 
min at 5° C. Filtrates obtained from these suspensions 
were stored at 5° C and were examined periodically to 
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Fig. 1. Infra-red of monoammonium phosphate 
erin aeree dece Coat eta p phosphate dihydrate 
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2. Infra-red absorption spectra of diammmmtum phosphate 
a reaction produci and hydroxyapatite 


follow the progress of precipitation of solids as was outlined 
by Lindsay et al.‘. i 

At the end of 10 days the reaction products were 
collected, washed three times with disti water and 
dried with acetane. Identification of the reaction products 
was attempted by X-ray diffraction; but this method 
failed tly because the reaction products were too 
finely divided. However, infra-red absorption proved to 
be a satisfactory alternative method for identifying these 
materials. " 

Infra-red absorption spectra were obtained for a 
number of compounds that have been reported to be 
Soi pate ariel tives of aha al Serta These spectra were 
00: with those of the soil-fertilixer reaetion producte. 
The spectra of MAP reaction product and dicalcium phoe- 
phate dihydrate (DOPD) are shown in Fig. 1. In Fig. 2 


the spectra of DAP reaction product and hydroxyapatite 
are shown. 
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It is evident that the MAP reaction product and DOPD 
were similar while-the DAP reaction product resembled 
hydroxyapatite. Our DOPD spectrum agreed closely with 
spectrum obtained by Jones and 


: &ppears that the major initial 
reaction producta of MAP and DAP in the Bradwell soil 
were DCPD and hydroxyapatite, ively. Further 
investigations are “bei con to determine if 
infra-red absorption can be used to identify 
reaction products from other fertilizers and soils. 
J. D. Baaton 
-T. L. Onantron 
R. SrugR 
TEN Research and Development Division, ‘ 
nsolidated Mining and Smelting Co. of Canada, Ltd., 
Trail, British Columbia. 
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MISCELLANEQUS 


Estimating the Thickness of Pulped Wood 
Fibres 

IN examining the mechanical properties of dry, pulped 
wood flbres which comprise moet papers, the dimensions 
of the flbres must be known. For quantitative purposes, 
their sroge-sectional shape (Fig. 1) is best represented by 
the . .The ‘width’ of the fibre is y measured 
by the micrometer eyepiece of a microscope aa is the 
length, the largest dimension by orders-of-magnitude. 
However, the thickness of the fibre is awkward to measure 
for & number of reasons: ? 

(1) The thickness is in the u range. BY EN 

(2) The thickness is generally non-uniform at any one 
point along the length of the fibre because of the incom- 
pletenees of collapse; vestiges of the lumen are generally 
present along the edges. (Wood fibres are initially more or 
leas circular, but the large pressures applied in the peper- 
nd cause their collapse.) 

(8) PD variations exist in the cross-sectional 
shape and thickness along the length of the fibre. 

(4) Dimensional ‘variations among fibrea of any one 
pulp are extremely large. 

(5) The top and bottom of fibres are diffloult to define. 

Clearly such conventional techniques for measuring the 
thickness of microscopic-sizred particles as the vertical 
focusing of a microscope stage are unsatisfactory. The use 
of cross-sections, which require embedding, introduce an 
additional uncertainty in the possible changes in dimen- 
sions caused by swelling and microtoming. ` Thus a 
precise technique is not available. 

We have applied two techniques, entirely different from 
‘each other, which give ossentially the same resulta. These 


techniques have the further advantage of being quite. 


rapid. 
(1) Retardation Method. The cellulose chains jn wood 
are aligned more or lees parallel to each other and the 
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Fig. 1. Typieal crom-sectsonal shapes of fibres 
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central fibre axis: hence, fibres are birefrmgent. When 
meds gt doa mec rn a ft a 
retardation plate, fibres exhibit first-order ` tion, 
colours. The equivalent wave-length of the retardation 
colours, R, is related to the thickness of tho oellulode of the 
fibre (double the wall-thickness), 3, by the relationship, ' 
3 = Ri(m — na), where ny and ‘nq are the indibw of 
refraction parallel and perpendicular, respectively, to the 
principal axes, of the fibre'. A 

In the investigation recorded here we noted. thewolour 


`of the central portion of the fibres where pits were absent. 


The selection of points of measuramenta is described later. 
Each value reported in Table ‘1 is the average of 200 
measurements, requiring about 2 h. 

(3) Density Method. Assuming fibres to have a reotangu-- 
lar cross-section, 3 can be calculated from the density 
equation, S = w/yw, where w is the mean weight per unit 
length of fibre; y, the density of cellulose; and c, the mean 
fibre width. w, y, and o are easily measured. 2 

We measured y of standard handsheete!with a Beckman. 
air comparison pycnometer, model 980. In this instru- 
ment, the volume displaced by cellulose is measured. 

Using 0-05 g of instead of 1-2 g and large preasures 
in the standard sheet-forming process‘, ultra-thin (2-D) 
sheets were produoed, the fibres of which are clearly 
visible. We scanned along a straight line of the 3-D 
sheete, noting the width and retardation colour of every. 
fibre. w was calculated from the equation w ‘= 2W/ 
(1-1)x(NV/L) =0-578W/(N/L), where W is the weight per 
unit area of the sheet; N, the number of fibres intersected 
in scanning along a line of length L; and 1-1, a factor 
taking into account the slight curvature of the fibres. 
Three 15-cm scans, 60° apart, were made on each sample. 
A complete determination, excluding the retardation 
measurements, takes about 2 h. Tho resulta of the 
measurements on eight pulps are shown in Tablo 1. 
Agreement between the resulta of the two techniques 1s 
surpribingly good. : 


Tablo 1 
Pulp (iin) (aoka  omiio 3o 
om om) x 1 emxi emx 
Density 
method method 
8 sulphite 1-03 13 397 2-7 22 
Borno kraft No.1 1-60 15 35 20 27 
Spruce kraft No.2 1-00 14 3-5 20 *b5 
Spruce 1:00 15 87 2-4 £6 
kraft (U.8.) 1-50 22 45 35 3-1 
Wi mired 
softwood 
kraft U.8.) 1-56 16 3-5 3-4 20 
ME pne 1-62 18 $5 230- 28 
bieaabed. 
hardwood 1-59 13 20 3-8 3-8 


The retardation method requires a high-quality moro- 
scope and considerable training, but the density method 
involves only generally available equipment; where a 
pyonometer is not available, a value of = 1-6 g/cm? can be 
used confidently. Thus the density technique is a simple 
and rapid means of estimating the wall thickness of 
pulped wood fibres. 


O. J. KArLLwES 
G. A. BERNIER 
Bt. Regis Paper Oo., 
Technical ter, 
West Nyack, 
g New York. 
a io” Microscopy, Chaps. 20, 21 (Interscenoe Pub., Ino., 


.9* 


å. H. J., m Modern Methods of Mieroscopy (Butterwarth Scientific 
Vins, 1956) 


* Kallmes, O. J., Mon. J. Teoh. Asses Pulp. and Paper Indust., 48,145 (1060)- 

“TAPP Standards and Suppesied Methods (Toch. Asoc. Pulp and Paper 
Indusi., New York, 1964). 

i O.J ,and Corte, H., Mon. J. Tech Assoc. Pulp. end Paper Indus, 
48, 737 (191). 
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ANNOUNCEMENT 


Aew British Company presents the wide range of laboratory equipment by Jouan of Paris. 


No. | THE BONET-MAURY 
BIOPHOTOMETER 


For continuous recording of opti- 
cal density changes in culture 
media—up to six samples at a 
time. 











A recent evaluation Is given In : 
‘Metabolism of Resistant Mutants of Strepto- 
coccus fascalis—V. Use of a Blophotometer In 
Growth-Curve Studies’ by M. Katharine 
Coultzs and Dorris J. Hutchison, Journal 
of perg (UAA oh . 81, No. 3, pp. 393- 


VISIT 68 ON STARD 69 


at the Laboratory Apperatus an 
Exhibition at Faris Court, Ist-5th ‘April 


Write for detalls to : 


S SCIENTIFIC © TECHNIQUES LTD. (unea Products (Metshurgy)) Led. 


9, RELIANT WORKS, BETCHWORTH, SURREY. TELEPHONE: BETCHWORTH 2686 














£500 A YEAR GLASS 
TAX FREE EN mE 


hoan s rotect eda s future at little Research Workers 
uitable. 
win you die Sia & period of 
onid you die within e period ctn pam € SHEET & PLATE-GLASS—cut and 
for the balance of the period. ground to exact dimensions. 
You pay premiums for only 15 years and if 
youare movie conan low as £15.15.0. LENSES, PRISMS & FLATS—to any 
a year—about 6/- a week. standard of accuracy. 
The | itable offers attractive terms be- 
cause it no shareholders to take any part MIRRORS—back silvered and front 
of the profits and pays no commission for surface aluminised, etc. 


the introduction of business. 


THE EQUITABLE 
FOR A BETTER DEAL 


BLOOMING of optical components. 


C. J. WHILEMS, LTD. 
ILFORD OPTICAL WORKS 
FOREST ROAD, BARKINGSIDE, 
ESSEX 


Telephone ı HAlnault 5454-5 


Des of Birth — ———— e uei LS NI 
JOP ORO SORE 





i 
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OLASSIFIED ADVERTISEMENTS 


are charged at 128. for the firm hne and 
6a. per hne thereafter. 





KWAME NKRUMAH UNIVERSITY 
OF SCIENCE AND TECHNOLOGY 
KUMASI, GHANA 


a dereco in eather 
have b is iue 
penou cxpenence or 
rndustrial 
4 be expected teach 
to 
to the level of the general Degreo in Pharmacy 
the U. o, 1 addition to teaching it 
candidates ASIE participate 
research investigation of the Medr 


CM amied: ont uh D n Tn ue 

Cheleca College Sctence echnology, 

Salary * 

Ghanaian Senior Lecturer, EG.1,750 by £G.75 
to £G.2,200 per 





UNIVERSITY OF CAMBRIDGE 
DEMONSTRATOR IN GEOLOGY 
Apphcations are invited for the post of Unb- 


vesty Demonstrator in the of Geo- 

logy, tenahle from, October 1, 1963, for three 

[urn te En nimino, haro 
m » » 

tary petrology, or structural 

scale (now under roview): £1,000 by £50 to 

£1 Meneerturp F.S.S.U. and Chiktren'a 
Scheme. 

Further detalis may be obtained from Dr. L D. 

Mur, of Mineralogy and Petrology, 

Downing Cambridge, to whom apnhca- 

tho nemes of two referees), 


tons 
should be ment by May 18, 1963. 
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AUSTRALIA . 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL 
RESEARCH ORGANIZATION 


DIVISION OF CHEMICAL ENGINEERING 


Arphcants sbouk! possess ai least a Univenmiy honours degree in Science with Chemistry 
Chemical together 


as a major subject, or in 
research An 


with some years of postgraduate 
surfaco 


CHEMICAL ENGINEER 


(No. 608/34) 


The appointee wil be required: 


(a) To undertake work on plant design, and cvatoation and costing of proposed new 
processes. 


(b) To carry out invesoganons into apphcations of computer techmques to process 


The work wil be mamly 
ume to time to take part m 


òf a theoretical nature, but the opportunity will arie from 
experimental myestigatons, 


Apniican should posecm at least a Degree in Chermcal Engineering with first- or second- 
class honours, together with some years of postgraduate research Additional 
experience in process dengn and/or tbe commimmoning of plant would bo desirable. 

: Dependent on qualfficabons and experience, salary for both postions will be 


SALARY 
determined within tho ranges 


£A1,541 to £A2,296 per annum or £A2,425 to £A2,751 per annum 
Salary for women will be fA188 per anmum jess than correspocdmy rates for men. 
Promotion within C.S.I R.O. m by ment and may go beyond the upper humt of the scale 
made. 


within which the orginal appointment rs 


Fares paid for tho appointees and their dependent family and return fares to point of 
angin wil be paid for an appointee who accepts appointment for a fired term. Further 
parnculars . 

Mr. P. 


supplied on application to 


. F. Butler, Chief Scientific Liaison Officer, Anstrafian Scientific Lialson Office, Afnca 
Kingrway, 


» London, W.C.2, 


Mag 55. ipplücatons (quotme the relevant appomiment number) should be addremed by 


May 25, 





GRADUATE ASSISTANTSHIPS 


IN BIOCHEMISTRY 
Teeching and research essmiantships leading to 
M.Sc. and PhD. degrees available for academic 
Modern laboratories with 


nlus travel allowance.  Supend for research 
mxustantzhips $1,960 to total of $2,360 for twetre 
months. 

Apply Head, of Biochemistry, Unb- 
vermty of Alberta, Alberta, Canada. 
IOHN INNES INSTITUTE REQUIRE A RE- 


search Assistant with chemical 
in bsochenncal 


grado, and a Pam Degree or t qualifi- 
Ei pia Ts a eta 
£622 to £1,022 per annum, accordmg to ago and 
Cexpenence. Superannuation.—. with 
the names of two referees, be addremsed to 
the ? , Hertford, Herts, not 
later than Apal 30, 1963. 





HOUGHTON POULTRY 
RESEARCH STATION 


ing oad re WEN 
RA qualffücatong, age 
be sert to the , The Medical College of 
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N.V. PHILIPS’ GLOEILAMPENFABRIEKEN 
EINDHOVEN 


Applications are Invited for the post of 


chief of the application laboratory 
for electron microscopy 


Dutles Include research Into the application of the Electron 
Microscope in blological and allled fields and assistance In 
the development of new instruments and accessorles. 


The successful applicant will supervise a laboratory In which 
demonstrations and Instruction in the use of Electron 
Microscopes are given. He will also be expected to deliver 
lectures and to act as a source of Information on the general 
techniques applicable In this field. 


In view of the International character of the work knowledge 
of languages in addition to English is desirable but not 
absolutely essential. 


Address applications to the Personnel Department N.Y. 
Philips’ Gloeillampenfabrieken, Willemstraat 20, Eindhoven, 
Holland, under number 63015. 








have vacancles for : 


LABORATORY 


Those mierested. are invited to write oc phone for an 


appieanon form from : 
TECHNICIANS —— 
l PK : 
LABORATORIES LIMITED, 
Mmdels, Welwyn Gardem City, Herts. 


Quoting Ref. No. T4005 











appomenent pes 
O DE R includa a, coune in eiememary weirs pia 
INTERNATIONAL LIMITED logy at the undergradnete lerci. ot 
an arre of research and graduate 

winch m intermatronally known for xs scturvines in many student aro also cmsontmü], Persons will 
feas, De ECAY EDU, bo considered respective of the field (vertebrate 
Divmon pear - or : 


GRADUATE PHYSICIST oe EE 
OR PHYSICAL CHEMIST See: 





et o Pa t0 i The" 
Boush Columbia, Vancouver & B.C, Canada, - ; 
OF EDINBURGH 
DEPARTMENT OFaANIMAL GENETICS 
LECTURESHIP 
Applications aro invited for the post of Lec- 
turer in tho Department of Animal i 





lodged later than A 17, 
] H. STEWART, 
UNIVERSITY COLLEGE OF THE ROYAL COLLEGE. Secretary to the Untrenmty. 
SOUTH WALES AND - NMAIRORT ; ; ST. GEORGE'S HOSPITAL 
MONMOUTHSHIRE Chai of Patholosy m Fay of Vecino LINCOLN , 
LECTURESHIP IN PSYCHOLOGY Science. Amame Mxpeded to devdon Doper- COUNTY MEDICAL PHYSICS DEPARTMENT 
Applications are invited for appointment to a ment in all aspects, but with special to invited for a post of Asistant 
Paycholoay. good honours do- | gross A ] food | Physich in the County 
gro ln psychology required applicants : £2,600 per annum. (Revision ment. The successful mmy be 
rhouki preferably have university teaching crperi- of mlary scales under consideration.) Expetnate ehher in the Senior or grade, on. 
coco and a research degreo or research per aunnm Permanent or | quafffücations and experience. For the Senior ' 
ence. The post wil mrolro respoenbilmy for (contract terms carry 25 per cent appointment, experience in Radiotherapy 
gratuty) F.8S8.U. Educston Hous- or Isotope Technique will pa 
Ox copies), containing the names | ing at Passages appolntes | There are good facilities for work with modern 
of threo be recetred not later and faouly (up to five aduit passager) on appoint- 
then May 4, 1963, by the Registrar, U ment, termmation leave (threo months erery and in general Physics. The salary is 
whom 21 montha). according to the Whitey 
i R. EV. May 31, 1963, to Secretary, tenhet wit Gel nares rim 
> » to > 
E 'ANS, three referees, by Ha x Ue pres ay 
Cathay: Park, Overseas, 29 Wobum Square, London, W.C.], St. George's Hospital, Lincoln, from whom E 
Cardiff, from whom further particulars may ther particulars can be obtained. 


